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INTERNATIONAL ELECTROTECHNICAL COMMISSION

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

Part 1: Test requirements

2021

FOREWORD
The International Electrotechnical Commission (IEC) is a worldwide organization for standardization.compgrising
all] national electrotechnical committees (IEC National Committees). The object of IEC,is “to prpmote

Teichnical Reports, Publicly Available Specifications (PAS) and Guides (hereafter 'referred to as
Publication(s)"). Their preparation is entrusted to technical committees; any IEC National Committee inte

fis. To

end and in addition to other activities, IEC publishes International Standards, Techhical Specifications,

"IEC
rested

in |[the subject dealt with may participate in this preparatory work. International~‘governmental and non-
goernmental organizations liaising with the IEC also participate in this preparation:”|IEC collaborates dlosely

with the International Organization for Standardization (ISO) in accordance), with conditions determin
agfeement between the two organizations.

ed by

The formal decisions or agreements of IEC on technical matters express, as nearly as possible, an interngtional

copsensus 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 international use and are accepted by IEC N
Cdmmittees in that sense. While all reasonable efforts are made to ensure that the technical content

pbm all

tional
bf IEC

Pdblications is accurate, IEC cannot be held responsible~for/the way in which they are used or fqr any

miginterpretation by any end user.

In|order to promote international uniformity, IEC Natienal Committees undertake to apply IEC Publications
trgnsparently to the maximum extent possible in their national and regional publications. Any divergence
befween any IEC Publication and the corresponding-national or regional publication shall be clearly indicgted in

the latter.

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

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

Nd liability shall attach to IEC orits’ directors, employees, servants or agents including individual exper
megmbers of its technical committees 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 feeq
expenses arising out ofwthe publication, use of, or reliance upon, this IEC Publication or any othe
Publications.

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

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

prmity
br any

s and
hge or
) and
r IEC

bns is

ect of

redline version of the official IEC Standard allows the user to identify the changes magde to

the previous edition IEC 61215-1:2016. A vertical bar appears in the margin wherever a change
has been made. Additions are in green text, deletions are in strikethrough red text.
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International Standard IEC 61215-1 has been prepared by IEC technical committee 82: Solar
photovoltaic energy systems.

This second edition of IEC 61215-1 cancels and replaces the first edition of IEC 61215-1,
published in 2016; it constitutes a technical revision.

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

edition:

a) Addition of a test taken from IEC TS 62782.

b) 1.

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

d) Addition of definitions, references and instructions on how to perform the* IEC 6
design qualification and type approval on bifacial PV modules.

e) (larification of the requirements related to power output measurements:

f) Addition of weights to junction box during 200 thermal cycles.

g) Requirement that retesting be performed according to IEC TS 62915.

h) Removal of the nominal module operating test (NMQ@T), and associated tes
p

Informative Annex A explains the background and reasoning behind some of the
substantial changes that were made in the IEC 61215-Series in progressing from edition
editign 2.

The fext of this International Standard is based on the following documents:

Full information on the voting for-the approval of this International Standard can be fou
the r¢port 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 Terre

erformance at NMOT, from the IEC 61215 series.

FDIS Report on voting
82/1828A/FPIS 82/1848/RVD

f the

1215

more
1 to

nd in

strial
IEC

photovoltaic (PM)-modules — Design qualification and type approval, can be found on the
websgite.
The ¢ommittee has decided that the contents of this document will remain unchanged untjl the

stabi

ity 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

reconfirmed,
withdrawn,
replaced by a revised edition, or

amended.

IMPORTANT - The ‘colour inside' logo on the cover page of this publication indicates that it
contains colours which are considered to be useful for the correct understanding of its
contents. Users should therefore print this document using a colour printer.
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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 1: Test requirements

This [document lays down requirements for the design qualification of terreStrial photov
modyles suitable for long-term operation in open-air climates. The useéful service li
modules so qualified will depend on their design, their environment ané~the conditions
whiclh they are operated. Test results are not construed as a quantitative prediction of m
lifetime.

In climates where 98t percentile operating temperatures™ exceed 70 °C, users

bltaic
fe of
nder
bdule

are

recolnmended to consider testing to higher temperaturé test conditions as described in

IEC TS 63126. Users desiring qualification of PV products with lesser lifetime expectd
are recommended to consider testing designed for P¥~n consumer electronics, as desc
in IECTS 63163 (under development). Users{Wwishing to gain confidence that
chargcteristics tested in IEC 61215 appear consistently in a manufactured product may
to utifize IEC 62941 regarding quality systems inkPV manufacturing.

This [document is intended to apply to all-terrestrial flat plate module materials sug
crystplline silicon module types as well @s*thin-film modules. It does not apply to systems
are nlot long-term applications, such as\flexible modules installed in awnings or tenting.

tions
ribed

the
wish

h as
that

This document does not apply totmodules used with concentrated sunlight although it may be

utilized for low concentrator-modules (1 to 3 suns). For low concentration modules, all
are gerformed using the irradiance, current, voltage and power levels expected at the d
concentration.

This document does-not address the particularities of PV modules with integrated electrg
It maly however.beiused as a basis for testing such PV modules.

tests
2sign

nics.

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, tha
module is capable of withstanding prolonged exposure outdoors. Accelerated test condi

t the
tions

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 informatio
accelerated test methods including definitions of terms may be found in [EC 62506.

n on

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 reach

ed a
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sufficient level of maturity to set pass/fail criteria with high confidence are incorporated into
the IEC 61215 series via addition to Table 1. 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.

= gooen ol eecten  Toteeaolional  Clocleolocbofenl  epobolope  Loeodlobl b of
IEC 60269-6, Low-voltage fuses — Part 6: Supplementary requirements for fuse-links fgr the

protdction of solar photovoltaic energy systems

IEC
meas

IEC §

IEC T

IEC ¢

IEC ¢
meas

IEC
mod{

IEC ¢
equip

IEC ¢
Part

IEC ¢

0891, Photovoltaic devices — Procedures for temperature andcirradiance correctio
ured I-V characteristics

ns to

0904-1, Photovoltaic devices — Part 1. Measurement of photovoltaic current-voltage
chargcteristics

'S 60904-1-2:2019, Photovoltaic devices — Paft\t-2: Measurement of current-voltage
chargcteristics of bifacial photovoltaic (PV) devices

0904-3, Photovoltaic devices — Part,, 3: Measurement principles for terrestrial
photovoltaic (PV) solar devices with reference-spectral irradiance data

D/taic

0904-10, Photovoltaic devices —~Part 10: Methods of linear dependence and ling¢arity
urements
TS 60904-13, Photovoltdic' devices — Part 13: Electroluminescence of photov

les

1140, Protectigm\\against electric shock — Common aspects for installation| and
ment

1215-2, Terrestrial photovoltaic (PV) modules — Design qualification and type apprdval —
P: Test\procedures

1%30-1, Photovoltaic (PV) module safety qualification — Part 1: Requirements for

cons

TucCtion

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 61853-1, Photovoltaic (PV) module performance testing and energy rating — Part 1:
Irradiance and temperature performance measurements and power rating
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IEC TS 62782, Photovoltaic (PV) modules — Cyclic (dynamic) mechanical load testing

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

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

IEC
tests

IEC ]
Rete

IEC {
mant

IEC
quali

2852, Connectors for DC-application in photovoltaic systems — Satety requirements

[S 62915, Photovoltaic (PV) modules — Type approval, design and safetycqualificat,
5ting

2941, Terrestrial photovoltaic (PV) modules — Quality systemm for PV m
facturing

TS 63163: —2Terrestrial photovoltaic (PV) modules for @qnsumer products — D
fication and type approval

and

jon —

bdule

Psign

ISO/IEC Guide 98-3, Uncertainty of measurement — Part 3: Guide to the expressid

unce

3 1

For t
apply

ISO Ind IEC maintain terminological databases for use in standardization at the follg

addr

i

[«

° N

3.1
bins

rtainty in measurement (GUM:1995)

'erms, definitions and abbreviated terms

he purposes of this documentiithe terms and definitions intEC60050-and IEC TS 6
, as well as the following.

SSes:

FC Electropediasvavailable at http://www.electropedia.org/

6O Onlinedprowsing platform: available at http://www.iso.org/obp

of/power classes

1836

wing

pows

r\(typically maximum power) sorting criteria from the PV module manufacturer

3.2
toler

ances <on label>

value range of electrical parameters on the label of the PV module as given by the
manufacturer

*__To be published-
2 Under preparation. Stage at the time of publication: ADTS.
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Module Quality Test

3.4
type

approval

conformity test made on one or more items representative of the production

[SOURCE: IEC 60050-581:2008, 581-21-08 — Type test]

3.5

reproducibility <of measurements>
closgness of agreement between the results of measurements of the same yalue
quantity, when the individual measurements are made under different condition

meas

- u

after
[cond

Note 1
define

Note 4
are ta

Note J
princig

[SOU

3.6

flexi
PV n
acco
curvg

urement:

rinciple of measurement,

ethod of measurement,

bserver,

easuring instruments,

ference standards,

boratory,

nder conditions of use of the instruments, different\from those customarily used,

istent with the International Vocabulary of Metrology (VIM), 3.7]

to entry: The concepts of "principle of medsurement" and "method of measurement" are respe
d in VIM 2.3 and 2.4.

to entry: The term "reproducibility” alsonapplies to the instance where only certain of the above con
en into account, provided that these ate stated.

to entry: It is recommended that+aboratories determine their reproducibility according to the formula
les in ISO 5725-2.

RCE: IEC 60050-311:2001, 311-06-07]

ble module
hodule thaf.exhibits a radius of curvature of 500 mm or less in at least one dire
ding to(the manufacturer’s specification and is capable of bending to conform to a f
d surface

of a
s of

intervals of time relatively long compared with the duration of a single measurement.

Ctively

Hitions

s and

ction
at or

Note

tovéntry: A curved module with a rigid shape is not considered a flexible module

Note 2 to entry: Radius of curvature is defined as shown in Figure 1. During testing, the applied rad

curvat

ure is no smaller than that specified by the manufacturer.

Flexible module

Radius of curvature

IEC

Figure 1 — Geometry that shows radius of curvature of a flexible module

ius of
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3.7
representative sample
sample that includes all the components of the module, except some repeated parts

Note 1 to entry: The representative samples shall use all key materials and subassemblies, as detailed in
Clause 4.

3.8
very large module
module that exceeds the size of standard 2,2 m x 1,5 m commercially-available simulators

i Pt 12ve Ao lara maodul o code 2 2 m i lonath PIRVVIP- L2 L de 4 5 o in haoth direoancioanc
Note ey ¥ & - ot - Thus

a 3 m|x 0,3 m module is considered very large, as is a 2,2 m x 2,2 m module.

Note 4 to entry: Very large modules are exempt from class A simulator spatial irradiance uniformity €gguirements,
as detpiled in IEC 61215-2 MQT 02.

Note J to entry: During test sequences representative samples may be substituted for very darge modules, [within
the linjits described in Clause 4.

Note 4 to entry: In future editions, the size threshold to be considered a very large m&dule will likely increpse to
larger|dimensions.

3.9
bifadial PV modules
modyles that can convert irradiation received on both the froni“side and rear-side into elg¢ctric
energly by means of the photovoltaic effect

3.10
bifadiality coefficients
ratio$ between the -V characteristics of the rearside and the front-side of a bifacial m¢dule
each| measured under Standard Test Conditions (STC — IEC TS 61836), namely the dhort-
circult current bifaciality coefficient @, the ‘open-circuit voltage bifaciality coefficient |y
and the maximum power bifaciality coefficient @p oy

Note 1 to entry: Bifaciality coefficients arecfylly defined in IEC TS 60904-1-2:2019, 6.2.

3.1
bifadial nameplate irradiante
BNP
highgr irradiance at awhich nameplate verification is performed for bifacial modules,
corrgsponding to 1 QG0)W/m2 on the module front and 135 W/m2 on the module rear, applied
in any method allowed by IEC TS 60904-1-2

3.12
bifadial stress irradiance
BSI
highgnXirradiance at which currents for stress are measured on bifacial modules,
corresponding to T 000 W/m2 on the modute front and 300 W/m2 on the module rear, applied
by any method allowed in IEC TS 60904-1-2, I-V characteristic at which may be extrapolated
from lower irradiances

4 Test samples

The PV module samples shall have been manufactured from specified materials and
components in accordance with the relevant drawings and process sheets and have been
subjected to the manufacturer’s normal inspection, quality control and production acceptance
procedures. The PV modules shall be complete in every detail and shall be accompanied by
the manufacturer’s handling, mounting, and connection instructions. When the PV modules to
be tested are prototypes of a new design and not from production, this fact shall be noted in
the test report (see Clause 9).



https://iecnorm.com/api/?name=16a6d00379a286c9c8691b24608cf8ae

-12 - IEC 61215-1:2021 RLV © IEC 2021

The number of test samples required is derived from the applicable test sequences
(see Clause 11).

Special test samples may be required for tests such as the bypass diode test MQT 18
(see IEC 61215-2).

For qualification of multiple bins of power classes within the boundaries given in—future
IEC TS 62915 at least 2 modules each, from the lower end, median and higher end power
class shall be used for testing. If median power class does not exist the next higher class
shall be used. If qualification of a single power class shall be extended to further bins of
power_classes within the boundaries given in IEC TS 62915 then at least 2 modules each,
from|the lower end,—median and higher end power class shall be used for label verification
(see |Gate No.1 in 7.2.1). If a power class is extended only towards higher (or lower) [bins,
then |Imodules only from the higher (or lower) bins, respectively, shall be used for“erifidation
of raled label values.

Quallffication to multiple bins of power classes does not increase the minimum requiremgnt of
one ¢ontrol sample used in 7.2.3.

It is| advisable to provide additional spare samples meeting. the same output power
requirements.

If applicable, the test samples shall be used to represent<a ‘group or family of products, or
variafions in the materials, or production processes, used to produce the modules.| The
additjonal samples required for the test programme aré‘then derived from IEC TS 62915.

For Very large modules (as defined in 3.8), represéntative samples (as defined in 3.7) may be
used| for all qualification tests given in Clause 11 and IEC 61215-2. During the design and
manufacturing of the representative samplgsi\attention should be paid to reach the maximum
similarity to the full-size product in all glectrical, mechanical, and thermal characterjstics
related to quality and reliability. The celf;;encapsulation methods, interconnects, terminafions,
cleargnce and creepage distances around all edges, and distance through solid insulation
(religgd upon insulation and cemedqied joints) shall be the same as on the actual full-size
prodidicts. Limits are placed on™yow much one may reduce the dimensions of a very |arge
module in making representative samples for qualification testing. The reduced dimensipn(s)
shall|be no less than one half’the dimensions that define a very large module. In other wprds,
wher] reducing the shortex dimension, the representative sample shall be at least 0,75 m wide.
In reducing the longer~dimension, the representative sample shall be at least 1,1 m long. If
reprgsentative samples” are used for any test, the test report shall include a table listing the
dimepsions of theWYproduct being qualified, and for each MQT, the dimensions of the samples
tested. The takle>shall contain the statement, "Smaller samples were used for some tesfs as
noted above( Use of smaller samples may affect test results." For determination of maximum
powdqr degradation during testing (7.2.3) on a representative sample, P,,,(Lab_GateNo.1)
refery to'\the representative sample’s initial stabilized measured power output. Howevef, for
verification of rated label values (7.2.2) a standard production product shall be measpred,
either at the test facility or utilizing a test at the manufacturer monitored by the testing entity.

If representative samples are utilized in Sequence E, then one extra module, full-sized, is
required, and shall be subjected only to MQT 16 (static mechanical load test) and the
requirements therein.

Any representative sample used for MQT 09 (hot-spot endurance test) shall contain the same
number of cells per bypass diode (i.e. the same substring size) as the full-size product.
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NOTE It is preferable in any test to measure a full-size sample, rather than a representative sample, when
equipment size allows.

Prior to beginning the qualification test, care should be taken not to damage the samples in
transit. Such care may include adherence to best practices in packing and shipping,[1]3 as
well as electroluminescence imaging according to IEC TS 60904-13 before and after shipping
to make sure cracks have not developed in transit.

For the requirements in the IEC 61215 series, a module shall be considered "bifacial " if the
manufacturer claims bifaciality on the nameplate or datasheet, or if the module exhibits a
maximum power bifaciality coefficient 2 20 %. If a module is to be tested as a monofacial

modyle—the test Inhnrnfnry shall \/nrify that the module is monofacial hy at least one gf the

following methods:

14

Information from the manufacturer showing that the rear of the cell is fully mefallized;
Spectrally-resolved backsheet transmission data from the module manufagturer; o

c) Determination of bifaciality coefficient on one sample according to the procedure in
IEC TS 60904-1-2.

5 Marking and documentation

5.1 Name plate

Eachl module shall include the following clear and indelible markings. Unless othefwise
indicated, all the electrical parameters refer to STC:

a) npme, registered trade name or registered trade mark of manufacturer;
b) type or model number designation;

c) sprial number (unless marked on other part of product);

d) dpte and place of manufacture; alternatively serial number allowing to trace the date and
place of manufacture;

e) npaximum system voltage;
f) class of protection against.electrical shock (as defined in IEC 61140 and IEC 61730-1|);

g) vpltage at open-circuit ‘of Voc including tolerances. For bifacial modules, open-dircuit

v
vpltage shall be reperted at two irradiance levels. The first required irradiance leyel is
11000 W/m2. The see€ond required irradiance is BNPI, as defined in 3.11.

lrrent at short-circuit or Isc including tolerances. For bifacial modules, short-dircuit
rrent shall<oesreported at two irradiance levels, defined in 5.1Q).

O 0

i) odule nraximum power or Pmax including binning and tolerances as defined in 3.1 and
3]2. Fogbifacial modules, Pmax shall be reported at the two irradiance levels, definpd in

nameplate: The values for the short-circuit current bifaciality coefficient ¢lsc, the open-
circuit voltage bifaciality coefficient ¢Voc, and the maximum power bifaciality coefficient
@Pmax, measured at STC as defined in IEC TS 60904-1-2.

k) For flexible modules, the minimum radius of curvature.

3 Numbers in square brackets refer to the Bibliography.
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For items a) through i) all electrical data shall be shown as relative to STC (1 000 W/m2,
25 °C, AM1.5 according to IEC TS 61836), except for bifacial modules where two irradiance
levels are required, as defined in 5.1g).

International symbols shall be used where applicable.

Compliance of marking is checked by inspection and MQT 06.1.

5.2
5.2.1

Mody
mech
shall
quali
that

insta

NOTE|

5.2.2

a) all information required under 5.1 e) to i), and in additien\) for bifacial modules and

fl

b) reversed current overload rating in accordance with\JEC 61730-2 MST 26;

Documentation

Mini . |

les shall be supplied with documentation describing the methods of electrical

state the class of protection against electrical shock under which the maodule has
fied and any specific limitations required for that class. The documentation” shall as
installers and operators receive appropriate and sufficient documentation for
lation, use, and maintenance of the PV modules.

It is considered to be sufficient that one set of documentation is supplied with ithe module shipping un

Information to be given in the documentation

exible modules;

overcurrent protection device type and. rating are e.g. given in IEC 602
Overcurrent protection devices with a 1 h, 1,35 I, overload rating, where I, is the
value of the overcurrent protection deviee,; are recommended;

recommended maximum series/parallel PV module configurations;

c)

test conditions;
d) temperature coefficient for voltage at open-circuit;

e) temperature coefficient formaximum power;

f) t

All e
(100
shall
g—n|
h)—pj

anufacturer’s stated tolerance forgl ., I, and maximum power output under star

mperature coefficient. for short-circuit current.

0 W/m2, 25 °C{ AM1.5 according to IEC TS 61836). Moreover the following param
be specified:

brinalodule-operating-temperature (NMOT);

and

anical installation as well as the electrical ratings of the module. The documentation

been
bsure
safe

—

) for

59-6.
rated

dard

ectrical data mentioned above shall be shown as relative to standard test conditions

eters

g) p

erfofmance at low irradiance (MQT 07).

International symbols shall be used where applicable.

Compliance is checked by inspection and MQT 04 through MQT 07.

The electrical documentation shall include a detailed description of the electrical installation
wiring method to be used. This description shall include:

h) the minimum cable diameters for modules intended for field wiring;

i) any limitations on wiring methods and wire management that apply to the wiring

C

ompartment or box;

j) the size, type, material and temperature rating of the conductors to be used;

k) type of terminals for field wiring;
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[) specific PV connector model/types and manufacturer to which the module connectors shall
be mated. Statement of the connector type only (such as "MC4 compatible ") is not
sufficient information to satisfy this requirement. Connector model/types and
manufacturers shall be included;

m) the bonding method(s) to be used (if applicable); all provided or specified hardware shall
be identified in the documentation;

n) the type and ratings of bypass diode to be used (if applicable);
o) limitations to the mounting situation (e.g., slope, orientation, mounting means, cooling);
p) a statement indicating the fire rating(s) and the applied standard as well as the limitations

information);

al statement indicating the design load per each mechanical means for seturing the
odule as evaluated during the static mechanical load test according toNMQT 1B. At

djscretion of the manufacturer the test load and/or the safety factor y,, may-be noted,|too.

q)

To dlllow for increased output of a module resulting from certain conditions of use| the
installation instructions shall include relevant parameters specified by manufacturer of the
following statement or the equivalent:

"Under normal conditions, a photovoltaic module is likely  to,experience conditions| that
prodiice more current and/or voltage than reported at standafd test conditions. Accordingly,
the Values of Igc and Voo marked on this module shouldbe multiplied by a factor of| 1,25
when determining component voltage ratings, conductor, current ratings, and size of comtrols
conngcted to the PV output.”

5.2.3 Assembly instructions

These shall be provided with a product shipped in subassemblies, and shall be detaileq and
adegpuate to the degree required to facilitate ‘complete and safe assembly of the product.

The test laboratory shall use a laboratory simulator control module to be able to detect drifts
in their measurement results. The laboratory simulator control module is different than the
control module from sequence A, which is taken from the modules under test and is described
in 7.2.3 related to the reproducibility ». The laboratory simulator control module is a stable
module used on a periodic basis to check simulator output after calibration to a specific
irradiance.

