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INTERNATIONAL ELECTROTECHNICAL COMMISSION

TERRESTRIAL PHOTOVOLTAIC (PV) MODULES -
DESIGN QUALIFICATION AND TYPE APPROVAL -

Part 2: Test procedures

2021

FOREWORD

International Electrotechnical Commission (IEC) is a worldwide organization for standardization comy
alllnational electrotechnical committees (IEC National Committees). The object of IEC is to promote interng
coloperation on all questions concerning standardization in the electrical and electronic fields| o this er]
in pddition to other activities, IEC publishes International Standards, Technical Specifications,"Pechnical Rq
Publicly Available Specifications (PAS) and Guides (hereafter referred to as "IEC~Publication(s)").

rising
tional
d and
ports,
Their

preparation is entrusted to technical committees; any IEC National Committee interested il the subject deqlt with

may participate in this preparatory work. International, governmental and non-governniental organizations |
with the IEC also participate in this preparation. IEC collaborates closely with thé)International Organizat
Standardization (ISO) in accordance with conditions determined by agreement. betWeen the two organizati

Thie formal decisions or agreements of IEC on technical matters express, as nearly as possible, an interng
cohsensus of opinion on the relevant subjects since each technical Committee has representation fr
interested IEC National Committees.

IEC Publications have the form of recommendations for internatiohal use and are accepted by IEC N
Cdmmittees in that sense. While all reasonable efforts are made to ensure that the technical content

Publications is accurate, IEC cannot be held responsible_forythe 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 Publid
transparently to the maximum extent possible in their national and regional publications. Any divergence b¢
anly IEC Publication and the corresponding national dr’regional publication shall be clearly indicated in the

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

Alllusers should ensure that they have the latest edition of this publication.

Nd liability shall attach to IEC or its(directors, employees, servants or agents including individual exper
megmbers of its technical committeés)and IEC National Committees for any personal injury, property dam
othher damage of any nature whatsoever, whether direct or indirect, or for costs (including legal feeg
expenses arising out of the publication, use of, or reliance upon, this IEC Publication or any othe
Publications.

At{ention is drawn to the)yNormative references cited in this publication. Use of the referenced publicati
indispensable for the coerfrect application of this publication.

At{ention is drawn.to.the possibility that some of the elements of this IEC Publication may be the subject of
rights. IEC shall’not be held responsible for identifying any or all such patent rights.

aising
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tional
bm all

tional
bf IEC
r any
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tween
latter.

pbrmity
br any

s and
hge or
) and
r IEC

bns is

patent

This fedline version of the official IEC Standard allows the user to identify the changes que to

revious edition IEC 61215-2:2016. A vertical bar appears in the margin wherever a ¢

ange

has been made. Itions are In green text, deletions are In strikethrough red text.
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International Standard IEC 61215-2 has been prepared by IEC technical committee 82: Solar
photovoltaic energy systems.

This second edition of IEC 61215-2 cancels and replaces the first edition of IEC 61215-2 issued
in 2016; it constitutes a technical revision.

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

edition:

a) Addition of cyclic (dynamic) mechanical load testing (MQT 20).
b) Addition-of a-testfordetectionof potential-induced-degradatio
c) Addition of test methods required for bifacial PV modules.

Addition of test methods required for flexible modules. This includes the addition df the
bending test (MQT 22).

Rlevision of simulator requirements to ensure uncertainty is both well-defined-and minimlized.

Correction to the hot spot endurance test, where the procedure for moanolithically integfated
(MLI1) thin film technologies (MQT 09.2) previously included twohsections describing a
pfocedure only appropriate for silicon modules.

Selection of three diodes, rather than all, for testing in the ‘bypass diode thermal test

emoval of the nominal module operating test (NMOT), and associated test of performance
af NMOT, from the IEC 61215 series.

Inforinative Annex A of IEC 61215-1:2021 explains the background and reasoning behind $ome
of th¢ more substantial changes that were made ih.the IEC 61215 series in progressing|from

editign 1 to edition 2.

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

FDIS Report on voting
82/1829/FDIS 82/1853/RVD

Full information on the voting-for the approval of this International Standard can be found in the

repoft on voting indicated.in the above table.

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

A list of all~parts in the IEC 61215 series, published under the general title Terrgstrial
photovoltaic\(PV) modules — Design qualification and type approval, can be found on the IEC

webdite.
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The committee has decided that the contents of this document will remain unchanged until the
stability date indicated on the IEC website under "http://webstore.iec.ch" in the data related to
the specific document. At this date, the document will be

e reconfirmed,

e withdrawn,

e replaced by a revised edition, or

e amended.

IMPORTANT - The 'colour inside' logo on the cover page of this publication indicates thiat 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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INTRODUCTION

Whereas Part 1 of this standards series describes requirements (both in general and specific
with respect to device technology), the sub-parts of Part 1 define technology variations and
Part 2 defines a set of test procedures necessary for design qualification and type approval.
The test procedures described in Part 2 are valid for all device technologies.
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TERRESTRIAL PHOTOVOLTAIC (PV) MODULES -
DESIGN QUALIFICATION AND TYPE APPROVAL -

Part 2: Test procedures

This International Standard series lavs down IEC reauirements for the desian-aualificatioenh-and

HHSHterRatoRatstahaara-seres1ays-aowhte s fegurements+orthe-aesigh-guaHHcationana

B = e al- photoveltaicmodule ditablefor long-termoperationAh_gehers

opehnra mate as—caeHheain &4 = e —-E intendedfo-app e
b

alltetrestrial flat nlate module materials such as ervstalline silicon-modiule tvnesasweall aslthin

aHtefrestHaHatplate-moatHe-mMateHatssUeRas-eryystahe-stHecor-moathetypesSas-wehasHih

This [document lays down requirements for the design qualification of fefrestrial photovopltaic
modules suitable for long-term operation in open-air climates. The useful'service life of mogules
so qyalified will depend on their design, their environment and the conditions under which| they
are dperated. Test results are not construed as a quantitative predtetion of module lifetim

11

In c]imates where 98th percentile operating temperatures exceed 70 °C, users| are
recolnmended to consider testing to higher temperature’ test conditions as described in
IEC TS 631261. Users desiring qualification of PV prodUgts with lesser lifetime expectationjs are
recomnmended to consider testing designed for PV&ih ‘consumer electronics, as described in
IEC TS 63163 (under development). Users wishingMo gain confidence that the characterjstics
tested in IEC 61215 appear consistently in_a\manufactured product may wish to (tilize
IEC 2941 regarding quality systems in PV mafufacturing.

This [document is intended to apply-10;all terrestrial flat plate module materials sugh as
crysthlline silicon module types as welthas thin-film modules.

This document does not apply. to;modules used with concentrated sunlight although it may be
utilized for low concentrator modules (1 to 3 suns). For low concentration modules, all tests are
perfdrmed using the irradiance, current, voltage and power levels expected at the degsign
concentration.

The objective of this test sequence is to determine the electrical characteristics of the module
and to show, as far as possible within reasonable constraints of cost and time, that the module
is capable of withstanding prolonged exposure outdoors. Accelerated test conditions are
empirically based on those necessary to reproduce selected observed field failures and are
applied equally across module types. Acceleration factors may vary with product design and
thus not all degradation mechanisms may manifest. Further general information on accelerated
test methods including definitions of terms may be found in IEC 62506.

Some long-term degradation mechanisms can only reasonably be detected via component
testing, due to long times required to produce the failure and necessity of stress conditions that
are expensive to produce over large areas. Component tests that have reached a sufficient

1" Information on 98" percentile operating temperature as a function of system location and mounting configuration

is included in IEC TS 63126.
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level of maturity to set pass/fail criteria with high confidence are incorporated into the IEC 61215
series via addition to Table 1 in IEC 61215-1:2021. In contrast, the tests procedures described
in this series, in IEC 61215-2, are performed on modules.

2 Normative references

The following documents are referred to in the text in such a way that some or all of their content
constitutes requirements of this document. For dated references, only the edition cited applies.
For undated references, the latest edition of the referenced document (including any
amendments) applies.

IEC 60068-1, Environmental testing — Part 1: General and guidance

IEC 60068-2-21, Environmental testing — Part 2-21: Tests — Test U: Robustness of termindtions
and iptegral mounting devices

IEC 60068-2-78:2012, Environmental testing — Part 2-78: Tests — Test Cab: Damp heat, sleady
state

appe . . I ’ !! .!.

IEC 60891, Photovoltaic devices — Procedures for temperature and irradiance correctiops to
meagured |-V characteristics

IEC 60904-1, Photovoltaic devices — Part*l:  Measurements of photovoltaic current-voltage
chargcteristics

IEC §0904-1-1, Photovoltaic devicess Part 1-1: Measurement of current-voltage characterjstics
of mylti-junction photovoltaic (P\{)_devices

IEC |TS 60904-1-2, Photoweltaic devices — Part 1-2: Measurement of current-voltage
characteristics of bifaciahphotovoltaic (PV) devices

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

IEC 60904-3Rhotovoltaic devices — Part 3: Measurement principles for terrestrial photoveltaic
(PV) [solar devices with reference spectral irradiance data

IEC 60904-7, Photovoltaic devices — Part 7: Computation of the spectral mismatch correction
for measurements of photovoltaic devices

IEC 60904-8, Photovoltaic devices — Part 8: Measurement of spectral responsivity of a
photovoltaic (PV) device

IEC 60904-9:2020, Photovoltaic devices — Part 9: Classification of solar simulator-performance
regquHrements characteristics

IEC 60904-10, Photovoltaic devices — Part 10: Methods of linearity measurement

IEC TR 60904-14: Photovoltaic devices — Part 14: Guidelines for production line measurements
of single-junction PV module maximum power output and reporting at standard test conditions
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IEC 61140, Protection against electric shock — Common aspects for installation and equipment

IEC 61215-1:2021, Terrestrial photovoltaic (PV) modules — Design qualification and type
approval — Part 1: Test requirements

IEC 61215-1-1, Terrestrial photovoltaic (PV) modules — Design qualification and type approval
— Part 1-1: Special requirements for testing of crystalline silicon photovoltaic (PV) modules

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

IEC §1730-2, Photovoltaic (PV) module safety qualification — Part 2: Requirements fortegting

IEC TS 61836, Solar photovoltaic energy systems — Terms, definitions and sympols

Speg
IEC TS 62782, Photovoltaic (PV) modules — Cyclic (dynamic) mechanical load testing
IEC 62790, Junction boxes for photovoltaic modules — Safety‘réquirements and tests

IEC TS 62804-1:2015, Photovoltaic (PV) modules — Testunethods for the detection of potetial-
induded degradation — Part 1: Crystalline silicon

IEC [TS 63163: —3Terrestrial photovoltaic (P¥)omodules for consumer products — Degsign
qualification and type approval

3 Terms and definitions

For the purposes of thisidocument, the terms and definitions given intEC-60050-and IEC TS
6183p and IEC 61215-4:2021 apply, as well as the following.

ISO Ind IEC maintain terminological databases for use in standardization at the follgwing
addresses:

o |EC Eléctropedia: available at http://www.electropedia.org/

o I13QOnline browsing platform: available at http://www.iso.org/obp

3.1

accuracy <of a measuring instrument>

quality which characterizes the ability of a measuring instrument to provide an indicated value
close to a true value of the measurand [consistent with the International Vocabulary of
Metrology (VIM), 5.18]

Note 1 to entry: This term is used in the "true value" approach.

Note 2 to entry: Accuracy is all the better when the indicated value is closer to the corresponding true value.

2 To be published-
3 Under preparation. Stage at the time of publication: ADTS.
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[SOURCE: IEC 60050-311:2001, 311-06-08]

3.2

control device
irradiance sensor (such as a reference cell or module) that is used to detect drifts and other

probl

3.3
elect

ems of the solar-sun simulator

rically stable power output level

state of the PV module where it will operate under long-term natural sunlight-expesure—in
| L ’ fined in IEC 607212

34

repe
closg
meas

b
- b
W
u

— i

htability <of results of measurements>

ness of agreement between the results of successive measurements’)of the
urand, carried out under the same conditions of measurement, i.e.:

y the same measurement procedure,

y the same observer,

ith the same measuring instruments,

sed under the same conditions,

the same laboratory,

at relatively short intervals of time [= VIM, 3.6].

Note 1

[sou

to entry: The concept of "measurement procedure" issdefined in VIM, 2.5.

RCE: IEC 60050-311:2001, 311-06-06]

pame

3.5
Gate

No. 1

a pass / fail comparison between the performance of a module and its nameplate specifications,
as described in I[EC 61215-1:2021
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3.6

Gate No. 2

a pass / fail comparison between the performance of a module before versus after stress, as
described in IEC 61215-1:2021

4 Test procedures

The subclauses below provide detailed instructions for performing each module quality test
(MQT). Reporting and test sequence requirements for qualification are described in
IEC 61215-1.

4.1 | Visual inspection (MQT 01)
411 Purpose

To de¢tect any visual defects in the module.

4.1.2 Procedure

Carefully inspect each module under an illumination of not less than 1 000 lux for conditions
and ¢bservations as defined in IEC 61215-1:2021.

Makg note of and/or photograph any defects that may be-fajor visual defects as definpd in
IEC §1215-1. Also make note of and/or photograph the hature and position of any cracks,
bubbles or delaminations, etc., which may worsen and<@dversely affect the module performance
in subsequent tests. Record any other relevant .information regarding origin of failurg and
assogiated test or lab conditions.

4.1.3 Requirements

No evidence of major visual defects permitted, as defined in IEC 61215-1:2021.

4.2 | Maximum power determination (MQT 02)
4.2.1 Purpose

To deétermine the maximbm ‘power of the module after stabilization as well as before and|after

the vfarious environmental stress tests.-For-determining-the powerlossfrom-the stressfests;
Lueibili ‘ 1 . ) : .

4.2.2 Apparatus
2} Al radiantource (natural sunliaht or a3 solar simiulator class BBA or hetter in acecordance
a)—ARCaReSsourfce{hatuia—Suthignt o a3 SoRa—SHMUatoCiaSS oo oF—Doette SGCoraahce
with-1EC-60904-9)-
b) ALRVM reference device in accordance with IEC 60904-2 _f a class BBA simulator or better
G
h

a) Apparatus for measuring /-V characteristics in accordance with IEC 60904-1.
b) A PV reference device in accordance with IEC 60904-2.
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c) At least one of the following two options to reduce the spectral mismatch component of
uncertainty shall be utilized:

Perform a spectral mismatch correction. The spectral responsivity of the module shall
be measured according to IEC 60904-8. The spectral response data may originate from
the same lab that is performing IEC 61215-2:2021, or from a different lab. The sample
used to obtain the spectral response data may be the test module or may be a reference
cell made with the same bill of materials as the test module. The spectral distribution of
the solar simulator shall then be utilized to correct for spectral mismatch according to

IEC 60904-7.

Use a matched reference cell or module. The reference device shaII be of the s

1l + adila o h _ coaocnteo L rocnancin ity Thora i

ame

d) A
W

®c =

r
6

i =a

e)

S >

NOTE|
accre
other

compa
requir

4.2.3

Dete
a sp
temp
using
1EC
desid
can

cond
corre
meag
mody
spec

requirement on the cell or module size.

DTE 1 Class CBA is defined according to IEC 60904-9: The AM1.5 spectral match is|categorized as (,

A.

e solar simulator should cover the whole wavelength rangelthat is spanned by the sp$

suitable mount for supporting the test specimen,afd’the reference device in a p
brmal to the radiant beam.

2 MQT 02 measurement procedures are intended forsmiRimal uncertainty, for example as performed
ited testing laboratory. Lesser requirements, such as\use of CAB class simulators, may be appropri

bments.

Procedure

ecific set of irradiance and-temperature conditions (a recommended range is 4

uremenis)made on the same module before and after environmental tests. For nonlj
les (@s-defined in IEC 60904-10) the measurement shall be performed within +5 %

bem

fied'irradiance and within £2 °C of the specified temperature. However, every effort Sn\
pde’to ensure that peak power measurements are made under similar operating condi

sponsivity of the PV device under test. See IEC TR 60904414 and IEC 60904-9:2020.

tochnala tbhao ot ato t it no
\>aoay luvlllluluv] a5—tRe—teSt |||uuu|u, tO—ater gpoTtTar IUOPUIIOIVIL] LLEA~Z B v | =

radiant source: natural sunlight or a solar simulator of class CAA or better in a¢edrdance
ith IEC 60904-9. For very large modules, as defined in IEC 61215-1:2021,,'a. class|CBA
s{mulator may be used.

non-

iformity of irradiance for the module size categorized as B, and temporal stability~of irradiance categprized

b achieve a high accuracy of power measurement, the spectcal irradiance distributipn of

ctral

lane

by an
te for

applications, such as quality control in the factorys*Applications that only require repeatability, sych as
ring module performance before and after an extefided stress, may wish to relax spectral mismatch correction

mine the current-voltage characteristic of the module in accordance with IEC 60904-1 at

cell

erature between—25 20 °C.and 50 °C and an |rrad|ance between 700 W/m2 and 1 100 W/m2)
e
9994-9 the apparatus descrlbed in 4 2.2.1In speC|aI cwcumstances when module; are
ned for operatiopunder a different range of conditions, the current-voltage characterjstics
be measured Uusing temperature and irradiance levels similar to the expected operjating
tions. For Jlinear modules (as defined in IEC 60904-10) temperature and irradfance
ctions cahl-be made in accordance with IEC 60891 in order to compare sefs of

near

of the

ould

ions,

that is minimize the magnitude of the correction by making all peak power measurements on a
particular module at approximately the same temperature and irradiance.

For flexible modules, the maximum power determination shall be measured with the flexible
module in the flat position.

4.3
431

Insulation test (MQT 03)

Purpose

To determine whether or not the module is sufficiently well insulated between live parts and
accessible parts.
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4.3.2 Apparatus
a) DC voltage source, with current limitation, capable of applying-5660-\/-or1-000-\/-plus-twice
the maximum system voltage of the module (IEC 61215-1)

b)

the voltage as specified i
third column of Table 1 for the various module classes.

An instrument to measure the insulation resistance.

4.3.3 Test conditions

2021

n the

The test shall be made on modules at ambient temperature of the surrounding atmosphere (see
IEC 60068-1) and in a relative humidity not exceeding 75 %.

The poltage stress levels applied to the module are determined by the module’s makxi
systdm voltage (
definjtions of module classes are taken from IEC 61140, and are discussed as related t
moddyles in IEC 61730-1:2016, Clause 4. The definition of cemented joints, is give
IEC $1730-1:2016, 3.4.2, and is further discussed in IEC 61730-1:2016, ClaGges B.5 and
The yoltage stress levels applied in this test are the same as those appliéd for IEC 617
MST(16.

4.3.4 Procedure

a)

b)

d)

e)

g)

h)

Vsys), the module class, and whether or not cemented joints are prgsent

risulation tester with a current limitation.

Connect the exposed metal parts of the modules to the nhegative terminal of the tester.
nmodules has no frame or if the frame is a poor eleetfical conductor, wrap a conductiv
atound the edges. Cover all polymeric surfaces (front- / backsheet, junction box) g
module-with-eonductivefoil- Connect all foil covered parts-alse to the negative termin
Re tester.

S

nmlaintained at positive voltage to the frame. In this case, the connection of the tester
be done in the opposite way. If appticable, information with respect to sensitivity to
pplarization shall be provided by the*manufacturer and documented in the test report.
R

ead the "one-minute preconditioning" voltage, Vygostq from the third column of Tay

efjual to—-000-Vplus—twice—the—maximum——system—voltlage (HECE1246-1 Vg1

dmum—svstem—volitage—does—n
ao0es—

mum
The
o PV
n in
B.9.
30-2

Connect the shorted output terminals of the module to-the positive terminal of a DC

If the
e foil
f the
al of

ome module technologies may be sensitive to static polarization if the module is

shall
static

le 1.

Increase the voltage applied by the tester at a rate not exceeding 500 V/s to a max]mum

5p0-V.

HaxXHRUHHR S A AN ALLEEAS =0 |

aintain the voltagetat th|s level fo

educe the applied voltage to zero and short-circuit the terminals of the test equipmg
scharge the.voeltage build-up in the module.

M
R
d
zemove the\short-circuit.

nt to

ead tie"two-minute stress” voltage, V7441p from the fourth column of Table 1. Increasie the

rthe

vpltage applied by the test equipment at a rate not exceeding 500 V/s to-500-\/—¢

Aaximum svustam vaoltaaao for the modula _whichavar i aroatar | Maintain the v
Y ) y )

Itage

1estz
at this level for 2 min. Then determine the insulation resistance.

Reduce the applied voltage to zero and short-circuit the terminals of the test equipment to

discharge the voltage build-up in the module.
Remove the short-circuit and disconnect the test equipment from the module.
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Table 1 — Voltage stress levels

Module Are cemented 1 min preconditioning V1, 2 min stress for measuring

class joints present? insulation resistance, V, .,
Vv Vv

0 No 1000 +2x VSys Greater of 500 or VSys

I No 2000 + 4 x Vsys Greater of 500 or Vsys

Il No 500 500

0 Yes 1,35 x (1 000 + 2 x Vsys) Greater of 500 or Vsys

II TES 1,05 Al UUU'T 4 A Vsys} OITcdadlel Ulr SUU Ol Vsys

Il Yes 1,35 x (500) 500

4.3.5 Test requirements

c)

4.4

Detefmine the temperature coefficients of current (@)nvoltage (B) and peak power (3)

No dielectric breakdown or surface tracking-during-4-3-4-¢).
Fpr modules with an area of less than 0,1 m? the insulation resistance.shall not be less
4p0 MQ.

Fpr modules with an area larger than 0,1 m2 the measured insulation resistance time
afea of the module shall not be less than 40 MQ-m?2.

Measurement of temperature coefficients (MQT 04)

than

s the

from

modyle measurements as specified in IEC 60891. Thevcoefficients so determined are valid at

the

modyle temperature coefficients at different irradiance levels. For bifacial modules dete

the

The packside shall be covered such that the contribution from the non-exposed side g
modyle is limited to or below the |eyels specified for "non-irradiated backgroun
IEC TS 60904-1-2. If open-circuit voltage or short-circuit current cannot be measured d
modyle-integrated electronics, the associated temperature coefficient shall be reported as
meagurable due to module-integrated electronics." Open-circuit voltage or short-circuit cu

ifradiance at which the measurements weresmade. See |IEC 60904-10 for evaluati

tgmperature coefficients utilizing the samedprocedure, but insuring no backside irradi

bn of
mine
tion.
f the
1" in
e to
"not
rrent

shall[not be determined by any. @ethod other than direct measurement, such as extrapolation.

NOTE| For linear modules inqaccordance to IEC 60904-10, temperature coefficients are valid over an irra
range |of £30 % of this level.

4.5

Placeholdersection, formerly NMOT

liance
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The o @9 module operating temperature (NMOT) test, formerly MQT 05, is no longer 4
of th %ncument. This subclause is preserved so that, in the following subclauses ¢

part
f the

docunment,the MQT Tumbers atchrthesubctauseumbeTs:
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4.6 Performance at STC-and NMOT (MQT 06.1)
4.6.1 Purpose

To determine how the electrical performance of the module varies with load at STC (1 000 W/m2,
25 °C cell temperature, with the IEC 60904-3 reference solar spectral irradiance dlstrlbutlon)
and—at—NMQI—(an—wradmwe—ef—S@Q—W—ﬁmg °

to-verify-the-name plate-information—of the-module): MQT 06.1 is a case of maximum power
determination (MQT 02) performed at STC. MQT 06.1 is used to verify the name plate
|nformat|on of the module, and for determining power Ioss from the stress tests. Uncertamty,
my, Shattrclude—a—componentirom——spesciral-mismatch—based—eiher—or—measured—sp pectral

respgnse or the worst-case possibility for a given technology type, and the method used\to set
the gimulator intensity. For nameplate verification, the uncertainty m, is subject imits

specffied in the technology-specific parts. For determining the power loss from the\stress fests,
reprdducibility of the test, r, is subject to the limits specified in the technolog cific pafts.

4.6.2 Apparatus %ﬂ/

specimen-and-the reference-device-to
SpecHnrenah cthefetrefrenRce—GevHee+to

a) The apparatus s@be as described in 4.2.2 (MQT 02).

b) It|shall also quipped with a means for monitoring the temperature of the test spedimen
ce device to an accuracy of +1 °C and repeatability of +0,5 °C.

ement of bifacial modules the following capability is also necessary: The radiant
tilized as specified in 4.6.2a shall be operable with adjustable irradiance lgvels
rear-side irradiance such that BNPI (as defined in IEC 61215-1:2021) can be applied
y at feast one method alfowed by IEC TS 00904-1-2-

d) For measurement of multi-junction modules, the simulator and reference device shall meet
the additional requirements imposed by IEC 60904-1-1.

4.6.3 Procedure for measuring at STC (MQT 06.1)
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Main
of (1
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seriep

For H
shall
is pe
open
acco
and {
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coeff
The

equiy
BNP
desir
met.

NOTE|
can h
coeffi

NOTE|
may b

For f

ain the module at (25 £ 2) °C and trace its current-voltage charact C at an irrad
000 + 100) W/m?2 (as measured by a suitable reference dewqq |n accordance
IEC ¢0904-1, using the apparatus described in 4.6.2.

le temperature shall be corrected to 25 °C using tempe Q/(,e coefficients and IEC 6
and IEC 60891.

ifacial modules, measurements shall proceed as&ecmed in [IEC TS 60904-1-2. M{
be performed at STC and at elevated irradian Pl for Gate No 1. Each time MQ
[formed at STC, the STC bifaciality coeff|C|en§\ f short-circuit current (@;g. = Ig¢, / I

circuit voltage (@ oc = Voer ! Vocf), and of p(a&%r (®pmax = Pmaxr ! Pmaxs) Shall be meas
ding to IEC TS 60904-1-2. Full defmltg&@these quantities, the method to measure

he symbols used to describe them a pecified in IEC TS 60904-1-2. When evalu
No 2 (i.e. post-stress), MQT 06 s only be performed at BNPI. Post-stress, bifaq
cients need not be remeasured. ss specifically noted in the MQT stress test procq
bifaciality coefficients measuggﬂg pre-stress may be utilized to calculate the approj
alent intensity in a single illumination measurement. When performing MQT

, any method described.i C 60891 may be used to correct the applied irradian
ed equivalent front- &d(}adiance, as long requirements on maximum uncertainty n

N

1 Using methodgﬁv IEC 60891 to correct the applied irradiance to desired equivalent front-side irra
blp the tester @‘ sing a different simulator calibration for every module with a slightly different bifg
ient.

2 Mea @ment of performance at BSlI is not required. Where stress levels are set according to BSI, c(
E ext é&ted from lower intensities, as described specifically in the MQTs utilizing BSI for bifacial moq

ance
with

0904

T 06
T 06
f), of

ured

hem,
ting
iality
dure.
riate
D6 at
Ce to
1 are

liance
ciality

rrents
ules.

xible

e modules, the maximum power determination shall be measured with the flg

modu

Te I the flat (1.e. completely unfolded) position. For very large modules (as defimed in

IEC 61215-1:2021), testing by the testing entity may be performed at the manufacturer’s facility,
but shall still meet the requirements stated in 4.6.2.

For multi-junction modules, measurements shall proceed as specified in [IEC TS 60904-1-1.

4.7
4.71

Performance at low irradiance (MQT 07)

Purpose

To determine how the electrical performance of the module varies with load at 25 °C and an

irradiance of 200 W/mz—éas—nwaswed—by—a—sw%able—mie#mqee—éeweea—m—aeeemee—w%h
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4.7

a)

.2 Apparatus

The apparatus shall be as described in 4.2.2 (MQT 02). Q/C)
N

The g@pparatus shall also have the following capabilities: 6\

b)
c)

d)

quipment necessary to change the irradiance @@)O W/m2 without affecting the re
bectral irradiance distribution and the spatial w ormity in accordance with IEC 6090

h accuracy of £1 °C and repeatability o 5°C.

E
s
Al means for monitoring the temperature of i@test specimen and the reference devi
a
Fpr measurement of bifacial modules t s\f’ollowing equipment is also necessary: Baffle
cgn be arranged around the moduleg,edges, as well as a non-reflective cover allowir
tgmporarily blocking the irradianceMo the opposite module side, to evaluate the front

hck-side performance of bifaoj@modules individually.

b
Fpr measurement of multi-jL@{ﬁion modules, the simulator and reference device shall
tHe additional requiremeqt}\?mposed by IEC 60904-1-1.

.

.3 Procedure @ :

Detefmine the curr@voltage characteristic of the module at (25 + 2) °C and an irradian
(200 k- 20) W/mZ2.cantrolled by an appropriate reference device, in accordance with IEC 609

using ura unlicht o BB A aa a onformina-to-the reg aemen

1EC4 @e apparatus specified in section 4.7.2. The irradiance shall be reduced t

specf|fie | by using neutral density filters or some other technique which does not 4

5 al irradiance distribution. (See IEC 60904-10 for guidance on reducing

ative
1-10.

ce to

5 that
g for
and

meet

ce of
04-1
ts of
b the
ffect

the

irrad e without changing the spectral irradiance distribution )

Module temperature-outside{(25+2)°"C-—can shall be corrected to 25 °C using temperature
coefficients and IEC 60904 series and IEC 60891.

For flexible modules, the maximum power determination shall be measured with the flexible
module in the flat (i.e. completely unfolded) position. For very large modules (as defined in
IEC 61215-1:2021), testing by the testing entity may be performed at the manufacturer’s facility,

but

shall still meet the requirements stated in 4.7.2.

For bifacial modules make two single-sided measurements at 200 W/m2, one on the front-side
and one on the rear-side using baffles and back-cover screen. Calculate the bifaciality
coefficients at low irradiance according to the procedure specified in IEC TS 60904-1-2, except
utilizing an irradiance of 200 W/m2 instead of 1000 W/m?Z.
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For multi-junction modules, measurements shall proceed as specified in [IEC TS 60904-1-1.

4.8

4.8.

Outdoor exposure test (MQT 08)

1 Purpose

To make a preliminary assessment of the ability of the module to withstand exposure to outdoor
conditions and to reveal any synergistic degradation effects which may not be detected by
laboratory tests.

4.8.

a)

b)

c)

.3 Procedure

2 Apparatus

Aln open rack to support the test module(s) and solar irradiation monitor in the spe
manner. The rack shall be designed to minimize heat conduction from the modules a
interfere as little as possible with the free radiation of heat from their front and back surf

In the case of modules not designed for open-rack mounting, the test module(s) sha
nmounted as recommended by the manufacturer.

Al solar irradiation monitor accurate to +5 %, mounted in the plane of theé module(s)
0|3 m of the test array.

Means to mount the module, as recommended by the manufacttrer, co-planar wit
irradiation monitor.

Alresistive load sized such that the module will operate near its maximum power point
electronic maximum power point tracker (MPPT).

The test module(s) shall be positioned so that it (they) are normal to the local latitudg
Note the angle of tilt of the test module in the tést report.

cified
nd to
HCES.
Il be
ithin
n the

pran

+5°.

Alttach the resistive load or electronic maximum power point tracker to the module and mount
itloutdoors, as recommended by the manufacturer, co-planar with the irradiation mo
Ahy hot-spot protective devices recommended by the manufacturer shall be installed b
RHe module is tested.

hitor.
efore

the
0729~

The fest modulesqymay be cleaned according to manufacturer instructions during or aftg
test.

4.8

Repgat.ihe tests of MQT 01 and MQT 15.

4.8

a)

4 Final measurements

r the

.5 Requirements

No evidence of major visual defects, as defined in IEC 61215-1:2021.

b) Wet leakage current shall meet the same requirements as for the initial measurements.

4.9
4.9

Hot-spot endurance test (MQT 09)

A Purpose

To determine the ability of the module to withstand reverse bias hot-spot heating effects, e.qg.
solder melting or deterioration of the encapsulation. This defect could be provoked by faulty
cells, mismatched cells, shadowing or soiling. While absolute temperature and relative power
loss are not criteria of this test, the most severe hot-spot conditions are utilized to ensure safety
of the design.
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4.9.2 Hot-spot effect

Reverse bias hot-spot heating occurs in a module when its operating current exceeds the
reduced short-circuit current (/ ;) of a shadowed or faulty cell or group of cells. When such a
condition occurs, the affected cell or group of cells is forced into reverse bias and shall dissipate
power, which can cause overheating.

If the power dissipation is high enough or localized enough, the reverse biased cell(s) can
overheat resulting in — depending on the technology — melting of solder, deterioration of the
encapsulant, front and/or backsheet, cracking of the superstrate, substrate and/or cover glass.
The correct use of bypass diodes can prevent hot spot damage from occurring.

The feverse characteristics of solar cells can vary considerably. Cells can have either
shun} resistance where the reverse performance is voltage-limited or have low shunt{€sistfance
wherg the reverse performance is current-limited. Each of these types of cells;can suffe

spot problems, but in different ways.

Low ghunt resistance cells:

The major technical issue is how to identify the lowest shunt resistance cells and subsequ
how |to determine the worst case shadowing for those cells. This process is techn
depehdent and will be addressed in the technology specific parts of this standards series

High[shunt resistance cells:

4.9.3 Classification of cell interconnection

Casg S: Series connection of all cells in a single string. Refer to Figure 1. Modules with se

The worst case shadowing conditions occur when the whole cell(or a large fractid
shadowed.
O

case hot spot heating occurs because a large amount of current flows in a small
Blecause this is a localized phenomenon, there is a great deal of scatter in performan
this type of cell. Cells with the lowest shunt resistance have a high likelihood of oper
excessively high temperatures when reverse biased.

a
Blecause the heating is localized, hot spot failures of low shunt resistance cells
qpickly.