The modules shall be divided into groups and subjected to the qualification test sequences in
Figure 2. Qualification test sequences are to be carried out in the order specified. The MQT
designations in the boxes refer to the corresponding test definitions in IEC 61215-2.
Technology-specific test details are listed in the respective parts of this standard. Required
module component tests are listed in Table 1. For each component qualification, the test
report shall note the test laboratory name and date when the requirement was met. Prior
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certifications may be used to fulfill these requirements, as long as the certifications were
performed in accordance with all conditions noted in Table 1.

Intermediate measurements of maximum power (MQT 02) and insulation test (MQT 03) are
not required, but they may be used to track changes.

Any single test executed independently of a test sequence, e.g., on special test samples for
MQT 09 and MQT 18, shall be preceded by the initial tests of MQT 01, MQT 02, MQT 03, and
MQT 15 as appropriate.

|n c revina out the tecte the toctar chall ctrictly _nhecerve the manufactiurer's handling
J J ’ J ’

mounting, and connection instructions. Sequence A may be omitted if the module typg has
been|tested according to IEC 61853-1. In this case the relevant test results from IE€C\618§53-1
shall|be stated or referenced in the final report. For bifacial modules Sequence,A*cannpt be
omitted until IEC 61853-1 has been amended to take bifacial modules into accotnt:

Test |conditions are summarized in Table 3. The test levels in Table 3 are’the minimum levels
required for qualification. If the laboratory and the module manufacturer-agree, the tests| may
be pgrformed with increased severities. In this case this shall be noted in the test report.

For flexible modules (see 3.6), the mounting substrate and adhesive or attachment mleans
shall| also be included in the test. If more than one moduating substrate or adhesiye or
attachment means is allowed per the manufacturer’s specification, then the tests shall usg the
combination that is considered to be the worst case,/The chosen combination(s) shdll be
repoited, as per Clause 9, j).
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10 Modules

MQT 01

MQT 19.1
Initial Stabilizationd

Ferformance at Measurement of NMOT

UV precondition test

MQT 06.1
I
MQT 03
|
MaQT 15
3 Modules 1 Module 2 Modules 2 Modules 2 Modules
MQT 06.2 MQT 05 and MQT 08 MQT 10 MQT 11 MQT 13

Thermal cycling-test

Damp heat test

and Outdoor Exposure

| TAnt
MQT 07 | MQT 11
MQT 18.1
Ferformance at Thermal cycling test
Bypass diode
MQT 04 | QT T2 A4 Maodul 4 Modul
MQT 19.2
Mpasurement of Humidity freeze test ]
| MQT 16 MQT 1
MQT 06.1 Static mechanical
MQT 09 \
1 Module
Hot-spot 1 Module
| MQT 14.1
MQT 18.2 Retention of junction
Bypass diode
MQT 14.2
Test of cord
1 Module /
N —
measuied-i g th with-modules.
from sequences B-E as control
and to determine reproducibility » MQT 19.2
MQT 06.1
T 2 Modules
e
MQT 03 MQT 15
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12 Modules

MQT 01
Visual inspection

MQT 19.1
Initial Stabilization®

MQT 06.1

Performance at STC
(Followed by Gate No. 1)

MQT 03
Insulation test

I

MQT 15
Wet leakage current test

1 Module

measured togethier with modules
from sequences'B-E as control

and to determine reproducibility e —

MQT 19.2
Final stabilization

MQT 06.1
Performance at STC

/

1 Module 1 Module 2 Modules 2 Modules 2 Modules 4 Modules
equence A Sequence B Sequence ¢ Sequence D Sequence E Sequence H
|
MQT 07 MQT 21
phrformance MQT 08 Outdoor MQT 10 MQT 11 Manys PID test
at low Exposure Test UV preconditioning test Thermal cycling test Damphegttest
ikadiance ¢ 60 kWh/m? 15 KWh/m? 200 cycles 4,080 h
T —40°Cto 85°C 85°C// 85 % RH
I
I
MQT 04 MQT 18.1 MQT 20
Megsurement of Bypass diode Cyclic (dynamic) mechanical
te-npg_ratured thermal test @ load test
cqefficients ‘ 1000 cycles at 1 000 Pa
MQT 19.2 T 1 Module © 1 Module
Final Stabilization MQT 11 MQT 16 MQT 17
Thermal cycling test Static mechanical Hail test
I 50 cycles load test
MQT 06.1 —40°Cto85°C (design load)
Performance at STC
MQT 12 |
T Humidity freezetest MQT 22
10 cycles,
MQT 09 _40°C N Bending test
Hot-spot 85 9% BH Flexible module only MQT 17
endurance test ® 25 cycles
‘ 1 Modul 1 Modul
MQT 18.2 °\ue oadde
Bypass diode
functionality test MQT 14.1
Retention of junction
box test

{
MQT 03
Insulation test
I

MQT 15
Wet leakage current test

IEC

a8 |If the bypass diodes are not accessible in the standard modules, a special sample can be prepared for the
bypass diode thermal test (MQT 18.1). The bypass diode should be mounted physically as it would be in a
standard module, with lead wires attached, as required in MQT 18 of IEC 61215-2:2021. This sample does not

have to go through the other tests in the sequence.

b In sequence B, a different module may be used for the Hot-spot endurance test (MQT 09) than is used for the
bypass thermal diode test (MQT 18.1). For this separate module the following test sequence is permissible:
MQT 01, MQT 19.1, MQT 06.1 (gate 1), MQT 03, MQT 15, MQT 09, and MQT 18.2.
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¢ The initial stabilization MQT 19.1 may include the verification of an alternate stabilization procedure (see
IEC 61215-2:2021).

In Sequence A, tests MQT 07, and MQT 04 may be performed in any order. These tests may also be performed

on separate modules (rather than sequential tests on one module), provided that each module used has
proceeded through the entire test flow preceding sequence A.

¢ If representative samples are utilized in Sequence E, one extra module, full-sized, is required, and shall be
subjected only to MQT 16 and the requirements therein.

Figure 2 — Full test flow for design qualification and type approval
of photovoltaic modules

Table 1 — Required component tests

\

. ~
Component Shall pass this test A\/
Junction box IEC 61215-2:201x MQT 14.2, which cites IEC 62790 "Test of cordya\n\é:)rag "

|
Connectors IEC 62852. Compliance shall be obtained with the connector in Lfbination ith
the same cable size and type as used in the modules er test.
l\ v

Pass criteria o

Modd
mark|
namg
after

les under test are_subject to several types of requirements. These include req
ngs (detailed in use 5), comparison of measured electrical quantities with
plate ( "gate l:&Q ', detailed in this clause), comparison of measured power before

stress ( "gat 0. 2 ", detailed in this clause), component requirements (detail

Tabl¢ 1), and t quirements of each MQT (summarized in Table 3 and Figure 2).

The
meet

iesi&gr?g%eemed to have met the qualification requirements of 7.2.2 gate No. 1, if]

uired
the
and
ed in

they

th uirements of Table 2:
%

Table 2 — Summary of Gate No. 1 requirements

Sample size (in modules) Requirement
<10 All modules shall pass. No failure is allowed.
210 A single failure is allowable. All other modules shall pass.

NOTE

A sample size <10 is only encountered during retesting.

If modules fail to meet the requirements listed in Table 2 then two new samples shall be
tested for each of the modules that failed to meet the gate No. 1 criteria. If a new
failure occurs, the module supplier has two options. The first option is that the module labels
for the existing sample set shall be redefined such that the requirements of Table 2 are met,
and testing on that same sample set shall continue to the next step. The second option is that
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the design is deemed not to have met the qualification requirements, and any further testing
constitutes a new attempt at qualification and thus requires a completely new batch of
modules. Module labels shall be redefined and samples shall be resubmitted for testing.

In addition, if two or more modules fail to meet the remaining test criteria (7.2.3 Gate No. 2,
7.2.4 electrical circuitry, 7.3 visual defects and 7.4 electrical safety), the design shall be
deemed not to have met the qualification requirements. If one module fails any test, two
additional modules meeting the requirements of Clause 4 shall be subjected to the entire
series of tests of the respective test sequence. The requirement for two additional modules
applies for tests where originally only one module was required, as well as for tests where
originally two modules were required. For example, a failure in the hot-spot endurance test
requifes a test repetition with two additional modules. A single faiure in the b0 tnermmycles

test (one module not meeting the test requirements) requires a test repetition two
additjonal modules as well. Qy
N

If onp or both of these modules also fail, the design shall be deemed noh‘@%ave mgt the

qualification requirements. If, however, both modules pass the test sequer}c\e., he design{shall

be judged to have met the qualification requirements. 03’
N

The module design shall meet the requirements of all criteria ég\(aé deemed as qudlified
accofding to this document. Each test sample shall be subject to.the following criteria.

7.2 | Power output and electric circuitry s\\Q/
O

7.2.1 Identification of rated values and tolerancé(

Gate| No. 1 criteria detailed in the following s%gauses require use of rated values| and
tolergnces from the nameplate and product da%qy eet. This clause describes in detail,| with
exanples, how to identify the relevant informa@) . Application of the information in this clause
resulfs in consistent requirements when ex eous information is given, or when informjation
appeprs to be missing or conflicting. Ra@ values and tolerances shall each be identifigqd for
modyle power, short-circuit current, ar\@open-circuit voltage. Thus, this clause details how to
identjfy these six pieces of information:
xO

NOTE| 1 Historically, some product e quoted multiple components of uncertainty, or have used different
terminjology for uncertainty, such ‘\\ olerance," "production tolerance," "measurement uncertainty," etc.| Also,
some |products have not provideql)a tolerance, which might be interpreted as 0 % tolerance or as nfissing

informlation. While a manufactyrér. is not prohibited from providing additional information, or having 0 % tolefance,
applicption of the rules in thi use provide a consistent manner to interpret such situations.

ation identifi@n this clause relates to STC current-voltage measurements, obtained in
anner pres@b‘ed by following the flow chart of Figure 2. Thus, the obtained valueg are
thos¢ measu nly after initial stabilization performed according to IEC 61215-2 MQT [19.1.
Reqyired st ization procedures may differ from one product to the next, as specified ip the
gy=specific parts IEC 61215-1-x. The calculation of tolerances is the responsibiljty of
) shall be explicitly stated as a dingle
, are <6 se ive bitacial
modules, the six pieces of information (values and tolerances for module power, short-circuit
current, and open-circuit voltage) shall also be identified at BNPI to evaluate Gate No. 1.

NOTE 2 1ISO Guide 98-3 provides further guidance regarding how to combine multiple sources of uncertainty.

Formulas (1) and (2) in 7.2.2 verify that the modules produce at least as much power as the
minimum indicated by combining the nameplate rating and tolerance. The minimum nameplate
power rating, P, ,(NP) is the module power output specified on the nameplate. If a single
value for module power is stated on the nameplate, P,,,,(NP) is simply that value. If a range
of module powers is stated on the nameplate, P, ,.(NP) is the power at the lowest end of that
range. Subclause 5.2.2 requires that power binning and tolerance information from the
nameplate is reproduced in the datasheet. In the case that P, (NP) derived from the
datasheet is different than that on the nameplate, the module shall be judged as not satisfying
5.2.2 and thus does not meet the requirements of IEC 61215-1.
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The tolerance, ¢4, is the tolerance in % for P ,, stated on the nameplate and datasheet, as
required by 5.1i) and 5.2.2a). If the tolerance is asymmetric about P,,,(NP), the tolerance
referring to the low power limit shall be utilized as z;. If the tolerance is not stated on the
nameplate or is not stated on the datasheet, then 7, = 0. If tolerance is not reduced to a single
value on the nameplate or data sheet (for example, if multiple tolerances or measurement
uncertainty components are specified) the smallest number, not a combination of multiple
numbers, shall be utilized.

Formulas (3) and (4) verify, for safety reasons, that the module does not produce more

voltage at open circuit, or current at short-circuit, than the maximum indicated by combining

the nameplate rating and tolerance. The maximum open circuit voltage V,,(NP) and maximum

shortf-Circuit current I, are . IT a range for opencdgircuit

voltapes or short-circuit currents is stated on the nameplate, V. (NP) or I, (NP) is t aken
r

as the highest value in that range. The tolerance (¢, for open circuit voltage, or
circult current) is that specified on the nameplate and in the product doc

required by 5.1g), 5.1h), and 5.2.2c). If ¢, (or t3) is asymmetric about VOC(NP@Q 1.(NP)
tolerance referring to the higher end of the range shall be utilized. If ¢, or| not stated in
the documentation and on the nameplate, that tolerance shall be identifitg& as 0. In the|case
that V' .(NP), I,.(NP), or the tolerances in these quantities are differen;\%en derived from the
datagheet than from the nameplate, the module shall be judged @Ot satisfying 5.2.4 and
thus does not meet the requirements of IEC 61215-1. If a toleran not reduced to a dingle

valug on the nameplate or data sheet (for example, if multi tolerances or measurement
unceftainty components are specified) the smallest numb t a combination of multiple
numbers, shall be utilized. cs)\

Figune 3 shows partial nameplates, datasheets, ar@gierived values for four hypothetical
prodlicts. These examples illustrate the rules for QQn ifying rated values and toleranceq that
were|described in the preceding subclauses. S\Q\
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Product Z300W Product Z series 1

= Electrical Data at STC
Maximum power (P, _.) 300 W

+3 % Peak power watts 3 % - P__ (W) 300 | 305 | 310

i Maximum power voltage - V__ (V. 37 372|375
Maximum power voltage (7,,,) 37V ! P ge - Vip(V) P (NP)=300W: ,=3%
Maximum power current (Iw) 8.1A Maxmtfm ;_)ower current (IW) (A) 8,1 8,2 | 8,27 v, (NP)=459V;1,=5%
Open circuit voltage? (V) 459V Open circuit voltage® - V_ (V) 459 | 459 | 45,9 I_(NP)=89A;1,=5%
Short circuit current® () 89A Short circuit current® - I, (A) 89 | 892 8,98
Maximum DC system voltage 1000 V Module efficiency - 1, (%) 14 | 142144

a 45 % / —0 % tolerance 25 % /-0 % tolerance on I_and V__

Product X series
—Product X300W Etectricat Dataat SFE
Maximum power (P__) 296 to Peak power watts? - P (W) 296 to| 301 to| 306 to P, (NP)=296 W; ¢ :ﬁ
300 W 300 | 305 | 310 V. (NP)=459V;
Maximum power voltage (Vmp) 37V Maximum power voltage - Vo V) 37 | 372 | 375 I (NP)=89A, tQ;‘o
Maximum power current (Imp) 81A Maximum power current (Imp) (A) 8,1 8,2 8,27
Open circuit voltage® (V) 459V Open circuit voltage? - 7, (V) 459 | 459 | 45,9 Ifz,is (rt‘?eciﬁed, itis
Short circuit current® (Z_ ) 89A Short circuit current? - 7__ (A) 89 | 892 | 8,98 %’W o be 0.
Maximum DC system voltage 1000V Module efficiency - n, (%) 14 | 142 | 144 '(l/
a +4 % production tolerance 2 +4 % production tolerance ) ,'\ :

N

T

v
Product Y series '\
Product Y300W Electrical Data at STC Q )
Maximum power (P,_) 300 W Peak power watts - P __ (W) 300/ @9 310 P (NP)=300W: 1, = 0 %
= 1 =0%
calal Power output tolerance (%) -0 /<¢3{-07+3-0/+3 V. (NP) =459 V: ,21 2%
Maximum power voltage (7)) 37V Maximum power voltage - 7, (V) [€87 37,2375 I_(NP)=89A;1,=2%
Maximum power current (7)) 81A Maximum power current (Z,,) (A), X 82 | 827 + is not reduced t inal
— = — is not reduced to a single}
Open circuit voltage 2° (V) 459V Open circuit voltage *° - 7, (V)4/ | 45,9 | 459 459 ?alue. Thus. the small egr
Short circuit current 2° (1) 89A Short circuit current 2 - Ih@)‘ 89 | 8,92 8,98 value is chosen. The same]
Maximum DC system voltage 1000V Module efficiency -1,, (W v 14 142 14,4 situation exists for r,.
2 +2 % measurement uncertainty 2 +2 % measuremen \Qer‘tainty
°+10 % tolerance on I_and 7, 5110 % toleran(:@and v
(74)
Product T300W Produkt T series
Els al Data at STC
Maximum power (P, _.) 300 W "
Power selection (+5 W) \P& power watts? - P, (W) 300 | 310
Maximum power voltage (Vmp) 37V <3 aximum power voltage - Vmp V) 37 375 Fails to meet requirements
Maximum power current (. ) 81A \ Maximum power current (7)) (A) 81 | 827 of IEC 61215-1 5.2.2.
Open circuit voltage (7,.) 459V \E Open circuit voltage? - 7,_(V) 459 | 459 lz-g‘évt\%/\rl edge of polwer l:)in is
Short circuit current (Z,) 8,9 /\’\C) Short circuit current® - Z_ (A) 89 | 898 ‘ on nameplate, but
- sc is 300 W on datasheet.
MadmumDC/systemyotags” || T0E0Y Module efficiency -, (%) 14| 144
+3 % toleranceon P I V. . o
A 213 % toleranceon P, I, V
> -

O

Figufe 3 — Exa 's of hypothetical partial nameplates (left column), datasheets (center
n), and derived rated values and tolerances (right column)

7.2.2 Q/erification of rated label values — Gate No. 1
N
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2|
10 100
<

wherp ‘\®

Voc<Lab)-[1+%‘$}:\c<Np).[HM]

All modules shall be stabilized following method MQT 19.1 from IEC 61215-2:2021 (for
technology specific requirements, see sub-parts of IEC 61215-1). After stabilization the
modules shall be measured in accordance with MQT 6.1 (P, (Lab)) and shall meet the
following criteria:
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P verification:

max

Each individual module shall meet the following criterion:

1,65
=5 Ima| t
Pruax (Lab) X (1 + 21th> > Puax (NP) x (1-121) (1)
where
Prax(Lab) is the measured maximum power at STC of each module in the stabilized state;
Prax|(NP) is the minimum rated nameplate power of each module without toleranceég
my is the measurement uncertainty in % of laboratory for P, @(panded
combined uncertainty (k=2), ISO/IEC Guide 98-3); the factor 1, Is usgd to
convert the confidence intervals from two-sided to one-sided 5 % leyel of
confidence; m4 shall include a component from spectral mismﬁle , based egither
on measured spectral response or the worst-case possibility for a given
technology type; m, shall be less than stated in the techQ ogy specific pafts of
this standards series;
1 is the manufacturer’s rated lower tolerance in % fe)r(@max.
For,H,,..(Lab) the following criterion shall apply: S\\Q/
O
5 5 im| Qif
Pmax(Lab) X (1 + ﬂ— max(NP) (2)
N\
N
wherg <
i N
Prax(Lab) is the arithmetic average @he measured maximum STC power of the moglules
in stabilized condition. \&
Q\
For multiple bins of power classes\@is formula has to be applied to each power class ynder
invegtigation. Xe
N
NOTE| Formula (2) is not intended™for power verification of a batch in mass production as systematic diffefences
betwepn different labs andgerénce devices are unavoidable. In such cases, formula (1), which includé¢s the
relevant uncertainties, bet scribes the application to average values.
Voc erification:QQ
Each indiv@ odule shall meet the following criterion:
\@ 17 RRY /1 ! LTéslle\ ooy s (10 1t2l) (3)
rochEER/ \‘ " 100 /_ TocATE ST T 100/
where
Voc (Lab) is the measured maximum V5 of each module in the stabilized state;
Voc (NP) is the maximum rated nameplate V5 of each module without tolerances;
my is the measurement uncertainty in % of laboratory for Vgc; (expanded
uncertainty (k=2), ISO/IEC Guide 98-3); the factor 1,65/2 is used to convert the
confidence intervals from two-sided to one-sided at 95 % level of confidence;
ty is the manufacturer’s rated upper tolerance in % for V.

If V,c cannot be measured due to module-integrated electronics (such as MOSFETSs), the
module is exempt from the 7 verification requirement. This exemption shall be noted in the
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test report. V., shall not be determined by any means other than direct measurement, such as
extrapolation.

I verification:

Each individual module shall meet the following criterion:

1,65
—5Ims|
I,.(Lab) x (1 + 21703> < I,.(NP) x (1 + %) (4)
wherp Q
7
Isc (Lab) is the measured maximum /g of each module in the stabilized sta;e;
Isc (NP) is the maximum rated nameplate /g of each module without to@%ces;
my is the measurement uncertainty in % of laboratory &r(,lllsc; (expanded
uncertainty (k=2), ISO/IEC Guide 98-3); the factor 1,65/2/s,used to conveft the
confidence intervals from two-sided to one-sided at 95(:&\ vel of confidenge;
t3 is the manufacturer’s rated upper tolerance in % fo@.

If Iod cannot be measured due to module-integrated elec@és (such as MOSFETs)|, the
module is exempt from the I verification requirement. Thish\exemption shall be noted ip the
test rleport. I shall not be determined by any means 0260 an direct measurement, su¢h as
extrapolation.

Pax|Verification of lowest power class: §

Each| individual module that is used for the_@@’lification of low end power classes shall neet,

in addition to the previous stated criteria fQr? 4, Voc and Igc, the following criterion relfating

to anfupper power limit: .
A\Q)

168, ,

PmaX(La@&\%l - ﬁ) < Praa(NP) x (1 +14) (5)
o

wherp @ ’

Praxh(NP)is the ma@mm rated nameplate power of each lowest power class module, without
toIera@s;

t4 ig;lg‘manufacturer’s rated upper tolerance in % for P, ,,4(NP). 2, is seIEcted

ct to the same rules as for 7, (see Figure 3), except that if the tolerange is
ymmetric about P,,,4(NP), the tolerance referring to the high power limit shall be

\<</ utilized.

The last criterion ensures that the modules of the lowest power class stay within the upper
tolerance of that class. The last criterion is only applicable for the qualification of the lowest
power class. It ensures that a module manufacturer can make modules in the lowest power
class that are free from major flaws, and thus the lowest power class is not used as a
repository for damaged modules after qualification is obtained using severely underrated
modules.