Junction breakdownvanhd high temperatures occur more slowly. The-shadirg shadg
ngeds to stay inplace for some time to create worst case hot-spot heating.

gonnected cells may be protected by a single (Figure 1, left) or multiple (Figy
right) bypass diodes.

The worst case shadowing conditions occur when the cell is partially-shaded shadowdd.

high

r hot

n) is

ften low shunt-resistant resistance cells are this way be¢ause of localized shunts. In this

area.
ce of
ating

pccur

ently
blogy

wing

ries-
re 1,
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(l/.

/
b example a module protected by one bypass diode (left) or three bypass diodesy‘ﬁaﬂ).

Figure 1 — Case S, series connection with optiona@pass diode

Casg PS: Parallel-series connection, i.e. a series connectio((of (S) blocks, where each

Case SP:

consists of a parallel connection of a certain méxber (P) of cells. Refer to FigU

&
———O

|

[ I I I ] I

*QQ I

1112|1314 5. 1P :

| I I ) ] I

\& |

|

[ T - 1 ] .
A

21 || 222423 || 24 2P :

L. | | | 1

. I I

= |

|

. |

|

|

block
re 2.

R
& :

IEC

Figure 2 — Case PS, parallel-series connection with optional bypass diode

Series-parallel connection, i.e. a parallel connection of (P) blocks, where each block

consists of a series connection of a certain number of (S) cells. Refer to Figure 3.
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Each| configuration requires a particular hot-spot testing procedure.

4.9
a)

b)
c)
d)

e)

f)

'j Apparatus

1
11 |12 |13 |14 .. |1p |
| | | | | 1
2.1 221123 2.4 2.P :
1 1 1 1 1 :
3.1 321133 3.4 3.P |
T T T T T |
L L L L L
] I ] 1 ] ’
1 1 I 1 1 |
I 1 1 1 1 Y
1 1 1 1 1 w
I 1 1 1 1
i 1 1 1 1 1
1 1 I 1 I I
1 I 1 1 I |
S S2||S3||S4 S.P 1
1
1

IEC

Figure 3 — Case SP, series-parallel connection with optional bypass diode

adiant source: Natural sunlight, or a ¢lass BBB (or better) steady-state solar simy
bnforming to IEC 60904-9-with-an—irkadianceof 800 W/ m2 o1 100 W/m2. Either ty
gdiant source shall have an irradiasi¢e of (1 000 + 100) W/m2. This radiant source W
uped for applying long-duration stress when worst case shadowing has been applied t
module. This radiant source may be used in the selection of cells for shadowing,
optional pulsed simulator (d€scribed in 4.9.4g) may be used for cell selection.
F
a
I

~ O

pbr bifacial modules, the\adiant source used for prolonged exposure shall be operablg

BEC 61215-1:2021)~¢an be applied by at least one method allowed by IEC TS 60904
blerance in the ,total irradiance, whether applied in a single-sided or double-

bnfiguration, $hall be no larger than +50 W/m2.

quipment for current measurement.

armpletely opaque covers for test cells shadowing-according—to-the-technology—sp|

lator
be of
ill be
o the

Jr the

with

Hjustable irradianceylevels and/or rear-side irradiance such that BSI (as defingd in

-1-2.
sided

boific

T
c
Module I J~€urve tracer.
E
G

parts—eHHEGC64245

An—appropriate—temperature—detector{(preferablyan IR camera)} to measure and record

module temperatures. The camera shall be operable in a manner that allows resolution of

features smaller than one cell.
Equipment to record irradiance levels, integrated irradiance and ambient temperature.

Optional:

g) For selecting cells most sensitive to hot spot heating, a pulsed simulator of class BBB or
better conforming to IEC 60904-9 with an irradiance of 800 W/m?2 to-4-000 1 100 W/m?2 for

measuring I-V performance-can may be used.
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Procedure

A General

2021

Depending on the solar cell technology and the manufacturing process two different procedures
exist. MQT 09.1 is typically applicable to wafer-based technologies like standard crystalline
silicon. For most common, monolithically integrated, thin film technologies (CdTe, CIGS, a-Si)
the procedure MQT 09.2 is applicable. Bifacial modules are also to be tested using MQT 09.1.

If MQT 09.1 is performed using a representative sample, the representative sample shall have
the same number of cells per bypass diode as the full-size product. Depending on the resulting

sampg
test.

For 4

1 H o £ ££ + tl Lot £ ol + dad & £
O OI4T, o TOUYUITTThTIi vdll difout tnic ULITUTUE  UT TauTdriit oUuUuTLo TITTUTU U PTTTUTT

Il technologies, selection of the shadowing dimensions and location is perfermed i

irradiance range of 800 W/m2to 1 100 W/m2. Application of the extended stresg/is perfo

with

4.9.5

=n

th

]
H—h4

he tighter irradiance specifications described in 4.9.4 a).

.2 Procedure for wafer-based technologies (WBT) MQT 09.1

localized-shunts éan - be identified - bv_re
Ho-eaHZea—SHUHHHS € De—aeyf ea—Dbyre

the

h the
rmed

L

y
- The first step o

procidure is to select cells with the lowest and highest shun{{gsistances, (as detailed fu

in st
shad
diodd

The
shad
with
with
the p
was

ps c), d) and e) below). If the module circuit is accessible the current flow throug
pbwed cell can be monitored directly. If the PV modulesto be tested do not have remo
s or accessible electric circuits, the following non-intrusive method can be utilized.

selected approach is based on taking a setyof /-7 curves for a module with each
bwed in turn. Figure 4 shows the resultantset of -V curves for a sample module. The

he highest leakage current at the poinf\where the diode turns on was taken when th
he lowest shunt resistance was shadowed. The curve with the lowest leakage currg
oint where the diode turns on was(taken when the cell with the highest shunt resist
Ehadowed.

cell
curve
b cell
nt at
ance
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< A
€
g
§ Module characteristics with one cell Current-voltage characteristic of the
o 35 totally shaded unshaded module
_g H
]
=
3 -4
Y -3 AU Shte.. S SN S ..o S— S— Bypass diode turns on
-
1,5 o semseomesimnesimnes o mssin st ek ek | Cell with highest
: : i i leakage current
1 +
f K
0 f } t } t f t L
0 5 10 15 20 25
Module voltage (V) o
Figure 4 — Module I-V characteristics with_different cells totally shadowed
Use the following procedure to identify hot spot sensitive cells:
a) is-can

kpose the unshadowed module to the radiant source with irradiance between 800 YV/m?2
nd 1 100 W/m2 using one of the following:

o A pulsed solar simulater where the module temperature will be close to foom
temperature (25 + 5)©C.

o| A steady-state selar simulator where the module temperature shall be stabilised Within
15 °C before beginning the measurements.

¢| Sunlight where the module temperature shall be stabilised within £5 °C before beginning
the measurements.

Fpr bifacial/modules, exposure for cell selection is to the module front, with the module[back
s|de govered to sufficiently limit the contribution from the non-exposed side of the m¢dule
tq otvbelow the levels specified for "non-irradiated background" in IEC TS 60904-1-2.

b) Shadow each cell completely in turn, measure the resultant /- curve and prepare a set of
curves like Figure 4. For bifacial modules, if double-side illumination is utilized, both the
front and the back of the cell shall be shadowed entirely. If single-side illumination is utilized,
the rear shadowing is accomplished by the requirement of non-irradiated background
defined in IEC TS 60904-1-2.

NOTE For the SP case the deformation of the module /-V curve is added to the sectional /-V curve of the fully
illuminated parallel sub-section and so does not-start-at continue to V.

c) Select the cell adjacent to the edge of the module that has the lowest shunt resistance, i.e.
the one with the highest leakage current.
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d) Select the two lowest shunt-resistant resistance cells (in addition to the cell in ¢), those with
the highest leakage current.

e) Select the cell with the highest shunt resistance.

[ ba ils), those cells shall also be selected for hot-spot testing.
rle@ testing procedure by determining the worst case shadowing condition for each of
avalactad callc-

W o m HO

Dr bifag' modules, if some cells are permanently shadowed by design (e.g. junctiof box
ell

—

1) Expose the unshadowed module to a single-sided irradiance in the range of 800 W/m?2
to 1 100 W/mZ2. The exposure shall meet the requirements described in 4.9.5.2 a).

2) After thermal stabilisation of +5 °C is attained, measure the module /-V characteristic
and determine the maximum power current Iy,p4 (initial performance Pyp1).

3) Expose the module to irradiance meeting the requirements of 4.9.5.2 a). Then use one
of the methods in step 4) below to determine the worst case shadowing for each selected
cell.

4) Determine the worst-case shadowing for each of the selected test cells use one of the
methods i) to iii) below.

i) If the cell circuit is accessible, short-circuit the module and attach the current
measuring equipment such that it is reading only the current through the cell string
under test. For each selected test cell, shadow that cells and determine what shadow
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k) Repeat steps h) throughj)for each cell selected in steps c) through f).

level results in the current through the shadowed cell being equal to the unshadowed
Iyyp1 determined in step g)2). This is the worst case shadowing for that cell.

ii) If the cell circuit is not accessible, the first option for determining worst case

shadowing involves taking /-V curves. Take a set of I-V curves with each of the
selected test cells shadowed at different levels as shown in Figure 5. Determine the
worst case shadowing condition, which occurs when the current through the
shadowed cell (the point where the by-pass diode turns on) coincides with the
original unshadowed Iyp determined in a), like curve c) in Figure 5, at the same

irradiance level as used in a). If the bypass diode does not turn on when the selected
cell is fully shadowed, the worst case hot-spot condition is achieved by completely

cv 3w 30W

M
If]
td

For the cell selected in c), (i.e. the edge cell with the lo gt/shunt resistance), the
positioning of the mask applied during prolonged exposur%%w

Short-circuit the module. Use an IR camera to deter '(e)the hottest spot on the cell
when it is 100 % shadowed. If possible make sure ti\ this hottest spot is withip the
illuminated area during the prolonged exposure of s&p i).

hadow one selected cell that was identified@ps c) through f) to the worst |case

aintain the worst case shadowj
the temperature of the sh ed cell is still increasing at the end of 1 h continue [for a
tal exposure time of 5 h..\()

NS

shadowina the cell
)

iii) If the cell circuit is not accessible, the second option for determining WOTA case

shadowing involves temperature measurements. Short-circuit the modug.. hadow
each of the selected test cells in turn at 100 % and measure the cell tempergture.
Decrease the shadowing by 10 %. If the temperature decreas then 100 %
shadowing produces the worst case. If the temperature increases ¢ ays the spme,
continue to decrease the shadowing by 10 % until the temperaﬂ;e does decr¢ase.
Use the previous shadowing level as worst case shadowing.,\

all be further spedjfied.

bndition as determined in g). If double-side illumination will be used in step i) for a bifacial
odule, the cell shall be masked identically or\Yb rear side.

hort-circuit the module. Expose the modt}fe to steady state irradiance. For monofacial
odules, the irradiance shall be (1 000\(\

hall be BSI + 50 W/m?2. This test sha % performed at a module temperature in the fange
(55 + 15) °C. X

0) W/mZ2. For bifacial modules, the irradfance

Q\

g condition determined in g) for 1 h for the selected cell.

@.
Q~
O
3
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Current-voltage characteristic of the Module characteristics with the test

3,5 4{ unshaded module || cell shaded:
a) 100 %

- \ b) 75 %
3 N | c) max. power dissipation

Module current (A)

2021
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4.9.5
4.9.5

The
exten

NOTE
cells.
cells i

The
short
cond

any 9
shad

u L

25
Module voltage (V)
IEC

gure 5 — Module I-V characteristics with«he test cell shadowed at different leve

.3 Procedure for monolithically integrated (MLI) thin film technologies MQT
.3.1 General

hot-spot test is performed with”the module exposed to (1 000 + 100) W/m2 durin
ded exposure.

Typically no bypass diodes are included in the interconnection circuit of the serially connected MLI th
Therefore, reverse voltage of-shaded shadowed cells is not limited and module voltage can force a gr
hto reverse bias.

electrical performance of a MLI thin-film module can already be negatively affectg
Fterm-shading shadowing. Care shall be taken that effects caused by setting worst-
tions and)hot-spot endurance testing are clearly separated. The values of P, (b

hadewing has been applied), P54 (after worst case conditions have been identifig
bwing) and P (after extended stress has been applied) are collected for this purg

09.2

j the

n-film
bup of

d by
case
cfore

d via
ose.

max3

4.9.5

3.2 Case S

Figure 6 illustrates the hot-spot effect in a MLI thin-film module consisting of a serial connection
of cells, when a different number of cells are totally shadowed. The amount of power dissipated
in the-shaded shadowed cells is equal to the product of the module current and the reverse
voltage developed across the group of-shaded shadowed cells. For any irradiance level,
maximum power is dissipated when the reverse voltage across the-shaded shadowed cells is
equal to the voltage generated by the remaining illuminated cells in the module (worst case
shading shadowing condition). This is the case when the short-circuit current of the-shaded
shadowed module equals the maximum power current of the-nen-shaded unshadowed module.
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5 \ 4 cells 3 cells 2 cells 1 cell Non-shaded
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Module voltage
I1HC
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2 Unshaded
3 4 cells 3 cells 2Lcells 1 cell module
| © \haded shaded shaded shaded \
=}
O
= \ \
Scells
shaded \\‘\
Module voltage
IEC]
NOTE| In this example,‘the worst case-shading shadowing condition is-shading shadowing of 4 cells at the
time
Figure 6. = Hot-spot effect in a MLI thin-film module with serially connected cellg
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The {ollowing method shall be}]ugsed to select the cell(s) to be shadowed and to determing the

wors} case shadowing cond

b)

d)

a) Ekpose the un-sh@&ed module to a radiant source providing a total irradiance of 800

for module connected in series-only (case S).

at the module surface, using one of the following:

W/m2 to 1 100%

o[ A pulsed ulator where the module temperature will be close to room temperpture
(25

A s? y-state simulator where the module temperature shall be stabilised within 45 °C
e beginning the measurements.

° i ili ithin +5 ° imning
the measurements.

After thermal stabilisation is attained, measure the module /-V characteristic and determine
the maximum power current Ij;p4 and maximum power P, ,.4. Determine the maximum

power current range (Iyin < I < Ipay) Where I, is the maximum power current of the
unshadowed module, and I, is 0,95 I,,5,. This current range is named I(*).

Measure the short-circuit current at each position described in the next step.

Starting from one edge of the module, use an opaque cover to shadow one cell completely.
Move the cover parallel to the cells and increase the shadowed module area (number of
shadowed cells) until the short-circuit current falls within the current range of the non-
shadowed module. In these conditions, the maximum power is dissipated within the selected
group of cells (see Figure 6). The maximum step size between short-circuit current
measurements is one cell width. The minimum mask width is two cell widths. If shadowing
less than two cells is required to obtain a current within the specified range, then the mask
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e)

g)

m)

n)

width shall be fixed at the minimum. If shadowing some number of "n" cells results in a
current that is too high, and if shadowing n+1 cells causes a current that is too low, then the
narrower mask width (n cells) shall be chosen.

Move an opaque cover (of the dimensions found in d) above) slowly across the module and
measure the short-circuit current at each position. The maximum step size between short-
circuit current measurements is the mask width. (Thus, each cell in the module shall be
shadowed at some point during this step.) If at a certain position the short-circuit current
falls below the specified current range /(*), reduce the size of the cover in increments of one
cell width until the current is within the desired range again. If at any point during this
process, the mask width is reduced to its minimum value of two cell widths, its size shall not
be reduced further, and the process of moving the mask across the module is complete. If
shadowing some number of "n" cells results in a current that is too high, and if sha clwing
nt1 cells causes a current that is too low, then the narrower mask width (n cell Il be
chosen. During this process, the irradiance shall not change by more than + 2 % e mask
i not to be made larger at any point, i.e. if, during step g), the short-circuit ca.i/hent exdeeds
the higher limit of /(*), the mask width shall be kept the same.

The final width of the cover, together with the position that exhibited uqé%west currgnt of
epch area subjected to the final mask width, determines the mir};i%’%vv rea of shadqwing

that results in the worst case shadowing condition. This is the s ed area to be |used
fqr hot-spot testing. N

©

Remove the cover and visually inspect the module. C)

NPTE Reverse bias operation of the cells in steps d) and e) can caﬂig unction breakdown and lead to Visible
spots irregularly spread across the module area. These defects 06 ause a degradation of maximum putput

pwer.
Re-measure the module /-V characteristic and d ine maximum power P,..o.
Place the cover on the module. Put the covss\s%n the position determined during steps e)
apd f).

%
Short-circuit the module, including a m@ns to monitor the module current, such gs an
ammeter.
Expose the module to the stead&\%tate radiant source providing a total irradiange of
(1 000 + 100) W/m2 at the mod,@ surface, using one of the following:

A steady-state simulat Where the module temperature shall be stabilised Within
1+ 5 °C before beginn@ e measurements.

¢| Sunlight where the module temperature shall be stabilised within + 5 °C before beginning
the measurem 3

This test shall prerformed at a module temperature in the range (55 + 15) °C. Notg the
plue of Iy a@\keep the module current above the lower limit for /(*). If /5. falls beloy the
gwer limj I(*), decrease the mask width in increments of one cell width until I . |once
apain Q§ eds the lower limit for /(*). If the current falls below the desired range byt the
rra% Iready the minimum width, no adjustment shall be made.
Malntain these conditions for a total exposure time of 1 h.

At the end of the endurance test, determine the hottest area on the shadowed cells using
an IR camera or appropriate temperature detector.

a <

4.9.5.3.3 Case SP

Figure 3 illustrates a series-parallel connection, i.e. a parallel connection of P strings each with
S cells in series.
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the cgll(s) to be shad

a)

b)

If a module is of the s&parallel type (case SP), the following method shall be used to gelect
d

Ho—S A e TeSPOonS —e-m WHereHhy-wit P Patea-

and to determine the worst case shadowing condition.

Ekpose the@?ﬁadowed module to a radiant source providing a total irradiance of 800
W/

W/mZ2to 1 m2 at the module surface, using one of the following:

of A d simulator where the module temperature will be close to room temperpture
5) °C.

° steady-state simulator where the module temperature shall be stabilised within 45 °C

before beginning the measurements.

e Sunlight where the module temperature shall be stabilised within £5 °C before beginning
the measurements.

After thermal stabilisation is attained, measure the module I-V characteristic and determine
the maximum power current /j;p4 and maximum power P, ..4. Determine the maximum
power current range (I, < I < I5¢) Where [, is the maximum power current of the
unshadowed module, and /;, is 0,95 /5.

Then calculate the acceptable maximum power current range to be applied /(*) according to
the following formula.

IN+ I (N=1)IN<I(*)<Ipa!N+Iy (N=1)IN

mII"I max

where N is the number of parallel strings of the module.
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d)

e)

g)

h)

Select the substring to be measured. The following criteria are used to select the substring
that is likely to experience hotter temperatures during extended stress. If some of the
junction box is behind a power-generating area of the module, choose the substring that is
in front of the largest fraction of the junction box area. If the junction box area is equally-
divided between two substrings, or the module contains two junction boxes on two different
sub-strings, choose either substring that is in front of half the junction box area. If the
junction box is not located behind a power-generating portion of the module (e.g. the
junction box is located in an edge-delete area) select the substring that is in front of the
largest fraction of the module label. If no portion of the junction box or label is located behind
a power-generating area of the module, choose the substring closest to the geometric centre
of the module.

easure the short-circuit current at each position described in the next step.

Starting from one edge of the module, use an opaque cover to shadow one cell o lected
spibstring completely. Move the cover parallel to the cells and increase tl;q adpwed
spibstring module area (number of shadowed cells) until the short-circuit cur(i/n falls within
tHe current range /(). In these conditions, the maximum power is disgipated withip the
selected group of cells (see Figure 6). The maximum step size betwee rt-circuit cyrrent
nmeasurements is one cell width. The minimum mask width is two ce(l?w dths. If shadgqwing
dss than two cells is required to obtain a current within the specipﬁi ange, then the mask
idth shall be fixed at the minimum. If shadowing some number !6f "n" cells results in a
irrent that is too high, and if shadowing n+1 cells causes a ubnt that is too low, then the
arrower mask width (n cells) shall be chosen. &)

W

c

n

Move an opaque cover (of the dimensions found in f) am@g{slowly across the modulg and
nleasure the short-circuit current at each position. The(naximum step size between ghort-
c{rcuit current measurements is the mask width.éus, each cell in the module shall be
shadowed at some point during this step.) If, atQ rtain position, the short-circuit cyrrent
fglls below the specified current range I(*), reo\&e the size of the cover in small increments
uptil the current is within the desired range in. If at any point during this procesg, the
nmask width is reduced to its minimum valu€,of two cell widths, its size shall not be reduced
fyrther, and the process of moving the &sk across the module is complete. If shadgwing
spme number of "n" cells results in urrent that is too high, and if shadowing n+1|cells
cpguses a current that is too low, t the narrower mask width (n cells) shall be chgsen.
During this process, the irradian hall not change by more than + 2 %. The mask is not to
bg made larger at any point, ‘e if, during step g), the short-circuit current exceedp the
hlgher limit of /(*), the ma K dth shall be kept the same.
.

he final width of the cq\gﬁ, together with the position within the substring that exhibite(d the
dwest current of each area subjected to the final mask width, determine the minimumjarea
of shadowing that Its in the worst case shadowing condition. This is the shadowed|area
tq be used for hgt-spot testing.

Remove the @ér and visually inspect the module.

NPTE R e bias operation of the cells in step f) and g) can cause junction breakdown and lead to }isible
spots ir&larly spread across the module area. These defects can cause a degradation of maximum putput

ppw
Re%/easure the module /-V characteristic and determine maximum power P_...-.

Place the cover on the module. Put the cover on the position determined during steps g)
and h).

Short-circuit the module, including a means to monitor the module current, such as an
ammeter.

Expose the module to the steady-state radiant source providing a total irradiance of
(1 000 + 100) W/mZ2 at the module surface. This can be done using:

o A steady-state simulator where the module temperature shall be stabilised within £5 °C
before beginning the measurements.

e Sunlight where the module temperature shall be stabilised within £5 °C before beginning
the measurements.
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°C. Note the
falls below the

)

55 + 15
If I,

{

This test shall be performed at a module temperature in the range

value of

).

(

and keep the module current above the lower limit for I

]SC

lower limit for /(*), decrease the mask width in increments of one cell width until I, once

again exceeds the lower limit for 7

If the current falls below the desired range but the

).

no adjustment shall be made.

(*

mask is already the minimum width

n) Maintain these conditions for a total exposure time of 1 h.

0) At the end of the endurance test, determine the hottest area on the shadowed cells using

an IR camera or appropriate temperature detector.
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4.9.5

.3.40 Case PS

If an

h le of the parallel-series type (case PS) has an inaccessible internal cell circult but

contains no internal bypass diodes nor equivalent means of reverse bias protection, the
following method shall be used to select the cell(s) to be shadowed and to determine the worst

case

shadowing condition.

i) a)Expose the-un-shaded un-shadowed module to a total irradiance of 800 W/m?2 to-1-000 1
100 W/m2 at the module surface. This can be done using:

A pulsed simulator where the module temperature will be close to room temperature
(25 £ 5) °C.

A steady-state simulator where the module temperature shall be stabilised within
+5 °C before beginning the measurements.

Sunlight where the module temperature shall be stabilised within £ 5 °C before beginning
the measurements.
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k)

m)

When thermal stabilization is attained, measure the module /-7 characteristic and determine

the maximum power Py ,.4.

b) Expose the module to the steady-state radiant source providing a total irradiance
(1000 + 100) W/m2 at the module surface. This test shall be performed at a module
temperature in the range (55 + 15) °C.

¢) Short-circuit the module and-shade shadow at random a block in the module. Shadow at

least 10 % of-theparallelblocks-in-the-module the cells within the block, and shadow an

increasing area of the block until the maximum temperature is determined using thermal
imaging equipment or other appropriate means.

d) Re-measure the—un-shaded un-shadowed module /-V characteristic _and determine
naximum power P

max2-

D

Apply the shadow found in step ¢) and maintain these conditions for a total expasure time
of 1 h.

At thp end of the endurance test, determine the hottest area on the-shade@d shadowed|cells

using an IR camera or appropriate temperature detector.

4.9.6 Final measurements

Repdat tests MQT 01, MQT 02, MQT 03, and MQT 15.

4.9.7 Requirements

a)

b)

c)
d)
e)

4.10| UV preconditioning test (MQT 10)

4101 Purpose

To

No evidence of major visual defects permitted, as defined in IEC 61215-1:2021, partictlilarly
Iqoking for signs of melted solder, openings in thesenclosure, delaminations and burn sfpots.
Iffthere is evidence of serious damage that does_not qualify as a major visual defect, r¢peat
the test on two additional cells within the same)module. If there is no visual damage arpound
e|ther of these two cells the module type passes the hot-spot test.

Verify that the module shows the electrical characteristics of a functional photovopltaic
device. MQT 02 is not a pass/fail requirement (Gate No 2) for power loss.

Insulation resistance shall meet the' same requirements as for the initial measurements.
Wet leakage current shall meet the same requirements as for the initial measurements.

Alny damage resulting from~determining the worst case-shading shadowing shall be noted
in the test report.

pfeconditioti. the module with ultra-violet (UV) radiation before the thermal cycle/humidity

freezie tests\to identify those materials and adhesive bonds that are susceptible t¢ UV

degradation:

NOTE MQT 10 is meant to detect gross susceptibility to UV degradation, as the dose is small compared to typical
lifetime expectations for modern modules, and wavelength distribution of the UV source is not tightly specified.
Documents applying MQT 10 toward other goals (such as comparative degradation studies) should consider what
further requirements are necessary to achieve those goals.

4.10.2 Apparatus

a)

b)

A temperature-controlled test chamber with a window or fixtures for a UV light source and
the module(s) under test. The chamber shall be capable of maintaining the module
temperature at (60 + 5) °C.

A means for monitoring the temperature of the module to an accuracy of £2,0 °C and
repeatability of £0,5 °C. The temperature sensors shall be attached to the front or back
surface of the module near the middle without obstructing any of the UV light incident on
the active cells within the module. If more than one module is tested simultaneously, it will
suffice to monitor the temperature of one-representative-sample of the test modules.
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c) Instrumentation capable of measuring the irradiance of the UV light produced by the UV
light source at the test plane of the module(s), within the wavelength ranges of 280 nm to
320 nm and 320 nm to 400 nm with an uncertainly of £15 % or better.

d) A UV light source capable of producing UV radiation with an irradiance uniformity of £15 %
over the test plane of the module(s) with no appreciable irradiance at wavelengths below
280 nm and capable of providing the necessary total irradiance in the different spectral
regions of interest as defined in 4.10.3.

e) T

3 Procedure

he module shall either be short-circuited or open-circuited during exposufe,” as
anufacturer recommendations. The circuitry condition used during this test shall be 1
the test report.

c)

— —

For

ptween 280 nm and 400 nm it doesdot exceed 250 W/m?2 (i.e. about five times the n3
inlight level) and that it has a ugiformity of £15 % over the test plane.

ccording to the recommendations of 4.10.2e), short-circuit or open-circuit the mo
ount it in the test plane.afithe location selected in a), normal to the UV irradiance b
ake sure that the module/ temperature sensors read (60 = 5) °C. For flexible modules
odules shall be mowated per the manufacturer’s documentation with prescribed subg
hd adhesive or agtachment/mounting means during the test.

ubject the module(s) front side to a total UV irradiation of at least 15 kWh/m2 i
avelength range between 280 nm and 400 nm with at least 3 %, but not more than 10
e wavelength band between 280 nm and 320 nm, while maintaining the m
mperature within the prescribed range.

ifdeial modules repeat the procedure of UV irradiation on the rear-side of the moduld

easure the irradiance at the proposed module test plane and ensure that at wavelengths

tural

dule.
eam.
, the
trate

n the
% in
bdule

4.10.

4 Final measurements

Repeat the tests of MQT 01 and MQT 15.

4.10.
a) N

5 Requirements
o evidence of major visual defects, as defined in IEC 61215-1:2021.

b) Wet leakage current shall meet the same requirements as for the initial measurements.
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4.11 Thermal cycling test (MQT 11)
4.11.1 Purpose

To determine the ability of the module to withstand thermal mismatch, fatigue and other stresses
caused by repeated changes of temperature.

4.11.2 Apparatus

a) A climatic chamber with automatic temperature control with means for circulating the air
inside and means to minimize condensation on the module during the test, capable of
subjecting one or more modules to the thermal cycle in Figure 7.

b) Means for mounting or supporting the module(s) in the chamber, so as to allow| free
clrculation of the surrounding air. The thermal conduction of the mount or support.shall be
Iqw, so that, for practical purposes, the module(s) are thermally isolated.

c) Measurement instrumentation having an accuracy of £2,0 °C and repeatability of 0[5 °C
fqr measuring and recording the temperature of the module(s).

d) Means for applying a continuous current. The value of the current”is defined in the
tgchnology specific parts in this standard.

e) Means for monitoring the flow of current through each module during the test.

f) A[5 N weight capable of being attached to the electrical termination leads of the moduje.
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4.113 Procedure

a)

b)
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Figurel7~~ Thermal cycling test — Temperature and applied current profile

Alttach a suitable temperature sensor to the front or back surface of the module(s) negr the
middle. If more than one module of the same type are tested simultaneously, it will suffice
to monitor the temperature of onerepresentative-sample of the test modules.

Install the module(s) at room temperature in the chamber. Attach a single 5 N weight to the
junction box using one of two options. The weight may be attached utilizing the electrical
termination leads of each module so that it hangs down vertically from the junction box, as
shown in Figure 8a). The weight may also be attached to the junction box using a wire
introduced by the tester, as shown in Figure 8b). A wire introduced by the tester shall not
be attached to the junction box lid. In either case, the weight shall not impact or damage the
module back surface, and shall be at least 5 cm above the floor or module frame at the start
of the test, as indicated in Figure 8b). If there are more than one similar junction boxes per
module, only one junction box need be weighted, as shown in Figure 8b) or Figure 8c).
However, if the junction boxes differ in design, each should carry weights independently.

For flexible modules, the modules shall be mounted per the manufacturer’s documentation
with prescribed substrate and adhesive or attachment/mounting means during the test.
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igure 8 — Proper attachment of 5 N weight to junction box forymodule utilizing 3
bctrical termination leads, b) or wire for attachment, and ¢) only one junction b

onnect the temperature-monitoring equipment to the temperature sensor(s). Connect
odule to the appropriate current supply by connecting ¢hevpositive terminal of the mg
the positive terminal of the power supply and the second terminal accordingly. Durin
ermal cycling test set the continuous current flow during the heat up cycle td
chnology specific current specified-current in 4-41.,2d), at temperature from -40 °C tq
C. During cool down, the -40 °C dwell phase andtemperatures above 80 °C the contin
irrent shall be reduced to no more than 1,0.% of the measured STC peak power cy
measure continuity. If the temperature rises too fast (greater than 100 °C/h) at the Iqg
mperature, the start of the current flow.can be delayed until the temperature has reg
0 °C.
lose the chamber and subject_the module(s) to cycling between measured m
mperatures of (-40 + 2) °C and)(+85 = 2) °C, in accordance with the profile in Figu
he rate of change of temperature between the low and high extremes shall not ex
DO °C/h and the module temperature shall remain stable at each extreme for a period
ast 10 min. The cycle time shall not exceed 6 h unless the module has such a high
bpacity that a longer cycle is required. The number of cycles shall be as shown i

Pight
IEC

)

PpX

each
bdule
g the
the
+80
uous
rrent
west
ched

bdule
re 7.
ceed
of at
heat
h the

levant sequencesiin Figure—4 2 of IEC 61215-1:20462021. Air circulation around the

odule(s) has to-ensure compliance with each module under test meeting the temper
cling profile:

hroughout the test, record the module temperature and monitor the current flow thr
e module(s). Document in test report the actual dwell duration at high and
mperailres.

ature

ough
low

NOTE|

lova module with parallel circuits, an open circuit in one branch will cause a discontinuity in the voltag

e, but

not ca

4.11.

use the current to go to zero.

4 Final measurements

After a minimum recovery time of 1 h at (23 £ 5) °C and a relative humidity less than 75 % under

open

4.11.

-circuit conditions, repeat the tests of MQT 01 and MQT 15.

5 Requirements

a) No interruption of current flow during the test; in the case of a module with parallel circuits,
a discontinuity in current flow indicates an interruption of flow in one of the parallel circuit.

b) N

o evidence of major visual defects, as defined in IEC 61215-1:2021.

c) Wet leakage current shall meet the same requirements as for the initial measurements.
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Humidity-freeze test (MQT 12)

1 Purpose

To determine the ability of the module to withstand the effects of high temperature and humidity
followed by sub-zero temperatures. This is not a thermal shock test.

4.12.2 Apparatus

a) A climatic chamber with automatic temperature and humidity control, capable of subjecting
one or more modules to the humidity-freeze cycle specified in Figure 9.

c)

d)

td

e) T
th

4.12.

After

3 Procedure

rculat|on of the surroundmg air. The thermal conductlon of the mount or support sh
w, so that, for practical purposes, the module(s) is (are) thermally isolated.

easurement instrumentation having an accuracy of 2,0 °C and repeatabijlity of £0
r measuring and recording the temperature of the module(s).

eans for monitoring, throughout the test, the continuity of the internal’ circuit of
odule.

ttach a suitable temperature sensor to the front or back surface of the module(s) nea
iddle. If more than one module of the same type is tested simultaneously, it will suffi

onitor the temperature of one-representative-sample of the test modules.

odules shall be mounted per the manufacturer’s dgeumentation with prescribed sub{
hd adhesive or attachment/mounting means dufing the test.

onnect the temperature-monitoring equipmentto the temperature sensor(s). Connect
odule to the appropriate current supply by, connecting the positive terminal of the m¢
the positive terminal of the power supply-and the second terminal accordingly. Durin
Lmidity freeze test set the continuousicurrent flow to no more than 0,5 % of the meas
TC peak power current. If 0,5 % of/the measured STC current is less than 100 mA,
DO mA may be applied instead.

bquence-C-inFigure1of {EC61215-1:20146 10 cycles in accordance with the prof

gure 9. The maximum(and minimum temperatures shall be within £2 °C of the spe
vels and the relative humidity shall be maintained within £5 % of the specified value
e temperature is_at-the maximum value of 85 °C. Air circulation around the module(s
ensure compliance with each module under test meeting the temperature cycling pr

hroughout the test, record the module temperature and monitor the current and vo
rough the/moedule.

4 Final measurements

stall the module(s) at room temperature in the climatic-chamber. For flexible moduleg,

all be

5°C

each

r the
ce to

the
trate

each
bdule
g the
ured
then

fter closing the chamber, subject the module(s) to—the—nrumber—of cyclesdefingd—in

le in
Cified
when
has
ofile.

Itage

75 %

arecovery time between 2 h and 4 h at (23 £ 5) °C and a relative humidity less than

unde

4.12.

I open-circuit conditions, repeat the tests of MQT UT and MQT To.

5 Requirements

a) No interruption of current flow or discontinuity in voltage during the test; in the case of a
module with parallel circuits, a discontinuity in current flow indicates an interruption of flow
in one of the parallel circuits.

b) N

o evidence of major visual defects, as defined in IEC 61215-1:2021.

c) Wet leakage current shall meet the same requirements as for the initial measurements.
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4.13

4.13.

To d
humi

4.13.

Reqy

4.13.

Temperature of module (°C)

+25

Maximum 200 °C/h

Minimum dwell time 30.min

Time (h

Figure 9 — Humidity-freeze cycle — Temperature and humidity profile
Damp heat test (MQT 13)
1 Purpose

btermine the ability of the modulgZfo withstand the effects of long-term penetrati
dity.

2 Apparatus

irements for the test chamber are listed in IEC 60068-2-78:2012, 4.1.

3 Procedure

The

IEC 60068-2-78:2012, 4.4. The test shall be carried out-inaccordance-with 1EC 60068-2-7§
the following provisions.

Severitiés:

rocedure ferintroducing the sample into the chamber and starting the test is describ

A
1 full cycle R
(85 +5) % RH No RH control R
+85 p———— -
Minimum dwell time 20 h \ Maximum time 4 h /

Cantinue for specifi
/ \‘ Maximum 100 °C/h |/ / number of cycles |

EC

bn of

ed in
L with

The follow . od.

Test temperature: (85 2) °C
Relative humidity: (85 5) %

Test duration: (1 000*48 ) h

No preconditioning shall be performed.

Module connectors shall be short-circuited, unless current is being applied according to options
provided in some of the technology-specific parts.
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For flexible modules, the modules shall be mounted per the manufacturer’s documentation with
prescribed substrate and adhesive or attachment/mounting means during the test.

4.13.4 Final measurements

After a recovery time of-between 2 h, and no more than 4 h, at (23 £ 5) °C and a relative humidity
less than 75 % under open-circuit conditions, repeat the tests of MQT 01 and MQT 15.

4.13.5 Requirements
a) No evidence of major visual defects, as defined in IEC 61215-1:2021.

b) WetTeakage current shall meet the same requirements as for the initial measurements.
4.14| Robustness of terminations (MQT 14)
4141 Purpose

To determine that the terminations, the attachment of the terminations, and the attachment of
the cpbles to the body of the module will withstand stresses that are likely,t0 be applied during
normial assembly or handling operations. Test in 4.14.2 (MQT 14.1) and test in 4/14.3
(MQT 14.2) are to be performed in Sequence C after MQT 12 as\given by the test flow in
IEC 61215-1:2021.

4,142 Retention of junction box on mounting surface (MQT 14.1)
41421 Apparatus

Means for applying a force of 40 N to the centre of the test object. Prevent torque from being
applied to the junction box.

Attaghing the means for applying the force tothe junction box shall not impair its function

U7J

4.142.2 Procedure
The fest shall-be performed-2-h-to-4-h-after completionof MQT 12

A force of 40 N shall be gradually applied for (10 £ 1) s (in accordance to IEC 60068-2-21) in
each|direction parallel totthe mounting surface parallel to the module edges, in steps of 9p°.

A forge of 40 N shallbe gradually applied for (10 £ 1) s without jerks, in a direction perpendicular
to th¢ mounting surface.

The ;Lull force-should be applied at the centre point of the box.

4.14.2:3 Final measurements

Repeat the tests of MQT 01 and MQT 15.

4.14.2.4 Requirements

During test, there shall be no displacement of the junction box at the mounting surface impairing
isolating characteristics.

a) No evidence of major visual defects, as defined in IEC 61215-1:2021.
b) Wet leakage current shall meet the same requirements as for the initial measurements.
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4.14.3 Test of cord anchorage (MQT 14.2)
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The junction box, separate from the module, shall be tested to |IEC 62790”"Test of
anchprage" and shall meet the requirements therein. If the junction box ha§)been pre-qug
prior|to IEC 61215-2:2021 testing, the test report shall note the test labi/fame and date
the requirement was met. The cord anchorage test cannot be applied to junction boxes
integrated connectors, and thus junction boxes with integrated conp€eetors are exempt fron
requifement. Exemption shall be noted in the test report.

4.15| Wet leakage current test (MQT 15)
4151 Purpose

To eyaluate the insulation of the module under wet.operating conditions and verify that moi
fromrain, fog, dew or-melten melted snow does nofenter the active parts of the module circ
wherg it might cause corrosion,-a-greund an earth fault or a safety hazard.

4152 Apparatus

a)

b)
c)

d)

Al shallow trough or tank of sufficient size to enable the module with frame to be plac
the solution in a flat, horizontalposition. It shall contain a water/wetting agent sol
spfficient to wet the surfaces of the module under test and meeting the follg
¢quirements:

—

Rlesistivity: 3 500 Q-cm or less

olution temperature: (22 £ 2)°C

bt desighed-for-immersion.

C<«voltage source, with current limitation, capable of applying 500 V or the maximum

cord
lified
when
with
h this

sture
uitry,

ed in
ution
wing

he depth of the\solution shall be sufficient to cover all surfaces except junction box entries

to-be

rated

S

T

et

Spray equipment containing the same solution—{-the-entire-junction-bexisnot-going-
shbrmerscoe,

D

s

/stem \/nltagn of the module _whichever is more

Instrument to measure insulation resistance.

4.15.3 Procedure

All connections shall be representative of the recommended field wiring installation, and
precautions shall be taken to ensure that leakage currents do not originate from the
instrumentation wiring attached to the module.

a) Immerse the module in the tank of the required solution to a depth sufficient to cover all
surfaces except junction box entries-not-designed-forimmersion.linotimmersed- The cable

entries shall be thoroughly sprayed with solution. If the module is provided with a m
connector, the connector should be sprayed during the test.

ating
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b) Connect the shorted output terminals of the module to the positive terminal of the test
equipment. Connect the liquid test solution to the negative terminal of the test equipment
using a suitable metallic conductor.

Some module technologies may be sensitive to static polarization if the module is
maintained at positive voltage to the frame. In this case, the connection of the tester shall
be done in the opposite way. If applicable, information with respect to sensitivity to static
polarization shall be provided by the manufacturer and documented in the test report.

c) Increase the voltage applied by the test equipment at a rate not exceeding 500 V/s to 500 V
or the maximum system voltage for the module, whichever is greater. Maintain the voltage
at this level for 2 min. Then determine the insulation resistance.

d) Reduce the applied volfage {0 Zero and shori-circuit the terminals of the 1est equipmeg

e) E
4.15.
- F
4
- F
a

4.16
4.16.

scharge the voltage build-up on the module.
nsure that the used solution is well rinsed off the module before continuing the'{éstin

4 Requirements

br modules with an area of less than 0,1 m2 the insulation resistance shall not be less
D0 MQ.

br modules with an area larger than 0,1 m2 the measured insulation resistance time
rea of the module shall not be less than 40 MQ-m?2.

Static mechanical load test (MQT 16)

1 Purpose

The purpose of this test is to determine the ability of the module to withstand a minimum
The minimum required design load for a particular site will depend on constru
Cable standards, building codes, probabilityof event occurrence, design assumptions

on/climate and might require higher samgling rates and other safety factors ym.

load.
appli
locat

nt to

than

s the

static
ttion,
5 and

this ¢

art of

To dé¢termineth€maximum possible test load, e.g. by test-to-fail of a construction is not p
ocument-
{6/ verifies minimum test loads. The manufacturer’'s minimum design load is

MQT

back

calcu

lated Trom the above minimum test [oad. The test load IS defined as:

Test load = y,, x design load

where the safety factor y,, is at least 2 1,5.

The minimum required design load per this document is 1 600 Pa, resulting in a minimum test
load of 2 400 Pa.

The manufacturer may specify higher design load(s) for positive (downward) and negative
(upward) and also a higher y,, for certain applications. The design load(s) and y,, are to be

specified in the documentation of the manufacturer per each mounting method.
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EXAMPLE Manufacturer specifies the following design loads: positive 3 600 Pa and negative 2 400 Pa with y = 1,5.
The test sequence will contain 3 cycles each performed at 5 400 Pa positive and 3 600 Pa negative loading.

Each module undergoing MQT 16 test shall be pre-tested according to Sequence E in
IEC 61215-1:2021, unless a module is an additional, full-size, very large module tested
alongside representative samples, as described in IEC 61215-1:2021 Clause 4.

NOTE

4.16.
a)

b) In
c)

NOTE
stress|

(o]
f) T
n

NOTE
a best

4.16.
a) E

(@]

b) M
N

Inhomogeneous snow loads are not covered by this test.—A—standard forsuchkind—of load—is—under
development-(tEC62938)- IEC 62938:2020 may be used.

2 Apparatus

he test base shaII enable the module to deflect freely durmg the Ioad apphcatlon Wlthl
bnstraints of the manufacturers prescribed method of mounting.

strumentation to monitor the electrical continuity of the module during the te'st.

uitable weights or pressure means that enable the load to be applied in a,ghadual, un
anner. The test load may be applied pneumatically or by means of weights. All force

b applied normal to the module surface. The apparatus shall not centribute to the ri
the module (e.g. force applied via a large, flat, plate).

busing impact spikes. The weight shall only be applied on/he“frontsheet (e.g. the g
nd not on the module frame or cross support rails in the module. If weights are us
ad the module, Annex A provides additional recommendations to ensure quality cq
hd consistency of test results.

1 With incremental loading where weights are loaded byshand, impact shocks not representative g
have been observed and are undesirable.

an automated system using pistons (or othér discrete-point application) is used to
e module, document the coverage ratio injthe test report. Coverage ratio is the area
e suction cups (connected to pistons ernother contacting points to module) to the su
rea of the module. A minimum coverage ratio of 10 % is recommended to assure unifg
loading on the module.

he environmental conditions forperforming the tests are (25 + 5) °C in a relative hun
bt exceeding 75 %.

2 As most adhesives will perform worse under elevated temperatures, room temperature is considered
case condition for testing.

3 Procedure

quip the module’/so that the electrical continuity of the internal circuit can be moni
bntinuously.during the test.

ount thé module on a rigid structure using the method prescribed by the manufad

including>~the mounting means (clips/clamps and any kind of fastener) and under

ipport'rails. If there are d|fferent possibilities each mountlng method needs to be eval

jform
shall
gidity

he entire payload should be applied to the module surface uniformly and gradually without

lass)
ed to
ntrol

f field

load
nder
rface
rmity

nidity

to be

ored

turer

=parate|y ------

all mounting methods, mount the module in a manner where the loading is worst case. If
there are different possibilities, each mounting configuration needs to be evaluated
separately. Worst case loading is typically associated with largest cantilever (overhang
span) or largest deflection. For all mounting configurations, mount the module in a manner
where the distance between the fixing points is worst case, which typically results in the
worst deflection of the module, while following manufacturer recommendations for the
specified mounting means. Allow the modules to equilibrate for a minimum of 2 h after
MQT 13 before applying the load. For flexible modules, the modules shall be mounted per
the manufacturer’'s documentation with prescribed substrate and adhesive or attachment
means during the test.



https://iecnorm.com/api/?name=a4b2c75a0912212dd49610af84b97636

- 54 — IEC 61215-2:2021 RLV © IEC 2021

c) On the front surface, gradually and uniformly apply the test load. Load uniformity needs to
be better than £5 % across the module with respect to the test load. Maintain this load for
1h.

d) Apply the same procedure as in step c) to the back surface of the module or as uplift load
to the front surface.

e) Repeat steps c) and d) for a total of three cycles.

4.16.4 Final measurements

Reppai‘ the tests of MOT 01 and MQT 15

4.16. Requirements

a) No intermittent open-circuit fault detected during the test.

b) No evidence of major visual defects, as defined in IEC 61215-1:2021.
c) et leakage current shall meet the same requirements as for the initial measurements.

4.17 | Hail test (MQT 17)
4171 Purpose

To vgrify that the module is capable of withstanding the impact+of hail.

4172 Apparatus

a) Moulds of suitable material for casting spherical ice balls of the required diameter. Minimum
requirement is a diameter of 25 mm. For hail prene locations larger ice balls may be required
fqr testing as listed in Table 2. The test report should indicate what ice ball diametef and
tgst velocity was used for the hail test.

b) Alfreezer controlled at (-10 £ 5) °C.
c) Alstorage container for storing the.ice balls at a temperature of (-4 + 2) °C.

d) A[launcher capable of propelling-an ice ball at the specified velocity, within £5 %, so jas to
h|t the module within the specified impact location. The path of the ice ball from the launcher
tg the module may be horizontal, vertical or at any intermediate angle, so long as the test
requirements are met.

rigid mount for supporting the test module by the method prescribed by the manufacfurer,
ith the impact surface normal to the path of the projected ice ball.

n instrument for measuring the velocity of the ice ball to an accuracy of £2 %. The velocity

A
W
f) Albalance for.determining the mass of an ice ball to an accuracy of +2 %.
A
sensor.shall be no more than 1 m from the surface of the test module.

example, Figure 10 shows in schematic form a suitable apparatus comprising a horizjontal
pneumate—lavreher—a—vertical—medule—mount—and—a—velocity—meter—which—measures
electronically the time it takes the ice ball to traverse the distance between two light beams.
This is only one example as other types of apparatus including slingshots and spring-driven
testers have been successfully utilized.
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Test gauge Regulator

B > «— Air supply

Photoelectric velocity

Solenoid valve large, measuring system 1 m max
fast-opening x
7,
h
|
Reservoir 1 ol | |
U 1 I
| 1
&
Interchangeable L
barrels
Module
Mounting frame e
Figure 10 — Hail-test equipment
Table 2 — Ice-ball.masses and test velocities
Oiameter Mass Test velocity Diameter Mass Test velogity
mm g m/s mm g m/s
25 7,53 23,0 55 80,2 33,9
35 20,7 27,2 65 132,0 36,7
45 43,9 30,7 75 203,0 39,5
4173 Procedure
a) Using the.moulds and the freezer, make a sufficient number of ice balls of the required size
fqr the-test, including some for the preliminary adjustment of the launcher.
b) Examine each one for cracks, size and mass. An acceptable ball shall meet the follqwing
chitera:

no cracks visible to the unaided eye;

diameter within £5 % of that required;
— mass within £5 % of the appropriate nominal value in Table 2.
c) Place the balls in the storage container and leave them there for at least 1 h before use.

d) Ensure that all surfaces of the launcher likely to be in contact with the ice balls are near
room temperature.
e) Fire a number of trial shots at a simulated target in accordance with step g) below and adjust

the launcher until the velocity of the ice ball, as measured with the velocity sensor in the
prescribed position, is within £5 % of the approprlate hailstone test veI00|ty in Table4 2.

ne#maJ—te—the—path—ef—the—ee—baﬂ— Mount the module accordlng to manufacturer
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specifications. The module shall be at room temperature, with the impact surface normal to
the path of the ice ball. For flexible modules, the modules shall be mounted per the
manufacturer’'s  documentation with  prescribed substrate and adhesive or
attachment/mounting means during the test. If the manufacturer’s specified application
allows mounting in a rigid or flexible mounting condition, testing shall be done on the worst-
case condition. The test configuration(s) shall be documented in the test report.

Take an ice ball from the storage container and place it in the launcher. Take aim at the first
impact location specified in Table 3 and fire. The time between the removal of the ice ball
from the container and impact on the module shall not exceed 60 s.

Inspect the module in the impact area for signs of damage and make a note of any visual

effects of the shot.-Errors of up to 10 mm from-the epnr\ifinrl location are ar‘r‘npfnhln

i) Iffthe module is undamaged, repeat steps g) and h) for all the other impact locatiops in
Thble 3, as illustrated in Figure 11.
Table 3 — Impact locations
Sh¢t No. Location
1 Any corner of the module window, not more than one radius of ice-ball from the module edge.
2 Any edge of the module, not more than one radius of ice-ball from_the ‘'module edge.
3,4 Over the circuit near interconnects (i.e. cell interconnects and/bus ribbons).
8,6 Over edges of the circuit (e.g. individual cells).
1, 8 On the module window, not more than half diameter of iCe ball from one of the points at which| the
module is mounted to the supporting structure.
9] 10 On the module window, at points farthest from the points selected above.
(i Any points which may prove especially vulnerable to hail impact like over the junction box.

4174 Final measurements

Repdat tests MQT 01 and MQT 15.

4175 Requirements

a)
b)

No evidence of major visual defects, as defined in IEC 61215-1:2021.
Wet leakage current Shall meet the same requirements as for the initial measurements.
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Figure 11 — Hail test impact locations: top for wafer/cell based technologies,
bottom for monolithic processed thin film technologies

4.18 | Bypass-‘diode testing (MQT 18)

4.18[1. </Bypass diode thermal test (MQT 18.1)

4.18.1.1 Purpose

To assess the adequacy of the thermal design and relative long-term reliability of the bypass
diodes used to limit the detrimental effects of module hot-spot susceptibility.

The test is designed to determine the diode’s temperature characteristic and its maximum diode
junction temperature T; under continuous operation.
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1.2 Test sample

2021

If the module contains three or fewer bypass diodes, then all diodes shall be tested for forward
voltage as per 4.18.1.4 and for functionality as per 4.18.2. If the module contains more than
three diodes, then three bypass diodes are to be selected for testing. These bypass diodes are
to be selected by the test laboratory and should be representative bypass diodes which are
subject to the most stress in the design. The test lab shall indicate in the test report which three
bypass diodes were selected and why they were selected.

a) For more than three diodes embedded in a laminate, select the diodes in these locations:

1) Closest to the centre of the junction box (may be underneath the junction box).

2
3
b) F
1
2
3
If the

Closest to the module frame (or module edge, in case of frameless module).
Closest to module centre.

br more than three diodes in a junction box, select diodes in these locations;
Closest to the centre of the junction box.

Next closest to the centre of the junction box.

Closest to the edge of the junction box.

bypass diodes are not accessible in the module type under test, a special sample ¢

n be

prepared for this test. This sample shall be fabricated to provide(the same thermal environment

for th

e diode as a standard production module and does not\have to be an active PV mo

The test shall then proceed as normal. This special test sample shall be used only for meas

the b
circu
final

bypa

4.18.
a) M

b) M
q

—

M
d) M
u
C

ypass diode temperature in 4.18.1.4 c) to-m k). Exposure to 1,25 times the STC s
t current shall be performed on a fully functional madule which is then used for makin
measurements of 4.18.1.5. The special samplé¢shall allow electrical access to the

5s diodes in locations complying with the apove selection criteria.

1.3 Apparatus
eans for heating the module up to a-temperature of (90 + 5) °C.

eans for monitoring the temperature of the module to an accuracy of 2,0 °C
peatability of £0,5 °C.

eans for measuring the junction voltage V', of the bypass diodes to an accuracy of 2

eans for applying a current equal to 1,25 times the STC short-circuit current of the m
nder test with a pulse ‘width not exceeding 1 ms and means for monitoring the flq
irrent through the'module, throughout the test. For bifacial modules, the applicable cy
1,25 times( short-circuit current at elevated irradiance BSI, as define

dule.
uring
hort-
g the
three

and

%.

bdule
w of
rrent
0 in

FC 61215-1:2021. The short-circuit current at irradiance BSI may be determined either by

measure@ent (MQT 06.1) at irradiance BSI, or by assuming linearity of short-G

hiculatethe short-circuit current at BSI, I, gg), using I, values measured for Gate
L<&rc and I._gnpy), and the relevant equivalent irradiances: 1 000 Wm-2, Ggypy, and

ircuit

irrent with irradiance (as defined in IEC 60904-10). Assuming linearity allows onme to

No. 1
GBsi-

O EXtrapotate Igo g, LTESE qUantities are compined as (0ffows:

(Zsc-aNpPi~Isc-sTC)
GBNP[ -1 000 Wn"l_2

IscBs| = Isc—BNPI T+ (Gpsy —Gaypr)

In the above formula, equivalent irradiance are calculated as in IEC TS 60904-1-2,
specifically:

Ganpy = 1000 Wm™ +¢-135 Wm™

Ggs) = 1000 Wm2 +¢-300 Wm™2
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@ = Min(?”lsc"PPmax)

4.18.1.4 Procedure

a)
b)

Electrically short any blocking diodes incorporated in the module.

Determine the rated STC short-circuit current of the module from its label or instruction
sheet. For bifacial modules, use the value of the short-circuit current at elevated irradiance
BSI, as defined in IEC 61215-1:2021.

c) Connect the lead wire for V' and I on both diode terminals as shown in Figure 12.
If the—dHodes—arepottedthe—connrectHons—shalbemade by themedutemanufactorerbefore
delivery of the module.
Care|shall be taken that the lead wires do not cause heat dissipation from theerminal] box
leadipng to misinterpretation of the test results. Thus, current connections shauldrbe made as
far ap possible away from the terminal box, and voltage probes made as 'spiall and thjn as
possi|ble.
* 7 Ty
L1 P
Bypass diode
Cell Cell
I : IEC
Figure 12 — Bypass diode thermal test

d) Heat the moduleand junction box up to a temperature of (30 = 2) °C.
e) ply the pulsed current (pulse width 1 ms) equal to the STC short-circuit current gf the

odule,.measure the forward voltage /'y, of diode. For bifacial modules, use the vallie of

the short-circuit current at elevated irradiance BSI.

f) sifig’the same procedure, measure V7, at (50 £ 2) °C.
g) Using the same procedure, measure Vp3 at (70 £ 2) °C.
h) Using the same procedure, measure Vp, at (90 + 2) °C.
i) Then, obtain the V' versus T characteristic by a least-squares-fit curve from V4, Vpo, Vp3

and Vp,.

T, is assumed to be the ambient temperature of the junction box for steps d) to i).
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k)

m) Maintain the current flow for 1 h.
4.18(.5 Final measurements

Repdat the tests of MQT 01, MQT 15 and MQT 18.2.

4.18/1.6 Requirements

b)
c)
d)

4.182 Bypass diode functionality test (MQT.18.2)

4.182.1 Purpose

- 60 - IEC 61215-2:2021 RLV © IEC 2021

Heat the module to (75 = 5) °C. Apply a current to the module equal to the short-circuit
current I . + 2%-of-the—moduleas—measured—at-STC as determined in step b). After 1 h

measure the forward voltage of each of the selected diodes.

If the module contains a heat sink specifically designed to reduce the operating temperature
of the diode, this test may be performed at the temperature the heat sink reaches under
conditions of 1 000 W/m?2, (43 + 3) °C ambient with no wind rather than at 75 °C.

Using the 7 versus T characteristic obtained in item i), obtain T from Vp at T, = 75 °C,
Ip = I of the diode during the test in j).

Increase the applled current to 1,25 times the short-circuit current of the module as
eSSt u\.AI ut CTC UCLUIIIIIIIUU III blcp U} VVIIIIU Illdllll.dlllllly I.IIU IIIUUUIU I.CIIIPCIGLUIU dL 75 +
5) °C.

he diode junction temperature T, as determined in 4.18.1.4-k)-shall not exceed the diode
anufacturer’s maximum junction temperature rating for contihnuous operation.

T
m

No evidence of major visual defects, as defined in IEC 631215-1:2021.
Wet leakage current shall meet the same requirements as for the initial measurements.

The diode shall still function as a diode after the‘conclusion of the test as per MQT 18|2.

The purpose of this test is to verify that the bypass diode(s) of the test samples remain(s)
functjonal following MQT 09 and MQT 18.1. In case of PV modules without bypass diodes this

test ¢gan be omitted.

4.18.2.2 Apparatus

Means for measuring current-voltage curve within 1 s; e.g. I-V curve tracer, with an accliracy

of th¢ voltage and current measurements-shal-be-atleast 1% of reading of +1 % of the gpen-

circu|t voltage and short-circuit current, respectively.

4.18.2.3 Procedure
4.18.2.3.1 General

Th 4 L (] b (] (- n bl £ 4l .Z II
€ lestcarroe conauctea aLLUTunTyg o ciuicr Ut uic TU1 UWIIIQ I.WU IIIClIIUUb

4.18.2.3.2 Method A

This procedure shall be conducted in any ambient temperature within (25 = 10) °C. During the
test the sample shall not be subjected to illumination.

a) Electrically short any blocking diodes incorporated to the test sample.

Some modules have overlapping bypass diode circuits. In this case it may be necessary to
install a jumper cable to ensure that all of the current is flowing through one bypass diode.

b) Determine the rated STC short-circuit current of the test sample from its name plate. For

bifacial modules, use the value of /g measured at STC.
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c) Connect the DC power source’s I-V curve tracer’s positive output to the test sample’s
negative terminal and the DC power source’s I-V curve tracer’s negative output to the test
sample’s positive terminal, respectively. With this configuration the current shall pass
through the solar cells in the reverse direction and through the bypass diode(s) in the
forward direction.

d) Run currentsweep from 0 Ato 1,25 x /. and record voltage. Use the value of /. determined
in step b).

4.18.2.3.3 Method B

Successive I-V measurements of the PV module can be performed in conjunction with maximum
powdr determination (MQT 02) with portions of a string in the interconnection circuit completely
shadpd shadowed in order to "turn on" the diode. This procedure should be repeated fof [each
subsiring.

4.182.4 Requirements

4.18.2.4.1 Method A
In th¢ current sweep of 4.18.2.3.2 d), identify the largest currgftjat which the forward voltage

is specified on the data sheet. The diode(s) forward voltage njéasured at the identified cyrrent
is defined as VFM and shall meet the following requirement.

VFM = (NX VFMrated) +10 %

wher

[

N is the number of bypass diodes;
Vemrated IS the diode forward voltage as\defined in diode data sheet for 25 °C.

4.182.4.2 Method B

The |bypass diode belonging tor-the—shaded shadowed string is working properly, if the
characteristic bend in the /I-}/~curve is observed.

Example: a crystalline silicon PV module with 60 cells and three strings protected each by one
diode will have a power)drop to roughly 2/3, if cells in one string are-shaded shadowed.

4.19| Stabilization (MQT 19)
41901 General

All PY.modules need to be electrically stabilized. For this purpose, all modules shall be exposed
to a 'defined pluucdulc, and—the uutput POWeT shaltbe—meastred dhcut:y afterwards— This
procedure and output power measurement shall be repeated until the module is assessed to
have reached an electrically stable power output level. Where light is used for stabilization,
simulated solar irradiance is preferred over natural light.

4.19.2 Criterion definition for stabilization
The following formula shall be taken as the criterion to assess whether a module has reached

its stabilized electrical power output:

(Pmax _Pmin)/Paverage <x

where x is defined in the technology specific parts of this standards series.
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Here, Prax: Pmin @nd Payerage are defined as extreme values of three consecutive output power
measurements P, P, and P53 taken from a sequence of alternating stabilization and
measurement steps using MQT 02. P, ¢154e is the average of all three, Py, Py and Pj.
output power is determined using procedure MQT 06.1.

4.19.3 Light induced stabilization procedures

4.19.3.1 Apparatus for indoor stabilization
a) A class CCC solar simulator or better, in accordance with IEC 60904-9.

b)
c)

g)

4.193.2 Requirements for outdoor exposure forstabilization

a)
b)

d)

e)

A maximum power point tracking device is advisable, e.g. a micro-inverter.

4.19.3.3 Procedure

a)

b)
c)

d)

U

During the simulator exposure, module temperatures shall stay in the range'oef (50 + 1(
A

+

Al suitable reference device, with integrator, for:monitoring the irradiation.

suitable reference device, with integrator, for monitoring the irradiation

se the reference device to set the irradiance between 800 W/m2 and 1 000-\W/m?2.

P °C.

Means for monitoring the temperature of the module to an ,aceuracy of +2,0 °C|
regpeatability of £0,5 °C. The temperature sensor shall be moeunted on a represent
ppsition for the average module temperature.

Means to mount the modules, as recommended by the manufacturer, co-planar wit
eference device.

—

Qnly irradiance levels above 500 W/mZwill count for total irradiance dose required to g
stabilization. Temperature limits are.specified in the technology specific parts.

Means for monitoring the temperature of the module to an accuracy of +2,0 °C|
g¢peatability of +0,5 °C. Theltemperature sensor shall be mounted on a represent
ppsition for the average module temperature.

Alresistive load sized such’that the module will operate near its maximum power point
electronic maximum.power point tracker (MPPT).

—

Measure~the output power of each module using the maximum power determin
(MQT\02) procedure at any convenient module temperature within the allowable rangq

STC

Means to mount the modules, as recommended by the manufacturer, co-planar ‘with the
reference device.

) °C.

| subsequent stabilizations should be done at the same temperature as the initial within

and
ative

Alresistive load sized such that the module will operate nearits maximum power point pr an
electronic maximum power point tracker (MPPT).

h the

heck

and
ative

pran

ation
that

cah.beé reproduced within 2 °C for future intermediate measurements.

Attach the load to the modules and mount them, as recommended by the manufacturer
the reference device in the test plane of the simulator.

Record the irradiance levels, integrated irradiation, temperature and used resistive lo
the module.

, with

ad of

Subject each module to at least two intervals of the irradiation as defined in the technology

specific parts of MQT 19 of this standard until its maximum power value stabi
Stabilization is defined in 4.19.2.

lizes.

The output power shall be measured using MQT 02. The time period between light exposure

including MQT 02 measurements and the final determination of maximum pow
accordance to MQT 06.1 is specified in the technology specific part.

er in
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f) Intermediate measurements of MQT 02 shall be performed in approximately equal
integrated irradiation dose intervals. Minimum doses are defined in the technology specific
parts of this standard. All intermediate maximum power measurements shall be performed
at any convenient module temperature reproduced within £2 °C.

g) Report the integrated irradiation and all parameters at which this stability is reached. For
outdoor procedure, where applicable, state the type of load used and show temperature and

ir

4.19.

radiance profiles.

4 Other stabilization procedures

Other stabilization techniques can be used after validation. It is known that the application of

curr
Such

This

Alter

mtor vottage bias cam teadtosimitar effectsimsotar cettsasisthetase for fightexposure.

alternate stabilization procedures will be provided by the manufacturer.

subclause defines the validation process for alternate stabilization procedure:

procgdure. Validation shall be done with three modules. The validation/shall be perform

sequ

a) P
b) M
tg
c) P
S
d) M
tg

An a
abov
critern

4.19.
Initia

Stab

The
critern

The
this s

ence A as initial stabilization. Perform the following to validate altérmate procedures:

erform alternate procedure.

easure MQT 06.1 after the minimum and no more than the‘'maximum time specified i
chnology specific parts.

erform indoor light induced stabilization procedure-4.49.3.1 in accordance to techn
becific requirements.

easure MQT 06.1 after the minimum and no more than the maximum time specified i
chnology specific parts.

ternate method is considered valid if the"two MQT 06.1 measurements from b) a
e are within 2 % for all three evaluated”modules. If one module does not meet the
ia the method is not validated.

5 Initial stabilization (MQT\19.1)

lization is reached if 4.19.2 is fulfilled.

nitial stabilization_is performed to verify manufacture label values as defined in the
ion in IEC 61215:1:20462021, 7.2.2 (Gate No. 1).

number ©f,modules subjected to MQT 19.1 is defined in the technology specific pa
tandard.

4.19.

6 \“Final stabilization (MQT 19.2)

nate procedures can be used instead of light exposure if validated*according tq this

ed in

n the
blogy

n the

nd d)
pass

stabilization is performed following procedure and requirements defined in MQT 19.

pass

rts of

Final stabilization is performed following procedure and requirements defined in MQT 19.