For bifacial modules, P, Isc and V. shall each be measured at the two irradiances
specified in 5.1. The Gate No. 1 criteria for P, I and 7V . shall be applied at both
irradiances.

A systematic variation to either higher or lower output power or bifaciality coefficient will be
stated in the final report.
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7.2.3

Maximum power degradation during type approval testing — Gate No. 2

At the end of each test sequence or for sequence B after bypass diode test, the maximum
power output drop of each module P, (Lab_GateNo. 2) shall be less than 5 %, referenced
to the module’s initial measured output power P, (Lab_GateNo. 1). Each test sample shall

meet

the following criterion:

Prax (Lab _ GateNo.2)> 095 x By (Lab _ GateNo.1)- (1 _ q[(‘ﬁ]j

The
reprg
stang

The

initia
sequ
appli

Pax(Lab_GateNo.2) = 0,95 X By, (Lab_GateNo.1) - (1—&)

eproducibility » in % shall be determined for P,,, and shall be used in the formula

(6)

The

ducibility shall be less than or equal to that stated in the technology spgegifi¢ parts of this

ards series.

reproducibility » is verified by comparing the control module(s), from sequence A

stabilization (beginning of the test) and after final stabilization (end of tests
ence B to E). The second test shall be performed after completing all tests. The follg
B!

a)

one control module from Sequence A.

b)

If thq
need
or th
after
perfg
techrn

For

Il modules from sequences B (after MQT 18.1), C, D~and E are measured together

a) cannot be used due to test flow (different<€ompletion time of sequence or cust
quests restrictions) the following applies:

pr each sequence B (after MQT 18.1), C,.D-and E one control module from sequer
nall be defined. The control module is stabilized and measured together with the mo
pm the applicable sequence B (after MQT 18.1), C, D or E. For each determined v3
e requirement for r shall be fulfilled:

reproducibility parameter r.iS) not equal to the total measurement uncertain
06.1. It is advisable that the.same solar simulator is used for P, (Lab_Gate No. 1
(Lab_Gate No. 2).

measured r excegds the technology specific limit for the control module the labor

b module undef test is responsible for the poor reproducibility, or it is not in a stable
applied procedure MQT 19.1. If all checks confirm the measurement equipm
rming cofrectly, this indicates that the control module has drifted by more tha
ology specific limit. In this case, proceed by using the technology specific limit for r.

after
from
wing

with

pmer

ce A
Hules
lue r

y of
and

atory

5 to check with its"own internal reference module(s) whether the test equipment is faulty,

state
nt is
the

NPI)

HPA0 BTSN
o

spech

7.2.4

ifacial modules, Gate No. 2 shall each be assessed only at the larger irradiance (H
=~ A
V. Is’.

Electrical circuitry

Samples are not permitted to exhibit an open-circuit during the tests.

7.3

Visual defects

There is no visual evidence of a major visual defect, as defined in Clause 8.

7.4

Electrical safety

a) The insulation test (MQT 03) requirements are met-afterthe-tests at the beginning and the

e

nd of each sequence.
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The wet leakage current test (MQT 15) requirements are met at the beginning and the end
of each sequence.

Specific requirements of the individual tests are met.

Major visual defects

The purpose of the visual inspection is to detect any visual defects that may cause a risk of
reliability loss, including power output.

In some instances more-testing detailed inspection may be required to finally decide if major

visudl defects exist or not.

For
cons|dered to be major visual defects:

a)
b)

c)

d)

k)

9

he purpose of design qualification and type approval the following observationg are

roken, cracked, or torn external surfaces.

ent or misaligned external surfaces, including superstrates, substrates, frames| and
junction boxes to the extent that the operation of the PV module would be impaired.

ubbles or delaminations forming a continuous path between @lectric circuit and the edge
of the module.

I the mechanical integrity depends on lamination or othér'means of adhesion, the sum of
the area of all bubbles shall not exceed 1 % of the totaltmnodule area.

vidence of any molten or burned encapsulant, backsheet, frontsheet, diode or active PV
bmponent.

=

c

Lpss of mechanical integrity to the extent that\the installation and operation of the module
would be impaired.

d

racked/broken cells which can remove more than 10 % of the cell’s photovoltaic dctive
area from the electrical circuit of the PV module.

Moids in, or visible corrosion of any of the layers of the active (live) circuitry of the module
eiktending over more than 10 % ©f any cell.

roken interconnections, joints or terminals.
ny short-circuited live parts or exposed live electrical parts.

odule markings (label) are no longer attached or the information is unreadable.

eport

Following type“approval, a report of the qualification tests, with measured performance
characteristics and details of any failures and re-tests, shall be prepared by the test agency-in
accofdance—withISO/AEC17025. The report shall contain the detail specification for the

modyle’Each test report shall include at least the following information:

a)
b)
c)
d)
e)

f)

g)
h)

i)

a title;

name and address of the test laboratory and location where the tests were carried out;
unique identification of the report and of each page;

name and address of client, where appropriate;

description and identification of the item tested, including indication if it has been
evaluated for bifaciality and/or whether it is has been evaluated as a flexible module;

characterization and condition of the test item;

date of receipt of test item and date(s) of test, where appropriate;
identification of test methods used;

reference to sampling procedure, where relevant;
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)

k)

P)
q)

r

s)

any deviations from, additions to, or exclusions from, the test method and any other

information relevant to specific tests, such as environmental conditions, or the irradi
dose in kWh/m2 at which stability is reached;

ation

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

and photographs as appropriate including:

— temperature coefficients of short-circuit current, open-circuit voltage and peak power,

—NMOT;

— power at-NMOT; STC and low irradiance,

— Dbifaciality coefficients at STC and low irradiance (for bifacial modules),

—| the maximum shaded cell temperature observed during the hot-spot endurance tegt,

—| spectrum of the lamp used for the UV preconditioning test,

—| mounting method(s) utilized in the static mechanical load test-andfor-measuremgntof
NMOT,

—| the positive/negative test loads and the safety factor y,,, used in the static mechgnical
load test,

—| hail ball diameter and velocity used in the hail test,

—-| maximum power loss observed after all of the tests,-and

—| for flexible modules, the diameter of the cylinder ao¥er which the module was|bent
during performance of MQT 22, and

—| conditions of potential induced degradation (PIDJtest (MQT 21) including applied fated
system voltage, polarities, and mounting configupation;

—| choice of test method where procedures allew more than one option (e.g. Method| A or
B in MQT 18.2; final stabilization method4r"MQT 19.2, etc.)

—| if open-circuit voltage, short-circuitz@litrent, or associated temperature coeffigients
cannot be measured due to module¥integrated electronics, these quantities shgll be
reported as "not measurable .due to module-integrated electronics." Any resulting
exemptions from Gate 1 requirements on /g or V. shall also be noted.

any failures observed and any tetests performed;

al representation of the amarkings of the module type including manufacturer’s power

tolerances;

the test lab name apd\date, for each component qualification required in Table 1;

al summary of results from all pass criteria defined in Clause 7 in absolute and relative

change. If tendencies to either higher or lower values are observed this has to be included

in the report,"Fhe used stabilization procedure (irradiance, temperature, time) needs fo be
stated in detail;

al statement of the estimated uncertainty of the test results (where relevant); stat¢ the

reproducibility » from the control module that is used for Gate No. 2.

e—anat o€t rtdentification—of-thepersonts)yaceeptingrespons bility

for the content of the report and the date of issue;

where relevant, a statement to the effect that the results relate only to the items tested;

a statement that the report shall not be reproduced except in full, without the written

approval of the laboratory.

10 Modifications

Changes in material selection, components and manufacturing process can impact the
qualification of the modified product.-Materialin-directcontactwith-each-other shall-be tested

frrlosslieoblocomblas oo valeee conaling con be oo
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Retesting shall be performed
according to IEC TS 62915. The recommended test sequences have been selected to identify
adverse changes to the modified product.

During retesting, tests that are performed on representative samples do not need to be
repeated if the only change to a product is one of size, and the change in product size still
allows use of the same representative sample size already tested.

The number of samples to be included in the retesting program and the pass/fail criteria are to
be taken from the relevant clauses/subclauses of this document.

11 Test flow and procedures

For design qualification and type approval the following test flow and procedures dpply.
Tablg 3 summarizes the different tests. The full test flow is given in Figure 2.'\A descriptipn of
the tests and test procedures is given in IEC 61215-2:2021. Technology-relevant differgnces
whi-ble are described in the respective technology specific part of this standards series.
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Table 3 — Summary of test levels

MOTC 101 T . . z — orlistin C :
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Test Subclause in Title Test conditions
IEC 61215-
2:2021

MQT 01 4.1 Visual inspection See list of major visual defects in Clause 8

MQT 02 | 4.2 Maximum power See IEC 60904-1 for monofacial modules and

determination IEC TS 60904-1-2 for bifacial modules

MQT 03 | 4.3 Insulation test Test levels vary between 500 V minimum and
1,35 % (2000 + 4 x 7 ) maximum depending on system
voltage, module class, and presence of cemented joints.
See MQT 03 procedure for further detail.

MQT 04 | 4.4 Measurement of See IEC 60891

temperature coefficients | o -~ -, .o ¢ L
LT TEL OUIUS=TU TUT yuludrlitvt N

MQT 4.6 Performance at STC Cell temperature of 25 °C at STC N

06.1 Irradiance: 1 000 W/m? (and BNPI, for bifaci \édules)
with IEC 60904-3 reference solar spectralffqa ianceg
distribution (1/

Requirements see Clause 7 ! /Q
MQT @7 | 4.7 Performance at low Cell temperature: 25 °C :\ -
irradiance Irradiance: 200 W/m? with |ER@904-3 reference
solar spectral irradiance c}'\gt})'bution

MQT 4.8 Outdoor exposure test 60 kWh/m? total sola,r.ir@ii‘ation

MQT 4.9 Hot-spot endurance test | Exposure to irradi Mn worst-case hot-spot condifion as
per the technol gx ecific part and IEC 61215-2. Fpr
monofacial modtles, irradiance is 1 000 W/m2. For hifacial
modules tllp'i diance is BSI.

MQT 10 | 4.10 UV preconditioning 15 kWh/@ﬁotal UV irradiation in the wavelength ranjge
from ZQ m to 400 nm, with 3 % to 10 % UV irradigpnce in
theamavelength range from 280 nm to 320 nm, at a module
t rature of 60 °C. For bifacial modules, exposurg is

e eated on the rear side.
MQT 11 4.11 Thermal cycling test s&%o (Sequence C) or 200 (Sequence D) cycles from 440 °C
$ to +85 °C with current as per technology specific paft up to
. O +80 °C, with 5 N weight hanging from the junction b¢x.
MQT 12 | 4.12 Humidity freeze%glt' 10 cycles from +85 °C, 85 % RH to -40 °C
B\ with circuitry continuity monitoring

MQT {3 | 4.13 Damp heafTest 1000 h at +85 °C, 85 % RH

MQT 4.14 Rob(sthess of Test of junction box retention and cord anchorage.

termifation

MQT 15 | 4.15 @*et leakage current Test voltage increase at a rate not exceeding 500 Vs to

C)\test 500 V or the maximum system voltage for the modulle,
O whichever is greater. Maintain the voltage at this leVel for
\. 2 min. Solution temperature is (22 + 2) °C.
k‘
MQT 16 | 4.16 Q~\ Static mechanical load Three cycles of uniform load specified by the
O test manufacturer, applied for 1 h to front and back surfgces in
’é turn. Minimum test load: 2 400 Pa
MQT 7< ‘7 Hail test Ice ball impact directed at 11 locations. Required minimum
\/ ice ball diameter of 25 mm and speed of 23,0 m/s.
MQT 18 | 4.18 Bypass diode thermal MQT 18.1: Bypass diode thermal test:
test 1hat/and75°C
1 hat1,25 times I, and 75 °C
MQT 18.2: Bypass diode functionality test
At 25 °C perform voltage and current measurements
For bifacial modules, / . in the conditions above is that
measured at elevated irradiance BSI.

MQT 19 | 4.19 Stabilization Three consecutive output power measurements P4, P, and
P3 using MQT 02. STC output power is determined using
procedure MQT 06.1.

MQT 20 | 4.20 Cyclic (Dynamic) IEC TS 62782

Mechanical load test 1000 cycles at 1 000 Pa

MQT 21 | 4.21 Potential induced IEC TS 62804-1

degradation test

+85 °C, 85 % RH at maximum system voltage for 96 h
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Test Subclause in Title Test conditions
IEC 61215-
2:2021
MQT 22 | 4.22 Bending test — for 25 cycles rolled up (without damage) around a cylinder

flexible modules only

with a diameter specified by the module manufacturer over
which the flexible modules can be bent
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Annex A
(informative)

Changes from previous edition

General

This annex is included with edition 2 of the IEC 61215 series to better explain the project
team’s reasoning in developing some of the changes made since edition 1. This annex is
informative, describing the development history and rationale. This annex does not modify or

com

The following changes are discussed in this annex: Q}’
N

e Pfocedures for bifacial modules Q(l/

° se of representative samples r\q’

o dition of dynamic mechanical load test ,\03’

o dition of test for potential induced degradation r\q/

Simulator requirements

eferences to retest guidelines

eight on junction boxes O
orrection to monolithically-integrated hot-spot E{?@rance test
umber of modules in sequence \\

emoval of nominal module operating tem@s}‘ature (NMQOT)
Very low currents during thin-film tests

L|mit bypass diode testing to three- @ es

evert the insulation test to 2006ver3|on

nding test
g C\}“

-

Stabilization option for b@ oxygen LID (MQT 19.3)

us)

To cleate edition 2, a ber of minor corrections and clarifications to the edition 1 wording

were|also made. Th @minor changes are not discussed in this annex.

A.2 Procec-ggs for bifacial modules

The %}a 15 new edition includes text related to bifacial modules, whereas edition [I did
not. T

ew edition includes several instructions related to bifacial modules:

Procedures for measuring bifacial modules are included via references to
IEC TS 60904-1-2.

Where test levels need to be adjusted for bifacial modules due to potentially higher
currents during operation, these increased values are specified.

Additional reporting requirements (e.g. bifaciality coefficients) are described.

Tests that may be omitted because referenced standards have not yet been modified to
account for bifaciality are noted.
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Qualification of bifacial modules requires measurement of several quantities beyond those
required for monofacial modules. The short-circuit current bifaciality coefficient ¢4, the open-
circuit voltage bifaciality coefficient ¢,,,, and the maximum power bifaciality coefficient @p 44
shall be listed on the nameplate, as per IEC 61215-1:2021, 5.1j). These coefficients are
measured as part of IEC 61215-2:2021. MQT 6.1. Any significant deviation between the
measured and listed values shall be noted in the test report, as per IEC 61215-1:2021, 7.2.2.
MQT 07, performance at low irradiance, also requires calculation of the bifaciality coefficients
at low irradiance.

Qualification of bifacial modules requires performance measurement (MQT 06.1) at three
irradiances. These irradiances are

000 W/m?2 (the irradiance at STC, as defined in IEC TS 61836), Q

y . . N |
e cpnditions equivalent to 1 000 W/m2 on the front side and 135 W/m2 on tp\eQFack side
(BNPI, as defined in 3.11), and

e cpnditions equivalent to 1 000 W/m?2 on the front side and 300 W/mzfq%the back| side
(BSI, as defined in 3.12). 03"\
BNP] and BSI may be applied in any method allowed by IEC TS 6(}5&?’4-1-2, such as sipgle-
side |llumination at equivalent irradiance, or double-side iIIuminati%\l single-side illumination
is ut|lized, the simulator setting depends on the module t@b y through the equivalent

—_

irradiance defined in 60904-1-2. Extrapolation of performa arameters at BSI from the
valugs of 1 000 W/m? on front and 300 W/m? on back is p\as le if the flasher is unalyle to
achigve high enough irradiance for BSI. << @)

BNPI is used for nameplate verification. 135 W/m r irradiance is chosen for BNPI based
on s¢veral published studies that find, with typic odule spacing and light-colored soil|, the
rear-pide irradiance is in the range of 100-150 \h&nwhen 1 000 W/mZ2 is incident on thel|front
side.[2] [3] [4] [5] [6] BNPI thus conveys\@ approximation of typical power gain ddie to

bifac|ality. $

BSI is used to measure quantities tha.k\Qi)etermine applied stress conditions. A 300 W/m{ rear
irradiance in BSI is used to represébt worst case (most stressful) conditions with a refldctive
(0,5 albedo) ground cover.[7] Tosensure safe products, this worst case condition is used fo set
the sfress levels. ‘\\0

i
ib

.

For Bifacial modules, surements at both STC and BNPI are used for Gate No. 1, while
only [measurements Q Pl are utilized for and Gate No. 2 criteria. For final Gate No. 2
meagurements (post stress,) STC measurement and re-evaluation of bifaciality coeffidients
are not require order to keep cost of qualifying bifacial modules reasonable. Insfead,
Gate[ No. 2 is luated only at the more stringent condition, BNPI, where possible sferies
resisfance @other fill factor losses induced by stress are expected to be largest. By not
requiring measurement or re-evaluation of the bifaciality coefficients for the final |Gate
No. 3 urement, time-consuming (expensive) steps of re-calibration simulators at myltiple
intenkiti i ' ' i i ment
intensities and evaluation of bifaciality coefficients requirements are stated in
IEC 61215-1:2021, 7.2.2 and 7.2.3, and in IEC 61215-2:2021, 4.6.3 "Measuring at STC (MQT
06.1)".

For several tests, stress levels are increased from values based on one-sun front side
illumination, in order to account for potentially higher currents during bifacial module
operation with backside illumination.

e The test current is increased for the bypass diode thermal test MQT 18.1. For bifacial
modules, MQT 18.1 specifies 1,25 times the module short-circuit current at the elevated
irradiance BSI. Use of this higher current is required in IEC 61215-2:2021,4.18.1.4b).

e The test current is also increased in the same manner for the bypass diode functionality
test MQT 18.2, as specified in IEC 61215-2:2021,4.18.2.3.2 b).
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In MQT 11 the technology-specific current to be applied during thermal cycling is larger for
bifacial modules. IEC 61215-1-1:2021 specifies that the technology specific current which
needs to be applied according to test MQT 11 of IEC 61215-2:2021, shall be equal to the
peak power current at the elevated irradiance BSI.

In MQT 09, determination of the cell shading percent and the prolonged exposure are
performed at the elevated irradiance BSI. If double-side illumination is used to produce
BSI, both the back and the front of the cell are shaded in the same way. During cell
selection, any cell that is permanently shaded by a module feature (such as the junction
box) is added to the list of selected cells.

3

At present, there are products intended to be qualified via IEC 61215, that are larger
(e.g.|6 m in one dimension) than typical test equipment. Requiring a test lab to_odktain custom
test ¢quipment for one product is prohibitively expensive and would create a ir barrler to

qualification. Thus, representative samples may be used for applying stre,é}, nd evaluating
Gate| No. 2 on very large modules. A representative sample is one trj&t’includes all the
components of the module, except some repeated parts, and is the é@re smaller than the

actugl product. A full-sized sample is still required for nameplate ver'i\(l‘Ba ion (Gate No. 1)

A regpresentative sample may be utilized if a module i C')/ery large," as defingd in
IEC t&g
commercially-available AAA simulator, or in the neces

1215-1:2021. A "very large" module is taken to be any that will not fit on the lafgest

environmental chambers.| The

largejst commercially-available AAA simulators seldom %c ed dimensions of 2,6 m x 2,1|m. A

survgy of test labs by project team members sh

that environmental chamber pizes

currgntly impose a size limit for IEC 61215 quali@a ion in various test labs ranging |from

2,2

to 2,4 m in module length, and 1,2 to 1,9 module width. The project team de¢ided

that glefining a very large module as 2,2 m x 1, is a reasonable compromise betweeh not
providing a barrier to certification for Iarge.%&ucts, but encouraging certification on full-size

2,2

prodiicts when possible. By this definitio§,

module is considered very large if it exdeeds

in any dimension, or exceeds 1,5 both dimensions.

Q\

Limits are placed on how much o@ may reduce the dimensions of a very large modyle in

less fthan one half the dim
reduging the shorter dimen ,
redu¢ing the longer di sion, the representative sample shall be at least 1,1 m long. Thjus, a
manyfacturer is not

testing. The use an

makihg representative modugsg; qualification testing. The reduced dimension(s) shall e no

ns that define a very large module. In other words, when
the representative sample shall be at least 0,75 m wide. In

wed to use, for example, a one-cell mini-module for qualification
ensions of representative samples shall be noted in the test repdrt.

.

samples are utilized in Sequence E, then one extra module, full-sizgd, is

ther extra module is required because mechanical load on a representative sample is
not the{same as doing it on a full-size module (To g|ve an extreme example al10mx1(Q m x
5m A pane

may re5|st the 2 400 Pa loading.) However a general way to convert Ioad requ|rements from
one sample size to the next, for all product designs, does not exist at the time of publication.
Also, because of space limitations in the damp heat chamber, the full-size module cannot be
required to undergo the entire sequence E. Thus, as a compromise, an extra full-size module
in sequence E to supplement the representative sample. The full-size module will be
evaluated for structural and safety failures (e.g. broken glass) via the visual inspection (MQT
01) that is embedded in MQT 16. If a design is susceptible to MQT 16 failures that involve DH
(for example, a glue that debonds after DH), such effects are best detected using the
representative sample.

If there are MLT failures that involve DH (for example, a glue that is not strong after DH), such
effects will be captured by the test on the representative sample.


https://iecnorm.com/api/?name=16a6d00379a286c9c8691b24608cf8ae

IEC 61215-1:2021 RLV © IEC 2021 - 37 -

The project team considered whether more thermal cycles should be required when MQT 11
is performed on a representative sample. It was considered that thermomechanical fatigue
tends to increase with sample size, and therefore extra thermal cycles might be needed to
qualify a full-size product while stressing a smaller representative sample. However, finite
element modelling concluded that the cell size, not the module size, is the critical dimension
for thermomechanical fatigue, and thus extra thermal cycles are not warranted.