Stabi

lization is reached if 4.19.2 is fulfilled.

The final stabilization is performed to determine module degradation during the test as defined
in the pass criterion in IEC 61215-1:20462021, 7.2.3 (Gate No. 2).

If not otherwise stated all modules from sequences A, and C to E have to undergo MQT 19.2
testing.
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4.19.7 Stress-specific stabilization — BO LID (MQT 19.3)
4.19.7.1 General

Some stress conditions may change the state of semiconductor defects in a way that is not
representative of field behavior and is not related to the degradation mechanisms that are
targeted by the stress tests. In this case, a stress-specific stabilization may be required to set
the defects into a reproducible state either before or after stress. When to apply a stress-specific
stabilization is prescribed in the technology-specific parts.

MQT 19.3 describes a stabilization procedure that puts the defects causing boron-oxygen light
|ndUC Ud dculadat;ull ;IItU thU IUyUIIUIGtUd otatc. :t ohq” UII:y bU UOUd Gt PU;IItO ;II thc tUO fIOW

specifically allowed in IEC 61215-1-1:2021. »

N
N
b) Means for mounting or supporting the module(s) in the chamber, ,-as to allow| free

clrculation of the surrounding air. The thermal conduction of the m Ggf or support shall be
Idqw, so that, for practical purposes, the module(s) is (are) thermaH‘V olated.

4.19J7.2 Apparatus for BO-LID stress-specific stabilization

a) Alclimatic chamber with automatic temperature control.

c) Measurement instrumentation having an accuracy of +2,0 °C @nd repeatability of +0(5 °C
fqr measuring and recording the temperature of the modul&(fp

d) Means for applying, throughout the test, a current equag\ﬂx e module short-circuit cyrrent
: O

IEC

4.19f7.3 Procedure O
a) Install the module(s) at room temperature in t@\\climatic chamber.

b) Connect the temperature-monitoring equip@a%n to the temperature sensor(s). Connectfeach
nodule to the appropriate current suppl connecting the positive terminal of the m¢odule
tq the positive terminal of the power s&bply and the second terminal accordingly.
c) (Jose the chamber, and apply a cL@@nt of I, £ 5 % to each module. As long as the cyrrent
applied to each module is within\@% of its I, the currents applied through multiple mogiules
i one chamber need not Qeébe same.

d) Increase the climactic cI@})er setpoint such that the temperature of each module redches

In

(30 £ 5) °C, and never exceeds 85 °C.

e) Maintain the curr@%nd temperature within the limits prescribed in steps ¢) and () for
(48 £ 2) h. Q

4.20| Cyclic (@mic) mechanical load test (MQT 20)

4.20. pQQse
O

The se of this test is to evaluate if components within the module are extrgmely
SuUscC ‘pu'uic iU iUW iUVUib Uf Illcbildllibai bthbb. T;IC IIIUbt ilkUiy redsvull fUI U)\tIUIIIU bubbcp‘l blllty
to low levels of mechanical stress is a module assembly process that compromises the integrity
of module components (for example tabbing that puts too much pressure on the cell and creates
microcracks). Components that may be evaluated by the cyclic dynamic mechanical load test
(DML) include solar cells, interconnect ribbons, electrical bonds, and edge seals.

4.20.2 Procedure

The test shall be carried out in accordance with [IEC TS 62782.

4.20.3 Final measurements

Repeat the tests of MQT 01 and MQT 15.
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4.20.4 Requirements

a)

No evidence of major visual defects, as defined in [IEC 61215-1:2021.

b) Wet leakage current shall meet the same requirements as for the initial measurements.

4.21 Potential induced degradation test (MQT 21)

4.21.1 Purpose

The purpose of this test is to measure the module design’s ability to withstand degradation from
applied system voltage, also known as Potential Induced Degradation (PID).

NOTE| The testis not designed to evaluate PID involving polarization mechanisms (PID-p) and therefore @
not bel detected.

4.21f2 Samples r\

Spedfically, the two unused modules shall progress t

If thel PV module is provided with or is specified foruse with a specific means for earthing,

the

If thg module documentation and the nameplate specify usage of the module’ﬁstrmgs of
one \oltage polarity with respect to earth ground (one terminal of the moduﬁ;

groumd), then the number of modules selected for test shall be halved
specffied polarity. Four samples (two for each polarity of the system tage that is specifi
allowled in the module documentation) per Clause 4 of IEC 61215 1 shall be procure
each|test. Modules not explicitly requiring string connectlons WI terminal earthed sh
tested in both polarities. If only two modules are tested ( e allowed polarity), the
modules not subjected to stress during MQT 21 shall o %

(IEC61215-1:2021, Figure 2) as far as MQT 21, then@l(}mt be subjected to further tes

3
ring tied to

essed only i

ogress through the test

eprthing means shall be included and consi d a part of the test sample. If the PV m

gh Gate No 1 but not Gate No 2.

p may

only
earth
that
ed or
d for
hll be
two
flow
5ting.

then
bdule

is prqvided with or is specified for use with s for mounting that could additionally influence

the
the

4.21]3 Apparatus \O

4.21}4 Procedure @

The {est shall be ¢ out in accordance with the stress method testing in damp heat
an ef vironmenta@hamber as givenin IEC TS 62804-1:2015, 4.3.2 with the following provi

Severities:%OQ

Modd I«gmperature: 85°C+2°C

odule grounding, then the means for mounting shall be included and considered a p
t¢st sample. . ®$
Q\

The fest shall be carried out(_t?@gthe apparatus described in IEC TS 62804-1:2015, 4.3.1.

.

art of

ising
ions

Chamber relative humidity: 85 % = 3 % relative humidity

Dwell: 96 h at the above stated temperature and relative humidity (not including

stabilization)

Voltage: module rated system voltage and polarities applied for the above given dwell

duration and during ramp down of temperature to ambient conditions.

4.21.5 Final measurements

Repeat the MQT 01 and MQT 15 tests. The MQT 15 test shall be performed within 8 h of the
end of the PID stress described in 4.21.4.
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As per the test flow shown in IEC 61215-1:2021, Figure 2, modules shall be subjected to MQT
19.2, MQT 06.1 (including gate 2), and MQT 03 following the PID test (MQT 21). Bifaciality
coefficients shall be remeasured when performing MQT 06.1 for gate 2. Modules from sequence
F do not need to repeat MQT 15 at the end of the test flow. In order to maximize repeatability
when partially-reversible PID may be present, the modules that have undergone PID testing
shall be stored with controlled conditions between testing steps after PID (i.e. MQT 19.2, MQT
6.1, MQT 03). Between these test steps, the modules shall be maintained indoors, in the dark,
and at temperatures 25 °C or below. For the post-PID tests, no more than 48 h shall elapse
between the end of MQT 21 and the beginning of MQT 19.2. The time limit between MQT 19.2
and MQT 06.1 shall be either 48 h or the time limit specified in the technology-specific
stabilization procedure, whichever is shorter.

4.216 Requirements A
a) N evidence of major visual defects, as defined in IEC 61215-1:2021, Clause SQ‘

b) Wet leakage current shall meet the same requirements as for the initial me@@brements .

-

4.22| Bending test (MQT 22) ('1:1/
7/
4.221 Purpose (-1:\

The purpose of this test is to verify that a flexible module can be r&)ed up (without damage) to
form Ja radius of curvature defined by the module manufacture t least one direction pgr the
manufacturer’s specification. If the manufacturer’s installa s%/gwde allows bending in more
than one direction, the worst-case condition shall be use The test may be performed|on a
reprgdsentative sample, as described in IEC 61215-1: ZOQ lause 4.

NOTE| Once the radius of curvature is defined, the bending st\%ses are the same as long as the thicknessjis the
same petween "representative sample" and a longer modu{\

4.222 Apparatus \QQ)

a) Al cylinder with a diameter of twic }e radius of curvature specified by the m¢dule
manufacturer. The flexible module e bent over this cylinder.

b) Instrumentation to monitor the e@ctrical continuity of the module during the test.
c) The environmental conditiquJ;for performing the tests are (25 + 5) °C.

N\
4.2213 Procedure . C)\

a) Ejuip the module s%hét the electrical continuity of the internal circuit can be monijored
cpntinuously during the test.

radius of ¢ ure. If the module is large enough, it shall roll up on the cylinder in ejxcess

of 360°. O

c) nroI@ﬂexible module back to the flat/planar position.
d) Refiéat b) and c) 25 times.

4.22.4 Final measurements

b) Roll the erX|bI§ S:r6dule from a flat/planar starting position over the cylinder of the spetified

Repeat the tests of MQT 01 and MQT 15.

4.22.5 Requirements

a) No intermittent open-circuit fault detected during the test when a continuous current is
applied and monitored as performed per MQT 11.

b) No evidence of major visual defects, as defined in IEC 61215-1:2021.

c) Wet leakage current shall meet the same requirements as for the initial measurements.
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Annex A
(informative)

Recommended setup for managing weights
during mechanical loading (MQT 16)

Many factors are known to introduce noise into test that can lead to false module failures during
MQT 16. These factors include nonuniformity of loads, periodic spikes of pressure from weight
placement, frequency of loading, heavy bags, flowing media in bags, and ergonomics of loading
weights. In the absence of an automated system (for example, a pneumatic system) which can
placd the entire payload in a confrolled and uniform Tfashion on the tfest moldule,
recopnmendations to ensure quality control of the test methodology are indicated in thistapnex.

A gantry crane arrangement such as that illustrated in Figure A.1 is recommended*to plack the
entir¢ payload in a controlled and uniform manner onto the test module. The ganithy’crane should
be equipped with a variable frequency drive controlled motor which can copirafthe rate off load
placgment on the module. The hoist should be rated adequately to handle the expected loads
and $hould have adequate clearance to accommodate the loading jig\te be lifted above the
mournting jig and placed on the module mounted into the mounting jig.

=

?

IEC

Figure A.1 — 3D view (at left of figure), end view (at top right), and side view
(at bottom right) of gantry crane over mounting jig and loading jig
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The mounting jig should be designed to mount the module per manufacturer requirements and
should provide sufficient clearance for the load to be placed on the module surface. The
mounting jig illustrated in Figure A.2 shows a module mounting arrangement on a central torque
tube mounted tracker. The example jig in Figure A.2 is fabricated using T-slot aluminium
extrusions. Figure A.3 illustrates a profile view of the mounting jig, which illustrates a pivoting
mechanism to easily turn the module over for loading the opposite side without removing the
fasteners. Alternative arrangements to accommodate a girder based tracker or purlins in fixed
tilt structures are possible.

Figure A.2 — 3D ¢elose up views of mounting jig (right) and loading jig (left)
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Figure A.4 and Figure A.5 show further detail of the loadirig jig with configurable channels W

weig
adhe
mour
rails
not p
chan

oo o e
oo e e

®e
© o
°e
®e

Figure A.3 — 2D view of mounting jig and/loading jig

hts can be placed. The configurable channels can)be fabricated from thick tarpaulin
Sive tape, and are supported by rods. The rodg can be moved on the T-slot rails ¢
ting jig and clamped down by U clamps as, illustrated to make room for any cross su
n the module frame, thus avoiding loading stich members. It is a critical to ensure Ig
laced on frame members. The legs of {hé’mounting jig are shorter than the depth g
nels so the weight can bottom out on_the load surface before the legs make contact.

here
and
f the
pport
ad is
f the

Figure A.4 — 3D view of loading jig

IEC
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Whilg¢ the media used for the load can vary (lead shot, sand, metal pellets, bricks etc.),

form
cons
size

Each

Figure A.5 — Close-up viéw of loading jig

pome

of metal pellet is recommended as {fig " load medium. The columnar bags should be
ructed of heavy duty material, so that they can retain their shape and surface area| The
hnd shape of the bag chosen shoul@be ergonomic and hold no more than 10 kg of wegight.
bag should be filled of same medium and measured by a calibrated scale prior to placing

in th¢ appropriate channel to assurg’a uniform load distribution on the module. Each chgnnel

shou
test.

d carry equal amount of wgight to assure a loading uniformity of <5 % as specified ih the
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INTERNATIONAL ELECTROTECHNICAL COMMISSION

TERRESTRIAL PHOTOVOLTAIC (PV) MODULES -
DESIGN QUALIFICATION AND TYPE APPROVAL -

Part 2: Test procedures

2021

FOREWORD

International Electrotechnical Commission (IEC) is a worldwide organization for standardization comy
alllnational electrotechnical committees (IEC National Committees). The object of IEC is to promote interng
coloperation on all questions concerning standardization in the electrical and electronic fields/ o this er]
in pddition to other activities, IEC publishes International Standards, Technical Specifications,"Pechnical Rq
Publicly Available Specifications (PAS) and Guides (hereafter referred to as "IEG~Publication(s)").

rising
tional
d and
ports,
Their

preparation is entrusted to technical committees; any IEC National Committee interested il the subject deqlt with

may participate in this preparatory work. International, governmental and non-governniental organizations |
with the IEC also participate in this preparation. IEC collaborates closely with thé)nternational Organizat
Standardization (ISO) in accordance with conditions determined by agreement. betWeen the two organizati

Thie formal decisions or agreements of IEC on technical matters express, as nearly as possible, an interng
cohsensus of opinion on the relevant subjects since each technical Committee has representation fr
interested IEC National Committees.

IEC Publications have the form of recommendations for internatiohal use and are accepted by IEC N
Cdmmittees in that sense. While all reasonable efforts are made to ensure that the technical content

Publications is accurate, IEC cannot be held responsible_forythe way in which they are used or fg
miginterpretation by any end user.

In|order to promote international uniformity, IEC National? Committees undertake to apply IEC Publid
transparently to the maximum extent possible in their national and regional publications. Any divergence b¢
anly IEC Publication and the corresponding national dr’regional publication shall be clearly indicated in the

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

Alllusers should ensure that they have the latest edition of this publication.

Nd liability shall attach to IEC or its(directors, employees, servants or agents including individual exper
mgmbers of its technical committeés)and IEC National Committees for any personal injury, property dam
othher damage of any nature whatsoever, whether direct or indirect, or for costs (including legal feeg
expenses arising out of the publication, use of, or reliance upon, this IEC Publication or any othe
Publications.

At{ention is drawn to the)yNormative references cited in this publication. Use of the referenced publicati
indispensable for the coefrect application of this publication.

At{ention is drawn.to.the possibility that some of the elements of this IEC Publication may be the subject of
rights. IEC shall’not be held responsible for identifying any or all such patent rights.

InterpationalxStandard IEC 61215-2 has been prepared by IEC technical committee 82:
photgvoltaic energy systems.
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This second edition of IEC 61215-2 cancels and replaces the first edition of IEC 61215-2 issued
in 2016; it constitutes a technical revision.

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

edition:

a) Addition of cyclic (dynamic) mechanical load testing (MQT 20).

b) Addition of a test for detection of potential-induced degradation (MQT 21).

c) Addition of test methods required for bifacial PV modules.

d) Addition of test methods required for flexible modules. This includes the addition of the

e)

bending test (MQT 22).

Revision of simulator requirements to ensure uncertainty is both well-defined and minimized.


https://iecnorm.com/api/?name=a4b2c75a0912212dd49610af84b97636

IEC 61215-2:2021 © IEC 2021 -7-

f) Correction to the hot spot endurance test, where the procedure for monolithically integrated
(ML) thin film technologies (MQT 09.2) previously included two sections describing a

p

rocedure only appropriate for silicon modules.

g) Selection of three diodes, rather than all, for testing in the bypass diode thermal test
(MQT 18).

h) Removal of the nominal module operating test (NMOT), and associated test of performance
at NMOT, from the IEC 61215 series.

Informative Annex A of IEC 61215-1:2021 explains the background and reasoning behind some
of the more substantial changes that were made in the IEC 61215 series in progressing from
editiqn_1 to edition 2

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

Fulli

FDIS Report on voting
82/1829/FDIS 82/1853/RVD

hformation on the voting for the approval of this International Standard can be found i

repoft on voting indicated in the above table.

This

A lis]
phot
web

The
stabi
the s

—

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

t of all parts in the IEC 61215 series, published under the general title Terreg
voltaic (PV) modules — Design qualification and\type approval, can be found on the
ite.

ity date indicated on the IEC website under "http://webstore.iec.ch" in the data relat
pecific document. At this date, the dacument will be

g¢confirmed,

e withdrawn,

o rgplaced by a revised editian; or

o a

mended.

n the

strial
IEC

ommittee has decided that the contents of, this document will remain unchanged untjil the

ed to

IMP
con
con

tains colours which are considered to be useful for the correct understanding o
ents."Users should therefore print this document using a colour printer.

DRTANT < The ‘colour inside’ logo on the cover page of this publication indicates that it

f its
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INTRODUCTION

Whereas Part 1 of this standards series describes requirements (both in general and specific
with respect to device technology), the sub-parts of Part 1 define technology variations and
Part 2 defines a set of test procedures necessary for design qualification and type approval.
The test procedures described in Part 2 are valid for all device technologies.
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TERRESTRIAL PHOTOVOLTAIC (PV) MODULES -
DESIGN QUALIFICATION AND TYPE APPROVAL -

Part 2: Test procedures

1 Scope

This
modd
so qu
are @

In ¢

document lays down requirements for the design qualification of terrestrial photoy
les suitable for long-term operation in open-air climates. The useful service life ofmo
alified will depend on their design, their environment and the conditions under‘which
perated. Test results are not construed as a quantitative prediction of module“lifetim

imates where 98th percentile operating temperatures exceed (70 °C, users

bltaic
Hules
they

11

are

recommended to consider testing to higher temperature test conditions as described in

IEC ]

S 631261, Users desiring qualification of PV products with lessefifetime expectation|

recommended to consider testing designed for PV in consumer glectronics, as describ

IEC ]
teste
IEC ¢

This
cryst

This
utiliz
perfa
conc

The

'S 63163 (under development). Users wishing to gain confidence that the character
d in IEC 61215 appear consistently in a manufactured product may wish to U
2941 regarding quality systems in PV manufacturing.

document is intended to apply to all terrestrial\flat plate module materials sug
blline silicon module types as well as thin-film modules.

document does not apply to modules used with concentrated sunlight although it m
bd for low concentrator modules (1 to 3:suns). For low concentration modules, all tes
rmed using the irradiance, current, \voltage and power levels expected at the d
bntration.

bbjective of this test sequencenis to determine the electrical characteristics of the m

and fo show, as far as possible within reasonable constraints of cost and time, that the mq

is c4g
empi
appli
thus
test

pable of withstanding/prolonged exposure outdoors. Accelerated test conditions
rically based on those necessary to reproduce selected observed field failures an
bd equally acrosssmodule types. Acceleration factors may vary with product design
hot all degradation)mechanisms may manifest. Further general information on accele
hethods including definitions of terms may be found in IEC 62506.

Som
testi
are

level
serie

in this series, in IEC 61215-2, are performed.on mc.)dules.

long-terin degradation mechanisms can only reasonably be detected via compgq
g, due-tolong times required to produce the failure and necessity of stress conditions
xpehnsive to produce over large areas. Component tests that have reached a suff
of maturity to set pass/fail criteria with high confidence are incorporated into the IEC 6

2 Normative references

s are
2d in
stics
tilize

h as

y be
are
PSign

bdule
bdule
are
i are
and
rated

nent

that
cient
1215
ribed

The following documents are referred to in the text in such a way that some or all of their content
constitutes requirements of this document. For dated references, only the edition cited applies.
For undated references, the latest edition of the referenced document (including any
amendments) applies.

1
is

included in IEC TS 63126.

Information on 98" percentile operating temperature as a function of system location and mounting configuration
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IEC 60068-1, Environmental testing — Part 1: General and guidance

IEC 60068-2-21, Environmental testing — Part 2-21: Tests — Test U: Robustness of terminations
and integral mounting devices

IEC 60068-2-78:2012, Environmental testing — Part 2-78: Tests — Test Cab: Damp heat, steady
state

IEC 60891, Photovoltaic devices — Procedures for temperature and irradiance corrections to
measured |-V characteristics

IEC 60904-1, Photovoltaic devices — Part 1. Measurements of photovoltaic current=voltage
chargcteristics

IEC §0904-1-1, Photovoltaic devices — Part 1-1: Measurement of current-voltagée-characterfstics
of mylti-junction photovoltaic (PV) devices

IEC |TS 60904-1-2, Photovoltaic devices — Part 1-2: Measurement of current-voltage
characteristics of bifacial photovoltaic (PV) devices

IEC 60904-2, Photovoltaic devices — Part 2: Requirements for/photovoltaic reference devices

IEC 60904-3, Photovoltaic devices — Part 3: Measurement principles for terrestrial photovoltaic
(PV) [solar devices with reference spectral irradiance data

IEC 60904-7, Photovoltaic devices — Part 7: Computation of the spectral mismatch correction
for measurements of photovoltaic devices

IEC 60904-8, Photovoltaic devices — Part 8: Measurement of spectral responsivity |of a
photaovoltaic (PV) device

IEC $0904-9:2020, Photovoltaic, devices — Part 9: Classification of solar simylator
characteristics

IEC 60904-10, Photovoltaic-devices — Part 10: Methods of linearity measurement

IEC TR 60904-14: Rhotovoltaic devices — Part 14: Guidelines for production line measurements
of single-junction. RY module maximum power output and reporting at standard test conditions

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

IEC 61295-1:2021, Terrestrial photovoltaic (PV) modules — Design qualification and|type
approval — Part 1. Test requirements

IEC 61215-1-1, Terrestrial photovoltaic (PV) modules — Design qualification and type approval
— Part 1-1: Special requirements for testing of crystalline silicon photovoltaic (PV) modules

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

IEC 61730-2, Photovoltaic (PV) module safety qualification — Part 2: Requirements for testing
IEC TS 61836, Solar photovoltaic energy systems — Terms, definitions and symbols

IEC TS 62782, Photovoltaic (PV) modules — Cyclic (dynamic) mechanical load testing
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IEC 62790, Junction boxes for photovoltaic modules — Safety requirements and tests

IEC TS 62804-1:2015, Photovoltaic (PV) modules — Test methods for the detection of potential-
induced degradation — Part 1: Crystalline silicon

IEC TS 63163: —2Terrestrial photovoltaic (PV) modules for consumer products — Design
qualification and type approval

3 Terms and definitions

For ihe purposes of this document, the terms and definitions given in IEC TS 61836 and
IEC 61215-1:2021 apply, as well as the following.

ISO and IEC maintain terminological databases for use in standardization at|the follqwing
addresses:

o |EC Electropedia: available at http://www.electropedia.org/

e 130 Online browsing platform: available at http://www.iso.org/obp

3.1
accufracy <of a measuring instrument>
qualify which characterizes the ability of a measuring instrument to provide an indicated yalue
closgd to a true value of the measurand [consistent with the International Vocabulary of
Metrology (VIM), 5.18]

Note 1 to entry: This term is used in the "true value" approach:

Note 7 to entry: Accuracy is all the better when the indicated value is closer to the corresponding true value

[SOYRCE: IEC 60050-311:2001, 311-06-08]

3.2
contfol device
irradifance sensor (such as a.reference cell or module) that is used to detect drifts and pther
probllems of the solar simulator

3.3
elecfrically stable power output level
state|of the PV madule where it will operate under long-term natural sunlight

3.4

repeatability <of results of measurements>
closgness—of agreement between the results of successive measurements of the game
mea i iti ie.

— by the same measurement procedure,

— by the same observer,

— with the same measuring instruments,
— used under the same conditions,

— in the same laboratory,

at relatively short intervals of time [= VIM, 3.6].

2 Under preparation. Stage at the time of publication: ADTS.
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Note 1 to entry: The concept of "measurement procedure" is defined in VIM, 2.5.

[SOURCE: IEC 60050-311:2001, 311-06-06]

3.5

Gate No. 1

a pass / fail comparison between the performance of a module and its nameplate specifications,
as described in IEC 61215-1:2021

3.6

Gate No. 2
a pa¢s 7 faif comparison between the performance of a module before versus arter stresls, as
descftibed in IEC 61215-1:2021

4 Test procedures

The subclauses below provide detailed instructions for performing each 'module quality test
(MQT). Reporting and test sequence requirements for qualification are describgd in
IEC 61215-1.

4.1 | Visual inspection (MQT 01)
4.1.1 Purpose

To dgtect any visual defects in the module.

4.1.2 Procedure

Carefully inspect each module under an illumination of not less than 1 000 lux for conditions
and ¢bservations as defined in IEC 61215-1:2021.

Makeg note of and/or photograph any~defects that may be major visual defects as defingd in
IEC 61215-1. Also make note of ‘and/or photograph the nature and position of any cracks,
bubbles or delaminations, etc., which may worsen and adversely affect the module performance
in sybsequent tests. Record any other relevant information regarding origin of failurg and
assogiated test or lab conditiens.

4.1.3 Requirements

No eyidence of major visual defects permitted, as defined in IEC 61215-1:2021.

4.2 | Maximum power determination (MQT 02)

4.2.1 Purpose

To determine the maximum power of the module after stabilization as well as before and after
the various environmental stress tests.

4.2.2 Apparatus
a) Apparatus for measuring /-V characteristics in accordance with IEC 60904-1.
b) A PV reference device in accordance with IEC 60904-2.
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c) At least one of the following two options to reduce the spectral mismatch component of
uncertainty shall be utilized:

Perform a spectral mismatch correction. The spectral responsivity of the module
be measured according to IEC 60904-8. The spectral response data may originate
the same lab that is performing IEC 61215-2:2021, or from a different lab. The sa

shall
from
mple

used to obtain the spectral response data may be the test module or may be a reference
cell made with the same bill of materials as the test module. The spectral distribution of
the solar simulator shall then be utilized to correct for spectral mismatch according to

IEC 60904-7.

Use a matched reference cell or module. The reference device shall be of the same

d) A
W

=

—

r.
€

e) A

—

>

NOTE
accre
other
compa
requir

4.2.3

Dete
a sp
temp
using
for o
meas
For li
made
samg
IEC ¢
withi
peak

simulator may be used.

call tachnaoloav_ac _thao toact ool to—mateh _cnactral roacnanchvibyg Thora
Tt C oo gy o—trC—tC ot ogoTC—tO— ot Cr—op e ttaT—TCopoT oTv Ity - et

requirement on the cell or module size.

radiant source: natural sunlight or a solar simulator of class CAA or better in aceord
ith IEC 60904-9. For very large modules, as defined in IEC 61215-1:2021,"a. class

iformity of irradiance for the module size categorized as B, and temporal stability~0f irradiance categ
A.

b achieve a high accuracy of power measurement, the spectral irradiance distributi

suitable mount for supporting the test specimen, and the reference device in a j
brmal to the radiant beam.

2 MAQT 02 measurement procedures are intended foraminimal uncertainty, for example as performed
ited testing laboratory. Lesser requirements, such as\use of CAB class simulators, may be approprig
applications, such as quality control in the factorys*Applications that only require repeatability, sy

bments.
Procedure

mine the current-voltage charadteristic of the module in accordance with IEC 60904
bcific set of irradiance and-temperature conditions (a recommended range is 3
erature between 20 °C and-50 °C and an irradiance between 700 W/m2 and 1 100 W)
the apparatus described in 4.2.2. In special circumstances when modules are desi
peration under a different range of conditions, the current-voltage characteristics c3

near modules (asdefined in IEC 60904-10) temperature and irradiance corrections ¢
in accordance with IEC 60891 in order to compare sets of measurements made o

DTE 1 Class CBA is defined according to IEC 60904-9: The AM1.5 spectral match is categorized as (,

ured using temperature and irradiance levels similar to the expected operating condilions.

S No

ance
CBA

non-
prized

bn of

e solar simulator should cover the whole wavelength rangelthat is spanned by the spzctral
sponsivity of the PV device under test. See IEC TR 60904<14 and IEC 60904-9:2020.

blane

by an
te for
ch as

ring module performance before and after an extended stress, may wish to relax spectral mismatch correction

-1 at

cell
/m?2)
gned
n be

n be
n the

module efore and after environmental tests. For nonlinear modules (as defin
0904-10))the measurement shall be performed within £5 % of the specified irradianc

power measurements are made under similar operating conditions, that is minimiz

magf|

ed in
and

h £2 °C-of the specified temperature. However, every effort should be made to ensure that

the

itude of the correction by making all peak power measurements on a particular module at

approximately the same temperature and irradiance.

For flexible modules, the maximum power determination shall be measured with the flexible
module in the flat position.

4.3
4.3.1

Insulation test (MQT 03)

Purpose

To determine whether or not the module is sufficiently well insulated between live parts and
accessible parts.
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4.3.2 Apparatus

a) DC voltage source, with current limitation, capable of applying the voltage as specified in
the third column of Table 1 for the various module classes.

b) An instrument to measure the insulation resistance.
4.3.3 Test conditions

The test shall be made on modules at ambient temperature of the surrounding atmosphere (see
IEC 60068-1) and in a relative humidity not exceeding 75 %.

The e 2SS
syst

m voltage (Vg
definjtions of module classes are taken from IEC 61140, and are discussed as related to PV
modules in IEC 61730-1:2016, Clause 4. The definition of cemented jointshis* givgn in
IEC 61730-1:2016, 3.4.2, and is further discussed in IEC 61730-1:2016, Clauses,B.5 and B.9.
The Yoltage stress levels applied in this test are the same as those applied)for IEC 617130-2
MST(16.

4.3.4 Procedure

a) Clonnect the shorted output terminals of the module to the(positive terminal of a DC
insulation tester with a current limitation.

b) Connect the exposed metal parts of the module to the negative terminal of the tester. |f the
nmodule has no frame or if the frame is a poor electrical conductor, wrap a conductive foil
found the edges. Connect all foil covered parts to-the negative terminal of the tester.

a

Some module technologies may be sensitive{to static polarization if the module is
nmlaintained at positive voltage to the frame. In.this case, the connection of the tester|shall
be done in the opposite way. If applicable, information with respect to sensitivity to $tatic
pplarization shall be provided by the manufacturer and documented in the test report.
d) Read the "one-minute preconditioning® voltage, Vyggt1 from the third column of Talhle 1.

Increase the voltage applied by the tester at a rate not exceeding 500 V/s to a maximum
efjual to V14et1- Maintain the voltage at this level for 1 min.

e) Rleduce the applied voltage do:-zero and short-circuit the terminals of the test equipmant to
d|scharge the voltage buitd<up in the module.
f) Zemove the short-circuit.

g) Read the "two-minate stress" voltage, Vyq4t, from the fourth column of Table 1. Increase the
vpltage applied by the test equipment at a rate not exceeding 500 V/s to Vyggio- Masilntain
the voltage atithis level for 2 min. Then determine the insulation resistance.

h) Reduce the) applied voltage to zero and short-circuit the terminals of the test equipment to
d|scharge the voltage build-up in the module.

i) Fﬂemove the short-circuit and disconnect the test equipment from the module.

Table 1 — Voltage stress levels

Module Are cemented 1 min preconditioning V., 2 min stress for measuring

class joints present? insulation resistance, V;_ .,
V |4

0 No 1000 + 2 x Vsys Greater of 500 or VSys

I No 2 000 + 4 x Vsys Greater of 500 or VSys

" No 500 500

0 Yes 1,35 x (1 000 + 2 x Vsys) Greater of 500 or Veys

I Yes 1,35 x (2 000 + 4 x Vsys) Greater of 500 or Veys

" Yes 1,35 x (500) 500
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4.3.5 Test requirements

a)
b)

c)

4.4

No dielectric breakdown or surface tracking.

For modules with an area of less than 0,1 m?2 the insulation resistance shall not be less than
400 MQ.

For modules with an area larger than 0,1 m2 the measured insulation resistance times the
area of the module shall not be less than 40 MQ-m?2,

Measurement of temperature coefficients (MQT 04)

Determine the temperature coefficients of current (o), voltage (B) and peak power (3) from
modyle measurements as specified in IEC 60891. The coefficients so determined are valid at
the ifradiance at which the measurements were made. See IEC 60904-10 for evaluatipn of
module temperature coefficients at different irradiance levels. For bifacial modules.detefmine
the t¢mperature coefficients utilizing the same procedure, but insuring no backside irradiation.
The packside shall be covered such that the contribution from the non-exposed side df the
module is limited to or below the levels specified for "non-irradiated |background" in
IEC TS 60904-1-2. If open-circuit voltage or short-circuit current cannot be-measured dlie to
module-integrated electronics, the associated temperature coefficient shall be reported ag "not
meagurable due to module-integrated electronics." Open-circuit voltage or short-circuit cyrrent
shalllnot be determined by any method other than direct measurement, such as extrapolation.

NOTE| For linear modules in accordance to IEC 60904-10, temperature «coefficients are valid over an irragdliance

range |of £30 % of this level.

4.5

Placeholder section, formerly NMOT

The pominal module operating temperature (NMOJT) test, formerly MQT 05, is no longer g part
of thjs document. This subclause is preserved.\s0 that, in the following subclauses of the

document, the MQT numbers match the subclause numbers.

4.6

4.6.1 Purpose

Performance at STC (MQT 06.1)

To de¢termine how the electrical pérformance of the module varies with load at STC (1 000 W/m?2,
25 °@¢ cell temperature, with'the IEC 60904-3 reference solar spectral irradiance distribution).
MQT|[06.1 is a case of maximum power determination (MQT 02) performed at STC. MQT|06.1
is used to verify the name plate information of the module, and for determining power loss|from
the dtress tests. Uncertainty, m4, shall include a component from spectral mismatch, based

eithef on measured spectral response or the worst-case possibility for a given technology type,
and fhe methodused to set the simulator intensity. For nameplate verification, the uncerfainty
m is[subjectte‘the limits specified in the technology-specific parts. For determining the power

loss from _the stress tests, reproducibility of the test, r, is subject to the limits specified ip the

technolegy*specific parts.