A.4 Addition of dynamic mechanical load test

A Dynamic Mechamcal Load (DML) test has been added in the IEC 61215 new edition and is

perfo ential
for c¢ll breakage W|th|n PV modules[8] The goal was to find a load that would break cell§ that
were|already damaged prior to the stress, but would not break intact cells during he’stress.

Durirlg experiments, a load level of 1 000 Pa was selected. Effect on the cellsnappeargd to
saturfate at 1 000 cycles. These results formed the basis for the stress | s utilized in
IEC TS 62782 and the IEC 61215 new edition. DML has subsequently beﬁe subjdct of
othell studies.[9], [10], [11] The DML test is intended to detect cell damagb\t at is inhergnt in
procgssing (such as a tabber that applies too much pressure and cra?\ ceIIs during module
assefnbly). The DML test is not intended to introduce new crac nto the cells, npr to
meagure susceptibility of the module to mishandling, abuse, or ex%&n weather.

Sevefal publications (e.g. [12], [13]) have noted that crackin s in a module, then apglying
eithef DML or thermal cycles, can lead to power loss. However, there are several reasohs to
be cqutious when considering applying DML or thermalQ/@ng after mechanical stress fof this
qualification standard: O

e Npt all modules will experience extreme weatRer ‘or mishandling. Qualification testing that
tgsts for performance retention under these umstances may lead to costly overdesdfign.

e There is not yet documented field corr@on to determine over what time period power

Idss from mechanically-cracked cells.occurs. Early studies how long it takes cracks to
open up, and therefore (even roug@ what time period is relevant for the sequence} hail
tgst + DML or TC. Some publlshesk udies are underway, but haven’t seen cracks fyrther
affect power in the first 1 to 2 years. [14], [15]

br people who just wan t&now relative performance without requiring relationsHip to
field performance, static(o d + DML is in IEC TS 63209-1 for relative comparison.

is recommer:?’ﬁ ‘first develop and gain experience with a TS related to [hail-

L]
M

°
—

rgsistance, modul ndling, and related performance losses. Such a document should
cpnsider that thérnial cycles might be more effective than DML.

.

A.5 Addi@rof test for potential induced degradation

Pote 1t%®ced degradation (PID) has been observed to cause power output degradation in
soms ed modules. Examples of such reports can be found in the literature.[16], [17],{[18],
[19], T20T Thus, an accelerated iest 10 screen ior PID susceptbility has been added in
edition 2 of the IEC 61215 series, as MQT 21.

The PID test, MQT 21, is performed in parallel with other tests, in a new Sequence F.
Sequence F requires two modules per installation polarity allowed by the manufacturer. If only
one installation polarity is allowed, only two modules receive PID stress. However, all four
modules are subjected to Gate No. 1 verification, in order to keep Gate No. 1 statistics
independent of the number of allowed installation polarities.
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The test procedure for MQT 21 is based on the previously published IEC TS 62804-1. The
85°C / 85% RH / 96 h stress ("85/85/96") stress utilized in IEC 61215 edition 2 is one of
three stress level options in IEC TS 62804-1. Numerous accelerated test studies preceded the
development of IEC TS 62804-1. PID has been studied to the extent that reviews of PID,
including experimental dependencies, derived acceleration, and underlying mechanisms, can
be found in the literature.[21], [22] Literature reports vary regarding acceleration factors.
Equivalent outdoor exposure for the 85/85/96 stress utilized in IEC 61215 edition 2 has been
estimated by different groups between 2 to 20 years,[23], [24], [25], [26], [27] for the effect of
a humid climate (e.g. Florida, USA) on a crystalline Si module. The differences in the
literature reports may reflect a need for utilization of different physical models in some
studies, experimental uncertainty, and different behavior among the products tested.

All products (modules based on crystalline Si cells, or thin film cells) are subjec eﬂ the
samg stress conditions when executing MQT 21. The same stress conditions are a%éd even
though it is likely that acceleration factors differ from one product to the next, particular|y for
thin film modules, where the underlying physical mechanism for PID is differeéplhan that|in x-
Si medules. It is estimated that the acceleration factors for thin film module e substartially
smaller than that of typical c-Si modules.[28], [29], [30] The methodokcgy\of defining sfress
levely that are empirically observed to separate failed versus succ | fielded products,
then japplying these conditions to all modules, is rooted in the J buy study,[31] which
forme¢d the basis for several of the IEC 61215 series stress testfp& ew sentences explicitly
stating the methodology of the IEC 61215 series (constant str onditions across prodlucts)
were|added to the scope.
,\\
The 85 °C / 85 % RH / 96 h level is probably more stre I (in terms of years of equivialent
expopure) than some other MQT’s, for c-Si in most unvironments. However, this relatively
harsh condition was selected because:
1 N

ata show thin film modules need a highef\gccelerated stress level than Si modulges to
g¢produce early-life PID failures. ‘QQ)

—

b\
Prior to the inclusion of a PID test in l&C 61215, several major module manufacturerg had
a|ready selected the 85 °C / 85@ H / 96 h stress level for internal qualifigation
pfograms.
Use of a light soak may Ieadjgb' some power recovery, therefore justifying increasing the
stress level.

rjcreased use of module |n potentially harsh PID-prone environments, such as very rainy
limates, may warra@a harsher test.

[ ]
o0 —

The way in which @Qules are mounted has been observed to affect PID.[32] [33] Thus,
durinlg the cham test in IEC 61215 (and IEC TS 62804-1), on request by the manufaciurer,
modyles migh%g(mounted as described in the installation manual during testing, if the
mamfactu@@ tes that PID resistance is achieved via mounting method.

PID ;\ on CIGS may be applied with a modest forward voltage bias applied acrosf the

intermalcircuit These arethe same conditionsapproved fr\r' thedamp heat test “\/lﬁT 3) in
= S+ H—Heat+t8st

IEC 61215-1-4:2021. The voltage bias prevents effects that do not occur when stress is
applied under field-representative illumination.

A wet leakage current test (MQT 15) is part of the final measurements within MQT 21. This
wet leakage current test is to be performed within 8 hours of the end of the PID stress, as in
IEC TS 62804-1. The inclusion of the test, with a time limit, is motivated by the increase in
leakage current seen in some modules during in-situ monitoring, and may have a time scale
for reversibility that is similar to the PID.

A final stabilization, MQT 19.2, is performed prior to gate 2 on all modules that have been
subjected to PID stress. The conditions for this final stabilization are described in the
technology-specific parts (IEC 61215-1-x).
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For crystalline Si modules, the final stabilization is a short light soak (2,0 kWh/m2) meant to
reverse the effects of PID-polarization, which results from the movement of charge within the
module,[34] as opposed to PID-shunting (PID-s), which results from movement of Na within
the module, a slower process. Tests on some modules show that PID-polarization (PID-p)
does not occur when PID stress is applied with field-representative illumination,[35] and thus
should not be allowed to cause design qualification failure when administering a dark PID
stress test. UV has been shown to be important in reversing PID-p.[36] Thus, the class CCC
solar listed as required apparatus in MQT 19.2 shall fulfill the class C spectral requirements
over at least the short-wavelength portion of the extended wavelength range described in
IEC 60904-9, for stabilizations performed after PID testing. For bifacial modules, light is
applied to the rear side during this stabilization.[37] Since a small amount of PID-s may
revense—eare—ea—she e st 38H—tHre—Heh eak—is—apphed—to—tre—front—ef—moeneiacial
modyles, to obtain a consistent comparison of test results across module types. Q

For thin-film modules, the final stabilization is included to put metastabilities_jhto"the Jight-
soakgd state and obtain an accurate Gate No. 2 performance measurement us, thelthin-
film light soak is performed in nearly the same manner as other thin-film fi stabilizgtions
(MQT 19.2). One additional requirement exists for final stabilization of thifisfllm modules|after
PID gtress: Once the stabilization criterion is met, the light soak shall e@érminated withip two
irradiation intervals (as defined in the technology-specific parts of @19). This time limit is
inclugled to prevent attempts to reverse Na migration with extrem@\ ong light soaks thgt are
many times that needed to account for metastability. C)

After| the completion of MQT 21, module storage conditi }between subsequent test$ are
controlled. Between these test steps, the modules arelﬁn e maintained indoors, in the dark,

and at temperatures 25 °C or below. No more than elapse between the end of MQT 21
and tfhe beginning of MQT 19.2. There is also timeQnt between MQT 19.2 and MQT 04.1: It
is eilher 48 h or the time limit specified in the%chnology-specific stabilization procefure,
whiclever is shorter. These controls are intended“to prevent attempts to reverse Na mignation
befole Gate No. 2 via anomalous storage ti@%nd conditions.

N

A.6 | Simulator requirements A’\Q

9
A.6.1 General c\}\\'

Editipn 2 revises both the \\ctral and uniformity requirements for simulators. (Notatign for
simulator classifications @re defined according to IEC 60904-9. The AM1.5 spectral mafch is
denofed by the first ’R§r of the three-letter simulator classification. For example, a|CBA
simulator is categor'ggwith a type C spectral match, a type B spatial uniformity, and a type A
temppral stabilityy) Fhe revision applies to simulator requirements in MQT 02 (maximum
powdr determ@n), MQT 6.1 (performance at STC), and MQT 07 (performance af low

irradijance). O

IEC @)2:2016 allowed three options for simulators during the measurement listed abgve:

a) a class BBA or better simulator plus a reference device of the same size and cell
technology as the test sample,

b) a BBA or better simulator, plus the spectral responsivity of the module, plus the spectral
distribution of the solar simulator, and a data correction according to IEC 60904-7, or

c) a AAA simulator. Several changes have been made to these requirements:
e Type A spatial uniformity is required.
e A simulator with type C or better spectral class may be utilized.

e There are more possibilities for how one obtains data to use in a spectral mismatch
correction (IEC 60904-7). The spectral response data may be taken by any test lab
that is accredited for that measurement. 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.
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e |t is specifically stated that the component of uncertainty due to spectral mismatch
shall be included my4, the uncertainty used in evaluating Gate No. 1. Maximum
allowable values for m, are specified in the technology-specific parts.

e Use of either spectral mismatch correction or a matched reference module (or cell) is
required.

The procedures in MQT 02 and MQT 6.1 are based on the most accurate measurement
protocols that are practical with current technology. This high level of accuracy is appropriate
for the nameplate verification and design qualification of IEC 61215. However, other types of
documents refer to IEC 61215 maximum power determination. Such documents include
warranties, quality assurance documents, and extended stress tests. A note has been
inclugled to remind users that less stringent requirements may be appropriate f%enon-

IEC 61215 applications. The note reads: "MQT 02 measurement procedures are inten

d for

miniral uncertainty, as performed by an accredited testing laboratory. Lesser reqéiremfents,
such|as use of CAB class simulators, may be appropriate for other applicatibns, sudh as
qualify control in the factory. Applications that only require repeatability, suQ s compfring
module performance before and after an extended stress, may wish % relax spectral

mismlatch correction requirements."

A.6.2 Rationale for changes to spectral requirements r\q/

Revigions to the spectral requirements were made to limit c@;ible spectral mismatch|in a
systgmatic manner, while still allowing test labs several prac
an agceptably accurate measurement.

,\03’

choices as to how to achieve

O

The previous text of IEC 61215 allowed using a soéglmulator with Class A spectral match

for ppwer rating measurements without spectral corréction. This option was originally intehded

to provide one way to achieve a low spectra{%h' match. However, more recent worK has
i

shown that requiring a Class A spectrum is
misnfatch.[40], [41], [42], [43] In other wor@

er necessary nor sufficient for low spegctral
sing a Class A spectrum does not guaranfee a

smaller spectral mismatch error than usidg a Class B or Class C spectrum. In some cases,
specfral mismatch errors can even (e larger for a Class A spectrum comparegd to

=N

Clasg C.[44], [45] The actual spectrMismatch error depends on the procedures, reference

samples, and test samples used. %}

@)
Thergfore, the revised text @éC 61215 has relaxed the spectral requirement to Class {, but

-

incluges wording regarding procedures to reduce spectral mismatch errors. The wordipg is
basiqally the same as 60904-7: either the solar simulator irradiance is calibrated usjng a
reference sample h spectral response that is similar to the device under test, or g full

calcylation of the tral mismatch error is made per IEC 60904-7.

Supplort for position can be found in several literature studies. Excerpts from some of

thesg studi re reproduced here (with bold type added for emphasis):

..«zsification of a solar simulator does not provide any information about
nm—m—mmmmmj' - rrors

are dependent on the actual measurement devices and procedures used.[40]

...spectral class of a solar simulator is not necessarily an indicator for the precision
of measurement. With appropriate reference devices and measurement procedures also
class C spectral match yields a good comparability for c-Si PV modules.[41]

...the simulator with the best spectral match (A+) need not yield the best MMF [spectral
mismatch factor].[42]

No benchmarking of solar simulators is therefore possible based only on the spectral
match information.[42]

...not always the spectrum of higher class would lead to the lower [spectral] mismatch factor.
[43]
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It is specifically stated that the component of uncertainty due to spectral mismatch shall be
included in m4, and maximum allowable values for m, are specified in the technology-specific
parts. As stated in IEC 61215-1:2021, m, is to be calculated based either on measured
spectral response or the worst-case possibility for a given technology type. Worst case
possibilities can be evaluated from a combination of published data and the lab’s database of
measurements.

This approach provides several options for test labs unable to invest in a module spectral
response system, while keeping uncertainty within reasonable bounds via limits on m. A lab
may choose reference modules such that no spectral mismatch correction is needed. Size
requirements on the matched reference module have been removed. The lab may also
meaMs the
test nodule is available. The lab may also obtain spectral response data on such a K@/Férence
cell, pr on the test module, from another accredited test lab. Q~

N
S
The ¢hange in simulator uniformity requirements from B to A was made bé\séd on an analysis
of uncertainty in power rating which includes contributions from sm{é)al factors incliiding
irradfance nonuniformity, current mismatch between cells within a r@ﬁu e, spectral mismfatch,

@sed t

A.6.3 Rationale for changes to uniformity requirements

module temperature, contact resistance, and the procedure(s) o calibrate simdlator

irradjance. Uncertainty values listed below (in Table A.1) are f@] Figure 7 of the refergnced

work|[46] using a coverage factor k = 2. N\
ﬂ\

Taple A.1 — Published uncertainty values as a funq’{ion of simulator uniformity class

-

v
. Approximate power ratin u%ertainty due to all effects, when simulatqr
Irradiance irradiance is ?‘a%\'ated using a reference module’s...
nonuniformity .\‘v
...maximum power ...short-circuit current
Q
1 % (class A limit) 26 f(o% 3,2 %
4 % (class B limit) 3% 6.2 %
J
xO

For modules with higher fill, or, such as new high-efficiency Si modules, effecfs of
irradfiance nonuniformity m(ggbe greater, since higher fill factor implies that a change in
currgnt changes the module ‘power output more sharply. Based on this information, the project
team| decided the uncegt@inties for 5 % irradiance nonuniformity would be too large for gome
meagqurements, such @ he maximum power determination of Gate No. 1.

Polls| of worki
group 2 meeti
in atlTe

up 2 members representing test labs were performed during a waofking
nd during a IEC 61215 new edition project team meeting. All such menbers
dicated that they already use simulators with class A uniformity.

O

The 15@edition includes one exception to the new uniformity requirement. For evaluatipn of
Gate No. 2, "very Targe™ modules (as defined in TEC 61215-1:20217, 3.8) may be measured
with a class B uniformity simulator. It is recognized that class A uniformity simulators larger
than 2,2 m x 1,5 m are rarely commercially available at present, and thus imposing use of a
class A uniformity simulator on a very large module creates an unfair barrier to qualification.
At present, only a small fraction of the market is expected to utilize the exemption for very
large modules. In future years, as module sizes and availability of very large simulators
evolves, the size definition for a very large module should be adjusted accordingly.
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A.7 References to retest guidelines

IEC 61215 Edition 2 requires the use of IEC TS 62915 to determine if a retesting is needed.
This requirement is stated as, "Retesting shall be performed according to IEC TS 62915." To

avo
of

id any future contradiction between IEC 61215-1 and IEC TS 62915, all further description
conditions that might generate the need for retesting have been removed from

IEC 61215-1:2021.

A.8 Weight on junction boxes

and

is mqdified to include a 5N weight hanging from the junction box.

A.9 | Correction to monolithically-integrated hot-spot endurance.‘tb%t

7/
IEC $1215-2 Edition 2 revises a portion of the monolithically-in dg?ated (MLI) hot|spot
endufance test to correct errors in IEC 61215-2:2016. In IEC 6

Poorladhesion of the junction box to the module has been observed in both fielded %jules

ccelerated tests.[47], [48], [49], [50] Thus, in edition 2, the thermal cycling test(\/ r11)

(1/'\

-2:2016, incompatible

procgdures for testing wafer-based vs. MLl modules were inadvefiently mixed in some qf the

MLI
imp

withgtand hot-spot heating effects, such as those th

sha
has

NOTE|1 Tests ared ri@d from earlier editions of IEC 61215-2 and IEC 61646.

O
The hot-spot endurance test (MQT 09) is designed tsQetermine the ability of the moddle to

bections. Minor revisions were also made in places where(the procedure was unclelar or
opsible to perform. S\\

uld be caused by mismatched cellls or
dpwing. While there are test variations for d'\(e nt module types and circuitry, thq test
dertain commonalities across all module tYRQ$

Al worst-case shading condition is deters@s%d.

his condition causes a current qe@@lmp (for unshaded conditions) to flow through the
hort-circuited module. A\

T
s

The module is exposed to ei@ated temperature (50 °C) and the worst-case shading
cpndition for at least 1 h. C\)J:

A N

fter stress, the modul(}hall have no visual defects, a functional /-7 curve, insulation
rgsistance meeting the .requirements of MQT 03, and wet leakage current meeting the
requirements of M 5.

Desgite these monalities, some differences in test procedure between modules contdining

singUated@@afer-based cells and those containing MLI cells are necessary for the follgwing

reasgns:
O

a)

b)

I &ifficult to shade a single MLI cell reproducibly, since cells have high aspect|ratio
(e.g. 0,5cm x 1 m dimensions), and there are reflections inside the glass that make
shading around edges not sharp. The wafer-based cell procedures involve shading a
single cell.

Some MLI cells may experience a decrease in shunt resistance when shaded.[51], [52]
For the wafer-based modules, shading of individual cells is performed as a way to select
cells that have certain pre-existing shunt resistances (low or high). For MLI cells, the act
of shading individual cells is not likely to screen the cells, but rather to alter them. Thus, it
is logical to apply shading stress to MLI cells, but not in an attempt to select which cells to
test, as in the wafer-based procedure.
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c)

d)

Thin film cells often have a different nature of reverse bias characteristics than do Si cells.
Thin-film reverse bias characteristic are in many cases not linear,[53], [54], [55] or are
only linear over a voltage range that is too small for a comparison of shunt resistances
according to the method of IEC 61215-2:2016, Figure 4. Thus, even if items a) and b) on
this list could be overcome, it is still unlikely that one could use the method of Figure 4 to
select cells of highest and lowest shunt resistance.

The Si cell method assumes that shading one cell can reduce the current generated by
the short-circuited module to Ip (measured under full irradiance) or an even lower
current. However, this reduction may not be achievable by fully shading one MLI cell. The
difficulty occurs because there are typically many more MLI cells in a module, and the
cells may be more conductive at a lower reverse bias compared to Si cells.

Becaluse of the differences listed above, the thin film hot-spot test has relied upo

“skjadmg
blocKs of cells, and finding how many cells shall be shaded to achieve the currelQE!duction
noted in the above list as d).

(1/'\

NOTE| 2 This method of shading blocks of cells was utilized in IEC 61646:2008 (10. Q)N(bIEC 61215-2:2016

(4.9.513.2, 4.9.5.3.4, and 4.9.5.3.5).

Howgver, some errors were included in the MLI portion of IEC 61215(5{:\;’0)16 MQT 09:

Thesg errors are cor@&d’ in the new edition of IEC 61215-2:2021. Several changes |were
made to do so: C)

419.5.3.3 (MLI, SP case) erroneously called for the waée'd@ased single-cell shading
method. (The single-cell shading method cannot be rmed on MLI moduleg for
r¢easons a) to d) listed above.)

Three different MLI sections describing how to doQ@hot spot test on MLI SP modules
were included in edition 1, but the three differ P cases actually require the g$ame
pfocedure. These three subclauses from editQ] 1 are 4.9.5.3.3 "Case SP", 4.95.34
"Case SP with inaccessible cell circuit and i&r@wal reverse bias protection", and 4.9.6.3.5

Case SP with inaccessible cell circuit and reverse bias protection". In all caseq, the
MLI cell circuit is treated as inaccessiplé), so there should be no distinction betyween
4/9.5.3.3 and 4.9.5.3.5. Furthermorexé'ﬁ\' LI products, a single external bypass diofde is
utilized. Lateral conduction in th% gh aspect ratio MLI devices is limited by the
cpnductivity of the transparent c cting thin film, so MLI products do not use internal
bypass diodes. The test procQ#?re is performed with the module short-circuited, making
the external bypass diode&@ vant to the test procedure. (It turns on only whenf the
nlodule is in reverse bias \{Lhus, there is no need to distinguish between cases 4.9.5.3.3
ahd 4.9.5.3.4.

.

4(9.5.3.3, @@3.4, and 4.9.5.3.5 from IEC 61215-2:2016 are combined into a dingle

Case SP*séction. Thus, in the new edition of IEC 61215-2:2021, there are three dases
fqr MLA@duIeS in MQT 09: S, SP, and PS. These are the same three cases forgerly
ufiliz IEC 61646:2008.

Thb{g’lngle-cell shading method used for the wafer-based modules is not utilized fof any
case in MLI modules.

In some places, minor changes to wording were made to clarify, but not modify, the test
procedure.

Minor revisions were also made in places where the MLI hot-spot endurance procedure was
unclear or impossible to perform:

The symbol "N" rather than "P" is used to denote the number of parallel strings to avoid
confusion with power, which is also denoted by "P."