4.6.2 Apparatus

a)
b)

c)

The apparatus shall be as described in 4.2.2 (MQT 02).

It shall also be equipped with a means for monitoring the temperature of the test specimen
and the reference device to an accuracy of £1 °C and repeatability of £0,5 °C.

For measurement of bifacial modules the following capability is also necessary: The radiant
source utilized as specified in 4.6.2a shall be operable with adjustable irradiance levels
and/or rear-side irradiance such that BNPI (as defined in IEC 61215-1:2021) can be applied
by at least one method allowed by IEC TS 60904-1-2.

For measurement of multi-junction modules, the simulator and reference device shall meet
the additional requirements imposed by IEC 60904-1-1.
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4.6.3 Procedure for measuring at STC (MQT 06.1)

Maintain the module at (25 + 2) °C and trace its current-voltage characteristic at an irradiance
of (1000 + 100) W/m2 (as measured by a suitable reference device), in accordance with
IEC 60904-1, using the apparatus described in 4.6.2.

Module temperature shall be corrected to 25 °C using temperature coefficients and IEC 60904
series and IEC 60891.

For bifacial modules, measurements shall proceed as specified in IEC TS 60904-1-2. MQT 06
shall be performed at STC and at elevated irradiance BNPI for Gate No 1. Each time MQT 06
is pefformed at STC, the STC bifaciality coefficients of short-circuit current (¢, = I5¢ / Ig¢s), Of

open|circuit voltage (@poc = Voor ! Vocs)» @and of power (@pmax = Prmaxr / Pmaxs) Shall be-meagured

accofding to IEC TS 60904-1-2. Full definition of these quantities, the method to measure them,
and {he symbols used to describe them are specified in IEC TS 60904-1-2. When evalufating
Gate|No 2 (i.e. post-stress), MQT 06 shall only be performed at BNPI. Post-stress, bifagiality
coeffjcients need not be remeasured. unless specifically noted in the MQT stress test procgdure.
The pifaciality coefficients measured pre-stress may be utilized to calCufate the appropriate
equijalent intensity in a single-sided illumination measurement. When ‘performing MQT P6 at
BNPI, any method described in IEC 60891 may be used to correct\the applied irradiange to
desirpd equivalent front-side irradiance, as long requirements on maximum uncertainty m1 are
met.

NOTE|1 Using methods from IEC 60891 to correct the applied irradiance)to desired equivalent front-side irradliance
can hglp the tester avoid using a different simulator calibration for 'every module with a slightly different bifgciality
coeffigient.

NOTE|2 Measurement of performance at BSl is not required.\\Where stress levels are set according to BSI, cyrrents
may b extrapolated from lower intensities, as described specifically in the MQTs utilizing BSI for bifacial moqules.

For flexible modules, the maximum powersdetermination shall be measured with the flgxible
module in the flat (i.e. completely unfolded) position. For very large modules (as defingd in
IEC 61215-1:2021), testing by the testing’entity may be performed at the manufacturer’s fagility,
but shall still meet the requirements_stated in 4.6.2.

For multi-junction modules, measurements shall proceed as specified in IEC TS 60904-1-1.

4.7 | Performance at low irradiance (MQT 07)
4.7.1 Purpose

To determine how:the electrical performance of the module varies with load at 25 °C and an
irradiance of 200 W/m?2.

4.7.2 Apparatus

a) T atannaratiic chall ha Ao Ancarihad 1n 4 929 9 (NMAOT A2
rCoppPraratao oot ot o G CotoCt T == (Vi v =

The apparatus shall also have the following capabilities:

b) Equipment necessary to change the irradiance to 200 W/m?2 without affecting the relative
spectral irradiance distribution and the spatial uniformity in accordance with IEC 60904-10.

c) A means for monitoring the temperature of the test specimen and the reference device to
an accuracy of +1 °C and repeatability of £0,5 °C.

d) For measurement of bifacial modules the following equipment is also necessary: Baffles that
can be arranged around the modules edges, as well as a non-reflective cover allowing for
temporarily blocking the irradiance to the opposite module side, to evaluate the front- and
back-side performance of bifacial modules individually.

e) For measurement of multi-junction modules, the simulator and reference device shall meet
the additional requirements imposed by IEC 60904-1-1.
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4.7.3 Procedure

Determine the current-voltage characteristic of the module at (25 + 2) °C and an irradiance of
(200 + 20) W/m2 controlled by an appropriate reference device, in accordance with IEC 60904-1
using the apparatus specified in section 4.7.2. The irradiance shall be reduced to the specified
level by using neutral density filters or some other technique which does not affect the spectral
irradiance distribution. (See IEC 60904-10 for guidance on reducing the irradiance without
changing the spectral irradiance distribution.)

Module temperature shall be corrected to 25 °C using temperature coefficients and IEC 60904
series and IEC 60891.

For flexible modules, the maximum power determination shall be measured with the flgxible
modyle in the flat (i.e. completely unfolded) position. For very large modules (as\defingd in
IEC 61215-1:2021), testing by the testing entity may be performed at the manufagturer’s fagility,
but shall still meet the requirements stated in 4.7.2.

For Hifacial modules make two single-sided measurements at 200 W/m%,-gnie on the front-side
and lone on the rear-side using baffles and back-cover screen. Calculate the bifagiality
coeffjcients at low irradiance according to the procedure specified iIfNEC TS 60904-1-2, except
utilizing an irradiance of 200 W/m2 instead of 1000 W/m?2.

—

For multi-junction modules, measurements shall proceed as<specified in [IEC TS 60904-1-1.

4.8 | Outdoor exposure test (MQT 08)
4.8.1 Purpose

To mpke a preliminary assessment of the abilityof the module to withstand exposure to outdoor
cond|tions and to reveal any synergistic degradation effects which may not be detectgd by
laborfatory tests.

4.8.2 Apparatus

a) An open rack to support the test module(s) and solar irradiation monitor in the spegified
nlanner. The rack shall be designed to minimize heat conduction from the modules and to
interfere as little as possible with the free radiation of heat from their front and back surfaces.

In the case of modules not designed for open-rack mounting, the test module(s) shall be
nmounted as recommended by the manufacturer.

b) Alsolar irradiation monitor accurate to 5 %, mounted in the plane of the module(s) within
0|3 m of theAest array.

c) Means.to-mount the module, as recommended by the manufacturer, co-planar with the
irradiation monitor.

d) Alresistive load sized such that the module will operate near its maximum power point pr an
electronic maximum power point tracker (MPPT).

4.8.3 Procedure

a) The test module(s) shall be positioned so that it (they) are normal to the local latitude +5°.
Note the angle of tilt of the test module in the test report.

b) Attach the resistive load or electronic maximum power point tracker to the module and mount
it outdoors, as recommended by the manufacturer, co-planar with the irradiation monitor.
Any hot-spot protective devices recommended by the manufacturer shall be installed before
the module is tested.

c) Subject the module to an irradiation totalling at least 60 kWh/m2, as measured by the
monitor.

The test modules may be cleaned according to manufacturer instructions during or after the
test.
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Final measurements

Repeat the tests of MQT 01 and MQT 15.

4.8.5
a) N

Requirements
o evidence of major visual defects, as defined in IEC 61215-1:2021.

2021

d) Wet leakage current shall meet the same requirements as for the initial measurements.

4.9
491

Hot-spot endurance test (MQT 09)

Purpose

Tod
solde
cells
loss
of th

4.9.2

Reve
redu

cond
pows

If theg

overheat resulting in — depending on the technolegy — melting of solder, deterioration g

enca
The

The
shun
wher
spot

> 0

ptermine the ability of the module to withstand reverse bias hot-spot heating effects
r melting or deterioration of the encapsulation. This defect could be provoked by f
mismatched cells, shadowing or soiling. While absolute temperature andretative p
re not criteria of this test, the most severe hot-spot conditions are utilizedfo‘eénsure s
design.

Hot-spot effect

rse bias hot-spot heating occurs in a module when its operating current exceed

tion occurs, the affected cell or group of cells is forced inte'feverse bias and shall dis
r, which can cause overheating.

power dissipation is high enough or localized enough, the reverse biased cell(s

bsulant, front and/or backsheet, cracking ofithe superstrate, substrate and/or cover
orrect use of bypass diodes can prevent(hot spot damage from occurring.

reverse characteristics of solar cells* can vary considerably. Cells can have either

e the reverse performance is.current-limited. Each of these types of cells can suffg
problems, but in different ways:

shunt resistance cells;

he worst case sfradowing conditions occur when the whole cell (or a large fractig
nadowed.

ften low shunt resistance cells are this way because of localized shunts. In this cas
pbot heating. occurs because a large amount of current flows in a small area. Becausg
a localized phenomenon, there is a great deal of scatter in performance of this ty
bll. Cefls with the lowest shunt resistance have a high likelihood of operating at excess
ghdtemperatures when reverse biased.

e.g.
aulty
ower
afety

5 the

ed short-circuit current (/ ;) of a shadowed or faulty cell ar)group of cells. When SSTCh a

ipate

can
f the
lass.

high

resistance where the reverse performance is voltage-limited or have low shunt resisfance

r hot

n) is

e hot
b this
be of
ively

e Because the heating is localized, hot spot failures of low shunt resistance cells occur
quickly.

The major technical issue is how to identify the lowest shunt resistance cells and subsequently
how to determine the worst case shadowing for those cells. This process is technology

depe

High

ndent and will be addressed in the technology specific parts of this standards series.

shunt resistance cells:

o The worst case shadowing conditions occur when the cell is partially shadowed.

e Junction breakdown and high temperatures occur more slowly. The shadowing needs to
stay in place for some time to create worst case hot-spot heating.
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4.9.3 Classification of cell interconnection

Case S: Series connection of all cells in a single string. Refer to Figure 1. Modules with series-
connected cells may be protected by a single (Figure 1, left) or multiple (Figure 1,
right) bypass diodes.

For the example a module protected by one bypass diode (left) or three bypass diodes (right).

Casqd PS:

Figure 1 — Case S, series connection with optional bypassdiode

Parallel-series connection, i.e. a series connection of (S)®locks, where each block
consists of a parallel connection of a certain number (). of cells. Refer to Figyre 2.

| | | 1 1 |
11112113 ]| 1.4 P :
| | | | | 1
I I

|

| 1 1 1 1 |
21 || 22|23 || 24 2P :
| | | | | 1
I I

|

C 11T 1 | |
31 3213334 3P I
|

|

S1]|1S2||S3||S4 S.P

IEC

Figure 2 — Case PS, parallel-series connection with optional bypass diode

Case SP:

Series-parallel connection, i.e. a parallel connection of (P) blocks, where each block
consists of a series connection of a certain number of (S) cells. Refer to Figure 3.


https://iecnorm.com/api/?name=a4b2c75a0912212dd49610af84b97636

Each| configuration requires a particular hot-spot testing procedure.

4.9.

a)

b)
c)
d)
e)

f)
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1
11 |12 |13 |14 .. |1p |
| 1 | 1 1
2.1 221123 2.4 2.P :
| 1 | | 1 :
3.1 321133 3.4 3.P |
T T T T T |
L L L L L
] I 1 1 1 ’
I 1 I 1 1 |
I I 1 1 1 Y
1 I 1 1 1 w
I 1 1 1 1
i 1 I 1 I 1
1 1 I 1 I I
] I 1 1 I |
S.1 S2||S3||S4 S.P 1
1
1

IEC

Figure 3 — Case SP, series-parallel connection with optional bypass diode

Ij Apparatus

adiant source: Natural sunlight, or a ¢lass BBB (or better) steady-state solar simy
bnforming to IEC 60904-9. Either type of radiant source shall have an irradian

000 + 100) W/mZ2. This radiant saurce will be used for applying long-duration stress
e selection of cells for shadowing, or the optional pulsed simulator (described in 4.
ay be used for cell selectign:
pr bifacial modules, the‘radiant source used for prolonged exposure shall be operablg
FC 61215-1:2021)~¢can be applied by at least one method allowed by IEC TS 60904

plerance in the ,total irradiance, whether applied in a single-sided or double-
bnfiguration, $hall be no larger than +50 W/m2.

odule [-J~€urve tracer.
quipmient for current measurement.

O M= 0 47z T J=+=s—0

ompletely opaque covers for test cells shadowing.

lator
e of
when

orst case shadowing has beencapplied to the module. This radiant source may be usfed in

D0.49)

with

Hjustable irradiance\ levels and/or rear-side irradiance such that BSI (as defingd in

-1-2.
sided

An IR camera to measure and record module temperatures. The camera shall be ope
in a manner that allows resolution of features smaller than one cell.

Equipment to record irradiance levels, integrated irradiance and ambient temperature.

ional:

rable

g) For selecting cells most sensitive to hot spot heating, a pulsed simulator of class BBB or

better conforming to IEC 60904-9 with an irradiance of 800 W/m2 to 1 100 W/m
measuring I-V performance may be used.

2 for
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4.9.5
4.9.5

Procedure

A General

Depending on the solar cell technology and the manufacturing process two different procedures
exist. MQT 09.1 is typically applicable to wafer-based technologies like standard crystalline
silicon. For most common, monolithically integrated, thin film technologies (CdTe, CIGS, a-Si)
the procedure MQT 09.2 is applicable. Bifacial modules are also to be tested using MQT 09.1.

If MQT 09.1 is performed using a representative sample, the representative sample shall have
the same number of cells per bypass diode as the full-size product. Depending on the resulting

SamF:U O;LU, thlo IU\.A'UIIUIIIUIIt wdarll affcut thc UhUIUU Uf |ad;a||t QUUTUT IIUUdUd tU PUIfUII the
test.
For gll technologies, selection of the shadowing dimensions and location is perfermed ih the
irradfance range of 800 W/m2 to 1 100 W/m2. Application of the extended stress/is perfofmed
with the tighter irradiance specifications described in 4.9.4 a).
4.9.52 Procedure for wafer-based technologies (WBT) MQT 09.1
The first step of the procedure is to select cells with the lowest andyhighest shunt resistances,
(as detailed further in steps c), d) and e) below.) If the module, €ircuit is accessible the cyrrent
flow through the shadowed cell can be monitored directly. If thelPV modules to be tested dp not
have[removable diodes or accessible electric circuits, the fallowing non-intrusive method can
be utilized.
The pelected approach is based on taking a setf.of I-V curves for a module with each cell
shadpwed in turn. Figure 4 shows the resultant set'of -V curves for a sample module. The ¢urve
with the highest leakage current at the point where the diode turns on was taken when thg cell
with the lowest shunt resistance was shadewed. The curve with the lowest leakage currgnt at
the point where the diode turns on was taken when the cell with the highest shunt resistance
was shadowed.
<l A
5
% Module characteristics with one cell Current-voltage characteristic of the
o] 35 totally shaded ; unshaded module
_g :
] i
2 S
3 —
254 _| Bypass diode turns on
2 -
15 4+ .| Cell with highest
leakage current
1 +
0 : t >
0 5

25
Module voltage (V)

Figure 4 — Module I-V characteristics with different cells totally shadowed

IEC
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Use the following procedure to identify hot spot sensitive cells:

a) Expose the unshadowed module to the radiant source with irradiance between 800 W/m?2
and 1 100 W/mZ2 using one of the following:

A pulsed solar simulator where the module temperature will be close to room

temperature (25 + 5) °C.

A steady-state solar simulator where the module temperature shall be stabilised within

15 °C before beginning the measurements.

Sunlight where the module temperature shall be stabilised within £5 °C before beginning

the measurements.

b) S

NOTE
illumir]

d) S

e)

9)
th

br bifacial modules, exposure for cell selection is to the module front, with the module
de covered to sufficiently limit the contribution from the non-exposed side of the.m
or below the levels specified for "non-irradiated background" in [IEC TS 60904>1-2.

hadow each cell completely in turn, measure the resultant I-V curve andprepare a 3
irves like Figure 4. For bifacial modules, if double-side illumination is' utilized, bot

e rear shadowing is accomplished by the requirement of non-ifradiated backgr
efined in IEC TS 60904-1-2.

For the SP case the deformation of the module /-7 curve is added to the sectional I-V curve of th
ated parallel sub-section and so does not continue to V.

elect the cell adjacent to the edge of the module that has the lowest shunt resistancs
e one with the highest leakage current.

elect the two lowest shunt resistance cells (in~addition to the cell in c¢), those wit
ghest leakage current.

elect the cell with the highest shunt resistance.
- back rails), those cells shall also be selected for hot-spot testing.

e selected cells:

Expose the unshadowed module to a single-sided irradiance in the range of 800
to 1 100 W/m2. The exposure shall meet the requirements described in 4.9.5.2 a).

After thermal stabilisation of 5 °C is attained, measure the module /-V characte
and determine thesmaximum power current /y;p4 (initial performance Pyp4).

Expose the module to irradiance meeting the requirements of 4.9.5.2 a). Then use

cell.

Determine the worst-case shadowing for each of the selected test cells use one ¢
methods i) to iii) below.

back
bdule

et of
h the

pont and the back of the cell shall be shadowed entirely. If single-side illumination is utilized,

ound

e fully

b i.e.

h the

pr bifacial modules, if some cells are permanently shadowed by design (e.g. junction box

legin cell testing procedure by detetmining the worst case shadowing condition for each of

IV/m?2

ristic

one

of the methods in step 4) below to determine the worst case shadowing for each selg¢cted

f the

i) If the cell circuit is accessible, short-circuit the module and attach the cu

rrent

measuring equipment such that it is reading only the current through the cell string
under test. For each selected test cell, shadow that cells and determine what shadow
level results in the current through the shadowed cell being equal to the unshadowed

Iyyp1 determined in step g)2). This is the worst case shadowing for that cell.

i) If the cell circuit is not accessible, the first option for determining worst

case

shadowing involves taking I-V curves. Take a set of I-V curves with each of the

selected test cells shadowed at different levels as shown in Figure 5. Determin

e the

worst case shadowing condition, which occurs when the current through the
shadowed cell (the point where the by-pass diode turns on) coincides with the
original unshadowed /,p4 determined in a), like curve c) in Figure 5, at the same

irradiance level as used in a). If the bypass diode does not turn on when the selected
cell is fully shadowed, the worst case hot-spot condition is achieved by completely

shadowing the cell.
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iii) If the cell circuit is not accessible, the second option for determining worst case

shadowing involves temperature measurements. Short-circuit the module. Shadow
each of the selected test cells in turn at 100 % and measure the cell temperature.
Decrease the shadowing by 10 %. If the temperature decreases, then 100 %
shadowing produces the worst case. If the temperature increases or stays the same,
continue to decrease the shadowing by 10 % until the temperature does decrease.

Use the previous shadowing level as worst case shadowing.

5) For the cell selected in c), (i.e. the edge cell with the lowest shunt resistance), the
positioning of the mask applied during prolonged exposure shall be further specified.
Short-circuit the module. Use an IR camera to determine the hottest spot on the cell
when it is 100 % shadowed. If possible make sure that this hottest spot is within the

h)

illuminated area during the prolonged exposure of step i).

hadow one selected cell that was identified in steps ¢) through f) to the worst
bndition as determined in g). If double-side illumination will be used in step i), for a bi
odule, the cell shall be masked identically on the rear side.

hort-circuit the module. Expose the module to steady state irradiancée! For mono
odules, the irradiance shall be (1 000 + 100) W/mZ2. For bifacial modulés, the irrad
nall be BSI + 50 W/mZ2. This test shall be performed at a module temperature in the n
(55 + 15) °C.

aintain the worst case shadowing condition determined in g)for 1 h for the selected

case
acial

acial
ance
ange

cell.

the temperature of the shadowed cell is still increasing,at.the end of 1 h continue |for a
tal exposure time of 5 h.
epeat steps h) through j) for each cell selected in steps c) through f).

< A

5

£ Current-voltage characteristic of the Module characteristics with the test

8 3,5 44 unshaded module | | cell shaded:

E , , a) 100 %

3 - \ b) 75 %

= 3 e .. | c) max. power dissipation

+ L

25
Module voltage (V)
IEC

Figure 5 — Module I-V characteristics with the test cell shadowed at different levels

4.9.5
4.9.5

3 Procedure for monolithically integrated (MLI) thin film technologies MQT

3.1 General

09.2

The hot-spot test is performed with the module exposed to (1 000 + 100) W/m2 during the
extended exposure.
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NOTE Typically no bypass diodes are included in the interconnection circuit of the serially connected MLI thin-film
cells. Therefore, reverse voltage of shadowed cells is not limited and module voltage can force a group of cells into
reverse bias.

The electrical performance of a MLI thin-film module can already be negatively affected by
short-term shadowing. Care shall be taken that effects caused by setting worst-case conditions
and hot-spot endurance testing are clearly separated. The values of P, .. (before any

shadowing has been applied), P, > (after worst case conditions have been identified via
shadowing) and P43 (after extended stress has been applied) are collected for this purpose.

4.9.5.3.2 Case S

FigurIe 6 illustrates the hot-spot effect in a MLI thin-film module consisting of a serial conngdction
of cells, when a different number of cells are totally shadowed. The amount of powerdissipated
in the shadowed cells is equal to the product of the module current and the reverse voltage
developed across the group of shadowed cells. For any irradiance level, maximum power is
dissipated when the reverse voltage across the shadowed cells is equal‘to the vo|tage
genefated by the remaining illuminated cells in the module (worst case shadowing condition).
This fis the case when the short-circuit current of the shadowed modulé~€quals the maximum
powdr current of the unshadowed module.

_\\ _ ]

Unshaded
4 cells 3 cells 2 cells 1 cell module
\haded shaded shaded shaded \\

5 cells \
shaded
Module voltage

Module current

\\

IEC|

NOTE| In this example, the worst case shadowing condition is shadowing of 4 cells at the same time.

Figure 6. Hot-spot effect in a MLI thin-film module with serially connected cells

The {ollowing method shall be used to select the cell(s) to be shadowed and to determing the

o 2l + U £ ol 1 ool o + 1 L oN
worstcase STTAUUWITTY CUTIUTUUTT TUT TTTUUUTC LUTHTCULTICTU T STTTCS=UTITY (LAadsST o).

a) Expose the un-shadowed module to a radiant source providing a total irradiance of 800
W/mZ2 to 1 100 W/m?2 at the module surface, using one of the following:

e A pulsed simulator where the module temperature will be close to room temperature
(25 = 5) °C.

e A steady-state simulator where the module temperature shall be stabilised within +5 °C
before beginning the measurements.

e Sunlight where the module temperature shall be stabilised within £5 °C before beginning
the measurements.

b) After thermal stabilisation is attained, measure the module I-V characteristic and determine
the maximum power current Ij;p4 and maximum power P ..4. Determine the maximum
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c)
d)

e)

g)

n)

power current range (Iyin < I < Ipmay) Where I, is the maximum power current of the
unshadowed module, and I, is 0,95 I,,,,. This current range is named I(*).

Measure the short-circuit current at each position described in the next step.

Starting from one edge of the module, use an opaque cover to shadow one cell completely.
Move the cover parallel to the cells and increase the shadowed module area (number of
shadowed cells) until the short-circuit current falls within the current range of the non-
shadowed module. In these conditions, the maximum power is dissipated within the selected
group of cells (see Figure 6). The maximum step size between short-circuit current
measurements is one cell width. The minimum mask width is two cell widths. If shadowing
less than two cells is required to obtain a current within the specified range, then the mask
] shall be fixed at the minimum. IT shadowing some number of 'n- cells resuliy in a
irrent that is too high, and if shadowing n+1 cells causes a current that is too low, then the
arrower mask width (n cells) shall be chosen.

ove an opaque cover (of the dimensions found in d) above) slowly across the'modulg and
easure the short-circuit current at each position. The maximum step size bétween ghort-
rcuit current measurements is the mask width. (Thus, each cell in the ‘module shall be
nadowed at some point during this step.) If at a certain position the.short-circuit cyrrent
Ils below the specified current range I(*), reduce the size of the cover’in increments of one
b|l width until the current is within the desired range again. K at any point during this
rocess, the mask width is reduced to its minimum value of two\Cell widths, its size shall not
e reduced further, and the process of moving the mask across the module is complgte. If
hadowing some number of "n" cells results in a current thiat is too high, and if shadqwing
+1 cells causes a current that is too low, then the narrower mask width (n cells) shall be
hosen. During this process, the irradiance shall notcchange by more than = 2 %. The mask
not to be made larger at any point, i.e. if, duringsstep g), the short-circuit current exgeeds
e higher limit of /(*), the mask width shall be kept the same.

O SWOoTODTNO I S0S

The final width of the cover, together with theJposition that exhibited the lowest currgnt of
epch area subjected to the final mask width, determines the minimum area of shadqwing
that results in the worst case shadowing:condition. This is the shadowed area to be |used
fqr hot-spot testing.

Remove the cover and visually inspect the module.

Z

DTE Reverse bias operation of the cells in steps d) and e) can cause junction breakdown and lead to }isible
pots irregularly spread across the module area. These defects can cause a degradation of maximum putput
wer.

T ®»

e-measure the module /-V characteristic and determine maximum power P

max2-

Place the cover on“the module. Put the cover on the position determined during steps e)
df).

ort-circuitythe module, including a means to monitor the module current, such gs an
meter,

pose~the module to the steady-state radiant source providing a total irradiang¢e of
Q00-+ 100) W/mZ2 at the module surface, using one of the following:

1 5 °C before beginning the measurements.

Sunlight where the module temperature shall be stabilised within £ 5 °C before beginning
the measurements.

This test shall be performed at a module temperature in the range (55 + 15) °C. Note the
value of I, and keep the module current above the lower limit for I(*). If I, falls below the
lower limit for I(*), decrease the mask width in increments of one cell width until I, once
again exceeds the lower limit for /(*). If the current falls below the desired range but the
mask is already the minimum width, no adjustment shall be made.

Maintain these conditions for a total exposure time of 1 h.

At the end of the endurance test, determine the hottest area on the shadowed cells using
an IR camera or appropriate temperature detector.
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4.9.5.3.3 Case SP

Figure 3 illustrates a series-parallel connection, i.e. a parallel connection of P strings each with
S cells in series.

If a module is of the series-parallel type (case SP), the following method shall be used to select
the cell(s) to be shadowed and to determine the worst case shadowing condition.

a)

b)

c)

d)

g)

Expose the un-shadowed module to a radiant source providing a total irradiance of 800
W/m2to 1 100 W/m2 at the module surface, using one of the following:

e A pulsed simulator where the module temperature will be close to room temperature
(25 = 5) °C.

o| A steady-state simulator where the module temperature shall be stabilised within £5 °C
before beginning the measurements.

¢| Sunlight where the module temperature shall be stabilised within £5 °C_before beginning
the measurements.

After thermal stabilisation is attained, measure the module I-V characteristic and detefqmine
e maximum power current /y;p4 and maximum power P ... @etermine the maxijmum
pwer current range (Iin < I < Ihax) Where I, is the maximum power current gf the
nshadowed module, and /i, is 0,95 I;;,,.

—
-

C T

Then calculate the acceptable maximum power current range to be applied I(*) according to
Re following formula.

IN+Ig (N=1)IN<I(*)<]

—

min max ! N+ Isc "(NSH1)/ N

where N is the number of parallel strings of thexmodule.

Sklect the substring to be measured. The follewing criteria are used to select the subgtring

that is likely to experience hotter temperatures during extended stress. If some of the

junction box is behind a power-generating area of the module, choose the substring that is

in front of the largest fraction of thegtinction box area. If the junction box area is eq\FaIIy-
Iif

dlvided between two substrings, orlthe module contains two junction boxes on two different
stib-strings, choose either substring that is in front of half the junction box area. [f the
junction box is not locatedbehind a power-generating portion of the module (e.g| the
junction box is located insah’edge-delete area) select the substring that is in front gf the
drgest fraction of the module label. If no portion of the junction box or label is located bg¢hind
alpower-generating area-of the module, choose the substring closest to the geometric centre
the module.

easure the short*circuit current at each position described in the next step.

ibstringrcompletely. Move the cover parallel to the cells and increase the shadpwed
Ibstringsmodule area (number of shadowed cells) until the short-circuit current falls within
Re current range I(*). In these conditions, the maximum power is dissipated within the
selected group of cells (see Figure 6). The maximum step size between short-circuit cyrrent
measurements IS one cell width. The minimum mask width is two cell widths. IT shadowing
less than two cells is required to obtain a current within the specified range, then the mask
width shall be fixed at the minimum. If shadowing some number of "n" cells results in a
current that is too high, and if shadowing n+1 cells causes a current that is too low, then the
narrower mask width (n cells) shall be chosen.

0
M
Starting from éne edge of the module, use an opaque cover to shadow one cell of a sel¢cted
s
s
t

Move an opaque cover (of the dimensions found in f) above) slowly across the module and
measure the short-circuit current at each position. The maximum step size between short-
circuit current measurements is the mask width. (Thus, each cell in the module shall be
shadowed at some point during this step.) If, at a certain position, the short-circuit current
falls below the specified current range I(*), reduce the size of the cover in small increments
until the current is within the desired range again. If at any point during this process, the
mask width is reduced to its minimum value of two cell widths, its size shall not be reduced
further, and the process of moving the mask across the module is complete. If shadowing
some number of "n" cells results in a current that is too high, and if shadowing n+1 cells
causes a current that is too low, then the narrower mask width (n cells) shall be chosen.
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h)

4.9.5.3.4 Case PS

During this process, the irradiance shall not change by more than £ 2 %. The mask is not to
be made larger at any point, i.e. if, during step g), the short-circuit current exceeds the
higher limit of 7(*), the mask width shall be kept the same.

The final width of the cover, together with the position within the substring that exhibited the
lowest current of each area subjected to the final mask width, determine the minimum area
of shadowing that results in the worst case shadowing condition. This is the shadowed area
to be used for hot-spot testing.

Remove the cover and visually inspect the module.

NOTE Reverse bias operation of the cells in step f) and g) can cause junction breakdown and lead to visible
spots irregularly spread across the module area. These defects can cause a degradation of maximum output
pwer.

e-measure the module /-7 characteristic and determine maximum power P 4.

ace the cover on the module. Put the cover on the position determined during steps g)
nd h).

P

a

Short-circuit the module, including a means to monitor the module current, such gds an
ammeter.

E

(

xpose the module to the steady-state radiant source providing:a total irradian¢e of
1 000 + 100) W/m2 at the module surface. This can be done using’

o| A steady-state simulator where the module temperature shall be stabilised within £5 °C
before beginning the measurements.

Sunlight where the module temperature shall be stabilised within +5 °C before begifining
the measurements.

—

his test shall be performed at a module temperature in the range (55 + 15) °C. Notg the
value of /. and keep the module current above:the lower limit for /(*). If I, falls beloy the

wer limit for I(*), decrease the mask width'in increments of one cell width until /. |once

apain exceeds the lower limit for /(*). I&the current falls below the desired range byt the
ask is already the minimum width, ne\adjustment shall be made.

o

3

Maintain these conditions for a totalhexposure time of 1 h.

At the end of the endurance test; determine the hottest area on the shadowed cells ysing
ah IR camera or appropriate-temperature detector.

If a hodule of the parallel-series type (case PS) has an inaccessible internal cell circu|t but
contgins no internal bypass diodes nor equivalent means of reverse bias protection| the
following method shall be used to select the cell(s) to be shadowed and to determine the yworst

case|shadowing) condition.

a)

b)

Expose-thé un-shadowed module to a total irradiance of 800 W/m2 to 1 100 W/m2 4t the
moduleJsurface. This can be done using:

° A pnlend simulator where the module fnmpnrahlrn will be close to room ’rnmpnr ture

(25 + 5) °C.

e A steady-state simulator where the module temperature shall be stabilised within
15 °C before beginning the measurements.

e Sunlight where the module temperature shall be stabilised within + 5 °C before beginning
the measurements.

When thermal stabilization is attained, measure the module I-V characteristic and determine

the maximum power P ,.4.

Expose the module to the steady-state radiant source providing a total irradiance
(1000 £ 100) W/m2 at the module surface. This test shall be performed at a module
temperature in the range (55 + 15) °C.
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Short-circuit the module and shadow at random a block in the module. Shadow at least 10 %
of the cells within the block, and shadow an increasing area of the block until the maximum
temperature is determined using thermal imaging equipment or other appropriate means.

Re-measure the un-shadowed module -V characteristic and determine maximum power
P

max2-

Apply the shadow found in step c) and maintain these conditions for a total exposure time
of 1 h.

At the end of the endurance test, determine the hottest area on the shadowed cells using an IR
camera or appropriate temperature detector.

4.9.6 Final measurements

Repdat tests MQT 01, MQT 02, MQT 03, and MQT 15.

4.9.7 Requirements

a)

4.10| UV preconditioning test (MQT 10)

4.10.1 Purpose

No evidence of major visual defects permitted, as defined in IEC 61245+1:2021, particlilarly
Idqoking for signs of melted solder, openings in the enclosure, delaminations and burn sfpots.
Iffthere is evidence of serious damage that does not qualify as a major visual defect, r¢peat
the test on two additional cells within the same module. If there\is no visual damage arpund
elther of these two cells the module type passes the hot-spot test.

Verify that the module shows the electrical characteristics of a functional photovoltaic
device. MQT 02 is not a pass/fail requirement (Gate No.2) for power loss.

Insulation resistance shall meet the same requirements as for the initial measurements.
Wet leakage current shall meet the same requirements as for the initial measurements.

Ahy damage resulting from determining the worst case shadowing shall be noted in the test
report.

To pfecondition the module with;ultra-violet (UV) radiation before the thermal cycle/humidity
freeze tests to identify thesé materials and adhesive bonds that are susceptible t¢ UV

degradation.

NOTE| MQT 10 is meant-to_detect gross susceptibility to UV degradation, as the dose is small compared to {ypical
lifetimp expectations for.modern modules, and wavelength distribution of the UV source is not tightly specified.
Documents applying.MQT 10 toward other goals (such as comparative degradation studies) should conside[ what

furthef requirements.are necessary to achieve those goals.

4102 Apparatus

a)

b)

c)

d)

Al temperature-controlled test chamber with a window or fixtures for a UV light source and
tHesmodule(s) under test. The chamber shall be capable of maintaining the mdodule

temperature at (60 + 5) °C.

A means for monitoring the temperature of the module to an accuracy of 2,0 °C and
repeatability of £0,5 °C. The temperature sensors shall be attached to the front or back
surface of the module near the middle without obstructing any of the UV light incident on
the active cells within the module. If more than one module is tested simultaneously, it will
suffice to monitor the temperature of one of the test modules.

Instrumentation capable of measuring the irradiance of the UV light produced by the UV
light source at the test plane of the module(s), within the wavelength ranges of 280 nm to
320 nm and 320 nm to 400 nm with an uncertainly of £15 % or better.

A UV light source capable of producing UV radiation with an irradiance uniformity of +15 %
over the test plane of the module(s) with no appreciable irradiance at wavelengths below
280 nm and capable of providing the necessary total irradiance in the different spectral
regions of interest as defined in 4.10.3.
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e) The module shall either be short-circuited or open-circuited during exposure, as per
manufacturer recommendations. The circuitry condition used during this test shall be noted
in the test report.

4.10.

3 Procedure

a) Measure the irradiance at the proposed module test plane and ensure that at wavelengths
between 280 nm and 400 nm it does not exceed 250 W/mZ (i.e. about five times the natural
sunlight level) and that it has a uniformity of £15 % over the test plane.

b) According to the recommendations of 4.10.2e), short-circuit or open-circuit the module.
Mount it in the test plane at the location selected in a), normal to the UV irradiance beam.

M

n
a

c) S
W
th
tg

For b

4.10.

Rep¢g

4.10.
a) N
b) W

4.11
4.11.

To de
caus

4.11.
a) A
in
S
b) M
c
I

odules shall be mounted per the manufacturer’s documentation with prescribed subg
nd adhesive or attachment/mounting means during the test.

ubject the module(s) front side to a total UV irradiation of at least 15 kWh/m2 i
avelength range between 280 nm and 400 nm with at least 3 %, but not mere than 10
e wavelength band between 280 nm and 320 nm, while maintajning the m
mperature within the prescribed range.

4  Final measurements

at the tests of MQT 01 and MQT 15.

5 Requirements
o evidence of major visual defects, as defined.in IEC 61215-1:2021.
et leakage current shall meet the same requirements as for the initial measurements

Thermal cycling test (MQT 11)
1 Purpose

termine the ability of the module’to withstand thermal mismatch, fatigue and other strg
ed by repeated changes ofctemperature.

2 Apparatus

climatic chamberwith automatic temperature control with means for circulating th
side and meanhs) to minimize condensation on the module during the test, capaj
Iibjecting onelor more modules to the thermal cycle in Figure 7.

eans for~mounting or supporting the module(s) in the chamber, so as to allow

w, so that, for practical purposes, the module(s) are thermally isolated.

c) M

ifacial modules repeat the procedure of UV irradiation on the rear-side of the modulgs.

ake sure that the module temperature sensors read (Rﬂ + R) °C.For flexible madules, the

trate

n the
% in
bdule

p .

SSes

e air
le of

free

rculation-of the surrounding air. The thermal conduction of the mount or support shall be

easurement instrumentation having an accuracy of +2,0 °C and repeatability of +0

5°C

for measuring and recording the temperature of the module(s).

d) Means for applying a continuous current. The value of the current is defined in the
technology specific parts in this standard.

e) Means for monitoring the flow of current through each module during the test.

f) A 5 N weight capable of being attached to the electrical termination leads of the module.
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Figure 7 — Thermal cycling test — Temperature and/applied current profile

4.113 Procedure

a) Aftach a suitable temperature sensor to the front.or_back surface of the module(s) negr the
nliddle. If more than one module of the same type are tested simultaneously, it will suffice
tq monitor the temperature of one of the test modules.

b) Install the module(s) at room temperature.insthe chamber. Attach a single 5 N weight tp the
jUnction box using one of two options. The weight may be attached utilizing the eledtrical
tgrmination leads of each module so_that it hangs down vertically from the junction box, as
shown in Figure 8a). The weight may also be attached to the junction box using a| wire
iftroduced by the tester, as shown in Figure 8b). A wire introduced by the tester shall not
bg attached to the junction box lid. In either case, the weight shall not impact or damagg the
module back surface, and shall be at least 5 cm above the floor or module frame at the|start
of the test, as indicated in Figure 8b). If there are more than one similar junction boxeg per
module, only one junction box need be weighted, as shown in Figure 8b) or Figurg 8c).
However, if the junction boxes differ in design, each should carry weights independently.
F
W

br flexible moddles, the modules shall be mounted per the manufacturer’s documentation
ith prescribed\substrate and adhesive or attachment/mounting means during the tesf.
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th
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tq
th
tg
During cool down, the -40 °C dwell phase and.temperatures above 80 °C the contin|
c
tq
tg

IEC IEC

a) b) c)

igure 8 — Proper attachment of 5 N weight to junction box formodule utilizing g

5 N weight SN weight

IEC

)

bctrical termination leads, b) or wire for attachment, and ¢) only one junction bpx

onnect the temperature-monitoring equipment to the temperature sensor(s). Connectfeach
odule to the appropriate current supply by connecting ¢hevpositive terminal of the module
the positive terminal of the power supply and the second terminal accordingly. During the

ermal cycling test set the continuous current flow during the heat up cycle tq

the

chnology specific current specified in 4.11.2d)y \at temperature from -40 °C to +8p °C.

irrent shall be reduced to no more than 1,0.% of the measured STC peak power cy
measure continuity. If the temperature rises too fast (greater than 100 °C/h) at the Iqg

uous
rrent
west

mperature, the start of the current flow.can be delayed until the temperature has redched

0 °C.

lose the chamber and subject_the module(s) to cycling between measured maodule

mperatures of (-40 + 2) °C and)(+85 = 2) °C, in accordance with the profile in Figu

re 7.

he rate of change of temperature between the low and high extremes shall not exceed

DO °C/h and the module temperature shall remain stable at each extreme for a period
ast 10 min. The cycle time shall not exceed 6 h unless the module has such a high

of at
heat

bpacity that a longer cycle is required. The number of cycles shall be as shown ip the

levant sequences.in Figure 2 of IEC 61215-1:2021. Air circulation around the modt
s to ensure compliance with each module under test meeting the temperature cy
rofile.

le(s)
cling

hroughout the test, record the module temperature and monitor the current flow through

e module(s). Document in test report the actual dwell duration at high and
mperaiures.

NOTE|

lova module with parallel circuits, an open circuit in one branch will cause a discontinuity in the voltag

not ca

4.11.

use the current to go to zero.

4 Final measurements

low

e, but

After a minimum recovery time of 1 h at (23 £ 5) °C and a relative humidity less than 75 % under

open

4.11.

-circuit conditions, repeat the tests of MQT 01 and MQT 15.

5 Requirements

a) No interruption of current flow during the test; in the case of a module with parallel circuits,
a discontinuity in current flow indicates an interruption of flow in one of the parallel circuit.

b) N

o evidence of major visual defects, as defined in IEC 61215-1:2021.

c) Wet leakage current shall meet the same requirements as for the initial measurements.
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4.12 Humidity-freeze test (MQT 12)
4.12.1 Purpose

To determine the ability of the module to withstand the effects of high temperature and humidity
followed by sub-zero temperatures. This is not a thermal shock test.

4.12.2 Apparatus

a) A climatic chamber with automatic temperature and humidity control, capable of subjecting
one or more modules to the humidity-freeze cycle specified in Figure 9.

Sans ou g—0 as—to—alow, free
rculation of the surrounding air. T support-shall be
Iqw, so that, for practical purposes, the module(s) is (are) thermally isolated.

c) Measurement instrumentation having an accuracy of £2,0 °C and repeatability of £0|5 °C
fqr measuring and recording the temperature of the module(s).

d) Means for monitoring, throughout the test, the continuity of the internal’ circuit of jleach
module.

4.123 Procedure

a) Altach a suitable temperature sensor to the front or back surface of the module(s) negr the
nliddle. If more than one module of the same type is tested simultaneously, it will suffice to
nmonitor the temperature of one of the test modules.

b) Install the module(s) at room temperature in the climatic-chamber. For flexible moduleg, the
odules shall be mounted per the manufacturer’'s documentation with prescribed subgtrate
hd adhesive or attachment/mounting means dufing the test.

|
a
¢) Clonnect the temperature-monitoring equipmentto the temperature sensor(s). Connectjeach
module to the appropriate current supply by connecting the positive terminal of the mgdule
tq the positive terminal of the power supply-and the second terminal accordingly. During the
himidity freeze test set the continuous:current flow to no more than 0,5 % of the meagured
S[TC peak power current. If 0,5 % of/the measured STC current is less than 100 mA,|then
1
A

DO mA may be applied instead.

d) After closing the chamber, subject the module(s) to 10 cycles in accordance with the pfofile
i Figure 9. The maximum.afd minimum temperatures shall be within £2 °C of the spegified
Igvels and the relative humijdity shall be maintained within £5 % of the specified value when
the temperature is at the maximum value of 85 °C. Air circulation around the module(s) has

tq ensure compliancewith each module under test meeting the temperature cycling prpfile.

e) Throughout the dest, record the module temperature and monitor the current and voltage
through the madule.

4.12)4 Findal'measurements

After|a recovery time between 2 h and 4 h at (23 + 5) °C and a relative humidity less than |5 %
undef ‘open-circuit conditions, repeat the tests of MQT 01 and MQT 15.

4.12.5 Requirements

a) No interruption of current flow or discontinuity in voltage during the test; in the case of a
module with parallel circuits, a discontinuity in current flow indicates an interruption of flow
in one of the parallel circuits.

b) No evidence of major visual defects, as defined in IEC 61215-1:2021.
c) Wet leakage current shall meet the same requirements as for the initial measurements.
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Figure 9 — Humidity-freeze cycle — Temperature and humidity profile

4.13| Damp heat test (MQT 13)
4131 Purpose

To dptermine the ability of the moduleZfo withstand the effects of long-term penetratipn of
humifity.

4132 Apparatus

Reqgyirements for the test chamber are listed in IEC 60068-2-78:2012, 4.1.

4.133 Procedure

The procedure forintroducing the sample into the chamber and starting the test is described in
IEC $0068-2-78:2012, 4.4. The test shall be carried out with the following provisions.

Severities:

Q

Test temperature: €

{85+2)
Relative humidity: (851 5) %
0

H

Test duration: (1 00+48)h

No preconditioning shall be performed.

Module connectors shall be short-circuited, unless current is being applied according to options
provided in some of the technology-specific parts.

For flexible modules, the modules shall be mounted per the manufacturer’s documentation with
prescribed substrate and adhesive or attachment/mounting means during the test.
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4 Final measurements

2021

After a recovery time of 2 h, and no more than 4 h, at (23 £ 5) °C and a relative humidity less

than

4.13.
a) N

75 % under open-circuit conditions, repeat the tests of MQT 01 and MQT 15.

5 Requirements
o evidence of major visual defects, as defined in IEC 61215-1:2021.

b) Wet leakage current shall meet the same requirements as for the initial measurements.

4.14
4.14.

Tod
the ¢
norm

(MQT 14.2) are to be performed in Sequence C after MQT 12 as given-bpy the test flg

IEC ¢

4.14.
4.14.

Mear
appli

Attag

4.14.

A for
each

A for

to th¢ mounting surface.

The pull force should be applied at the centre point of the box.

4.14.

Rep¢g

4.14.

Robustness of terminations (MQT 14)

1 Purpose
ptermine that the terminations, the attachment of the terminations, and the attachmsg
ables to the body of the module will withstand stresses that are likely to besapplied d
al assembly or handling operations. Test in 4.14.2 (MQT 14.1) and test in 4

1215-1:2021.

2 Retention of junction box on mounting surface (MQT 14:1)
2.1 Apparatus

s for applying a force of 40 N to the centre of the testiobject. Prevent torque from
bd to the junction box.

hing the means for applying the force to the junction box shall not impair its function

2.2 Procedure

ce of 40 N shall be gradually applied:for (10 £ 1) s (in accordance to IEC 60068-2-2
direction parallel to the mounting;strface parallel to the module edges, in steps of 9

e of 40 N shall be gradually applied for (10 + 1) s without jerks, in a direction perpendi

2.3 Final measurements

at the tests-of MQT 01 and MQT 15.

2.4  Requirements

nt of
uring
14.3
w in

being

U7

1) in
D°.

cular

Durin

isolating characteristics.

a) N

o evidence of major visual defects, as defined in IEC 61215-1:2021.

g test there shall be no displacement of the junction box at the mounting surface impairing

b) Wet leakage current shall meet the same requirements as for the initial measurements.

4.14.

3 Test of cord anchorage (MQT 14.2)

The junction box, separate from the module, shall be tested to IEC 62790 "Test of cord
anchorage" and shall meet the requirements therein. If the junction box has been pre-qualified
prior to IEC 61215-2:2021 testing, the test report shall note the test lab name and date when
the requirement was met. The cord anchorage test cannot be applied to junction boxes with
integrated connectors, and thus junction boxes with integrated connectors are exempt from this

requi

rement. Exemption shall be noted in the test report.
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4.15 Wet leakage current test (MQT 15)

4.15.1 Purpose

To evaluate the insulation of the module under wet operating conditions and verify that moisture
from rain, fog, dew or melted snow does not enter the active parts of the module circuitry, where
it might cause corrosion, an earth fault or a safety hazard.

4.15.2 Apparatus

a)

b)
c)

d)

4.153 Procedure

A shallow trough or tank of sufficient size to enable the module with frame to be placed in
the solution in a flat, horizontal position. It shall contain a water/wetting agent solution
spfficient to wet the surfaces of the module under test and meeting the follqwing
rgquirements:

esistivity: 3 500 Q-cm or less
Splution temperature: (22+2)°C
The depth of the solution shall be sufficient to cover all surfaces except junction box entries.
Spray equipment containing the same solution.

C voltage source, with current limitation, capable of applying 5001V or the maximum fated
system voltage of the module, whichever is more.

ristrument to measure insulation resistance.

All cpnnections shall be representative of the recommended field wiring installation,| and
precautions shall be taken to ensure that leakage currents do not originate fron] the

instrymentation wiring attached to the module.

a)

b)

c)

d)

e)

Immerse the module in the tank of the required solution to a depth sufficient to cover all
irfaces except junction box entries. The cable entries shall be thoroughly sprayed| with
blution. If the module is provided with;a mating connector, the connector should be sprayed
Liring the test.

s

S

d

Clonnect the shorted output terminals of the module to the positive terminal of thg test
efiuipment. Connect the liquidtest solution to the negative terminal of the test equipment
uping a suitable metallic conductor.
S
m
b
p
1

ome module technglogies may be sensitive to static polarization if the module is
aintained at posijtive' voltage to the frame. In this case, the connection of the tester|shall
e done in the opposite way. If applicable, information with respect to sensitivity to $tatic
blarization shallbe provided by the manufacturer and documented in the test report.

crease the‘voltage applied by the test equipment at a rate not exceeding 500 V/s to 500 V
of the maximum system voltage for the module, whichever is greater. Maintain the vojtage
at this-level for 2 min. Then determine the insulation resistance.
R

eddce the applied voltage to zero and short-circuit the terminals of the test equipment to
discharge the vottage buitd-up o the modute:

Ensure that the used solution is well rinsed off the module before continuing the testing.

4.15.4 Requirements

For modules with an area of less than 0,1 m? the insulation resistance shall not be less than
400 MQ.

For modules with an area larger than 0,1 m2 the measured insulation resistance times the
area of the module shall not be less than 40 MQ-m?2,
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4.16 Static mechanical load test (MQT 16)
4.16.1 Purpose

The purpose of this test is to determine the ability of the module to withstand a minimum static
load. The minimum required design load for a particular site will depend on construction,
applicable standards, building codes, probability of event occurrence, design assumptions and

location/climate and might require higher sampling rates and other safety factors ym.

To determine the maximum possible test load, e.g. by test-to-fail of a construction is not part of
this document.

MQT| 16 verifies minimum test loads. The manufacturer’'s minimum design load, is’ |back
calcylated from the above minimum test load. The test load is defined as:

Test load = y,,, x design load
wherg the safety factor y, is at least 2 1,5.

The minimum required design load per this document is 1 600 Pa,{resulting in a minimun test
load pf 2 400 Pa.

The manufacturer may specify higher design load(s) for(positive (downward) and negative
(upwprd) and also a higher y,, for certain applications.<The design load(s) and y,, are fo be

specified in the documentation of the manufacturer pereach mounting method.

EXAMPLE Manufacturer specifies the following design loads™ positive 3 600 Pa and negative 2 400 Pa with y_|=1,5.
The tgst sequence will contain 3 cycles each performediat’5 400 Pa positive and 3 600 Pa negative loading.

Eachl module undergoing MQT 16 testishall be pre-tested according to SequencelE in
IEC $1215-1:2021, unless a module\i§" an additional, full-size, very large module te¢sted
alongside representative samples, _as described in IEC 61215-1:2021 Clause 4.

NOTE| Inhomogeneous snow loads-are/not covered by this test. IEC 62938:2020 may be used.

4162 Apparatus

a) Alrigid test base which enables the modules to be mounted front side up or front side down.
The test base shall*énable the module to deflect freely during the load application within the
cpnstraints of the manufacturers prescribed method of mounting.

b)

c) Suitable-weights or pressure means that enable the load to be applied in a gradual, unfform
anner. The test load may be applied pneumatically or by means of weights. All force|shall
b applied normal to the module surface. The apparatus shall not contribute to the rigidity
of the module (e.g. force applied via a large, flat, plate).

nstrumentation to monitor the electrical continuity of the module during the test.

o 3

d) The entire payload should be applied to the module surface uniformly and gradually without
causing impact spikes. The weight shall only be applied on the frontsheet (e.g. the glass)
and not on the module frame or cross support rails in the module. If weights are used to
load the module, Annex A provides additional recommendations to ensure quality control
and consistency of test results.

NOTE 1 With incremental loading where weights are loaded by hand, impact shocks not representative of field
stress have been observed and are undesirable.

e) If an automated system using pistons (or other discrete-point application) is used to load
the module, document the coverage ratio in the test report. Coverage ratio is the area under
the suction cups (connected to pistons or other contacting points to module) to the surface
area of the module. A minimum coverage ratio of 10 % is recommended to assure uniformity
of loading on the module.


https://iecnorm.com/api/?name=a4b2c75a0912212dd49610af84b97636

IEC 61215-2:2021 © IEC 2021 - 37 -

f)

The environmental conditions for performing the tests are (25 + 5) °C in a relative humidity
not exceeding 75 %.

NOTE 2 As most adhesives will perform worse under elevated temperatures, room temperature is considered to be
a best case condition for testing.

4.16.3 Procedure

a)

b)

c)

d)

e)

4.16.4 Final measurements

Repdat the tests of MQT 01 and MQT 35

4.16. Requirements

a) N intermittent open-circuit.fault detected during the test.

b) No evidence of major,visual defects, as defined in IEC 61215-1:2021.

c) et leakage currentshall meet the same requirements as for the initial measurements.

4.17 | Hail test (MQT 17)
4171 Purpose

To verify(that the module is capable of withstanding the impact of hail.

Equip the module so that the electrical continuity of the internal circuit can be monitored
continuously during the test.

Mount the module on a rigid structure using the method prescribed by the manufacturer
including the mounting means (clips/clamps and any kind of fastener) and underlying
sppportTaits i there are different possibitittes each mountimg method eeds to be evatyated
separately. For all mounting methods, mount the module in a manner where the loading is
worst case. If there are different possibilities, each mounting configuration needs fo be
epaluated separately. Worst case loading is typically associated with largest ‘cantilever
(everhang span) or largest deflection. For all mounting configurations, mount the moddle in
almanner where the distance between the fixing points is worst case, which typically rgsults
in the worst deflection of the module, while following manufacturer recommendations fgr the
specified mounting means. Allow the modules to equilibrate for a‘minimum of 2 h|after
MQT 13 before applying the load. For flexible modules, the modutes'shall be mounted per
e manufacturer’s documentation with prescribed substrate and ‘adhesive or attachment
eans during the test.

e better than +5 % across the module with respect to the test load. Maintain this logd for
h.

pply the same procedure as in step c) to the back/surface of the module or as uplift| load
tq the front surface.

th
m
dn the front surface, gradually and uniformly apply the test load. Load uniformity needs to
b
1
A

Rlepeat steps c) and d) for a total of three cytles.

4.17.2 Apparatus

a)

b)
c)
d)

Moulds of suitable material for casting spherical ice balls of the required diameter. Minimum
requirement is a diameter of 25 mm. For hail prone locations larger ice balls may be required
for testing as listed in Table 2. The test report should indicate what ice ball diameter and
test velocity was used for the hail test.

A freezer controlled at (-10 £ 5) °C.
A storage container for storing the ice balls at a temperature of (-4 + 2) °C.

A launcher capable of propelling an ice ball at the specified velocity, within +5 %, so as to
hit the module within the specified impact location. The path of the ice ball from the launcher
to the module may be horizontal, vertical or at any intermediate angle, so long as the test
requirements are met.

A rigid mount for supporting the test module by the method prescribed by the manufacturer,
with the impact surface normal to the path of the projected ice ball.
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f) A balance for determining the mass of an ice ball to an accuracy of +2 %.

g) An instrument for measuring the velocity of the ice ball to an accuracy of £2 %. The velocity
sensor shall be no more than 1 m from the surface of the test module.

As an example, Figure 10 shows in schematic form a suitable apparatus comprising a horizontal
pneumatic launcher, a vertical module mount and a velocity meter which measures
electronically the time it takes the ice ball to traverse the distance between two light beams.
This is only one example as other types of apparatus including slingshots and spring-driven
testers have been successfully utilized.

Test gauge Reaulator
3 | > «— Air supply
Photoelectric velocity
Solenoid valve large, measuring system 1 m max
fast-opening \

) !

Reservoir Q |

e i :

| 1

&

Interchangeable L
barrels
Module
Mounting frame e
Figure 10 — Hail-test equipment
Table 2 — Ice-ball masses and test velocities
Oiameter Mass Test velocity Diameter Mass Test velogity

mm g mls mm g mls
2!—'. .7,1-'.’2 Z’A,n I~ Qn,z ’2’2,0
35 20,7 27,2 65 132,0 36,7
45 43,9 30,7 75 203,0 39,5

4.17.3 Procedure

a) Using the moulds and the freezer, make a sufficient number of ice balls of the required size
for the test, including some for the preliminary adjustment of the launcher.

b) Examine each one for cracks, size and mass. An acceptable ball shall meet the following
criteria:

— no cracks visible to the unaided eye;
— diameter within £5 % of that required;
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c)
d)

e)

g)

h)

— mass within £5 % of the appropriate nominal value in Table 2.
Place the balls in the storage container and leave them there for at least 1 h before use.

Ensure that all surfaces of the launcher likely to be in contact with the ice balls are near
room temperature.

Fire a number of trial shots at a simulated target in accordance with step g) below and adjust
the launcher until the velocity of the ice ball, as measured with the velocity sensor in the
prescribed position, is within £5 % of the appropriate hailstone test velocity in Table 2.

Mount the module according to manufacturer specifications. The module shall be at room
temperature, with the impact surface normal to the path of the ice ball. For flexible modules,
the_modules shall be mounted per the manufacturer’s documentation with prescribed
stibstrate and adhesive or attachment/mounting means during the test. If the manufacturer’s
specified application allows mounting in a rigid or flexible mounting condition, testing|shall
be done on the worst-case condition. The test configuration(s) shall be documented in the
tgst report.

Tpke an ice ball from the storage container and place it in the launcher. Take’aim at thI first
impact location specified in Table 3 and fire. The time between the removal of the ice ball
from the container and impact on the module shall not exceed 60 s.

Inspect the module in the impact area for signs of damage and,make a note of any (isual
effects of the shot. Errors of up to 10 mm from the specified lo€ation are acceptable.

Iff the module is undamaged, repeat steps g) and h) for all-the other impact locations in
Thble 3, as illustrated in Figure 11.

Table 3 — Impact locations

Shgt No. Location

1 Any corner of the module window, not morethan one radius of ice-ball from the module edge.

2 Any edge of the module, not more thancene radius of ice-ball from the module edge.

L)
N

Over the circuit near interconnects (ise. cell interconnects and bus ribbons).

n
(o]

Over edges of the circuit (e.g._individual cells).

1, 8 On the module window, not ‘more than half diameter of ice ball from one of the points at which| the
module is mounted to the supporting structure.

9| 10 On the module window; at points farthest from the points selected above.

11 Any points which* may prove especially vulnerable to hail impact like over the junction box.

4174 Final measurements

Repdat tests/MQT 01 and MQT 15.

4.17. Requirements

a)
b)

Wet leakage current shall meet the same requirements as for the initial measurements.
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Figure 11 — Hail test impact locations: top for wafer/cell based technologies,
bottom for monolithic processed thin film technologies

4.18 | Bypass-‘diode testing (MQT 18)

4.18[1. </Bypass diode thermal test (MQT 18.1)

4.18.1.1 Purpose

To assess the adequacy of the thermal design and relative long-term reliability of the bypass
diodes used to limit the detrimental effects of module hot-spot susceptibility.

The test is designed to determine the diode’s temperature characteristic and its maximum diode
junction temperature T; under continuous operation.
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4.18.1.2 Test sample

If the module contains three or fewer bypass diodes, then all diodes shall be tested for forward
voltage as per 4.18.1.4 and for functionality as per 4.18.2. If the module contains more than
three diodes, then three bypass diodes are to be selected for testing. These bypass diodes are
to be selected by the test laboratory and should be representative bypass diodes which are
subject to the most stress in the design. The test lab shall indicate in the test report which three
bypass diodes were selected and why they were selected.

a)

b)

For more than three diodes embedded in a laminate, select the diodes in these locations:
1) Closest to the centre of the junction box (may be underneath the junction box).

2) Closest to the module frame (or module edge, in case of frameless module).
Closest to module centre.
pbr more than three diodes in a junction box, select diodes in these locations;

3

F

1) Closest to the centre of the junction box.

2) Next closest to the centre of the junction box.
3

Closest to the edge of the junction box.

If thel bypass diodes are not accessible in the module type under test, a special sample can be
prepared for this test. This sample shall be fabricated to provide(the same thermal environment
for the diode as a standard production module and does notshave to be an active PV module.
The test shall then proceed as normal. This special test sample shall be used only for measpring
the bypass diode temperature in 4.18.1.4 c) to k). Exposure“to 1,25 times the STC short-dircuit
current shall be performed on a fully functional modulé which is then used for making the| final
meagurements of 4.18.1.5. The special sample shall'@llow electrical access to the three bypass

diodgs in locations complying with the above selection criteria.

4.18(1.3 Apparatus

a)
b)

c)
d)

Means for heating the module up to a-temperature of (90 £ 5) °C.

Means for monitoring the temperature of the module to an accuracy of +2,0 °C| and
gpeatability of £0,5 °C.

eans for measuring the junction voltage 7 of the bypass diodes to an accuracy of 2| %.

ZW

=<

eans for applying a current equal to 1,25 times the STC short-circuit current of the module
nder test with a pulse width not exceeding 1 ms and means for monitoring the flow of
irrent through the'module, throughout the test. For bifacial modules, the applicable cyrrent
1,25 times( short-circuit current at elevated irradiance BSI, as definefd in
EC 61215-1;2021. The short-circuit current at irradiance BSI may be determined either by
al measurement (MQT 06.1) at irradiance BSI, or by assuming linearity of short-dircuit
irrent with irradiance (as defined in IEC 60904-10). Assuming linearity allows onme to
hiculate the short-circuit current at BSI, I, gg), Using /. values measured for Gate No. 1

oo O C

Q0

L&re and Iy gnpi), and the relevant equivalent irradiances: 1 000 Wm-2, Ggypy, and [Ggg)-
Toextrapotate 75 gg), tTese quantities are compined as foltows:

—~
~

(Isc-sNPI ~1sc-sTC)

(Gpgr —G )
_2 ( BSI BNPI

Isc_BsI = Isc—BNPI+

In the above formula, equivalent irradiance are calculated as in IEC TS 60904-1-2,
specifically:

Ganpr = 1000 Wm™ +4-135 Wm™2

Ggg = 1000 Wm™ +¢-300 Wm™2
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p= Min((”lsclq’Pmax )

4.18.1.4 Procedure

a) Electrically short any blocking diodes incorporated in the module.

b) Determine the rated STC short-circuit current of the module from its label or instruction
sheet. For bifacial modules, use the value of the short-circuit current at elevated irradiance
BSI, as defined in IEC 61215-1:2021.

c) Connect the lead wire for V' and I on both diode terminals as shown in Figure 12.

If thgdfodesare pottedthe conmections shattbe made by the module manufacturer before

delivery of the module.

Care|shall be taken that the lead wires do not cause heat dissipation from the'terminal] box

leading to misinterpretation of the test results. Thus, current connections shauld’ be made as

far ap possible away from the terminal box, and voltage probes made as.small and thjn as
possi|ble.
* 7 Ty
F 7
Bypass diode
Cell Cell
. i IEC
Figure 12 — Bypass diode thermal test
d) Heat the modufe.and junction box up to a temperature of (30 + 2) °C.
e) ply the putsed current (pulse width 1 ms) equal to the STC short-circuit current gf the
odule,measure the forward voltage V'p, of diode. For bifacial modules, use the valpe of
the short-circuit current at elevated irradiance BSI.

f) sing the same procedure, measure Vn, at (50 + 2) °C.

g) Using the same procedure, measure V5 at (70 £ 2) °C.

h) Using the same procedure, measure Vp, at (90 + 2) °C.

i) Then, obtain the V' versus T characteristic by a least-squares-fit curve from V4, Vpo, Vp3

and Vpy.

T, is assumed to be the ambient temperature of the junction box for steps d) to i).
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)

m) Maintain the current flow for 1 h.
4.18.1.5 Final measurements

Repdat the tests of MQT 01, MQT 15 and MQT 18.2.

4.18/1.6 Requirements

b)
c)
d)

4.182 Bypass diode functionality test (MQT 18.2)

4.182.1 Purpose

Heat the module to (75 + 5) °C. Apply a current to the module equal to the short-circuit
current I, + 2 % as determined in step b). After 1 h measure the forward voltage of each of

the selected diodes.

If the module contains a heat sink specifically designed to reduce the operating temperature
of the diode, this test may be performed at the temperature the heat sink reaches under
conditions of 1 000 W/m?2, (43 + 3) °C ambient with no wind rather than at 75 °C.

Using the 7 versus T characteristic obtained in item i), obtain T from Vp at T, = 75 °C,
Ip = I of the diode during the test in j).

Increase the applied current to 1,25 times the short-circuit current of the module as
d:‘ib‘llllillcd ill btcp IU) Wiliib‘ Illdilltdillillg “IU |||uu'uic tclllpcldiulc di (75 L 5) nC.

he diode junction temperature T, as determined in 4.18.1.4 k) shall not exceed the diode
anufacturer’s maximum junction temperature rating for continuous operation.

T
m

No evidence of major visual defects, as defined in IEC 61245-1:2021.
Wet leakage current shall meet the same requirements(as for the initial measurements.

The diode shall still function as a diode after the conclusion of the test as per MQT 18].2.

The purpose of this test is to verify thattthe bypass diode(s) of the test samples remain(s)
functjonal following MQT 09 and MQT (48.1. In case of PV modules without bypass diodes$ this

test ¢an be omitted.

4.18.2.2 Apparatus

Means for measuring current-voltage curve within 1 s; e.g. I-V curve tracer, with an accliracy
of the voltage and currenf*measurements of +1 % of the open-circuit voltage and short-dircuit

curreint, respectively.

4.18.2.3 Procedure
4.18.2.3.1 General

The llest can be conducted according to either of the following two methods.

4.18.2.3.2 Method A

This procedure shall be conducted in any ambient temperature within (25 £ 10) °C. During the
test the sample shall not be subjected to illumination.

a)

b)

Electrically short any blocking diodes incorporated to the test sample.

Some modules have overlapping bypass diode circuits. In this case it may be necessary to
install a jumper cable to ensure that all of the current is flowing through one bypass diode.