The acceptable range for currents is now based on Itp: not P, These two ways of
specifying the range yield nearly the same results, and specifying the current is much
clearer. IEC 61215-2:2016 was not explicit regarding how to determine the range in
translating from P to I. (For example, is the tester allowed to interpolate between points
using a previously-measured /-V curve?)
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The acceptable window for current during extended stress is widened by changing the
lower limit from 99 % to 95 % of the maximum. If the simulator irradiance can change by
+ 2 % over the test (as is explicitly stated), it is not reasonable to ask to keep the current
within a 1 % window. For some modules, it was observed that shading even one cell
dropped the current below the specified range.

A minimum mask size of two cell widths is specified. For reason a) described earlier in this
section, test reproducibility suffers if the mask size is reduced further.

When moving the mask across the module, a minimum number of steps is specified.

The acceptable irradiance range for cell selection with an optional simulator is modified

from "800 to 1 000 W/m?2" previously to "800 to 1 100 W/m2" in the new edition. With this

change, any irradiance produced by 1the required simulator for T n stris (at
A\

—_

000 + 100 W/m?2) is also acceptable for cell selection procedures.
Jther small clarifying changes to the wording have been made. '\Q‘
N

-

N

Sequence A, as defined in either IEC 61215-1:2016 or IEC 61215-1x ,1, is compris¢d of
MQT|07 (performance at low irradiance) and MQT 04 (mea Gl,ement of temperpture
coeffjcients). Two changes were made to sequence A to allo%l to be performed more

effi

cipntly, but without losing valuable information.

&

First| the number of modules required for sequence /—\%3\33 been reduced from thre¢e in

IEC 61215-1:2016, to one in IEC 61215-1:2021. A stu

temperature coefficients shpwed

that for modules of a given cell technology, one ca @ distinguish between the temperpture
coeffjcients of different products. For sample se f three to five modules of each pr¢duct
type,| the variability of temperature coefficientx in each product type is as large ap the

difference between the products. The varia

ity may be due either due to measurement

unceftainty or product inconsistency. An mple of data from this study is shown in

Fig
the
not

urle A.1. Boxes represent the variabili thin each product type, and the error bars show
ieasurement uncertainty. As the purpose of the IEC 61215 series is design qualificTr:ion,

recasting energy production, iﬂ\s not defensible to require the measuring of many

modyles in sequence A in an at pt to reduce the uncertainty on the derived quanfiities.

statidtics on modules passiing’ Gate No. 1, since four modules have been adddd to

sequence F.

Temp coef. o [%/K]

FurtHermore, decreasing thwber of modules in sequence A by two does not worsep the

Second, it is explicit®$tated in edition 2 that the measurements of sequence A mdgy be
perfgrmed in any or€9r, or may be performed on two separate modules, if desired.

A QQ~ mc-Si (poly)
0p7 % ﬁ
NS
R —-T— ----- Fommmmm e 2 o ekttt LD EL LI LLLELL LI
r - 1 —F— T - -
0,05 % - - - - ---L_F--- ===l 1 J---- ---E8 -1
o,o4%~; -----------------------------------------------------------------

Sample size: 3-5 modules per type

0,03 % L] ] L I L L3 L 14
Poly #1 Poly #2 Poly #3 Poly #4 Poly #5 Poly #6 Poly #7 Poly #8 Poly #9
IEC

Figure A.1 — Derived temperature coefficients (a) for nine different mc-Si products types
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A.11 Removal of nominal module operating temperature (NMOT)

Edition 1 of the IEC 61215 series (published in 2016) was the first time that NMOT has been
required for PV module design qualification. Earlier versions of IEC 61215 and similar
standards required only nominal operating cell temperature (NOCT). In 2017, a number of test
laboratories around the world reported that the strict data filtering required by the NMOT
procedure was causing NMOT measurements to take more than 6 months in some locations,
an unacceptable time period for IEC 61215 qualification. The NMOT procedure is described in
IEC 61853-2, which is referenced by IEC 61215-2:2021.

To rectify the unacceptable measurement time, three alternatives were proposed:

a) Put exceptions to the NMOT data filtering (as specified in IEC 61853-2?ﬁ( the

IEC 61215 test, making the test completion time shorter when performed part of
IEC 61215.

b) Amend IEC 61853-2 to allow the test to be completed more quickly. (19

c) Remove the NMOT test from IEC 61215 edition 2. N

4

In chposing between these alternatives, the project team considere(;\ﬂr'/e\following informgtion:

e It| is undesirable to create two different versions of th @ne test by putting many

ekceptions in the referencing standard. Upkeep on the t eCf:jrocedure shall be perfofmed
il both locations, and the two tests yield information tQét is named the same but is not
efuivalent. @)

e The purpose of the IEC 61853 series is to “ch%é@%rize the modules at a wide range of
tgmperatures, irradiances, angles of incide and spectra," in order to "accufately

pledict the energy production of the module er various field conditions," as taken|from
the IEC 61853-2:2016 introduction. The 61853 series defines a methodologly for
ehergy prediction. \"Q

e The goal of IEC 61215 is module desi@n qualification, i.e. whether a module of a particular
design is likely to last in the field. Q’\Q

e Thus, NMOT does not relate ta@ objective of IEC 61215.

e NMOT tests have an uncer@‘ﬁty (typically £ 4 °C) that is larger than the actual operating
tdmperature difference bg?)een most module types.

.

e Dlatasheet NMOT a NOCT values are not heavily used. It is more common tq use
thermal model co ents (such as those provided with PVsyst, for example) to ac¢ount
fqr thermal effec(s) energy generation.

e Tp make N ‘a useful measurement, it may be required to increase — not decregse —
hta coll time, or to perform data collection in individualized side-by-side |tests

Psign r comparing a small set of different module types.

f] cation time reasonable may prevent the NMOT test from ever yielding meaningful

d
d
° Th%ﬂmiting the data collection time in IEC 61853-2 in order to keep IEC 6[1215
q
d

The above points led the project team to remove the NMOT test (MQT 05) and the associated
"performance at NMOT" test (MQT 06.2).
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A.12 Very low currents during thin-film tests

Edition 2 contains revisions to mitigate the difficulty of controlling very low currents in thin film
modules during some tests. In two tests, a fraction of the module’s STC peak power current
(Inmp) is applied during a test. This application of current occurs during the humidity-freeze test
(MQT 12), and during the thermal cycling test (MQT 11). In MQT 12, 0,5 % [, is applied, as
specified in IEC 61215-2. In MQT 11, the applied current is specified in tﬁe technology-
specific parts. For CdTe, a-Si, or CIGS, the applied currents are 0,1 Imp: as specified in
IEC 61215-1-2:2021, IEC 61215-1-3:2021, and IEC 61215-1-4:2021. For smaller cells, these
specified currents may be so small that they are impractical to monitor and control. Thus, the
wording in each of these cases has been revised to call for the previously-designated fraction

of 7.,f, or 100 mA, whichever is larger. A
3

A.13 Limit bypass diode testing to three diodes q/r\

Editipn 2 contains a revision to keep the bypass diode testing procedu ct|cal ven in

somég newer module designs that have dozens of bypass diodes emb g&d in the Iammate.

The Edition 1 bypass diode test (MQT 18) required repetition of the,tést procedure gn all
bypaps diodes, and electrical access to each diode. If a standard ‘r'bduction module difd not
allow electrical access to each diode, the manufacture needed prowde a special module
with glectrical access to the diodes to complete the test. p ocedure was written tg suit
modules having a few diodes in a junction box. All diodes waébested since the p03|t|or;rrg of
the diode within the junction box (e.g. edge or middle) is | to be important in determlining
the thermal environment when the diodes are flowin ent However, for newer degigns
contgining dozens of bypass diodes embedded in Q module package, making a sgecial
samgple that allows access to each diode is no Ior@e practical. Furthermore, the indiVlidual
testing of each diode is very-time consuming, wit\?ut yielding useful information beyond |what
one ¢btains from testing a few diodes. Thus, in“edition 2, for modules containing four or more
bypaps diodes, MQT 18 is only performed ogﬁlree of them. The three diodes are selectgd for
test hased on their location, which may be important to the thermal environment. Selecting the
diodgs for test based on location has @&edent in IEC 62108:2016, 10.11 for CPV m¢dule
and gssembly design qualification. Q\

xO

A.14 Revert the insulatim\a\ st to 2005 version
Charlges were made§’~the insulation test (MQT 03) from the IEC 61215:2005 to
IEC $1215-2:2016. T changes involved how foil covering is used during the tesft, as
sumrparized in Tabl 2.

Tablp A.2 — S@ary of foil placement during insulation test in three different versions.

N

@ule type IEC 61215:2005 IEC 61215-2:2016 IEC 61215-2:2021
(/ Foil placement Foil placement Foil placempnt
Fra A\( Edges—anrd-back Edges—plus—atpolymers Edges

surfaces
Framed with poor conductor Edges and back Edges, plus all polymeric Edges

surfaces
Framed None All polymeric surfaces None

A major concern associated with the IEC 61215-2:2016 foil configuration is the inability to
detect surface tracking when all polymeric surfaces are covered, since one of the test
requirements is "no dielectric breakdown or surface tracking." It is also undesirable that the
capacitance introduced by covering a large area disables the test equipment’s arc discharge
detection. As arc discharge is a precursor to dielectric breakdown, useful information is lost. It
is also possible that various test laboratories may approach covering the junction box with foil
differently, thus causing variability in the test. Edition 2 therefore reverts to the 2005 version
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of the test, and also removes the 2005 requirement of covering the entire back of a frameless
module with foil.

The applied levels in MQT 03 have been harmonized with IEC 61730. Thus, a module that is
undergoing simultaneous safety and design qualification need not have the test performed

twice under slightly different conditions.

qualification if it would fail an insulation test necessary for safety.

A.15 Bending test

Furthermore, a module cannot pass design

Editipn 2 adds a bending test (MQT 22) for modules that are described as "flexible" 0

mand
radiu

A.16

Boro
publi
impa
from
perfg
("A")
stabi
reprg
from

The
of m

s specified on the label or datasheet.

N
Stabilization option for boron oxygen LID (MQT 19.3) (19

-

7/

n-oxygen light-induced degradation (BO-LID) is a well-known effé@ in Si.[61] Recq
shed studies have indicated that temporary changes in the sta@of BO-LID defects
ct IEC 61215 qualification tests. Data suggest that thermal cy@ling may cause a tran
the degraded state to the regenerated state,[62] ca @g an apparent increas
rmance after thermal cycling for modules shipped in a@h BO-LID defects in the

or degraded ("B") state. Furthermore, damp heat cause modules shipped i
ized state ("C") to undergo an apparent decrease“in performance that is not

sentative.[62],[63] Damp heat may also cause@?;raded BO-LID defects to tran
B to A for modules that are not stabilized, cauﬁag an apparent performance increas

N
broject team unanimously agreed that the@?@ 61215 series should deal with stabiliz
bdules with BO-LID defects more co ensively than the previous version. How

befo

of egqch option for stabilization suggésted by team members. Thus, this edition o

IEC
of
stabi

recolnmended in the literat

requi

The
incre

e making large changes, the projectiteam would like to complete an experimental

1215 series only addresses the~most urgent case: modules that may fail a test beg
O-LID changes that are n@ field-representative. To address this case, B(
ization (MQT 19.3) is Nintroduced in IEC 61215-2:2021, following cond

cf€33] Performing this stabilization after damp heat testi
red for Si modules in | 61215-1-1:2021.

mportant, but IE®$gent, cases of modules that may exhibit an apparent perform

pse due to B
&.
Q~
%O

the
facturer label or datasheet. The modules are bent around a cylinder to the\m/ i|:num

ently,
may
sition
be in
nitial
h the
field-
bition

)

-

ation
ever,
study
F the
ause
-LID
tions
g is

ance

effects during stress tests will be addressed in a future amendment.

&S
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Interpational Standard IEC 61215-1 has been prepared by IEC technical committee 82:
photgveltaic energy systems.
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INTERNATIONAL ELECTROTECHNICAL COMMISSION

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

Part 1: Test requirements

2021

FOREWORD
The International Electrotechnical Commission (IEC) is a worldwide organization for standardizatign.comy
all] national electrotechnical committees (IEC National Committees). The object of IEC,is “to pr

end and in addition to other activities, IEC publishes International Standards, Techhical Specifics
Teichnical Reports, Publicly Available Specifications (PAS) and Guides (hereafter 'referred to as
Publication(s)"). Their preparation is entrusted to technical committees; any IEC National Committee inte
in |[the subject dealt with may participate in this preparatory work. Internationals~‘governmental and
governmental organizations liaising with the IEC also participate in this preparation:”|IEC collaborates g
with the International Organization for Standardization (ISO) in accordance), with conditions determin
agfeement between the two organizations.

The formal decisions or agreements of IEC on technical matters express, as nearly as possible, an interna
copsensus 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 international use and are accepted by IEC N
Cdmmittees in that sense. While all reasonable efforts are made to ensure that the technical content
Pdblications is accurate, IEC cannot be held responsible~for/the way in which they are used or fg
miginterpretation by any end user.

In|order to promote international uniformity, IEC Natienal Committees undertake to apply IEC Publig
transparently to the maximum extent possible in their national and regional publications. Any diver
befween any IEC Publication and the corresponding\national or regional publication shall be clearly indica
the latter.

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

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

Nd liability shall attach to IEC orits’ directors, employees, servants or agents including individual exper
megmbers of its technical committees 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 ofwthe publication, use of, or reliance upon, this IEC Publication or any othe
Publications.

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

At{ention is drawh to the possibility that some of the elements of this IEC Publication may be the sub
patent rights. lEC shall not be held responsible for identifying any or all such patent rights.
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This second edition of IEC 61215-1 cancels and replaces the first edition of IEC 61215-1,
published in 2016; it constitutes a technical revision.

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

a)
b)

c)

d)

Addition of a test taken from IEC TS 62782.
Addition of a test taken from IEC TS 62804-1.

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

bending test (MQT 22).

Addition of definitions, references and instructions on how to perform the IEC 6
design qualification and type approval on bifacial PV modules.

1215


https://iecnorm.com/api/?name=16a6d00379a286c9c8691b24608cf8ae

IEC 61215-1:2021 © IEC 2021 -5-

e) Clarification of the requirements related to power output measurements.

f) Addition of weights to junction box during 200 thermal cycles.

g) Requirement that retesting be performed according to IEC TS 62915.

h) Removal of the nominal module operating test (NMOT), and associated test of

p

erformance at NMOT, from the IEC 61215 series.

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

The fext of this International Standard is based on the following documents:

Full i
ther

This

A lis

FDIS Report on voting
82/1828A/FDIS 82/1848/RVD

nformation on the voting for the approval of this International Stapdard can be fou
bport on voting indicated in the above table.

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

t of all parts in the IEC 61215 series, published undér the general title Terreg

nd in

strial
IEC

ed to

photovoltaic (PV) modules — Design qualification and type . approval, can be found on the
websgite.

The ¢gommittee has decided that the contents of this document will remain unchanged untjl the
stability date indicated on the IEC website under "http://webstore.iec.ch" in the data relat

the specific document. At this date, the documeéent will be

e rgconfirmed,

e withdrawn,

—

q

o a

placed by a revised edition,or

mended.

IMPQ
cont
cont

RTANT - The ‘colour inside' logo on the cover page of this publication indicates th
ins colours-which are considered to be useful for the correct understanding o
nts. Users(should therefore print this document using a colour printer.

at 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 1: Test requirements

1 Scope

This [document lays down requirements for the design qualification of terrestrial photov
modules suitable for long-term operation in open-air climates. The useful service, li
modules so qualified will depend on their design, their environment and the conditions
whiclh they are operated. Test results are not construed as a quantitative prediction of m
lifetime.

In climates where 98t percentile operating temperatures exceedy 70 °C, users

bltaic
fe of
nder
bdule

are

recomnmended to consider testing to higher temperature test conditions as describgd in

IEC TS 63126. Users desiring qualification of PV products with lesseér lifetime expecta
are recommended to consider testing designed for PV in consumer electronics, as desc
in IECTS 63163 (under development). Users wishing /to- gain confidence that
characteristics tested in IEC 61215 appear consistently in@“manufactured product may
to utilize IEC 62941 regarding quality systems in PV manufacturing.

This [document is intended to apply to all terrestrial’ flat plate module materials sug
crystplline silicon module types as well as thin-filmixmodules. It does not apply to systemg
are nlot long-term applications, such as flexible medules installed in awnings or tenting.

tions
ribed

the
wish

h as
that

This document does not apply to modules\used with concentrated sunlight although it may be

utilized for low concentrator modules (#>to 3 suns). For low concentration modules, all
are gerformed using the irradiance, current, voltage and power levels expected at the d
concentration.

This document does not address the particularities of PV modules with integrated electrg
It maly however be used as a-basis for testing such PV modules.

The pbjective of this-test sequence is to determine the electrical characteristics of the m

tests
Bsign

nics.

bdule

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

module is capable\'of withstanding prolonged exposure outdoors. Accelerated test cond
are gmpirically.based on those necessary to reproduce selected observed field failureg
are dpplied‘equally across module types. Acceleration factors may vary with product d¢g
and [thus not all degradation mechanisms may manifest. Further general informatio
accelerated test methods including definitions of terms may be found in IEC 62506.

tions

and
sign,
n on

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 reach

ed a

sufficient level of maturity to set pass/fail criteria with high confidence are incorporated into
the IEC 61215 series via addition to Table 1. 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.
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IEC 60269-6, Low-voltage fuses — Part 6: Supplementary requirements for fuse-links for the
protection of solar photovoltaic energy systems

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

IEC 60904-1, Photovoltaic devices — Part 1. Measurement of photovoltaic current-voltage
characteristics

IEC TS 60904-1-2:2019, Photovoltaic devices — Part 1-2: Measurement of current-voltage

teristi f bifacial nhot Itaic (P\/) d L
chargeteristicsof bifacial POV OHIHAF-GEHEES

IEC $0904-3, Photovoltaic devices — Part 3: Measurement principles for{tefrestrial
photovoltaic (PV) solar devices with reference spectral irradiance data

IEC 60904-10, Photovoltaic devices — Part 10: Methods of linear dependence and ling¢arity
meagurements

IEC [TS 60904-13, Photovoltaic devices — Part 13: Electroluminescence of photovoltaic
modyles

IEC 61140, Protection against electric shock — Common" aspects for installation| and
equigpment

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

IEC §1730-1, Photovoltaic (PV) module safety qualification — Part 1: Requirements for
construction

IEC §1730-2, Photovoltaic (PV) module safety qualification — Part 2: Requirements for tegting
IEC TS 61836, Solar photovoltaic energy systems — Terms, definitions and symbols

IEC 61853-1, Photovoltaic -(PV) module performance testing and energy rating — Part 1:
Irradlance and temperature performance measurements and power rating

IEC TS 62782, Rhotovoltaic (PV) modules — Cyclic (dynamic) mechanical load testing

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

IEC TS62804-1, Photovoltaic (PV) modules — Test methods for the detection of potential-
induced degradaation — Part 1. Crystalline silicon

IEC 62852, Connectors for DC-application in photovoltaic systems — Safety requirements and
tests

IEC TS 62915, Photovoltaic (PV) modules — Type approval, design and safety qualification —
Retesting

IEC 62941, Terrestrial photovoltaic (PV) modules - Quality system for PV module
manufacturing
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IEC TS 63163: —1Terrestrial photovoltaic (PV) modules for consumer products — Design
qualification and type approval

ISO/IEC Guide 98-3, Uncertainty of measurement — Part 3: Guide to the expression of
uncertainty in measurement (GUM:1995)

3 Terms, definitions and abbreviated terms

For the purposes of this document, the terms and definitions in IEC TS 61836 apply, as well
as the following.

ISO Ind IEC maintain terminological databases for use in standardization at the,folld

addr

B

g
\

3.1
bins
pows

3.2

tolerpnces <on label>

value
mant

3.3
MQT
Mody

3.4

type
confd

[soy

3.5

clos
quan
meas

repr{ducibility <of measurements>

SSses:

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

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

of power classes
r (typically maximum power) sorting criteria from the PV meadute manufacturer

range of electrical parameters on the label~0f the PV module as given by
facturer
le Quality Test
approval
rmity test made on one or more items representative of the production
RCE: IEC 60050-581:2008, 581-21-08 — Type test]

ness of agreement between the results of measurements of the same value
ity, when* the individual measurements are made under different condition
urement:

wing

the

of a
s of

- P

finciple of measurement,

— method of measurement,

— observer,

— measuring instruments,

— reference standards,

— laboratory,

T Under preparation. Stage at the time of publication: ADTS.
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— under conditions of use of the instruments, different from those customarily used,

after intervals of time relatively long compared with the duration of a single measurement.
[consistent with the International Vocabulary of Metrology (VIM), 3.7]

Note 1 to entry: The concepts of "principle of measurement” and "method of measurement" are respectively
defined in VIM 2.3 and 2.4.

Note 2 to entry: The term "reproducibility” also applies to the instance where only certain of the above conditions
are taken into account, provided that these are stated.

Note 3 to entry: It is recommended that laboratories determine their reproducibility according to the formulas and
principles in ISO 5725-2.

[SOYRCE: IEC 60050-311:2001, 311-06-07]

3.6
flexible module
PV module that exhibits a radius of curvature of 500 mm or less in at least one dirgction
accofding to the manufacturer’s specification and is capable of bending to,conform to a f|at or
curved surface

Note 1 to entry: A curved module with a rigid shape is not considered a flexible ‘module.

Note 4 to entry: Radius of curvature is defined as shown in Figure 1{ During testing, the applied radus of
curvature is no smaller than that specified by the manufacturer.

Flexible module

Radius of curvature

IEC
Figure 1 — Geometry that shows radius of curvature of a flexible module

3.7
représentative sample
samgple that includes allthe components of the module, except some repeated parts

Note 1 to entry: The\representative samples shall use all key materials and subassemblies, as detaijed in
Claus¢ 4.

3.8
very|large)module
modulethat exceeds the size of standard 2,2 m x 1,5 m commercially-available simulatorg

Note 1 to entry: A very large module exceeds 2,2 m in length or width, or exceeds 1,5 m in both dimensions. Thus
a 3 m x 0,3 m module is considered very large, as is a 2,2 m x 2,2 m module.

Note 2 to entry: Very large modules are exempt from class A simulator spatial irradiance uniformity requirements,
as detailed in IEC 61215-2 MQT 02.

Note 3 to entry: During test sequences representative samples may be substituted for very large modules, within
the limits described in Clause 4.

Note 4 to entry: In future editions, the size threshold to be considered a very large module will likely increase to
larger dimensions.

3.9

bifacial PV modules

modules that can convert irradiation received on both the front-side and rear-side into electric
energy by means of the photovoltaic effect
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3.10

bifaciality coefficients

ratios between the -V characteristics of the rear-side and the front-side of a bifacial module
each measured under Standard Test Conditions (STC — IEC TS 61836), namely the short-
circuit current bifaciality coefficient @, the open-circuit voltage bifaciality coefficient @/
and the maximum power bifaciality coefficient @p 4«

Note 1 to entry: Bifaciality coefficients are fully defined in IEC TS 60904-1-2:2019, 6.2.

3.11

bifacial nameplate irradiance
BNP}
highgr irradiance at which nameplate verification is performed for bifacial moc‘ules
corrgsponding to 1 000 W/m2 on the module front and 135 W/mZ2 on the module reat applied
in any method allowed by IEC TS 60904-1-2

3.12
bifadial stress irradiance
BSI
highgr irradiance at which currents for stress are measured), on bifacial modules,
corrgsponding to 1 000 W/mZ2 on the module front and 300 W/m2 en“the module rear, agplied
by amy method allowed in IEC TS 60904-1-2, I-V characteristic-at which may be extrapofated
from [lower irradiances

4 Test samples

The [PV module samples shall have been manufactured from specified materials| and
components in accordance with the relevant drawings and process sheets and have |peen
subjdcted to the manufacturer’s normal inspegtion, quality control and production accepfance
procgedures. The PV modules shall be complete in every detail and shall be accompanied by
the manufacturer’s handling, mounting, and connection instructions. When the PV modules to
be tgsted are prototypes of a new design and not from production, this fact shall be noted in
the tg¢st report (see Clause 9).

The |number of test samples-’required is derived from the applicable test sequgnces
(see [Clause 11).

Spedial test samples” may be required for tests such as the bypass diode test MQ[l 18
(see[|[EC 61215-2).

For |qualification® of multiple bins of power classes within the boundaries given in
IEC TS 62915~-at least 2 modules each, from the lower end, median and higher end power
clasg shallybe used for testing. If median power class does not exist the next higher flass
shall| be used. If quallflcatlon of a smgle power class shall be extended to further bips of
pOW I \JIGOOUQ VVILIIIII LIIU UUUIIUGIICO SIVCII III II_C TS 62915 thUII GL ICGOL L IIIUUUIUO aCh,
from the lower end and higher end power class shall be used for label verification (see Gate
No.1in 7.2.1). If a power class is extended only towards higher (or lower) bins, then modules
only from the higher (or lower) bins, respectively, shall be used for verification of rated label
values.

Qualification to multiple bins of power classes does not increase the minimum requirement of
one control sample used in 7.2.3.

It is advisable to provide additional spare samples meeting the same output power
requirements.
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If applicable, the test samples shall be used to represent a group or family of products, or
variations in the materials, or production processes used to produce the modules. The

addit

ional samples required for the test programme are then derived from IEC TS 62915.

For very large modules (as defined in 3.8), representative samples (as defined in 3.7) may be
used for all qualification tests given in Clause 11 and IEC 61215-2. During the design and
manufacturing of the representative samples, attention should be paid to reach the maximum
similarity to the full-size product in all electrical, mechanical, and thermal characteristics
related to quality and reliability. The cell, encapsulation methods, interconnects, terminations,
clearance and creepage distances around all edges, and distance through solid insulation
(relied upon insulation and cemented joints) shall be the same as on the actual full-size
prod{icts. Cimits are placed on how much one may reduce the dimensions of a very Jarge

modud
shall
wher
In re
repre
dime
teste
noteq
pows
refer
verifi
eithe

le in making representative samples for qualification testing. The reduced dimensi

reducing the shorter dimension, the representative sample shall be at least/0,75 m
ducing the longer dimension, the representative sample shall be at least #,1 m lo
sentative samples are used for any test, the test report shall include @ table listin

above. Use of smaller samples may affect test results." For détermination of max
r degradation during testing (7.2.3) on a representative sample, P, (Lab_Gate
5 to the representative sample’s initial stabilized measured, power output. Howeve
cation of rated label values (7.2.2) a standard productien”product shall be meas
I at the test facility or utilizing a test at the manufacturer monitored by the testing en

on(s)

be no less than one half the dimensions that define a very large module. In other wprds,

ide.
ng. If
h the

hsions of the product being qualified, and for each MQT, the dimensions of the samples
d. The table shall contain the statement, "Smaller samples were ,used for some tests as

mum
NO.1)
r, for
ured,
ity.

If representative samples are utilized in Sequence E)ythen one extra module, full-sizgd, is

requi
requi

Any
numl

NOTE
equip

Prior
trans
well

rements therein.

epresentative sample used for MQT 09((hot-spot endurance test) shall contain the
er of cells per bypass diode (i.e. the.same substring size) as the full-size product.

It is preferable in any test to measure a full-size sample, rather than a representative sample,
hent size allows.

to beginning the qualification test, care should be taken not to damage the sampl
it. Such care may include adherence to best practices in packing and shipping,[1
bs electroluminescence imaging according to IEC TS 60904-13 before and after shi

to make sure cracks have not developed in transit.

For t
mand
maxi
mody
follov

he requirements in the IEC 61215 series, a module shall be considered "bifacial "
mum power bifaciality coefficient 220 %. If a module is to be tested as a mono

ving methods:

red, and shall be subjected only to MQT _16 (static mechanical load test) and the

pame

when
es in

12 as
bping

f the

facturer_¢laims bifaciality on the nameplate or datasheet, or if the module exhihits a

acial

le, the. test laboratory shall verify that the module is monofacial by at least one df the

a) Information from the manufacturer showing that the rear of the cell is fully metallized;

b) Spectrally-resolved backsheet transmission data from the module manufacturer; or

c) Determination of bifaciality coefficient on one sample according to the procedure in

IEC TS 60904-1-2.

2 Numbers in square brackets refer to the Bibliography.
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5 Marking and documentation

5.1 Name plate

Each module shall include the following clear and indelible markings. Unless otherwise
indicated, all the electrical parameters refer to STC:

a) name, registered trade name or registered trade mark of manufacturer;

b) type or model number designation;

c) serial number (unless marked on other part of product);

d) dpte and place of manufacture; alternatively serial number allowing to trace the date and
place of manufacture;

e) maximum system voltage;

f) class of protection against electrical shock (as defined in IEC 61140 and IEC.61730-1));

g) vpltage at open-circuit or Voc including tolerances. For bifacial modules, open-gircuit
vpltage shall be reported at two irradiance levels. The first required irradiance leyel is
11000 W/m2. The second required irradiance is BNPI, as defined in"3:11.

h) current at short-circuit or Isc including tolerances. For bifacial modules, short-dircuit
cprrent shall be reported at two irradiance levels, defined in/5.19).

i) odule maximum power or Pmax including binning and-tdlerances as defined in 3.1 and
3l2. For bifacial modules, Pmax shall be reported at the two irradiance levels, defingd in

5/19).

i) r bifacial modules the following information including tolerances, shall be given op the

npmeplate: The values for the short-circuit current bifaciality coefficient ¢lsc, the gpen-
c|rcuit voltage bifaciality coefficient ¢Voc, and' the maximum power bifaciality coefficient
@Pmax, measured at STC as defined in IEG, TS 60904-1-2.

k) For flexible modules, the minimum radius-of curvature.

For items a) through i) all electrical data shall be shown as relative to STC (1 000 W}/m?2,
25 °¢, AM1.5 according to IEC TS 61836), except for bifacial modules where two irradiance
levels are required, as defined in 5:4Q).

Interpational symbols shall be)used where applicable.
Compliance of marking\is checked by inspection and MQT 06.1.

5.2 Documentation

5.21 Minimum requirements

Modules ‘shall be supplied with documentation describing the methods of electricall and
mechahical installation as well as the electrical ratings of the module. The documentation
shall state the class of protection against electrical shock under which the module has been
qualified and any specific limitations required for that class. The documentation shall assure
that installers and operators receive appropriate and sufficient documentation for safe
installation, use, and maintenance of the PV modules.

NOTE It is considered to be sufficient that one set of documentation is supplied with the module shipping unit.

5.2.2 Information to be given in the documentation

a) all information required under 5.1 e) to i), and in addition j) for bifacial modules and k) for
flexible modules;

b) reverse current overload rating in accordance with IEC 61730-2 MST 26;
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— overcurrent protection device type and rating are e.g. given in IEC 60269-6.
Overcurrent protection devices with a 1 h, 1,35 I, overload rating, where 1 is the rated

value of the overcurrent protection device, are recommended;

— recommended maximum series/parallel PV module configurations;

manufacturer’s stated tolerance for V., I, and maximum power output under standard

test conditions;

temperature coefficient for voltage at open-circuit;
temperature coefficient for maximum power;
temperature coefficient for short-circuit current.

(1 000 W/m2, 25 °C, AM1.5 according to IEC TS 61836). Moreover the following param

shall|be specified:

g)

Interpational symbols shall be used where applicable.

Compliance is checked by inspection and MQT 04 through MQT 0Z.

performance at low irradiance (MQT 07).

electrical data mentioned above shall be shown as relative to standard test condl’;ions

ters

The glectrical documentation shall include a detailed description of the electrical installation

wiring method to be used. This description shall include:

n)
0)
P)

q)

t?Le minimum cable diameters for modules intended-for field wiring;

ahy limitations on wiring methods and wire™{management that apply to the v
cpmpartment or box;

the size, type, material and temperature rating of the conductors to be used,;
type of terminals for field wiring;

specific PV connector model/types:and manufacturer to which the module connectors

be mated. Statement of the connector type only (such as "MC4 compatible ") is

spufficient information to satisfy this requirement. Connector model/types
anufacturers shall be included;

the bonding method(s) to be used (if applicable); all provided or specified hardware
be identified in the documentation;

the type and ratings,of bypass diode to be used (if applicable);

imitations to the.mounting situation (e.g., slope, orientation, mounting means, cooling

tgp that rating (e.g., installation slope, sub structure or other applicable install
information);

iring

shall
5 not
and

shall

);

al statementindicating the fire rating(s) and the applied standard as well as the limitations

ation

the

To allow for increased output of a module resulting from certain conditions of use, the
installation instructions shall include relevant parameters specified by manufacturer or the
following statement or the equivalent:

"Under normal conditions, a photovoltaic module is likely to experience conditions that
produce more current and/or voltage than reported at standard test conditions. Accordingly,
the values of Igc and Voo marked on this module should be multiplied by a factor of 1,25
when determining component voltage ratings, conductor current ratings, and size of controls
connected to the PV output.”
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5.2.3 Assembly instructions

These shall be provided with a product shipped in subassemblies, and shall be detailed and
adequate to the degree required to facilitate complete and safe assembly of the product.

6 Testing

The test laboratory shall use a laboratory simulator control module to be able to detect drifts
in their measurement results. The laboratory simulator control module is different than the

control module from sequence A, which is taken from the modules under test and is described
H N2 raolaotad +o ronradiacibility Tk labaorators cioalot e antral naadal HP=SP~ 1 I

In 7._.\.1 roratoeyu v are IUHIUUUUIUIIIL‘Y . rrnre IQUUIQL\JI‘Y LQITTTuTratulT CUTTLTIUT mrouuTre o labe
module used on a periodic basis to check simulator output after calibration to a-specific
irradiance.

The modules shall be divided into groups and subjected to the qualification test|sequencges in
Figure 2. Qualification test sequences are to be carried out in the order specified. The MQT
designations in the boxes refer to the corresponding test definitions.’in IEC 612[15-2.
Techhology-specific test details are listed in the respective parts of this standard. Required
module component tests are listed in Table 1. For each component ‘qualification, thg test
repoift shall note the test laboratory name and date when the requirement was met. [Prior
certifications may be used to fulfill these requirements, as leng as the certifications [were
perfdrmed in accordance with all conditions noted in Table 1,

Interinediate measurements of maximum power (MQT/02) and insulation test (MQT 03)) are
not r¢quired, but they may be used to track changes.

Any single test executed independently of a test‘sequence, e.g., on special test samplgs for
MQT|09 and MQT 18, shall be preceded by the initial tests of MQT 01, MQT 02, MQT 03} and
MQT]|15 as appropriate.

In carrying out the tests, the tester<shall strictly observe the manufacturer's handgling,
mounting, and connection instructions. Sequence A may be omitted if the module typg has
been|tested according to IEC 61853-1. In this case the relevant test results from IEC 61§53-1
shall|be stated or referenced.in the final report. For bifacial modules Sequence A cannpt be
omitted until IEC 61853-1 has been amended to take bifacial modules into account.

Test [conditions are summarized in Table 3. The test levels in Table 3 are the minimum lgvels
required for qualification. If the laboratory and the module manufacturer agree, the tests| may
be pgrformed withiinereased severities. In this case this shall be noted in the test report.

For flexible_modules (see 3.6), the mounting substrate and adhesive or attachment mleans
shall| also.“be included in the test. If more than one mounting substrate or adhesiye or
attachment means is allowed per the manufacturer’s specification, then the tests shall use the
combination that is considered to be the worst case. The chosen combination(s) shdll be
reported, as per Clause 9, j).
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12 Modules

MQT 01
Visual inspection

I

MQT 19.1
Initial Stabilization®

I
MQT 06.1

Performance at STC
(Followed by Gate No. 1)

I
MQT 03
Insulation test
I

MQT 15
Wet leakage current test

1 Module 1 Module 2 Modules 2 Modules 2 Modules 4 Modules
equence A Sequence B Sequence ¢ Sequence D Sequence E Sequence H
|
MQT 07 MQT 21
Phrformance MQT 08 Outdoor MQT 10 maQT 11 MQTyI3 PID test
at low Exposure Test UV preconditioning test Thermal cycling test Damp, heat'test
itradiance ¢ 60 KWh/m? 15 KWh/m? 200 cycles 1000 h
‘ —40°Cto 85°C 85°C// 85 % RH
I
I
MQT 04 MQT 18.1 MQT 20
Megsurement of Bypass diode Cyclic (dynamic) mechanical
tgmperature thermal test @ load test
cefficients ¢ ‘ 1000 cycles at 1 000 Pa
MQT 19.2 ‘ 1 Module © 1 Module
Final Stabilization MQT 11 MQT 16 MQT 17
Thermal cycling test Static mechanical Hail test
I 50 cycles load test
MQT 06.1 —40°Ct085°C (design load)
Performance at STC I
MQT 12
T Humidity freezetest MQT 22
10 cycles,
MQT 09 _40°C i/o 85%c Bending test
Hot-spot 859 RH Flexible module only MQT 17
endurance test ® 25 cycles
‘ 1 Modul 1 Modul
MQT 18.2 odule odule
Bypass diode
functionality test MQT 14.1
Retention of junction
box test
1 Module
measured togethfer with modules

from sequences'B-E as control

and to determihereproducibility » ————————

MQT 19.2
Final stabilization

MQT 06.1
Performance at STC

MQT 03
Insulation test
\

MQT 15
Wet leakage current test

IEC

If the bypass diodes are not accessible in the standard modules, a special sample can be prepared for the
bypass diode thermal test (MQT 18.1). The bypass diode should be mounted physically as it would be in a
standard module, with lead wires attached, as required in MQT 18 of IEC 61215-2:2021. This sample does not

have to go through the other tests in the sequence.
In sequence B, a different module may be used for the Hot-spot endurance test (MQT 09) than is used for the

bypass thermal diode test (MQT 18.1). For this separate module the following test sequence is permissible:
MQT 01, MQT 19.1, MQT 06.1 (gate 1), MQT 03, MQT 15, MQT 09, and MQT 18.2.
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¢ The initial stabilization MQT 19.1 may include the verification of an alternate stabilization procedure (see
IEC 61215-2:2021).

In Sequence A, tests MQT 07, and MQT 04 may be performed in any order. These tests may also be performed

on separate modules (rather than sequential tests on one module), provided that each module used has
proceeded through the entire test flow preceding sequence A.

¢ If representative samples are utilized in Sequence E, one extra module, full-sized, is required, and shall be
subjected only to MQT 16 and the requirements therein.

Figure 2 — Full test flow for design qualification and type approval
of photovoltaic modules

Table 1 — Required component tests

Component Shall pass this test

Junction box IEC 61215-2:201x MQT 14.2, which cites IEC 62790 "Test of cordjanchorage."

Connectors IEC 62852. Compliance shall be obtained with the connector in(Combination with
the same cable size and type as used in the modules‘under test.

7 PRass criteria
7.1 General
Modules under test are subject to several types of requirements. These include required
markjngs (detailed in Clause 5), comparison of measured electrical quantities with the
namgplate ( "gate No. 1 ", detailed in this clause), eomparison of measured power before and
after|stress ( "gate No. 2 ", detailed in this clause), component requirements (detail¢d in
Tablg 1), and the requirements of each MQT (stanmarized in Table 3 and Figure 2).
The ¢gesign is deemed to have met the qualification requirements of 7.2.2 gate No. 1, if|they
meet|the requirements of Table 2:
Table 2 — Summary of Gate No. 1 requirements
Sample size (in modules) Requirement

<10 All modules shall pass. No failure is allowed.

210 A single failure is allowable. All other modules shall pass.
NOTE| A sample$ize <10 is only encountered during retesting.
If mqgdules<fail to meet the requirements listed in Table 2 then two new samples shgll be
tested for/each of the modules that failed to meet the gate No. 1 criteria. If a|new
failure“oecurs, the module supplier has two options. The first option is that the module labels

for the existing sample set shall be redefined such that the requirements of Table 2 are met,
and testing on that same sample set shall continue to the next step. The second option is that
the design is deemed not to have met the qualification requirements, and any further testing
constitutes a new attempt at qualification and thus requires a completely new batch of
modules. Module labels shall be redefined and samples shall be resubmitted for testing.
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In addition, if two or more modules fail to meet the remaining test criteria (7.2.3 Gate No. 2,
7.2.4 electrical circuitry, 7.3 visual defects and 7.4 electrical safety), the design shall be
deemed not to have met the qualification requirements. If one module fails any test, two
additional modules meeting the requirements of Clause 4 shall be subjected to the entire
series of tests of the respective test sequence. The requirement for two additional modules
applies for tests where originally only one module was required, as well as for tests where
originally two modules were required. For example, a failure in the hot-spot endurance test
requires a test repetition with two additional modules. A single failure in the 50 thermal cycles
test (one module not meeting the test requirements) requires a test repetition with two
additional modules as well.

If onfor both of these modules also fail, the design shall be deemed not to have mgt the
qualification requirements. If, however, both modules pass the test sequence, the design|shall
be judged to have met the qualification requirements.

The module design shall meet the requirements of all criteria to be deemed” as qualified
accofding to this document. Each test sample shall be subject to the following.criteria.

7.2 | Power output and electric circuitry
7.2.1 Identification of rated values and tolerances

Gate| No. 1 criteria detailed in the following subclauses require use of rated values and
tolergnces from the nameplate and product datasheet. This clause describes in detail,| with
exanples, how to identify the relevant information. Application of the information in this clause
resulfs in consistent requirements when extraneous ififermation is given, or when informjation
appeprs to be missing or conflicting. Rated values and tolerances shall each be identifigd for
modyle power, short-circuit current, and open-circuit voltage. Thus, this clause details hpw to
identjfy these six pieces of information.

NOTE| 1 Historically, some products have quoted multiple components of uncertainty, or have used different
terminpology for uncertainty, such as "tolerance;’ “'production tolerance," "measurement uncertainty," etc.| Also,
some |products have not provided a tolerance,” which might be interpreted as 0 % tolerance or as njissing
informjation. While a manufacturer is not prohibited from providing additional information, or having 0 % tolefance,
applicption of the rules in this clause provide-a consistent manner to interpret such situations.

Inforination identified in this clause relates to STC current-voltage measurements, obtainled in
the manner prescribed by following the flow chart of Figure 2. Thus, the obtained valueg are
thos¢ measured only after initial stabilization performed according to IEC 61215-2 MQT [19.1.
Reqdired stabilization-procedures may differ from one product to the next, as specified ip the
technology-specific(parts IEC 61215-1-x. The calculation of tolerances is the responsibiljty of
the module manufacturer. Each tolerance (74, t, and t3) shall be explicitly stated as a gingle
valug for each{of*the performance parameters (P.x, Voc and Igq respectively). For bifacial
modules, the six pieces of information (values and tolerances for module power, short-dircuit
currgnt, and-open-circuit voltage) shall also be identified at BNPI to evaluate Gate No. 1.

NOTE|

Formulas (1) and (2) in 7.2.2 verify that the modules produce at least as much power as the
minimum indicated by combining the nameplate rating and tolerance. The minimum nameplate
power rating, P, ,(NP) is the module power output specified on the nameplate. If a single
value for module power is stated on the nameplate, P,,,,(NP) is simply that value. If a range
of module powers is stated on the nameplate, P,,,(NP) is the power at the lowest end of that
range. Subclause 5.2.2 requires that power binning and tolerance information from the
nameplate is reproduced in the datasheet. In the case that P, (NP) derived from the
datasheet is different than that on the nameplate, the module shall be judged as not satisfying
5.2.2 and thus does not meet the requirements of IEC 61215-1.
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The tolerance, ¢4, is the tolerance in % for P ,, stated on the nameplate and datasheet, as
required by 5.1i) and 5.2.2a). If the tolerance is asymmetric about P,,,(NP), the tolerance
referring to the low power limit shall be utilized as z;. If the tolerance is not stated on the
nameplate or is not stated on the datasheet, then ¢, = 0. If tolerance is not reduced to a single
value on the nameplate or data sheet (for example, if multiple tolerances or measurement
uncertainty components are specified) the smallest number, not a combination of multiple
numbers, shall be utilized.