Determine the rated STC short-circuit current of the test sample from its name plate. For
bifacial modules, use the value of /g measured at STC.
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c) Connect the DC power source’s I-V curve tracer’s positive output to the test sample’s
negative terminal and the DC power source’s I-V curve tracer’s negative output to the test
sample’s positive terminal, respectively. With this configuration the current shall pass
through the solar cells in the reverse direction and through the bypass diode(s) in the
forward direction.

d) Run currentsweep from 0 Ato 1,25 x /5. and record voltage. Use the value of /i, determined
in step b).

4.18.

2.3.3 Method B

Successive I-V measurements of the PV module can be performed in conjunction with maximum

powsd
shad

4.18.
4.18.
In th

is sp
is de

wher
N

Vemr
4.18.

The
bend

Example: a crystalline silicon PV¥"module with 60 cells and three strings protected each by

diodd

4.19
4.19.

All P
to a

r determination (MQT 02) with portions of a string in the interconnection circuit comp
bwed in order to "turn on" the diode. This procedure should be repeated for each subs

2.4 Requirements

2.4.1 Method A

fined as VFM and shall meet the following requirement:

VFM = (N X VFMrated) +10 %

[

is the number of bypass diodes;
ted I8 the diode forward voltage as defined\in diode data sheet for 25 °C.

2.4.2 Method B

pypass diode belonging to the shadowed string is working properly, if the characts

in the I-V curve is observed.

defined\ procedure, and the output power shall be measured directly afterwards.

procg¢dure-and output power measurement shall be repeated until the module is assess

have

simu

ated solar irradiance is preferred over natural light

e current sweep of 4.18.2.3.2 d), identify the largest current at which the forward vo
pcified on the data sheet. The diode(s) forward voltage measured at the identified cy

will have a power drop-terroughly 2/3, if cells in one string are shadowed.
Stabilization (MQT*19)

1 General

/ modules.need to be electrically stabilized. For this purpose, all modules shall be exp

etely
tring.

Itage
rrent

ristic

one

osed
This
ed to

réached an electrically stable power output level. Where light is used for stabilithion,

4.19.2 Criterion definition for stabilization

The following formula shall be taken as the criterion to assess whether a module has reached
its stabilized electrical power output:

(Pmax _Pmin)/Paverage <x

where x is defined in the technology specific parts of this standards series.
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Here, Prax: Pmin @nd Payerage are defined as extreme values of three consecutive output power
measurements P, P, and P53 taken from a sequence of alternating stabilization and
measurement steps using MQT 02. P, qr44¢ is the average of all three, Py, P, and Pj.
output power is determined using procedure MQT 06.1.

4.19.3 Light induced stabilization procedures

4.19.3.1 Apparatus for indoor stabilization

a) A class CCC solar simulator or better, in accordance with IEC 60904-9.

b)
c)

g)

4.193.2 Requirements for outdoor exposure forstabilization

a)
b)

d)

e)

A maximum power point tracking device is advisable, e.g. a micro-inverter.

4.19.3.3 Procedure

a)

b)
c)

d)

U
During the simulator exposure, module temperatures shall stay in the range'oef (50 + 1(
A
+

Al suitable reference device, with integrator, for:monitoring the irradiation.

suitable reference device, with integrator, for monitoring the irradiation

se the reference device to set the irradiance between 800 W/m2 and 1 000-\W/m?2.

P °C.

Means for monitoring the temperature of the module to an ,aceuracy of +2,0 °C|
regpeatability of £0,5 °C. The temperature sensor shall be moeunted on a represent
ppsition for the average module temperature.

Means to mount the modules, as recommended by the manufacturer, co-planar wit
eference device.

—

Qnly irradiance levels above 500 W/mZwill count for total irradiance dose required to g
stabilization. Temperature limits are.§pecified in the technology specific parts.

Means for monitoring the temperature of the module to an accuracy of +2,0 °C|
g¢peatability of +0,5 °C. Theltemperature sensor shall be mounted on a represent
ppsition for the average module temperature.

Alresistive load sized such'that the module will operate near its maximum power point
electronic maximum.power point tracker (MPPT).

—

Measure~the output power of each module using the maximum power determin
(MQT\02) procedure at any convenient module temperature within the allowable rangq

STC

Means to mount the modules, as recommended by the manufacturer, co-planar with the
reéference device.

) °C.

| subsequent stabilizations should be done at the same temperature as the initial within

and
ative

Alresistive load sized such that the module will operate nearits maximum power point pr an
electronic maximum power point tracker (MPPT).

h the

heck

and
ative

pran

ation
that

cah.be reproduced within £2 °C for future intermediate measurements.

Attach the load to the modules and mount them, as recommended by the manufacturer
the reference device in the test plane of the simulator.

Record the irradiance levels, integrated irradiation, temperature and used resistive lo
the module.

, with

ad of

Subject each module to at least two intervals of the irradiation as defined in the technology

specific parts of MQT 19 of this standard until its maximum power value stabi
Stabilization is defined in 4.19.2.

lizes.

The output power shall be measured using MQT 02. The time period between light exposure

including MQT 02 measurements and the final determination of maximum pow
accordance to MQT 06.1 is specified in the technology specific part.

er in
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f) Intermediate measurements of MQT 02 shall be performed in approximately equal
integrated irradiation dose intervals. Minimum doses are defined in the technology specific
parts of this standard. All intermediate maximum power measurements shall be performed
at any convenient module temperature reproduced within £2 °C.

g) Report the integrated irradiation and all parameters at which this stability is reached. For
outdoor procedure, where applicable, state the type of load used and show temperature and

ir

4.19.

radiance profiles.

4 Other stabilization procedures

Other stabilization techniques can be used after validation. It is known that the application of

curr
Such

This

Alter

mtor vottage bias cam teadtosimitar effectsimsotar cettsasisthetase for fightexposure.

alternate stabilization procedures will be provided by the manufacturer.

subclause defines the validation process for alternate stabilization procedure:

procgdure. Validation shall be done with three modules. The validation/shall be perform

sequ

a) P
b) M
tg
c) P
S
d) M
tg

An a
abov
critern

4.19.
Initia

Stab

The
critern

The
this s

ence A as initial stabilization. Perform the following to validate altérmate procedures:

erform alternate procedure.

easure MQT 06.1 after the minimum and no more than the‘'maximum time specified i
chnology specific parts.

erform indoor light induced stabilization procedure-4.49.3.1 in accordance to techn
becific requirements.

easure MQT 06.1 after the minimum and no more than the maximum time specified i
chnology specific parts.

ternate method is considered valid if the"two MQT 06.1 measurements from b) a
e are within 2 % for all three evaluated”modules. If one module does not meet the
ia the method is not validated.

5 Initial stabilization (MQT\19.1)

lization is reached if 4.19.2 is fulfilled.

nitial stabilization_is performed to verify manufacture label values as defined in the
ion in IEC 61215:1:2021, 7.2.2 (Gate No. 1).

humber ©of,modules subjected to MQT 19.1 is defined in the technology specific pa
tandards

4.19.

6 \“Final stabilization (MQT 19.2)

nate procedures can be used instead of light exposure if validated*according tq this

ed in

n the
blogy

n the

nd d)
pass

stabilization is performed following procedure and requirements defined in MQT 19.

pass

'ts of

Final stabilization is performed following procedure and requirements defined in MQT 19.

Stabi

lization is reached if 4.19.2 is fulfilled.

The final stabilization is performed to determine module degradation during the test as defined
in the pass criterion in IEC 61215-1:2021, 7.2.3 (Gate No. 2).

If not otherwise stated all modules from sequences A, and C to E have to undergo MQT 19.2
testing.
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4.19.
4.19.

7 Stress-specific stabilization — BO LID (MQT 19.3)

7.1 General

Some stress conditions may change the state of semiconductor defects in a way that is not
representative of field behavior and is not related to the degradation mechanisms that are
targeted by the stress tests. In this case, a stress-specific stabilization may be required to set
the defects into a reproducible state either before or after stress. When to apply a stress-specific
stabilization is prescribed in the technology-specific parts.

MQT 19.3 describes a stabilization procedure that puts the defects causing boron-oxygen light

IndUC Ud dcyladat;ull ;IItU thU IUyUIIUIGtUd otatc. :t oha” UII:y bU UOUd Gt HU;IItO ;II thc tGO ﬂOW

specifically allowed in IEC 61215-1-1:2021.

4.19J7.2 Apparatus for BO-LID stress-specific stabilization

a) Alclimatic chamber with automatic temperature control.

b) Means for mounting or supporting the module(s) in the chamber, §0,-as to allow| free
clrculation of the surrounding air. The thermal conduction of the motunt or support shall be
Iqw, so that, for practical purposes, the module(s) is (are) thermally isolated.

c) Measurement instrumentation having an accuracy of £2,0 °C ‘and repeatability of £0|5 °C
fqr measuring and recording the temperature of the module(s);

d) Means for applying, throughout the test, a current equal to.the module short-circuit cyrrent
1.

4.19f7.3 Procedure

d) In
(8
e) M
(z

4.20
4.20.
The

stall the module(s) at room temperature in the climatic chamber.

onnect the temperature-monitoring equipment to the temperature sensor(s). Connect
odule to the appropriate current supply‘by connecting the positive terminal of the m
the positive terminal of the power supply and the second terminal accordingly.

lose the chamber, and apply a cusrent of I, + 5 % to each module. As long as the cy
pbplied to each module is within &% of its I, the currents applied through multiple mo
one chamber need not be the same.

crease the climactic chamber setpoint such that the temperature of each module res
0 £ 5) °C, and never exceeds 85 °C.

aintain the currentvand temperature within the limits prescribed in steps c) and ¢
8 +2)h.

Cyclic (dynamic) mechanical load test (MQT 20)
1 Purpose

pOrpose of this test is to evaluate if components within the module are extrg

each
bdule

rrent
Hules

ches

) for

mely

SuscC

FET A D | ! ! £ L : 1t = ) P ! £ 4 +
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bility

to low levels of mechanical stress is a module assembly process that compromises the integrity
of module components (for example tabbing that puts too much pressure on the cell and creates
microcracks). Components that may be evaluated by the cyclic dynamic mechanical load test
(DML) include solar cells, interconnect ribbons, electrical bonds, and edge seals.

4.20.

2 Procedure

The test shall be carried out in accordance with IEC TS 62782.

4.20.

3 Final measurements

Repeat the tests of MQT 01 and MQT 15.
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4.20.4 Requirements

a) N

o evidence of major visual defects, as defined in IEC 61215-1:2021.

2021

b) Wet leakage current shall meet the same requirements as for the initial measurements.

4.21
4.21.

Potential induced degradation test (MQT 21)

1 Purpose

The purpose of this test is to measure the module design’s ability to withstand degradation from
applied system voltage, also known as Potential Induced Degradation (PID).

NOTE|
not be

4.21.

If the
one v

ground), then the number of modules selected for test shall be halved andystressed only in

spec
allow
each
teste
modud
(IEC

Sped

If thej

the eprthing means shall be included and considéred a part of the test sample. If the PV mq
vided with or is specified for use with means for mounting that could additionally influence

is prd
the
the t

4.21.

The fest shall be carried out using the apparatus described in IEC TS 62804-1:2015, 4.3.1.

4.21.

The {est shall be cafried out in accordance with the stress method testing in damp heat
an environmental chamber as given in IEC TS 62804-1:2015, 4.3.2 with the following provi
Severities:

Moduledemperature: 85 °C + 2 °C

The test is not designed to evaluate PID involving polarization mechanisms (PID-p) and therefore PID-
detected.

2 Samples

module documentation and the nameplate specify usage of the moduleiin’strings of
oltage polarity with respect to earth ground (one terminal of the module string tied to

fied polarity. Four samples (two for each polarity of the system voltage that is specifi
ed in the module documentation) per Clause 4 of IEC 61215-1:2021 shall be procurg
test. Modules not explicitly requiring string connections with-one terminal earthed sh
d in both polarities. If only two modules are tested (i.e/,one allowed polarity), the
les not subjected to stress during MQT 21 shall only\progress through the test
61215-1:2021, Figure 2) as far as MQT 21, then shallnot be subjected to further teq

PV module is provided with or is specified foruse with a specific means for earthing,

odule grounding, then the means for mounting shall be included and considered a p
st sample.

3 Apparatus

4 Procedure

ifically, the two unused modules shall progress throtagh Gate No 1 but not Gate No 2.

p may

only
earth
that
ed or
d for
all be
two
flow
5ting.

then
pdule

art of

ising
sions

Chamber relative humidity: 85 % = 3 % relative humidity

Dwell: 96 h at the above stated temperature and relative humidity (not including
stabilization)

Voltage: module rated system voltage and polarities applied for the above given dwell
duration and during ramp down of temperature to ambient conditions.

4.21.

5 Final measurements

Repeat the MQT 01 and MQT 15 tests. The MQT 15 test shall be performed within 8 h of the
end of the PID stress described in 4.21.4.
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As per the test flow shown in IEC 61215-1:2021, Figure 2, modules shall be subjected to MQT
19.2, MQT 06.1 (including gate 2), and MQT 03 following the PID test (MQT 21). Bifaciality
coefficients shall be remeasured when performing MQT 06.1 for gate 2. Modules from sequence
F do not need to repeat MQT 15 at the end of the test flow. In order to maximize repeatability
when partially-reversible PID may be present, the modules that have undergone PID testing
shall be stored with controlled conditions between testing steps after PID (i.e. MQT 19.2, MQT
6.1, MQT 03). Between these test steps, the modules shall be maintained indoors, in the dark,
and at temperatures 25 °C or below. For the post-PID tests, no more than 48 h shall elapse
between the end of MQT 21 and the beginning of MQT 19.2. The time limit between MQT 19.2
and MQT 06.1 shall be either 48 h or the time limit specified in the technology-specific
stabilization procedure, whichever is shorter.

4216 Requirements
a) N evidence of major visual defects, as defined in IEC 61215-1:2021, Clause 8.

b) Wet leakage current shall meet the same requirements as for the initial measurements.
4.22 | Bending test (MQT 22)
4.221 Purpose

The purpose of this test is to verify that a flexible module can be ralled up (without damage) to
form Ja radius of curvature defined by the module manufacturer in at least one direction pgr the
manyfacturer’s specification. If the manufacturer’s installatienguide allows bending in more
than |one direction, the worst-case condition shall be used.\~\The test may be performed|on a
reprgsentative sample, as described in IEC 61215-1:2021, Clause 4.

NOTE| Once the radius of curvature is defined, the bending, stresses are the same as long as the thickness|is the
same petween "representative sample" and a longer module.

4.222 Apparatus

a) Al cylinder with a diameter of twice\the radius of curvature specified by the module
manufacturer. The flexible module will be bent over this cylinder.

b) Instrumentation to monitor the electrical continuity of the module during the test.
c) The environmental conditions'for performing the tests are (25 = 5) °C.

4.22.3 Procedure

a) Epuip the module s@'that the electrical continuity of the internal circuit can be monitored
continuously during the test.

b) Roll the flexible module from a flat/planar starting position over the cylinder of the spetified
radius of curvature. If the module is large enough, it shall roll up on the cylinder in eXcess
of 360°.

c) Qnroll the flexible module back to the flat/planar position.

d) Rlepeat b) and c) 25 times.

4.22.4 Final measurements

Repeat the tests of MQT 01 and MQT 15.

4.22.5 Requirements

a) No intermittent open-circuit fault detected during the test when a continuous current is
applied and monitored as performed per MQT 11.

b) No evidence of major visual defects, as defined in IEC 61215-1:2021.

c) Wet leakage current shall meet the same requirements as for the initial measurements.
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Annex A
(informative)

Recommended setup for managing weights
during mechanical loading (MQT 16)

Many factors are known to introduce noise into test that can lead to false module failures during
MQT 16. These factors include nonuniformity of loads, periodic spikes of pressure from weight
placement, frequency of loading, heavy bags, flowing media in bags, and ergonomics of loading
weights. In the absence of an automated system (for example, a pneumatic system) which can
placd the entire payload in a confrolled and uniform Tfashion on the test mofdule,
recoinmendations to ensure quality control of the test methodology are indicated in thisanpnex.

A gantry crane arrangement such as that illustrated in Figure A.1 is recommended‘to placg the
entirg¢ payload in a controlled and uniform manner onto the test module. The ganiry’crane should
be equipped with a variable frequency drive controlled motor which can copirol'the rate off load
placgment on the module. The hoist should be rated adequately to handle the expected loads
and should have adequate clearance to accommodate the loading jig\to be lifted above the
mounting jig and placed on the module mounted into the mounting jig.

=

?

IEC

Figure A.1 — 3D view (at left of figure), end view (at top right), and side view
(at bottom right) of gantry crane over mounting jig and loading jig
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The mounting jig should be designed to mount the module per manufacturer requirements and
should provide sufficient clearance for the load to be placed on the module surface. The
mounting jig illustrated in Figure A.2 shows a module mounting arrangement on a central torque
tube mounted tracker. The example jig in Figure A.2 is fabricated using T-slot aluminium
extrusions. Figure A.3 illustrates a profile view of the mounting jig, which illustrates a pivoting
mechanism to easily turn the module over for loading the opposite side without removing the
fasteners. Alternative arrangements to accommodate a girder based tracker or purlins in fixed
tilt structures are possible.

Figure A.2 — 3D close up views of mounting jig (right) and loading jig (left)
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Figure A.3 — 2D view of mounting jig and’loading jig

Figude A.4 and Figure A.5 show further detail of the loadirg jig with configurable channels where
weights can be placed. The configurable channels can)be fabricated from thick tarpaulin and
adhefkive tape, and are supported by rods. The rods can be moved on the T-slot rails gf the
mounting jig and clamped down by U clamps as, illustrated to make room for any cross support
rails jn the module frame, thus avoiding loading sich members. It is a critical to ensure Igad is
not placed on frame members. The legs of thé’mounting jig are shorter than the depth gf the
chanpels so the weight can bottom out on_the load surface before the legs make contact.

IEC

Figure A.4 — 3D view of loading jig
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Figure A.5 — Close-up view of loading jig

Whilg¢ the media used for the load can vary (lead shot, sand, metal pellets, bricks etc.), some
form|of metal pellet is recommended as {he load medium. The columnar bags should be
consjructed of heavy duty material, so that they can retain their shape and surface area| The
size and shape of the bag chosen shoul@be ergonomic and hold no more than 10 kg of weight.
Each|bag should be filled of same medium and measured by a calibrated scale prior to plEcing
in the¢ appropriate channel to assurge’a uniform load distribution on the module. Each channel

shou|d carry equal amount of weight to assure a loading uniformity of <5 % as specified ih the
test.
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COMMISSION ELECTROTECHNIQUE INTERNATIONALE

MODULES PHOTOVOLTAIQUES (PV) POUR APPLICATIONS
TERRESTRES - QUALIFICATION DE LA CONCEPTION ET
HOMOLOGATION -

Partie 2: Procédures d'essai

2021

AVANT-PROPOS

La| Commission Electrotechnique Internationale (IEC) est une organisation mondiale de normalisation com|
de| I'ensemble des comités électrotechniques nationaux (Comités nationaux de I'lEC). L'IE€"Ya pour ob
fayoriser la coopération internationale pour toutes les questions de normalisation dans les domain
I'é|ectricité et de I'électronique. A cet effet, 'IlEC — entre autres activités — publie des‘Normes internatio
dep Spécifications techniques, des Rapports techniques, des Spécifications accessibles au public (PAS)

posée
jet de
es de
hales,
et des

Gdides (ci-aprés dénommeés “Publication(s) de I'lEC”). Leur élaboration est confiée a des comités d'études, aux

trgvaux desquels tout Comité national intéressé par le sujet traité peut participer. Les organis]
internationales, gouvernementales et non gouvernementales, en liaison aveC-|'IEC, participent égaleme
travaux. L’IEC collabore étroitement avec I'Organisation Internationalesde “Normalisation (ISO), selo
copditions fixées par accord entre les deux organisations.

Lep décisions ou accords officiels de I'lEC concernant les questions techniques représentent, dans la mes
popsible, un accord international sur les sujets étudiés, étant donné queles Comités nationaux de I'lEC inté
soht représentés dans chaque comité d’études.

Lep Publications de I'lEC se présentent sous la forme desrecommandations internationales et sont ag
comme telles par les Comités nationaux de I'lEC. Tous_les\efforts raisonnables sont entrepris afin que
s'dssure de I'exactitude du contenu technique de ses publications; I'lEC ne peut pas étre tenue responsa
I'éyentuelle mauvaise utilisation ou interprétation qui en\est faite par un quelconque utilisateur final.

foyrnissent des services d'évaluation“de conformité et, dans certains secteurs, accédent aux marqu
cophformité de I'lEC. L’IEC n'est respgnsable 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|.

Audcune responsabilité nexdoit étre imputée a I'lEC, a ses administrateurs, employés, auxiliaires ou manda
y ¢ompris ses experts (particuliers et les membres de ses comités d'études et des Comités nationaux de
popr tout préjudice ¢ausé en cas de dommages corporels et matériels, ou de tout autre dommage de q
nafure que ce soit,tdirécte ou indirecte, ou pour supporter les colts (y compris les frais de justice) et les dép
défoulant de la-publication ou de l'utilisation de cette Publication de I'l[EC ou de toute autre Publication de]
oulau crédit quilti est accordé.

gttention est attirée sur le fait que certains des éléments de la présente Publication de I'l|EC peuvent faire
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dits de

La Norme internationale IEC 61215-2 a été établie par le comité d'études 82 de I'lEC: Systémes
de conversion photovoltaique de I'énergie solaire.

Cette deuxiéme édition de I'I[EC 61215-2 annule et remplace la premiére édition de
'IEC 61215-2 parue en 2016; elle constitue une révision technique.

Cette édition inclut les modifications techniques majeures suivantes par rapport a I'édition
précédente.

a) Ajout de I'essai de charge mécanique cyclique (dynamique) (MQT 20 - Module Quality Test,

essai de qualité du module).

b) Ajout d’'un essai de détection de la dégradation induite par le potentiel (MQT 21).
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c)
d)

e)

Ajout de méthodes d’essai exigées pour les modules PV bifaces.

Ajout de méthodes d’essai exigées pour les modules flexibles. Cette disposition inclut I'ajout
de I'essai de flexion (MQT 22).

Révision des exigences du simulateur pour assurer a la fois la définition appropriée et la
réduction le plus possible de I'incertitude.

Correction de l'essai de tenue a I'échauffement localisé, dont la procédure pour les
technologies a couches minces a intégration monolithique (MLI - monolithic integration)
(MQT 09.2) comprenait précédemment deux sections décrivant une méthode uniquement
adaptée aux modules en silicium.

hoix de trois diodes, plutdt que de toutes les diodes d’essai, pour I’essai thermique de la
ode de dérivation (MQT 18).

Suppression de I'essai nominal de fonctionnement du module (NMOT - nominalvmodule
berating test), et de I'essai associé de performances a la température mominale de
nctionnement du module (NMOT - nominal module operating temperatute)), issus fe la
brie [IEC 61215.

o

»w =0

L’Annexe A informative de I'lEC 61215-1:2021, explique le contexte<et la justification qui
sousttendent certaines des modifications les plus significatives apportées a la série IEC 61215

lors du passage de I’édition 1 a I’édition 2.

Le telxte de cette norme est issu des documents suivants:

FDIS Rapport-de vote
82/1829/FDIS 82/1853/RVD

Le rgpport de vote indiqué dans le tableau ci-dessus donne toute information sur le vote ayant

abouti a I'approbation de cette Norme internationale.
La version frangaise de la norme n’a pagété soumise au vote.

Ce dpcument a été rédigé selon les.Directives ISO/IEC, Partie 2.

Une |iste de toutes les parties*de la série IEC 61215, publiées sous le titre général Mogules
photovoltaiques (PV) pour applications terrestres — Qualification de la conceptign et

homa@logation, peut étreseonsultée sur le site web de I'lEC.

Le cgmité a décidé.que le contenu de ce document ne sera pas modifié avant la date de stgbilité
indiguée sur le“site web de I'lEC sous "http://webstore.iec.ch" dans les données relativgs au

document recherché. A cette date, le document sera

—

g¢conduit,

sUpprimé,
remplacé par une édition révisée, ou

amendé.

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
ce document en utilisant une imprimante couleur.
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INTRODUCTION

Alors que la Partie 1 de la présente série de normes décrit les exigences (de maniére générale
et spécifiques par rapport a la technologie du dispositif), les sous-parties de la Partie 1
définissent les variations technologiques, tandis que la Partie 2 définit un ensemble de
procédures d'essai nécessaires pour la qualification de la conception et I'nomologation. Les

procédures d'essai décrites dans la Partie 2 sont valides pour toutes les technologies de
dispositifs.
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MODULES PHOTOVOLTAIQUES (PV) POUR APPLICATIONS
TERRESTRES - QUALIFICATION DE LA CONCEPTION ET
HOMOLOGATION -

Partie 2: Procédures d'essai

1 Domaine d’application

Le présent document établit les exigences concernant la qualification de conception des
modules photovoltaiques terrestres appropriés a un fonctionnement de longue duré€ dans des
climgts a l'air libre. La durée de vie utile des modules ainsi qualifiés dépend de leur.conception,
de lepr environnement et de leurs conditions de fonctionnement. Les résultats d'essai ne|sont
pas yne prévision quantitative de la durée de vie des modules.

Sous| des climats pour lesquels les températures de fonctionnement du. 98¢ centile dépagsent
70 °Q@, il est recommandé que les utilisateurs tiennent compte des essais dans des conditions
d’esdai a des températures plus élevées telles qu’elles sont décrités dans I'lEC TS 63126". II
est recommandé que les utilisateurs qui recherchent la qualification de produits PV dqgnt la
durég¢ de vie prévue est inférieure tiennent compte des “€sSais congus pour les P}V de
I’éledtronique grand public, tels qu’ils sont décrits dans I'lEG\TS 63163 (en cours d'élaboration).
Les Uitilisateurs qui souhaitent avoir I'assurance que |€s caractéristiques soumises a I'gssai
dans| I'lEC 61215 apparaissent de maniére constante dans un produit fabriqué petlivent
souhpiter utiliser I'lEC 62941 pour ce qui concerne lés systémes de qualité pour la fabrication
des modules photovoltaiques.

Le priésent document est destiné a s'appliquera tous les matériaux de modules a plaque plane
pour lapplications terrestres, tels que les typ€s de modules au silicium cristallin et les modgules
a coyches minces.

Le présent document ne s'applique(pas aux modules utilisés avec un ensoleillement int¢nse,
mémge s'il peut étre utilisé pour les.modules a faible concentration (ensoleillement 1 a 3).[Pour
les modules a faible concentration, tous les essais sont réalisés en utilisant les niveaux
d’éclairement, de courant, de_tension et de puissance prévus a la concentration théoriqug.

L'objet de cette séquence’d'essais est de déterminer les caractéristiques électriques du module
et d’ipdiquer, dans la-mesure du possible avec des contraintes de co(t et de temps raisonnables,
que Ile module est eapable de supporter une exposition prolongée en site naturel. Les conditions
d'esdais accélénés sont fondées de maniére empirique sur les conditions nécessaires|pour
reprdduire les défaillances sur le terrain observées sélectionnées et sont appliquées de maniére
égale aux types de modules. Les facteurs d’accélération peuvent varier avec la conceptign du
produiit ,et_ainsi les mécanismes de dégradation peuvent ne pas tous se produire. D’autres
infor:rnations générales concernant les méthodes d’essais accélérés y compris les défin{:[jions
des termes peuvent étre consultées dans I'lEC 62506.

Certains mécanismes de dégradation a long terme ne peuvent raisonnablement étre détectés
que par l'intermédiaire d’essais des composants, car une longue période est nécessaire a
I’apparition des défaillances et car des conditions de contraintes chéres a produire sur des
zones étendues sont nécessaires. Les essais de composants qui ont atteint un niveau de
maturité suffisant pour établir un degré élevé de confiance des critéres d’acceptation/de refus
sont intégrés dans la série IEC 61215 au sein du Tableau 1 de 'lEC 61215-1:2021. A I'inverse,
les procédures d'essai décrites dans cette série sont effectuées sur des modules dans
I'IEC 61215-2.

1 L’'IEC TS 63126 donne des informations relatives aux températures de fonctionnement du 98e centile en fonction

de I'emplacement du systéme et de la configuration du montage.
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2 Reéférences normatives

Les documents suivants sont cités dans le texte de sorte qu’ils constituent, pour tout ou partie
de leur contenu, des exigences du présent document. 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 60068-1, Essais d'environnement — Partie 1: Généralités et lignes directrices

IEC 60068-2-21, Essais d'environnement — Partie 2-21: Essais — Essai U: Robustesse des

ontac H

rt Q t doa dicanaqitifa o 15 SO OIOELAQ
Sortigs—etees UToPoSTUTS—aCTTToTItag e 1MTcUT O UT TS

IEC $60068-2-78:2012, Essais d'environnement — Partie 2-78: Essais — Essai Cab:Chaleur
humide, essai continu

IEC 60891, Dispositifs photovoltaiques — Procédures pour les corrections-en fonction fe la
tempgrature et de I'éclairement a appliquer aux caractéristiques |-V mesurées

IEC 60904-1, Dispositifs photovoltaiques — Partie 1: MesurageV des caractéristiques
courant-tension des dispositifs photovoltaiques

IEC 60904-1-1, Dispositifs photovoltaiques — Partie 1-1x. Mesurage des caractéristiques
courant-tension des dispositifs photovoltaiques (PV) multijonctions

IEC |TS 60904-1-2, Photovoltaic devices — Paurt 1-2: Measurement of current-voltage
characteristics of bifacial photovoltaic (PV) devices(disponible en anglais seulement)

IEC §0904-2, Dispositifs photovoltaiques <(PRartie 2: Exigences applicables aux dispgsitifs
photovoltaiques de référence

IEC 60904-3, Dispositifs photovoltaiques — Partie 3: Principes de mesure des dispgsitifs
solaires photovoltaiques (PV) a usage terrestre incluant les données de I'éclairement spégctral
de rdférence

IEC 60904-7, Dispositifs photovoltaiques — Partie 7: Calcul de la correction de désadaptation
des néponses spectrales-dans les mesures de dispositifs photovoltaiques

IEC §0904-8, Dispositifs photovoltaiques — Partie 8: Mesure de la sensibilité spectrale|d'un
dispqsitif photovoltaique (PV)

IEC $0904-9:2020, Dispositifs photovoltaiques — Partie 9: Classification des caractéristiques
des gimulateurs solaires

IEC 60904-10, Dispositifs photovoltaiques — Partie 10: Méthodes de mesure de la linéarité

IEC TR 60904-14 Photovoltaic devices — Part 14: Guidelines for production line measurements
of single-junction PV module maximum power output and reporting at standard test conditions
(disponible en anglais seulement)

IEC 61140, Protection contre les chocs électriques - Aspects communs aux installations et aux
matériels

IEC 61215-1:2021, Modules photovoltaiques (PV) pour applications terrestres — Qualification
de la conception et homologation — Partie -1: Exigences d'essai
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IEC 61215-1-1, Modules photovoltaiques (PV) pour applications terrestres — Qualification de la
conception et homologation - Partie 1-1: Exigences particuliéres d'essai des modules
photovoltaiques (PV) au silicium cristallin

IEC 61730-1:2016, Qualification pour la sareté de fonctionnement des modules
photovoltaiques (PV) — Partie 1: Exigences pour la construction

IEC 61730-2, Qualification pour la sireté de fonctionnement des modules photovoltaiques (PV)
— Partie 2: Exigences pour les essais

ispgnible

IEC TS 62782, Photovoltaic (PV) modules — Cyclic (dynamic) mechanical Noad tegsting
(disppnible en anglais seulement)

IEC 62790, Boites de jonction pour modules photovoltaiques — Exigences dé’sécurité et essais

IEC TS 62804-1:2015, Photovoltaic (PV) modules — Test methods for.the detection of potepntial-
induged degradation — Part 1: Crystalline silicon (disponible en angdlais seulement)

IEC TS 63163: — 2 Terrestrial photovoltaic (PV) modules «for consumer products — Deésign
qualification and type approval (disponible en anglais seulement)

3 Termes et définitions

Pour|les besoins du présent document, lesdermes et définitions de I'IEC TS 61836 ¢t de
I'IEC|61215-1:2021, ainsi que les suivants s'appliquent.

L'ISQ et I'IEC tiennent a jour des bases*de données terminologiques destinées a étre util[sées
en ngrmalisation, consultables aux.adresses suivantes:

o |EC Electropedia: disponible.a I'adresse http://www.electropedia.org/

e |$0 Online browsing platform: disponible a I'adresse http://www.iso.org/obp

3.1
exactitude <d’un appareil de mesure>
qualifé qui caracterise I'aptitude d'un appareil de mesure a donner une valeur indiquée proche
d’ung valeur vyraie du mesurande [conforme au Vocabulaire International de Métrglogie
(VIM) 5.18]

Note 1 adlarticle: Ce terme est utilisé dans 'approche "valeur vraie".

Note 2 a l'article: L'exactitude est d'autant meilleure que la valeur indiquée est plus proche de la valeur vraie
correspondante.