Formulas (3) and (4) verify, for safety reasons, that the module does not produce more
voltage at open circuit, or current at short-circuit, than the maximum indicated by combining
the nameplate rating and tolerance. The maximum open circuit voltage V,,(NP) and maximum

circuft current) is that specified on the nameplate and in the product documentation, as
required by 5.1g), 5.1h), and 5.2.2c). If ¢, (or t3) is asymmetric about V,.(NP)(otI;,(NP)), the
tolerance referring to the higher end of the range shall be utilized. If #, or 73,is not stated in
the documentation and on the nameplate, that tolerance shall be identified. as 0. In the |case
that V,.(NP), I;.(NP), or the tolerances in these quantities are different When derived from the
datagheet than from the nameplate, the module shall be judged as nhot satisfying 5.2.4 and
thus does not meet the requirements of IEC 61215-1. If a tolerancge, is not reduced to a gingle
valug on the nameplate or data sheet (for example, if multiple ,tclerances or measuregment
unceftainty components are specified) the smallest nhumber,,not a combination of mudltiple
numbers, shall be utilized.

Figune 3 shows partial nameplates, datasheets, and)derived values for four hypothetical
prodiicts. These examples illustrate the rules for identifying rated values and toleranceq that
were|described in the preceding subclauses.
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Product Z300W Product Z series
= Electrical Data at STC
Maximum power (P, _.) 300 W
+3 % Peak power watts 3 % - P__ (W) 300 | 305 | 310
Maximum power voltage (7,y) 37V Maximum power voltage - 7, (V) 37 | 372|375 P (NP)=300W: 7 =3 %
Maximum power current (Imp) 8.1A Maximum power current (Imp) (A) 8,1 8,2 | 8,27 V:‘:?NP) =459V ,11: 509
Open circuit voltage® (V) 459V Open circuit voltage® - V_ (V) 459 | 459 | 45,9 I_(NP)=89A;1,=5%
Short circuit current® (I.) 89A Short circuit current® - I (A) 89 8,92 | 8,98
Maximum DC system voltage 1000 V Module efficiency - 1, (%) 14 | 142144
a 45 % / —0 % tolerance 25 % /-0 % tolerance on I_and V__
Product X series
[ Product X300W EfectricatDataatSTE
Maximum power (P__) 296 to Peak power watts? - P (W) 296 to| 301 to| 306 to P, (NP)=296 W; 7, = 0%
300 W 300 | 305 | 310 y:ij) =459V, 574 %
Maximum power voltage (Vmp) 37V Maximum power voltage - Vo V) 37 | 372 | 375 I (NP)=89A; ;;s'4%
Maximum power current (Imp) 81A Maximum power current (Imp) (A) 8,1 8,2 8,27
Open circuit voltage® (V) 459V Open circuit voltage® - V. V) 459 | 459 | 45,9 If t, is not specified, it is
Short circuit current? (Z_ ) 89A Short circuit current® - I, (A) 89 | 892 | 898 taken'to be 0.
Maximum DC system voltage 1000V Module efficiency - n, (%) 14 | 142 | 144
2 +4 % production tolerance 2 +4 % production tolerance &
Product Y series
Product Y300W Electrical Data at STC
Maxi ® 300 W -
aximum power (P,__.) vl Peak power watts - P __ (W) 300 4 805 | 310 P (NP)=300W;r,=0%
=00 Power output tolerance (%) -0 /«+3(-07/ +3|]-0 / +3 V. (NP)=459V;1,=2%
Maximum power voltage (7)) 37V Maximum power voltage - 7, (V) 37 4 372375 I_(NP)=89A;1,=2%
Maximum power current (7, ) 81A Maximum power current (7,,) (A) 81 | 82 |827 + is ot reduced to a sinal
— = — is not reduced to a single
Open circuit voltage 2° (V) 459V Open circuit voltage ° - 7/, (V) 459 | 459 459 ?alue. Thus, the Sma”egr
Short circuit current 2° (1) 89A Short circuit current #° - 1__(A) 89 | 892 8,98 value is chosen. The same]
Maximum DC system voltage 1000V Module efficiency - n,, (%), 14 142 | 14,4 situation exists for 7,.
a 0 1
12 9 BERIIEm e CnEEiY 2 +2 % measurement'uncertainty
®£10 % tolerance on I,  and 7. °+10 % tolerancédn J;, and 7,
e — ’_—‘
Product T300W Product T series
Electrical Data at STC
Maximum power (P, _.) 300 W
Power selection (+5 W) Peak power watts® - P, (W) 300 | 310
Maximum power voltage (7)) 37V 1 Maximum power voltage - 7, (V) 37 | 375 Fails to meet requirements
Maximum power current (. ) 81A Maximum power current (7)) (A) 81 | 827 of IEC 61215-1 5.2.2.
Open circuit voltage (7,.) 459V | N Open circuit voltage? - 7,_(V) 459 | 459 lz-g‘év?/\rl edge of Polwer l;in is
Short circuit current (Z, ) 8.9 fS‘ \CJ Short circuit current® - I (A) 89 | 898 s 300 v?,nor:]ag;fzsit:ét ut
MaxmumiDUjsystemvoltager 1| ILORTYR Module efficiency - 1, (%) 14 | 144
+3 % tolerance on P

.7
Y

max’

-

“\‘

243 % toleranceon P__, I

max’ “sc’

V.
oc

Verification of rated label values — Gate No. 1

T

All modules shall be stabilized following method MQT 19.T from TEC 61215-2:2021
technology specific requirements, see sub-parts of IEC 61215-1). After stabilization the
modules shall be measured in accordance with MQT 6.1 (P, ,.(Lab)) and shall meet the
following criteria:

P

max

verification:

Each individual module shall meet the following criterion:

Prax(Lab) X

1,65|m |

1

1+2—
100

> Praax (NP) x (1

|f1|)
100

re 3 — Examples of hypothetical partial nameplates (left column), datasheets (cénter
column), and derived rated values and tolerances (right column)

(for

(1)
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where

Pax (Lab)  is the measured maximum power at STC of each module in the stabilized state;

Prax (NP) is the minimum rated nameplate power of each module without tolerances;

my is the measurement uncertainty in % of laboratory for P, ., (expanded
combined uncertainty (k=2), ISO/IEC Guide 98-3); the factor 1,65/2 is used to
convert the confidence intervals from two-sided to one-sided at 95 % level of
confidence; m4 shall include a component from spectral mismatch, based either
on measured spectral response or the worst-case possibility for a given
technology type; m shall be less than stated in the technology specific parts of
this standards series:

1 is the manufacturer’s rated lower tolerance in % for P ,,.

For,H,...(Lab) the following criterion shall apply:

wher

)

max

For
inveg

NOTE|
betwe
releva

Voc

Each

1,65
=5 Ima|

Pruax(Lab) X (1 + 217) > Pax(NP)

tigation.
en different labs and reference devices are unayoidable. In such cases, formula (1), which includ¢
ht uncertainties, better describes the application'to average values.

erification:

individual module shall meet'the following criterion:

1,65
=5 Ima|

Voe (Lab) x (1 + ﬂT) < Voo (NP) x (1+ %)

a)
-

Lab) is the measured maximum Vg of each module in the stabilized state;
NP) is the maximum rated nameplate V5 of each module without tolerances;

confidence intervals from two-sided to one-sided at 95 % level of confidenc
is the manufacturer’s rated upper tolerance in % for V.

l.ab) is the arithmetic average of the measured maximum STC power of the modules
in stabilized condition.
nultiple bins of power classes this formula has te-be applied to each power class ynder

Formula (2) is not intended for power verification ‘6f-a batch in mass production as systematic diffejences

s the

@)

is the measurement uncertainty in % of laboratory for Vgc; (expanded
%M—H—@@HEG—GWE—WW = i : i t the

€;

If V,c cannot be measured due to module-integrated electronics (such as MOSFETSs), the

module is exempt from the V.

verification requirement. This exemption shall be noted in the

test report. V. shall not be determined by any means other than direct measurement, such as

extra

Igc Vv

polation.

erification:
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Each individual module shall meet the following criterion:

1,65
-7 Imsl
I,.(Lab) X (1 + 21703> < I,.(NP) x (1 + %) ()
where
I5c (Lab) is the measured maximum /g of each module in the stabilized state;
Isc (NP) is the maximum rated nameplate /gc of each module without tolerances;
ms 0 SC» nded
uncertainty (k=2), ISO/IEC Guide 98-3); the factor 1,65/2 is used to conveft the
confidence intervals from two-sided to one-sided at 95 % level of confidenge;
t3 is the manufacturer’s rated upper tolerance in % for /g¢.

If Iod cannot be measured due to module-integrated electronics (such as MOSFETs), the
module is exempt from the I verification requirement. This exemption, shall be noted ip the
test rleport. I shall not be determined by any means other than directhmeasurement, su¢h as
extrapolation.

P verification of lowest power class:

max

Each| individual module that is used for the qualification of low end power classes shall meet,
in addition to the previous stated criteria for P, .., Vge-@hd Igc, the following criterion relating
to anlupper power limit:

1,65
—Imq| [tal
Ppax(Lab) x (1 - leol> < Ppaxa (NP) X (1 + ﬁ) (5)
wherp
Praxh(NP)is the maximum rated nameplate power of each lowest power class module, without
tolerances;
ty is the manufacturer’s rated upper tolerance in % for P, ,4(NP). 1, is selgcted

subject to thetsame rules as for ¢, (see Figure 3), except that if the tolerangce is
asymmetric-about P,,,4(NP), the tolerance referring to the high power limit shall be
utilized.

The |ast criterionvensures that the modules of the lowest power class stay within the Upper
tolergance of that class. The last criterion is only applicable for the qualification of the Iqwest
powdr class~1It ensures that a module manufacturer can make modules in the lowest power
clasg thatJare free from major flaws, and thus the lowest power class is not used |as a
reposgitory for damaged modules after qualification is obtained using severely underfated
modules.

For bifacial modules, P, I and V. shall each be measured at the two irradiances
specified in 5.1. The Gate No. 1 criteria for P, ., Is., and V. shall be applied at both
irradiances.

A systematic variation to either higher or lower output power or bifaciality coefficient will be
stated in the final report.
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7.2.3 Maximum power degradation during type approval testing — Gate No. 2

At the end of each test sequence or for sequence B after bypass diode test, the maximum
power output drop of each module P, (Lab_GateNo. 2) shall be less than 5 %, referenced
to the module’s initial measured output power P, (Lab_GateNo. 1). Each test sample shall
meet the following criterion:

Pax(Lab_GateNo.2) 2 0,95 X Prq (Lab_GateNo. 1) - (1----) (6)

The re Il be d ) asand Il be used
reprdducibility shall be less than or equal to that stated in the technology specific parts\of this
standards series.

The freproducibility » is verified by comparing the control module(s) from sequence A |after
initia| stabilization (beginning of the test) and after final stabilization (end-”of tests [from
sequgnce B to E). The second test shall be performed after completing allitests. The follqwing
applies:

a) All modules from sequences B (after MQT 18.1), C, D and E are ‘measured togethen with
one control module from Sequence A.

b) If a) cannot be used due to test flow (different completiofy time of sequence or custpmer
requests restrictions) the following applies:

Fpr each sequence B (after MQT 18.1), C, D and E one control module from sequerice A
shall be defined. The control module is stabilized.and measured together with the modlules
from the applicable sequence B (after MQT 18.1); C, D or E. For each determined v3glue r
the requirement for » shall be fulfilled.

The |reproducibility parameter r is not equal to the total measurement uncertainty of
MQT]|06.1. It is advisable that the same solar simulator is used for P (Lab_Gate No. 1) and
P (Lab_Gate No. 2).

max
max

If thg measured r exceeds the technology specific limit for the control module the laborptory
needs to check with its own internal reference module(s) whether the test equipment is faulty,
or th¢ module under test is responsible for the poor reproducibility, or it is not in a stable |state
after| applied procedure MQT 19.1. If all checks confirm the measurement equipment is
perfdrming correctly, this, indicates that the control module has drifted by more thanp the
technology specific limit.~In this case, proceed by using the technology specific limit for r.

For hifacial modules, Gate No. 2 shall each be assessed only at the larger irradiance (BNPI)
specified in 5.49):

7.2.4 , Electrical circuitry

I 4 T Y bl g : [P : 41 4 4
Sam IS dIT TTUU PETITIUCU 10U TATNUTU diT OpPCeTI=LITcurt duriimg ic tests.

7.3 Visual defects

There is no visual evidence of a major visual defect, as defined in Clause 8.

7.4 Electrical safety

a) The insulation test (MQT 03) requirements are met at the beginning and the end of each
sequence.

b) The wet leakage current test (MQT 15) requirements are met at the beginning and the end
of each sequence.

c) Specific requirements of the individual tests are met.
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Major visual defects

The purpose of the visual inspection is to detect any visual defects that may cause a risk of
reliability loss, including power output.

In some instances more detailed inspection may be required to finally decide if major visual
defects exist or not.

For the purpose of design qualification and type approval the following observations are
considered to be major visual defects:

a) Broken, cracked, or torn external surfaces.

b) Bent or misaligned external surfaces, including superstrates, substrates, ffames| and
junction boxes to the extent that the operation of the PV module would be impaired.

c) Bubbles or delaminations forming a continuous path between electric circuit‘and the edge
of the module.

d) I the mechanical integrity depends on lamination or other means ofradhesion, the sum of
the area of all bubbles shall not exceed 1 % of the total module area:

e) Hvidence of any molten or burned encapsulant, backsheet, frénisheet, diode or active PV
cpmponent.

f) Lpss of mechanical integrity to the extent that the installation and operation of the module
would be impaired.

g) dracked/broken cells which can remove more thany10 % of the cell’s photovoltaic dctive
area from the electrical circuit of the PV module¢

h) Moids in, or visible corrosion of any of the layers of the active (live) circuitry of the module
ektending over more than 10 % of any cell,

i) roken interconnections, joints or termjnals.

)] ny short-circuited live parts or expaosed live electrical parts.

k) Module markings (label) are no longer attached or the information is unreadable.

9 eport

Following type approvaly a report of the qualification tests, with measured performance

characteristics and details of any failures and re-tests, shall be prepared by the test agency.

The feport shall contain the detail specification for the module. Each test report shall inclufe at

least|the following\information:

a) altitle;

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

c) upique identification of the report and of each page;

d) name and address of client, where appropriate;

e) description and identification of the item tested, including indication if it has been
evaluated for bifaciality and/or whether it is has been evaluated as a flexible module;

f) characterization and condition of the test item;

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

h) identification of test methods used;

i) reference to sampling procedure, where relevant;

any deviations from, additions to, or exclusions from, the test method and any other
information relevant to specific tests, such as environmental conditions, or the irradiation
dose in kWh/m2 at which stability is reached:;
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k)

n)

0)

p)
q)

r
s)

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

and photographs as appropriate including:

— temperature coefficients of short-circuit current, open-circuit voltage and peak power,

— power at STC and low irradiance,
— bifaciality coefficients at STC and low irradiance (for bifacial modules),

— the maximum shaded cell temperature observed during the hot-spot endurance test,

— spectrum of the lamp used for the UV preconditioning test,
— mounting method(s) utilized in the static mechanical load test,

—[thepositivernegative testtoadsand the safety factor p,,used i the static mectg
load test,

—| hail ball diameter and velocity used in the hail test,
—-| maximum power loss observed after all of the tests,

—| for flexible modules, the diameter of the cylinder over which the -module was
during performance of MQT 22, and

—| conditions of potential induced degradation (PID) test (MQT 24y including applied
system voltage, polarities, and mounting configuration;

—| choice of test method where procedures allow more than one option (e.g. Method
B in MQT 18.2; final stabilization method in MQT 19.2,<etc.)

—| if open-circuit voltage, short-circuit current, or associated temperature coeffig
cannot be measured due to module-integrated<electronics, these quantities shd

exemptions from Gate 1 requirements on /i, Or V. shall also be noted.

Q

hy failures observed and any retests performed;

Q

representation of the markings of the“module type including manufacturer’s p
olerances;

e =

e test lab name and date, for eachi¢omponent qualification required in Table 1;

al summary of results from all_pass criteria defined in Clause 7 in absolute and re
hange. If tendencies to either_higher or lower values are observed this has to be incl
n the report. The used stabilization procedure (irradiance, temperature, time) needs
fated in detail;

»n =0

al statement of the_estimated uncertainty of the test results (where relevant); stat
eproducibility » from*the control module that is used for Gate No. 2.

—

al signature and‘title, or equivalent identification of the person(s) accepting respons
for the contentiof the report, and the date of issue;
W

here relevant, a statement to the effect that the results relate only to the items teste

al statement that the report shall not be reproduced except in full, without the w
a

nical

bent

rated

A or

ients
Il be

reported as "not measurable due to module-integrated electronics." Any resulting

ower

ative
uded
to be

b the

bility

1
ritten

Pproval of the laboratory.

10 Modifications

Changes in material selection, components and manufacturing process can impact the
qualification of the modified product.

Retesting shall be performed according to IEC TS 62915. The recommended test sequences
have been selected to identify adverse changes to the modified product.

During retesting, tests that are performed on representative samples do not need to be
repeated if the only change to a product is one of size, and the change in product size still
allows use of the same representative sample size already tested.
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The number of samples to be included in the retesting program and the pass/fail criteria are to
be taken from the relevant clauses/subclauses of this document.

11 Test flow and procedures

For design qualification and type approval the following test flow and procedures apply.
Table 3 summarizes the different tests. The full test flow is given in Figure 2. A description of
the tests and test procedures is given in IEC 61215-2:2021. Technology-relevant differences
are described in the respective technology specific part of this standards series.

Table 3 — Summary of test levels
Tes Subclause in Title Test conditions
IEC 61215-
2:2021

MQT 4.1 Visual inspection See list of major visual defects in Clause 8

MQT ¢2 | 4.2 Maximum power See IEC 60904-1 for monofacial modules and

determination IEC TS 60904-1-2 for bifacialymodules

MQT @3 | 4.3 Insulation test Test levels vary between 500,V minimum and
1,35 x (2000 + 4 % Vsys) maximum depending on sy$tem
voltage, module class; and presence of cemented jojints.
See MQT 03 procedure for further detail.

MQT 04 | 4.4 Measurement of See IEC 60891

temperature coefficients | gqq |EC 6090410 for guidance

MQT 4.6 Performance at STC Cell tempeyxature of 25 °C at STC

06.1 Irradiance: 1 000 W/m2 (and BNPI, for bifacial modues)
with\NEC 60904-3 reference solar spectral irradiance
distribution
Requirements see Clause 7

MQT 7 | 4.7 Performance at low Cell temperature: 25 °C

irradiance Irradiance: 200 W/m?2 with IEC 60904-3 reference
solar spectral irradiance distribution

MQT 4.8 Outdoor exposure test 60 kWh/m?Z total solar irradiation

MQT 4.9 Hot-spot_endurance test | Exposure to irradiance in worst-case hot-spot condifion as
per the technology specific part and IEC 61215-2. Fpr
monofacial modules, irradiance is 1 000 W/m2. For Bifacial
modules the irradiance is BSI.

MQT 10 | 4.10 UV preconditioning 15 kWh/m? total UV irradiation in the wavelength range
from 280 nm to 400 nm, with 3 % to 10 % UV irradiaince in
the wavelength range from 280 nm to 320 nm, at a rhodule
temperature of 60 °C. For bifacial modules, exposurg is
repeated on the rear side.

MQT 11 | 4,14 Thermal cycling test 50 (Sequence C) or 200 (Sequence D) cycles from 140 °C
to +85 °C with current as per technology specific paft up to
+80 °C, with 5 N weight hanging from the junction box.

MQT 12 4 12 Humiriify freeze test 10 r‘yr‘lo: from +85 °C 85 % RH to —40 °C
with circuitry continuity monitoring

MQT 13 | 4.13 Damp heat test 1000 h at +85 °C, 85 % RH

MQT 14 | 4.14 Robustness of Test of junction box retention and cord anchorage.

termination

MQT 15 | 4.15 Wet leakage current Test voltage increase at a rate not exceeding 500 V/s to

test 500 V or the maximum system voltage for the module,
whichever is greater. Maintain the voltage at this level for
2 min. Solution temperature is (22 + 2) °C.
MQT 16 | 4.16 Static mechanical load Three cycles of uniform load specified by the
test manufacturer, applied for 1 h to front and back surfaces in
turn. Minimum test load: 2 400 Pa

MQT 17 | 4.17 Hail test Ice ball impact directed at 11 locations. Required minimum
ice ball diameter of 25 mm and speed of 23,0 m/s.

MQT 18 | 4.18 Bypass diode thermal MQT 18.1: Bypass diode thermal test:

test
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Test Subclause in Title Test conditions
IEC 61215-
2:2021

1hat/,and75°C
1 hat1,25times I, and 75 °C
MQT 18.2: Bypass diode functionality test
At 25 °C perform voltage and current measurements
For bifacial modules, I . in the conditions above is that
measured at elevated irradiance BSI.

MQT 19 | 4.19 Stabilization Three consecutive output power measurements P, P, and
P3 using MQT 02. STC output power is determined using
procedure MQT U6.71.

MQT 20 | 4.20 Cyclic (Dynamic) IEC TS 62782

Mechanical load test 1000 cycles at 1 000 Pa
MQT 21 | 4.21 Potential induced IEC TS 62804-1

degradation test +85 °C, 85 % RH at maximum system,voltage for 96[h
MQT 22 | 4.22 Bending test — for 25 cycles rolled up (without damage)+around a cylingler

flexible modules only

with a diameter specified by thé-module manufacturer over
which the flexible modules can bée bent
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Annex A
(informative)

Changes from previous edition

General

This annex is included with edition 2 of the IEC 61215 series to better explain the project
team’s reasoning in developing some of the changes made since edition 1. This annex is

ify or

lete any of the test procedures found in the IEC 61215 series.