[SOURCE: IEC 60050-311:2001, 311-06-08]

3.2

dispositif de commande

capteur d'éclairement (cellule ou module de référence, par exemple) utilisé pour détecter les
dérives et autres problémes du simulateur de rayonnement solaire

2 En cours d’élaboration. Stade au moment de la publication: ADTS.
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niveau de sortie de puissance électriquement stable
état du module photovoltaique (PV) dans lequel il fonctionnera sous une exposition prolongée

aun

3.4

éclairement solaire naturel

répétabilité <des mesures>
étroitesse de l|'accord entre les résultats des mesures successives du méme mesurande,
effectuées dans les mémes conditions de mesure, c'est-a-dire:

— suivant le méme mode opératoire,

2021

- P

Note

[SOU

3.5

poin
comy
spéc

3.6

poin
comg
apres

4 H

Les paragraphes suivants fournissent des instructions détaillées sur la réalisation de ch

essa
la sé

4.1

411

ar le méme observateur,
I moyen des mémes appareils de mesure,
ilisés dans les mémes conditions,

bns le méme laboratoire,

intervalles de temps assez courts [= VIM 3.6].

a l'article: La notion de "mode opératoire" est définie en 2.5 dans le VIM,

RCE: IEC 60050-311:2001, 311-06-06]

1

fications de plaque signalétique, comme celaest décrit dans I'lEC 61215-1:2021

2

contrainte, comme cela est décritidans I'lEC 61215-1:2021

Procédures d'essai

de qualité du module (MQT). L’IEC 61215-1 décrit les exigences relatives au rappor
Huence d'essais de qualification.

Examen’visuel (MQT 01)

Objet

Déte

ctef tout défaut visuel dans le module.

araison des critéres d’acceptation / de rejet enire’les performances d’'un module ef ses

araison des critéres d’acceptation /-de rejet entre les performances d’un module avant et

aque
t et a

4.1.2

Procédure

Examiner soigneusement chaque module sous un éclairement supérieur ou égal a 1 000 lux
selon les conditions et observations définies dans I'lEC 61215-1:2021.

Relever et/ou photographier tous les défauts qui peuvent étre des défauts visuels majeurs, tels
qu'ils sont définis dans I'lEC 61215-1. Relever et/ou photographier également la nature et
I'emplacement des félures, bulles ou décollements interlaminaires, etc., qui peuvent se
détériorer et compromettre les performances du module lors des essais qui suivent. Enregistrer
toutes les autres informations pertinentes concernant I'origine de la défaillance et les conditions
d’essai ou de laboratoire associées.
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4.1.3 Exigences

Il n'est admis aucun défaut visuel majeur, tel que ceux définis dans I'lEC 61215-1:2021.

4.2 Détermination de la puissance maximale (MQT 02)
4.2.1 Objet

Déterminer la puissance maximale du module aprés stabilisation, et avant et aprés les différents
essais de contrainte d'environnement.

4.2.2
a) Unh appareillage de mesure des caractéristiques I-¥ conformément a I'lEC 60904-1.
b) Un dispositif PV de référence conforme a I'lEC 60904-2.

c¢) Au moins une des deux options suivantes qui permettent de réduire la(composanie de
Bsadaptation des réponses spectrales de l'incertitude doit étre utilisée:

o

o| Effectuer une correction de désadaptation des réponses speéGtrales. La sensibilité
spectrale du module doit étre mesurée conformément a I'lEC 60904-8. Les donnégs de
réponse spectrale peuvent provenir du méme laboratoire effectuant I'essai IEC 61215-
2:2021 ou d’un autre laboratoire. L’échantillon utilisé jpour obtenir les données de
réponse spectrale peut étre le module d'essai ou une cellule de référence fabriquéelavec
la méme nomenclature que celle du module d'essai. La répartition spectralg du
simulateur solaire doit ensuite étre utilisée pour corriger la désadaptation des répdnses
spectrales conformément a I'lEC 60904-7.

o| Utiliser une cellule ou un module de référerice “adapté. Le dispositif de référence doit
étre de la méme technologie de cellule que.le module d’essai pour correspondrg a la
sensibilité spectrale. |l n’existe pas d’exigences applicables a la taille de la celluje ou
du module.

d) Une source de rayonnement: éclairement solaire naturel ou simulateur solairg de
classe CAA ou meilleur conforme a@IEC 60904-9. Pour les modules de trés grande [taille
(définis dans I'lEC 61215-1:2021);~un simulateur de classe CBA peut étre utilisé.

NPDTE 1 La classe CBA est définie_conformément a I'lEC 60904-9. La correspondance spectrale AM1.5 est
clpssée dans la catégorie C, la‘non-uniformité de I’éclairement pour la taille du module classée dans la
cadtégorie B, et la stabilité temporelle de I’éclairement dans |la catégorie A.

Plour obtenir une exactitude élevée du mesurage de puissance, il convient que la répartition
de I'éclairement spectral du simulateur solaire couvre I'ensemble de la plage de longueurs
dlonde couvertelpar la sensibilité spectrale du dispositif PV en essai. Voir I'l|EC TR 6(0904-
1 et I'IEC 60904-9:2020.

e) Un supportiapproprié pour maintenir I'éprouvette d’essai et le dispositif de référence [dans
N plan-perpendiculaire au rayon radiant.

—_—

C

NOTE|24/Les procédures de mesure de MQT 02, par exemple celles qui sont effectuées par un laboratoire d'essai
certifié,_Ssont concues pour une incertitude minimale. Des exigences moindres. telles que 'utilisation de simulhteurs
de classe CAB, peuvent convenir a d’autres applications (par exemple, le contréle de la qualité en usine). Les
applications qui n’exigent que la répétabilité, comme la comparaison des performances du module avant et aprés
une contrainte prolongée, peuvent souhaiter assouplir les exigences de correction de désadaptation des réponses
spectrales.

4.2.3 Procédure

Déterminer les caractéristiques courant-tension du module conformément a I'lEC 60904-1 a un
ensemble particulier de conditions de température et d'éclairement (une plage recommandée
est une température de cellule comprise entre 20 °C et 50 °C et un éclairement compris entre
700 W/m2 et 1 100 W/m2), en utilisant I'appareillage décrit en 4.2.2. Dans des circonstances
particulieres, lorsque les modules sont congus pour fonctionner dans une plage différente de
conditions, les caractéristiques courant-tension peuvent étre mesurées en utilisant des niveaux
de température et d'éclairement similaires aux conditions de fonctionnement attendues. Pour
les modules linéaires (tels que ceux définis dans I'lEC 60904-10), la température et
I'éclairement peuvent étre corrigés conformément a I'lEC 60891 afin de comparer des
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ensembles de mesurages réalisés sur le méme module avant et aprés les essais
d'environnement. Pour les modules non linéaires (tels que ceux définis dans I'lEC 60904-10),
le mesurage doit étre réalisé a +5 % de I'éclairement spécifié et & +2 °C de la température
spécifiée. Cependant, il convient de veiller a réaliser les mesurages de la puissance de créte
dans des conditions de fonctionnement similaires, ce qui signifie de réduire le plus possible
I'amplitude de la correction en effectuant tous les mesurages de la puissance de créte sur un
module particulier approximativement a la méme température et au méme éclairement.

Concernant les modules flexibles, la puissance maximale doit étre déterminée avec le module
flexible en position a plat.

4.3 | Essai diélectrique (MQT 03)
4.3.1 Objet

Détefminer si oui ou non le module est suffisamment bien isolé entre les partieslactives ¢t les
parti¢s accessibles.

4.3.2 Appareillage

a) Une source de tension a courant continu disposant d’un limiteur de courant capable
d|appliquer la tension spécifiée dans la troisiéme colonne du-Tableau 1 pour les différ¢ntes
classes du module.

b) U appareil de mesure de la résistance d’isolement.
4.3.3 Conditions d'essai

L'esqai doit étre réalisé sur les modules a la_température ambiante de I'atmosphére
envirpnnante (voir I'lEC 60068-1) et & une humidité relative ne dépassant pas 75 %.

Les piveaux de contrainte de tension appligués au module sont déterminés par la tension
maximale du réseau (Vsys) du module, da classe du module et la présence ou non de joints

collés. Les définitions des classes de-module sont issues de I'lEC 61140, et sont traitégs en
relation avec les modules PV a I'Article 4 de I'|EC 61730-1:2016. La définition des joints dollés
est donnée en 3.4.2 de I'lEC 61730-1:2016, et est par ailleurs traitée dans les Articles B.5 et
B.9 de I'IEC 61730-1:2016. Les.niveaux de contrainte de tension appliqués dans cet essai sont
les mémes que ceux appliqués pour le MST 16 de I'l|EC 61730-2.

4.3. Procédure

a) Clonnecter les bornes de sortie court-circuitées du module a la borne positive d'un dispositif
dlessai diélectrique a courant continu disposant d'un limiteur de courant.

b) Connecter les parties métalliques exposées du module a la borne négative du dispositif
dlessaiSi le module n'a pas de cadre ou que le cadre est un faible conducteur, envelgpper
Igs Hords d'une feuille conductrice. Connecter les parties recouvertes de feuille a la horne
nggative du dispositif d'essai.

c) Certaines technologies de modules peuvent étre sensibles a la polarisation statique si le
module est fixé au cadre a une tension positive. Dans ce cas, la connexion du dispositif
d'essai doit étre effectuée dans l'autre sens. S'il y a lieu, le fabricant doit fournir les
informations relatives a la sensibilité a la polarisation statique, et ces informations doivent
étre consignées dans le rapport d’essai.

d) Relever la tension de "préconditionnement d’'une minute", V1.4, de la troisiéme colonne

du Tableau 1. Augmenter la tension appliquée par le dispositif d’essai a une vitesse qui ne
dépasse pas 500 V/s jusqu’a une tension maximale égale a Vy.414. Maintenir la tension a

ce niveau pendant 1 min.

e) Ramener la tension appliquée a zéro, puis court-circuiter les bornes de I’équipement d'essai
afin de décharger la tension produite dans le module.

f) Enlever le court-circuit.
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g) Relever la tension de "contrainte de deux minutes", Vts0, de la quatriéme colonne du

Tableau 1. Augmenter la tension appliquée par I’équipement d’essai a une vitesse qui ne
dépasse pas 500 V/s jusqu’a la tension V1gep. Maintenir la tension a ce niveau pendant

2

min, puis mesurer la résistance d'isolement.

h) Ramener la tension appliquée a zéro, puis court-circuiter les bornes de 'équipement d'essai
afin de décharger la tension produite dans le module.

i) Enlever le court-circuit et déconnecter I'équipement d'essai du module.

Tableau 1 — Niveaux de contrainte de tension

Classe Les iocints-collés Préconditionnement d’1 min Contrainte-de-2-min PO le mesurag

de

d
modg

d . - ye
sont-ils présents? Viestt la résistance d’isolement, Vrest2

ule
| 4 | 4

Non 1000 +2x VSyS Valeur la plus élevée entre 500.et VSyS

Non 2000 +4 x VSyS Valeur la plus élevée entte~500 et VSyS

Non 500 500

Oui 1,35 x (1000 +2x 7,

Sys) Valeur la plus élevée entre 500 et Vsys

Oui 1,35 x (2000 +4 x 7,

Sys) Valeur la plds élevée entre 500 et Vsys

Oui 1,35 x (500) 500

P
p
c) P
d
4.4

Déte
de ci
ainsi
Voir
nivea
appli
arrie
limit4
Si la
de I'4
comr

Exigences d'essai
n'existe aucun signe de rupture diélectrique ounde cheminement superficiel.

our les modules dont la surface est inférieure'a 0,1 m2, la résistance d'isolement ne
s étre inférieure a 400 MQ.

our les modules dont la surface est Supérieure & 0,1 m2, le produit de la résisf

Mesurage des coefficients.de température (MQT 04)

miner les coefficients de.température du courant (o), de la tension (B) et de la puiss
éte (8) a partir des mesurages de modules spécifiés dans I'lEC 60891. Les coeffig
déterminés sont valables pour I'éclairement sous lequel les mesurages ont été effed|
'[EC 60904-10 pouril'évaluation des coefficients de température du module a diffé
ux d'éclairement. Pour les modules bifaces, déterminer les coefficients de températu

isolement mesurée et de la surface’du module ne doit pas étre inférieur 2 40 MQ-m3.

doit

ance

ance
ients
tués.
rents
re en
face

nuant la méme-procédure, mais en évitant toute irradiation par la face arriére. La

e ou infériéure aux niveaux spécifiés dans I'lEC TS 60904-1-2 pour I’ "arriére non illu

lectronique intégrée au module, le coefficient de température associé doit étre con

ouve

mesurage direct (I’extrapolation, par exemple).

e doit étre.couverte de sorte que la contribution de la face non exposée du modulg

tension.en circuit ouvert ou le courant de court-circuit ne peut pas étre mesuré en ra

soit

iné".
ison

signé

NOTE Pour les modules linéaires conformes a I'lEC 60904-10, les coefficients de température sont valables dans

une pl

4.5

age d'éclairement a +30 % de ce niveau.

Espace réservé, auparavant NMOT

L’essai de température nominale de fonctionnement du module (NMOT, nominal module
operating temperature), auparavant MQT 05, ne fait plus partie du présent document. Ce
paragraphe est conservé afin que, dans les paragraphes suivants du document, les numéros
des MQT soient en accord avec les numéros des paragraphes.
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4.6 Performances dans les STC (MQT 06.1)
4.6.1 Objet

Déterminer la variation des performances électriques du module sous charge dans les STC
(1 000 W/m2, température de cellule de 25 °C, avec une répartition de I'éclairement spectral
solaire de référence selon I'lEC 60904-3). L’essai MQT 06.1 est un cas de détermination de la
puissance maximale (MQT 02) réalisée dans les STC. L'essai MQT 06.1 sert a vérifier les
informations de la plaque signalétique du module et a déterminer la perte de puissance
résultant des essais de contrainte. L’incertitude, m4, doit inclure une composante issue de la
désadaptation des réponses spectrales, fondée soit sur la réponse spectrale mesurée, soit sur
le cagteptuos—défavorabtepe -ty Pe e i © ', Trrethode 2
I'inte érifier la plaque signalétique, I'incertitude m, est soumisg
limitgs spécifiées dans les parties de la présente norme spécifiques a la technologie. [Pour
déteﬂ:iner la perte de puissance a partir des essais de contrainte, la reproductibilité de I'dssai,

r, esfsoumise aux limites spécifiées dans les parties de la présente série de normes spécifiques
a la technologie.

4.6.2 Appareillage
a) L|appareillage doit étre celui décrit en 4.2.2 (MQT 02).

b) ll|doit étre aussi équipé d’un dispositif permettant de contrélerla température de I'éprouyvette
dlessai et du dispositif de référence avec une exactitudetde +1 °C et une répétabilifé de
10,5 °C.

c) Ppur le mesurage des modules bifaces, la capacité Suivante est également nécessairg: La
spurce de rayonnement utilisée comme cela est spécifié en 4.6.2a doit pouvoir fonctignner
ayec des niveaux d'éclairement et/ou un éclairemeéent arriére réglables, de sorte que le BNPI
(défini dans I'EC 61215-1:2021) puisse étre. appliqué selon au moins une méthode admise

ar 'IEC TS 60904-1-2.

p
d) Plour le mesurage des modules multijonctions, le simulateur et le dispositif de réféfence
dpivent satisfaire aux exigences supplémentaires imposées par I'lEC 60904-1-1.

4.6.3 Procédure de mesure dans les STC (MQT 06.1)

Maintenir le module a (25 £ 2)°C et tracer ses caractéristiques courant-tension sous un
éclaifement de (1 000 + 100);W/m2 (mesuré par un dispositif de référence adapté) $elon
I''EC|60904-1, en utilisant 'appareillage décrit en 4.6.2.

Une |température de‘\.module doit étre corrigée a 25 °C en utilisant les coefficients de
tempgrature, la série{lEC 60904 et I'lEC 60891.

Pour|les modules bifaces, les mesurages doivent se dérouler comme cela est spécifié [dans
PIEC|TS 60904-1-2. Le MQT 06 doit étre effectué dans les STC et au BNPI & éclairement ¢levé
pour[lespoint 1. Chaque fois que le MQT 06 est effectué dans les STC, les coefficien{s de
bifac|alité dans les STC du courant de court-circuit (¢;e. = Isor / Iocf), de la tension en dircuit

ouvert (@poc = Voor | Vocp) €t de la puissance (@pmax = Pmaxr ! Pmaxf) doivent étre mesurés

conformément a I'lEC TS 60904-1-2. La définition compléte de ces grandeurs, la méthode
permettant de les mesurer et les symboles utilisés pour les décrire sont spécifiés dans I'lEC
TS 60904-1-2. Lors de I’évaluation du point 2, (c’est-a-dire aprés contrainte), le MQT 06 doit
étre effectué au BNPI. Aprés contrainte, il n’est pas nécessaire de mesurer a nouveau les
coefficients de bifacialité, sauf si cela est spécifiquement indiqué dans la procédure de I'essai
de contrainte MQT. Les coefficients de bifacialité mesurés avant contrainte peuvent étre utilisés
pour calculer l'intensité équivalente appropriée lors d'un mesurage d’éclairement monoface.
Pendant I'application du MQT 06 au BNPI, toute méthode décrite dans I'lEC 60891 peut étre
utilisée afin de corriger I'éclairement appliqué pour obtenir I’éclairement équivalent désiré de la
face avant, tant que les exigences relatives a I'incertitude maximale m+1 sont satisfaites.

NOTE 1 L'’utilisation de méthodes de I'lEC 60891 pour corriger I’éclairement appliqué pour obtenir I'éclairement
équivalent désiré de la face avant peut aider le dispositif d’essai a éviter I'utilisation d'un étalonnage différent du
simulateur pour chaque module dont le coefficient de bifacialité est Iégerement différent.
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NOTE 2 Le mesurage de la performance au BSI n’est pas exigé. Lorsque les niveaux de contrainte sont fixés
conformément au BSI, les courants peuvent étre extrapolés a partir des intensités inférieures, comme cela est
spécifiqguement décrit dans les MQT qui utilisent le BSI pour les modules bifaces.

Concernant les modules flexibles, la puissance maximale doit étre déterminée avec le module
flexible en position a plat (c’est-a-dire complétement déplié). Pour les modules de trés grande
taille (définis dans P'IEC 61215-1:2021), des essais certifiés peuvent étre effectués par
I'organisme d’essai dans les installations du fabricant, mais doivent toujours satisfaire aux
exigences énonceées en 4.6.2.

Pour les modules multijonctions, les mesurages doivent se dérouler comme cela est spécifié
dans 'lEC TS 60904-1-1.

4.7 | Performances sous faible éclairement (MQT 07)
4.71 Objet

Déterminer la variation des performances électriques du module sous chargea 25 °C et|sous
un é¢lairement de 200 W/m?2.

4.7.2 Appareillage
a) L|appareillage doit étre celui décrit en 4.2.2 (MQT 02).
L’appareillage doit également comporter les équipements suivants:

b) Elquipement nécessaire pour modifier I'éclairement-&.200 W/m2 sans affecter la répartition
¢lative de I'éclairement spectral et I'uniformité spatiale conformément a I'lEC 60904-10.

—

c) Un dispositif permettant de contréler la température de I'éprouvette d'essai et du dispgositif
dge référence avec une exactitude de +1 °C_et-Une répétabilité de £0,5 °C.

d) Les équipements suivants sont également nécessaires pour le mesurage des modules
bl|faces: Il s’agit des déflecteurs pouvant étre disposés autour des bords des modules,|ainsi
gb’un cache non réfléchissant permettant de bloquer temporairement I'éclairement en
dlrection du cb6té opposé du module, afin d’évaluer les performances avant et arriére des
odules bifaces individuellement.

m
e) Ppur le mesurage des madules multijonctions, le simulateur et le dispositif de réfénence
bivent satisfaire aux exigences supplémentaires imposées par I'lEC 60904-1-1.

3

4.7. Procédure

Détefminer les caractéristiques courant-tension du module a (25 + 2) °C et sous un éclairement
de (200 + 20) W/m? (commandé par un dispositif de référence adapté) selon I''EC 60904-[1, en
utilisant I'appareillage spécifié en 4.7.2. L'éclairement doit étre réduit au niveau spéciflé en
utilisant desfiltres de densité neutres ou une autre technique qui n'affecte pas la répartition de
I'éclairement spectral. (Voir I'EC 60904-10 pour des recommandations relatives a la réduction
de I'dclairement sans modifier la répartition de I'éclairement spectral).

Une température de module doit étre corrigée a 25 °C en utilisant les coefficients de
température, la série IEC 60904 et I'lEC 60891.

Concernant les modules flexibles, la puissance maximale doit étre déterminée avec le module
flexible en position a plat (c’est-a-dire complétement déplié). Pour les modules de trés grande
taille (définis dans P'IEC 61215-1:2021), des essais certifiés peuvent étre effectués par
'organisme d’essai dans les installations du fabricant, mais doivent toujours satisfaire aux
exigences énoncées en 4.7.2.

Pour les modules bifaces, effectuer deux mesurages monofaces a 200 W/m2, I'un sur la face
avant et l'autre sur la face arriére, a 'aide de déflecteurs et d’'un écran de couverture arriére.
Calculer les coefficients de bifacialité sous faible éclairement conformément a la procédure
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spécifiée dans 'lEC TS 60904-1-2, a I'exception de I'application d’un éclairement de 200 W/m?
au lieu de 1 000 W/m2.

Pour les modules multijonctions, les mesurages doivent se dérouler comme cela est spécifié
dans I'lEC TS 60904-1-1.

4.8

Essai d'exposition en site naturel (MQT 08)

4.81  Objet

Procéder a une évaluation préliminaire de I'aptitude du module a supporter une exposition dans

des
ne p

4.8.2 Appareillage

a)

b)
c)

d)

4.8.3 Procédure

c)

Les
pendant outapres I'essai.

s étre détectés par des essais en laboratoire.

Une structure dégagée pour maintenir le ou les modules d'essai et le mohiteur d’irradi
splaire de la maniére spécifiée. La structure doit étre congue pour réduire le plus pos
d conduction thermique dégagée par les modules et pour interférer,alissi peu que pos
vec le libre rayonnement de chaleur provenant de leurs faces avant et arriére.

a
Sj les modules ne sont pas congus pour étre montés sur une structure dégagée, le 9
nmodules d'essai doivent étre montés conformément aux recommandations du fabrican

Un moniteur d’irradiation solaire exact a +5 %, monté dans le plan du ou des modu
0|3 m du dispositif d'essai.

Dies dispositifs pour monter le module, conformément aux recommandations du fabri
dans le méme plan que le moniteur d’irradiation:

Une charge résistive aux dimensions telles que'le module fonctionne prés de son poi
pliissance maximale ou un dispositif électronique de suivi du point de puissance max
(MPPT, maximum power point tracker).

Le ou les modules d'essai doivent étre placés perpendiculairement a la latitude locale
Noter I'angle d'inclinaison du module d'essai dans le rapport d'essai.

aximale au module, puis installer le module dans des conditions de site na3
bnformément aux recommandations du fabricant, dans le méme plan que le mor

ar le fabricant doivent étre installés avant de soumettre le module a l'essai.

xposer le module & une irradiation (mesurée par le moniteur) d’au moins 60 kWh/m?2

modules._d’essai peuvent étre nettoyés conformément aux instructions du fabri

F
m
c
dlirradiation. Des dispositifs de protection contre les échauffements localisés recommandés
p
E

jonditions de site naturel, et révéler les effets d'une dégradation synergétique qui pelivent

ation
sible
sible

u les
t.
les a

cant,

nt de
male

15°.

xer la charge résistivesou le dispositif électronique de suivi du point de puissance

turel
iteur

cant,

4.8.4— Mesurages fimaux
Répéter les essais MQT 01 et MQT 15.

4.8.5 Exigences

a)

Aucun défaut visuel majeur, tel que ceux définis dans I'lEC 61215-1:2021.

b) Le courant de fuite en milieu humide doit satisfaire aux mémes exigences que pour les

mesurages initiaux.
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4.9
491

Essai de tenue a I'échauffement localisé (MQT 09)

Objet

Déterminer l'aptitude du module a supporter les effets d'un échauffement localisé en cas de
polarisation inverse dus, par exemple, a la fusion d'une soudure ou a la détérioration de
I'encapsulant. Ce défaut peut étre provoqué par des cellules défectueuses, incompatibles ou
obturées. Bien que la température absolue et la perte de puissance relative ne constituent pas
des critéres pour cet essai, les conditions d'échauffement localisé les plus défavorables sont
utilisées pour garantir la sécurité de la conception.

4.9.2

L'éch
cour
grou
grou
puisg

Si la
inver|
la so
ou ur
diodd

Les

cellu
inver
inver
diffén

Cellu

auffement localisé en cas de polarisation inverse d'un module se produit lorsqus
nt de fonctionnement excéde le courant de court-circuit (/5.) réduit d'une cellile ou

e de cellules ombré ou défectueux. Lorsqu'une telle condition survient,la cellule
e de cellules affectées se retrouvent polarisés en inverse et doivent-dissiper
ance, ce qui peut entrainer un échauffement.

5e peuvent s'échauffer, donnant ainsi lieu — selon la technologie utilisée — a une fusigq
ldure, une détérioration de I'encapsulant, une détérioration de la face avant et/ou a

s de dérivation peut empécher les dommages résultant d'un échauffement localisé.

Caractéristiques inverses des cellules solaires{ peuvent varier considérablement,
es peuvent faire I'objet soit d'une résistanceshunt élevée lorsque les performg
5es sont limitées par la tension, soit d'une résistance shunt faible lorsque les perform4g

ente, étre confronté a des problémes d'échauffement localisé.

les a faible résistance shunt:

s conditions d’'ombrage les plus défavorables se produisent lorsque I'intégralité (od
rande partie) de la cellule est-ombrée.

calisés. Dans ce cas;.un échauffement localisé se produit, car une grande quanti
purant traverse unézone réduite. Ce phénoméne étant localisé, ce type de cellule prés
N risque élevé de.dispersion des performances. Les cellules dont la résistance shur

Kcessivementiélevées en cas de polarisation inverse.

échauffement étant localisé, les défaillances résultant d'un échauffement localis§
bllules~a faible résistance shunt se produisent rapidement.

Le pr

son
d'un
Ou le
le la

puissance dissipée est suffisamment élevée ou localisée, la ou les cellules polarisé¢s en

n de
riere

e fissuration du superstrat, du substrat et/ou du verre prétecteur. La bonne utilisation des

Les
nces
nces

5es sont limitées par le courant. Chacun“de ces types de cellules peut, de mapiére

une

ouvent, les cellules a(faible résistance shunt se présentent ainsi a cause de shunts

é de
sente
t est

plus faible. présentent une forte probabilité de fonctionner a des températures

des

incipal probléme technique consiste a identifier les cellules dont la résistance shunt

pst la

plus faible, puis a déterminer les conditions d'obturation les plus défavorables pour ces cellules.
Ce processus dépend de la technologie et est traité dans les parties spécifiques a la technologie

de la

Cellu

présente série de normes.

les a résistance shunt élevée:

e Les conditions d'ombrage les plus défavorables se produisent lorsque la cellule est
partiellement ombrée.

e Le claquage de la jonction et les températures élevées se produisent plus rarement. |l est
nécessaire que 'ombrage demeure en place pendant un certain temps avant de produire
un échauffement localisé le plus défavorable.
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Classification des interconnexions de cellules

Connexion en série de toutes les cellules dans une seule chaine (ou branche). Voir
Figure 1. Les modules a cellules connectées en série peuvent étre protégés par une
seule diode de dérivation (Figure 1, a gauche) ou plusieurs diodes de dérivation
(Figure 1, a droite).

EC

L’exemple présente un module protégé par une diode de dérivation (gauche) ou trois diodes de 'dérivation (drpite).

Cas PS:

Figure 1 — Cas S, connexion en série avec diode de dérivation facultative

Connexion en paralleéle-série, c'est-a-dire une connexion.ehn série de blocs (g), ou
chaque bloc est composé d'une connexion en paralléle d'un certain nombie de
cellules (P). Voir Figure 2.

| | | 1 1 |
11112113 14| . O1P :
| | | | | 1
I I

|

| 1 1 1 1 |
21 || 22|23 24 2P :
| | | | | 1
I I

|

- T 1 | |
313213334 . |3P I
|

|

S1]|1S2||S3||S4 S.P

IEC

Figure 2 — Cas PS, connexion en paralléle-série avec diode de dérivation facultative

Cas SP:

Connexion en série paralléle, c'est-a-dire une connexion en paralléle de blocs (P),
ou chaque bloc est composé d'une connexion en série d'un certain nombre de
cellules (S). Voir Figure 3.
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Chadue configuration exige une procédure particuliere d'essai de tenue a I'échauffe
locallsé.

4.9.4  Appareillage

a)

Figure 3 — Cas SP, connexion en série-paralléle avec.diode de dérivation facultati

1
11 |12 |13 |14 .. |1p |
| 1 | 1 1
2.1 221123 2.4 2.P :
| 1 | | 1 :
3.1 321133 3.4 3.P |
T T T T T |
L L L L L
] I 1 1 1 ’
I 1 I 1 1 |
I I 1 1 1 Y
1 I 1 1 1 w
I 1 1 1 1
i 1 I 1 I 1
1 1 I 1 I I
] I 1 1 I |
S.1 S2||S3||S4 S.P 1
1
1

IEC

Spburce de rayonnement: Eclairementisolaire naturel, ou simulateur solaire a éclaire
continu de classe BBB (ou meilleur)-conforme a I'lEC 60904-9. L’éclairement de I'un]

‘autre source de rayonnement, doit étre de (1 000+ 100) W/m2. Cette sourc

pnditions d’'ombrage les plus*défavorables ont été appliquées au module. Cette sour
yonnement peut étre utilisée pour le choix des cellules pour 'ombrage, ou le simul
LiIsé facultatif (décrit en 4.9.4g)) peut étre utilisé pour le choix des cellules.

our les modules~ bifaces, la source de rayonnement utilisée pour les expos
rfolongées doit(pouvoir fonctionner avec des niveaux d'éclairement et/ou un éclaire
rriere réglables; de sorte que le BSI (défini dans I'lEC 61215-1:2021) puisse étre app
Blon au moins une méthode admise par 'lEC TS 60904-1-2. La tolérance de I'éclaire
tal, qu’élle’ soit appliquée dans une configuration monoface ou double face, ne doi
Bbpasser+50 W/m?2.

QO 0w OT YO IO

ment

ment
e ou
b de

yonnement est utilisée pour-appliquer une contrainte de longue durée lorsqu¢ les

e de
ateur

tions
ment
liqué
ment
I pas

U|n traceur de courbe /-7 de module.

Un équipement de mesure du courant.
Des caches complétement opaques pour ombrer les cellules d'essai.

Une caméra infrarouge pour mesurer et enregistrer les températures de module. La ca
doit pouvoir fonctionner de sorte que la résolution des caractéristiques soit inférieure a
d’une seule cellule.

méra
celle

Un équipement pour enregistrer les niveaux d'éclairement, la valeur intégrée de

I’éclairement et la température ambiante.

Equipement facultatif:

g) Pour le choix des cellules plus sensibles a I'échauffement localisé, un simulateur pulsé de

classe BBB ou meilleurconforme a I'lEC 60904-9 avec un éclairement compris
800 W/m2 et 1 100 W/m?2 pour mesurer les performances I-V peut étre utilisé.

entre
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4.9.5 Procédure
4.9.5.1 Généralités

Selon la technologie de cellule solaire et le procédé de fabrication utilisés, il existe deux
procédures. La procédure MQT 09.1 s'applique habituellement aux technologies fondées sur
des plaques (WBT, Wafer-Based Technologies) comme le silicium cristallin normalisé. La
procédure MQT 09.2 s'appliqgue aux technologies a couches minces a intégration
monolithique (MLI, MonolLithically Integrated) les plus répandues (CdTe, CIGS, a-Si). Les
modules bifaces doivent également étre soumis a I'’essai a I'aide de la procédure MQT 09.1.

le méme nombre de cellules par diode de dérivation que le produit en taille réelle. En<fanlction
¢ffectif d’échantillon, cette exigence peut affecter le choix de la source de rayonnement
nécepsaire pour réaliser I'essai.

Pour|toutes les technologies, le choix des dimensions et de I'emplacement de 'ombragg est
effectué dans une plage d’éclairement comprise entre 800 W/m2 et 1 100 W/m?2. L’application
de Ig contrainte prolongée est effectuée avec les spécifications d’églairement plus strictes
décrites en 4.9.4 a).

4.9.5.2 Procédure pour les technologies fondées sur des plaques (WBT) MQT 09]1

La premiére étape de la procédure consiste a sélectionner les cellules présentant les
résisfances shunt les plus faibles et les plus élevées, (détaillées aux étapes c), d) et e)
ci-depsous). Si le circuit du module est accessible, la€irculation du courant a travers la cellule
ombriée peut étre contrélée directement. Siles modules PV a soumettre a I'essai ne compqrtent
pas fle diodes amovibles ou de circuits électriques accessibles, la méthode non intrlsive
suivgnte peut étre utilisée.

L'apgroche sélectionnée repose sur la prise en compte d'un ensemble de courbes -V polr un
module dont chaque cellule est tour-aZtour ombrée. La Figure 4 représente I'ensemble de
courlpes I-V obtenu pour un échantillon:de module. La courbe présentant le courant de fufite le
plus glevé au point d'activation de la-diode a été prise en compte lors de I'ombrage de la cg¢llule
présgntant la résistance shunt |atplus faible. La courbe présentant le courant de fuite le| plus
faiblg au point d'activation de\la diode a été prise en compte lors de I'ombrage de la cgllule
prés¢ntant la résistance shunt |la plus élevée.
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