Procedures for bifacial modules

se of representative samples

Addition of dynamic mechanical load test

Addition of test for potential induced degradation

Simulator requirements

Rleferences to retest guidelines

eight on junction boxes

Correction to monolithically-integrated hot-spot éndurance test
umber of modules in sequence

emoval of nominal module operating temperature (NMOT)

Vlery low currents during thin-film tests

—

mit bypass diode testing to threediodes

evert the insulation test to 2005 version

lnding test

Stabilization option for boron oxygen LID (MQT 19.3)

To create edition 2, a8 number of minor corrections and clarifications to the edition 1 wording

were|also made. These minor changes are not discussed in this annex.

A.2 | Proceédures for bifacial modules

The |[EC-61215 new edition includes text related to bifacial modules, whereas edition [I did

not. Thenew edition-includes several instructions-related to bifacial modules:

Procedures for measuring bifacial modules are included via references to
IEC TS 60904-1-2.

Where test levels need to be adjusted for bifacial modules due to potentially higher
currents during operation, these increased values are specified.

Additional reporting requirements (e.g. bifaciality coefficients) are described.

Tests that may be omitted because referenced standards have not yet been modified to
account for bifaciality are noted.
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Qualification of bifacial modules requires measurement of several quantities beyond those
required for monofacial modules. The short-circuit current bifaciality coefficient ¢4, the open-
circuit voltage bifaciality coefficient ¢,,,, and the maximum power bifaciality coefficient @p, 44
shall be listed on the nameplate, as per IEC 61215-1:2021, 5.1j). These coefficients are
measured as part of IEC 61215-2:2021. MQT 6.1. Any significant deviation between the
measured and listed values shall be noted in the test report, as per IEC 61215-1:2021, 7.2.2.
MQT 07, performance at low irradiance, also requires calculation of the bifaciality coefficients
at low irradiance.

Qualification of bifacial modules requires performance measurement (MQT 06.1) at three
irradiances. These irradiances are

—_

000 W/mZ (the irradiance at STC, as defined in IEC TS 61836),

e cpnditions equivalent to 1 000 W/m?2 on the front side and 135 W/m?2 on theback| side
(BNPI, as defined in 3.11), and

e copnditions equivalent to 1 000 W/m2 on the front side and 300 W/mZ2 @n-the back|side
(BSI, as defined in 3.12).

BNPI and BSI may be applied in any method allowed by IEC TS 6Q904-1-2, such as single-
side |llumination at equivalent irradiance, or double-side illumination:\If single-side illumination
is utllized, the simulator setting depends on the module bifaciality through the equivialent
irradiance defined in 60904-1-2. Extrapolation of performan¢e-parameters at BSI from the
valugs of 1 000 W/m? on front and 300 W/m? on back is possible if the flasher is unahle to
achigve high enough irradiance for BSI.

BNPI is used for nameplate verification. 135 W/m2{ear irradiance is chosen for BNPI based
on s¢veral published studies that find, with typical\module spacing and light-colored soi|, the
rear-gide irradiance is in the range of 100-150 W/h2 when 1 000 W/mZ is incident on thelfront
side.[2] [3] [4] [5] [6] BNPI thus conveys_an approximation of typical power gain duie to
bifac|ality.

BSI is used to measure quantities that 'determine applied stress conditions. A 300 W/m{ rear
irradiance in BSI is used to represént worst case (most stressful) conditions with a refldctive
(0,5 albedo) ground cover.[7] To.ensure safe products, this worst case condition is used fo set
the sfress levels.

For bifacial modules, méeasurements at both STC and BNPI are used for Gate No. 1, while
only [measurements at\BNPI are utilized for and Gate No. 2 criteria. For final Gate No. 2
meagurements (post stress,) STC measurement and re-evaluation of bifaciality coeffidients
are not required, \in order to keep cost of qualifying bifacial modules reasonable. Insfead,
Gate| No. 2 is<evaluated only at the more stringent condition, BNPI, where possible sleries
resistance ahd other fill factor losses induced by stress are expected to be largest. By not
requiring-STC measurement or re-evaluation of the bifaciality coefficients for the final [Gate
No. 2 mieasurement, time-consuming (expensive) steps of re-calibration simulators at mdltiple
intenkiti€s, only to obtain a less stringent test, is avoided. Requirements for measurement
intensities and evaluation of bifaciality coefficients requirements are stated in
IEC 61215-1:2021, 7.2.2 and 7.2.3, and in IEC 61215-2:2021, 4.6.3 "Measuring at STC (MQT
06.1)".

For several tests, stress levels are increased from values based on one-sun front side
illumination, in order to account for potentially higher currents during bifacial module
operation with backside illumination.

e The test current is increased for the bypass diode thermal test MQT 18.1. For bifacial
modules, MQT 18.1 specifies 1,25 times the module short-circuit current at the elevated
irradiance BSI. Use of this higher current is required in IEC 61215-2:2021,4.18.1.4b).

e The test current is also increased in the same manner for the bypass diode functionality
test MQT 18.2, as specified in IEC 61215-2:2021,4.18.2.3.2 b).
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¢ In MQT 11 the technology-specific current to be applied during thermal cycling is larger for
bifacial modules. IEC 61215-1-1:2021 specifies that the technology specific current which
needs to be applied according to test MQT 11 of IEC 61215-2:2021, shall be equal to the
peak power current at the elevated irradiance BSI.

e In MQT 09, determination of the cell shading percent and the prolonged exposure are
performed at the elevated irradiance BSI. If double-side illumination is used to produce
BSI, both the back and the front of the cell are shaded in the same way. During cell
selection, any cell that is permanently shaded by a module feature (such as the junction
box) is added to the list of selected cells.

A.3 —Use of representative-samples

At present, there are products intended to be qualified via IEC 61215, that are much larger
(e.g.|[6 m in one dimension) than typical test equipment. Requiring a test lab to obtain custom
test @quipment for one product is prohibitively expensive and would create anqunfair barr|er to
qualification. Thus, representative samples may be used for applying stre§s and evalujating
Gate| No. 2 on very large modules. A representative sample is one that' includes all the
components of the module, except some repeated parts, and is theréfore smaller thap the
actual product. A full-sized sample is still required for nameplate verification (Gate No. 1)

A representative sample may be utilized if a module is("yery large," as defingd in
IEC 61215-1:2021. A "very large" module is taken to be anything that will not fit on the largest
commercially-available AAA simulator, or in the necessaty environmental chambers.| The
largelst commercially-available AAA simulators seldom exceed dimensions of 2,6 m x 2,1|m. A
survgy of test labs by project team members showed that environmental chamber sizes
currgntly impose a size limit for IEC 61215 qualification in various test labs ranging [from
2,2 np to 2,4 m in module length, and 1,2 to 1,9 mxin module width. The project team deg¢ided
that gefining a very large module as 2,2 m x 1,5'm is a reasonable compromise betweeh not
providing a barrier to certification for large prgducts, but encouraging certification on full-size
prodlicts when possible. By this definition,~a module is considered very large if it exdeeds
2,2 mp in any dimension, or exceeds 1,5 anin both dimensions.

Limits are placed on how much one may reduce the dimensions of a very large modyle in
making representative modules for qualification testing. The reduced dimension(s) shall he no
less fthan one half the dimehsions that define a very large module. In other words, when
reduging the shorter dimension, the representative sample shall be at least 0,75 m wide. In
reduging the longer dimension, the representative sample shall be at least 1,1 m long. Thlus, a
manyfacturer is not allowed to use, for example, a one-cell mini-module for qualificlation
testing. The use and dimensions of representative samples shall be noted in the test repqrt.

If representative~samples are utilized in Sequence E, then one extra module, full-sizgd, is
required, and-shall be subjected only to MQT 16 (the static load test) and the requirenpents
i ble is

may reS|st the 2 400 Pa Ioadlng ) However a general way to convert Ioad reqmrements from
one sample size to the next, for all product designs, does not exist at the time of publication.
Also, because of space limitations in the damp heat chamber, the full-size module cannot be
required to undergo the entire sequence E. Thus, as a compromise, an extra full-size module
in sequence E to supplement the representative sample. The full-size module will be
evaluated for structural and safety failures (e.g. broken glass) via the visual inspection (MQT
01) that is embedded in MQT 16. If a design is susceptible to MQT 16 failures that involve DH
(for example, a glue that debonds after DH), such effects are best detected using the
representative sample.

If there are MLT failures that involve DH (for example, a glue that is not strong after DH), such
effects will be captured by the test on the representative sample.
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The project team considered whether more thermal cycles should be required when MQT 11
is performed on a representative sample. It was considered that thermomechanical fatigue
tends to increase with sample size, and therefore extra thermal cycles might be needed to
qualify a full-size product while stressing a smaller representative sample. However, finite
element modelling concluded that the cell size, not the module size, is the critical dimension
for thermomechanical fatigue, and thus extra thermal cycles are not warranted.

A.4 Addition of dynamic mechanical load test

A Dynamic Mechamcal Load (DML) test has been added in the IEC 61215 new edition and is

perfo ential
for c¢ll breakage W|th|n PV modules[8] The goal was to find a load that would break cell§ that
were|already damaged prior to the stress, but would not break intact cells during«he’stress.

Durirlg experiments, a load level of 1 000 Pa was selected. Effect on the cellspappeared to
saturfate at 1 000 cycles. These results formed the basis for the stress levels utiliz¢d in
IEC TS 62782 and the IEC 61215 new edition. DML has subsequently beén-the subjdct of
othen studies.[9], [10], [11] The DML test is intended to detect cell damage that is inhergnt in
procgssing (such as a tabber that applies too much pressure and cracksycells during module
assefnbly). The DML test is not intended to introduce new cracks ‘into the cells, npr to
meagure susceptibility of the module to mishandling, abuse, or extreme weather.

Several publications (e.g. [12], [13]) have noted that crackingicells in a module, then apglying
eithef DML or thermal cycles, can lead to power loss. However, there are several reasops to
be cqutious when considering applying DML or thermal eycling after mechanical stress for this
qualification standard:

¢ Not all modules will experience extreme weather or mishandling. Qualification testing that
tgsts for performance retention under these circumstances may lead to costly overdesjign.

e There is not yet documented field corréelation to determine over what time period power
Igss from mechanically-cracked cells.'occurs. Early studies how long it takes cracks to
open up, and therefore (even roughly) what time period is relevant for the sequencef hail
tgst + DML or TC. Some published: studies are underway, but haven’t seen cracks fyrther
affect power in the first 1 to 2 years. [14], [15]

[ )
T

br people who just want-10,’know relative performance without requiring relationship to
field performance, staticfoad + DML is in IEC TS 63209-1 for relative comparison.

)
—

is recommended %o ‘first develop and gain experience with a TS related to [hail-
rgsistance, module~handling, and related performance losses. Such a document should
cpnsider that thermal cycles might be more effective than DML.

A.5 | Addition-of test for potential induced degradation

Potentiallinduced degradation (PID) has been observed to cause power output degradatipn in
somg fielded modules. Examples of such reports can be found in the literature.[16], [17],][18],
[19], T20] Thus, an accelerated test 10 screen for PID susceptibility has been added in
edition 2 of the IEC 61215 series, as MQT 21.

The PID test, MQT 21, is performed in parallel with other tests, in a new Sequence F.
Sequence F requires two modules per installation polarity allowed by the manufacturer. If only
one installation polarity is allowed, only two modules receive PID stress. However, all four
modules are subjected to Gate No. 1 verification, in order to keep Gate No. 1 statistics
independent of the number of allowed installation polarities.
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The test procedure for MQT 21 is based on the previously published IEC TS 62804-1. The
85°C / 85% RH / 96 h stress ("85/85/96") stress utilized in IEC 61215 edition 2 is one of
three stress level options in IEC TS 62804-1. Numerous accelerated test studies preceded the
development of IEC TS 62804-1. PID has been studied to the extent that reviews of PID,
including experimental dependencies, derived acceleration, and underlying mechanisms, can
be found in the literature.[21], [22] Literature reports vary regarding acceleration factors.
Equivalent outdoor exposure for the 85/85/96 stress utilized in IEC 61215 edition 2 has been
estimated by different groups between 2 to 20 years,[23], [24], [25], [26], [27] for the effect of
a humid climate (e.g. Florida, USA) on a crystalline Si module. The differences in the
literature reports may reflect a need for utilization of different physical models in some
studies, experimental uncertainty, and different behavior among the products tested.

All products (modules based on crystalline Si cells, or thin film cells) are subjected-tp the
samg stress conditions when executing MQT 21. The same stress conditions are applied [even
though it is likely that acceleration factors differ from one product to the next, particular|y for
thin film modules, where the underlying physical mechanism for PID is different than that|in x-
Si modules. It is estimated that the acceleration factors for thin film modules jare substantially
smaller than that of typical c-Si modules.[28], [29], [30] The methodology.of defining stress
level$ that are empirically observed to separate failed versus successful fielded products,
then lapplying these conditions to all modules, is rooted in the JPL black buy study,[31] which
formed the basis for several of the IEC 61215 series stress tests;.A few sentences explicitly
stating the methodology of the IEC 61215 series (constant stress, conditions across products)
were|ladded to the scope.

The 85 °C / 85 % RH / 96 h level is probably more stressful (in terms of years of equivjalent
expopure) than some other MQT’s, for c-Si in most usejenvironments. However, this relatively
harsh condition was selected because:

e Dlata show thin film modules need a higher\accelerated stress level than Si modulgs to
reproduce early-life PID failures.

Prior to the inclusion of a PID test in }lEC 61215, several major module manufacturers had
already selected the 85°C / 85% RH / 96 h stress level for internal qualifigation
pfograms.
U
s

se of a light soak may lead to" some power recovery, therefore justifying increasing the
ress level.

ricreased use of modules”in potentially harsh PID-prone environments, such as very [rainy
climates, may warrant\a harsher test.

The way in which modules are mounted has been observed to affect PID.[32] [33] Thus,
durinlg the chamber, test in IEC 61215 (and IEC TS 62804-1), on request by the manufacfurer,
modyles might2be mounted as described in the installation manual during testing, if the
manyfacturef _states that PID resistance is achieved via mounting method.

PID stress on CIGS may be applied with a modest forward voltage bias applied acrosg the
intermalcircuit- e-the same conditio e damp-hea
IEC 61215-1-4:2021. The voltage bias prevents effects that do not occur when stress is
applied under field-representative illumination.

A wet leakage current test (MQT 15) is part of the final measurements within MQT 21. This
wet leakage current test is to be performed within 8 hours of the end of the PID stress, as in
IEC TS 62804-1. The inclusion of the test, with a time limit, is motivated by the increase in
leakage current seen in some modules during in-situ monitoring, and may have a time scale
for reversibility that is similar to the PID.

A final stabilization, MQT 19.2, is performed prior to gate 2 on all modules that have been
subjected to PID stress. The conditions for this final stabilization are described in the
technology-specific parts (IEC 61215-1-x).


https://iecnorm.com/api/?name=16a6d00379a286c9c8691b24608cf8ae

IEC 61215-1:2021 © IEC 2021 - 33 -

For crystalline Si modules, the final stabilization is a short light soak (2,0 kWh/m2) meant to
reverse the effects of PID-polarization, which results from the movement of charge within the
module,[34] as opposed to PID-shunting (PID-s), which results from movement of Na within
the module, a slower process. Tests on some modules show that PID-polarization (PID-p)
does not occur when PID stress is applied with field-representative illumination,[35] and thus
should not be allowed to cause design qualification failure when administering a dark PID
stress test. UV has been shown to be important in reversing PID-p.[36] Thus, the class CCC
solar listed as required apparatus in MQT 19.2 shall fulfill the class C spectral requirements
over at least the short-wavelength portion of the extended wavelength range described in
IEC 60904-9, for stabilizations performed after PID testing. For bifacial modules, light is
applied to the rear side during this stabilization.[37] Since a small amount of PID-s may

i i Fre—H i i e i acial

ight-
soaked state and obtain an accurate Gate No. 2 performance measurement~Thus, the|thin-
film light soak is performed in nearly the same manner as other thin-film final stabilizgtions
(MQT 19.2). One additional requirement exists for final stabilization of thin~film modules|after
PID gtress: Once the stabilization criterion is met, the light soak shall beterminated within two
irradiation intervals (as defined in the technology-specific parts of MQT 19). This time limit is
inclugled to prevent attempts to reverse Na migration with extremely:long light soaks thdt are
many times that needed to account for metastability.

After| the completion of MQT 21, module storage conditiohs between subsequent test$ are
controlled. Between these test steps, the modules are 4o be maintained indoors, in the dark,
and at temperatures 25 °C or below. No more than 48\h elapse between the end of MQT 21
and fhe beginning of MQT 19.2. There is also time 4imit between MQT 19.2 and MQT 04.1: It
is eitlher 48 h or the time limit specified in the \technology-specific stabilization procefure,
whiclever is shorter. These controls are intendedto prevent attempts to reverse Na mignation
e Gate No. 2 via anomalous storage timeénd conditions.

A.6 | Simulator requirements

A.6.1 General

Edition 2 revises both the spectral and uniformity requirements for simulators. (Notatign for
simulator classifications are defined according to IEC 60904-9. The AM1.5 spectral mafch is
denofed by the first letter of the three-letter simulator classification. For example, a|CBA
simulator is categorized with a type C spectral match, a type B spatial uniformity, and a type A
temppral stabilityy) .The revision applies to simulator requirements in MQT 02 (maximum
powdr determination), MQT 6.1 (performance at STC), and MQT 07 (performance af low
irradijance).

IEC $1215-<2:2016 allowed three options for simulators during the measurement listed above:

a) a class BBA or better simulator plus a reference device of the same size and cell
technology as the test sample,

b) a BBA or better simulator, plus the spectral responsivity of the module, plus the spectral
distribution of the solar simulator, and a data correction according to IEC 60904-7, or

c) a AAA simulator. Several changes have been made to these requirements:
e Type A spatial uniformity is required.
e A simulator with type C or better spectral class may be utilized.

e There are more possibilities for how one obtains data to use in a spectral mismatch
correction (IEC 60904-7). The spectral response data may be taken by any test lab
that is accredited for that measurement. 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.
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e It is specifically stated that the component of uncertainty due to spectral mismatch
shall be included m4, the uncertainty used in evaluating Gate No. 1. Maximum
allowable values for m, are specified in the technology-specific parts.

o Use of either spectral mismatch correction or a matched reference module (or cell) is
required.

The procedures in MQT 02 and MQT 6.1 are based on the most accurate measurement
protocols that are practical with current technology. This high level of accuracy is appropriate
for the nameplate verification and design qualification of IEC 61215. However, other types of
documents refer to IEC 61215 maximum power determination. Such documents include
warranties, quality assurance documents, and extended stress tests. A note has been
incluged to remind users that less stringent requirements may be appropriate for [non-
IEC 61215 applications. The note reads: "MQT 02 measurement procedures are intenddd for
minirmal uncertainty, as performed by an accredited testing laboratory. Lesser requiremients,
such|as use of CAB class simulators, may be appropriate for other applications, sugh as
quality control in the factory. Applications that only require repeatability, such,@s comppring
module performance before and after an extended stress, may wish .to relax spegctral

mismatch correction requirements."

A.6.2 Rationale for changes to spectral requirements

Revigions to the spectral requirements were made to limit pdssible spectral mismatch|in a
systgmatic manner, while still allowing test labs several practieal choices as to how to achieve

an agceptably accurate measurement.

The previous text of IEC 61215 allowed using a solar_simulator with Class A spectral match
for power rating measurements without spectral corréction. This option was originally intehded
to provide one way to achieve a low spectral .mismatch. However, more recent worK has
shown that requiring a Class A spectrum is neither necessary nor sufficient for low spegctral
misnlatch.[40], [41], [42], [43] In other words( using a Class A spectrum does not guaranfee a
smaller spectral mismatch error than using a Class B or Class C spectrum. In some cases,
specfral mismatch errors can even (be larger for a Class A spectrum compared to
Clasg C.[44], [45] The actual spectralkmismatch error depends on the procedures, referfjence

sampgles, and test samples used.

Ther¢fore, the revised text of [EC 61215 has relaxed the spectral requirement to Class {, but
incluges wording regarding procedures to reduce spectral mismatch errors. The wordipg is
basidally the same as IEC 60904-7: either the solar simulator irradiance is calibrated usjng a
reference sample having spectral response that is similar to the device under test, or g full

calculation of the specétral mismatch error is made per IEC 60904-7.

Supplort for this position can be found in several literature studies. Excerpts from some of

thesg studiesare reproduced here (with bold type added for emphasis):

.}elassification of a solar simulator does not provide any information
are dependent on the actual measurement devices and procedures used.[40]

...spectral class of a solar simulator is not necessarily an indicator for the precision
of measurement. With appropriate reference devices and measurement procedures also
class C spectral match yields a good comparability for c-Si PV modules.[41]

...the simulator with the best spectral match (A+) need not yield the best MMF [spectral
mismatch factor].[42]

No benchmarking of solar simulators is therefore possible based only on the spectral
match information.[42]

...not always the spectrum of higher class would lead to the lower [spectral] mismatch factor.
[43]
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It is specifically stated that the component of uncertainty due to spectral mismatch shall be
included in m4, and maximum allowable values for m, are specified in the technology-specific
parts. As stated in IEC 61215-1:2021, m, is to be calculated based either on measured
spectral response or the worst-case possibility for a given technology type. Worst case
possibilities can be evaluated from a combination of published data and the lab’s database of
measurements.

This approach provides several options for test labs unable to invest in a module spectral
response system, while keeping uncertainty within reasonable bounds via limits on m. A lab
may choose reference modules such that no spectral mismatch correction is needed. Size
requirements on the matched reference module have been removed. The lab may also
meaj{@ﬂmﬁmWWWs the
test module is available. The lab may also obtain spectral response data on such a reference

cell, pr on the test module, from another accredited test lab.

A.6.3 Rationale for changes to uniformity requirements

The ¢hange in simulator uniformity requirements from B to A was made_ based on an analysis
of uncertainty in power rating which includes contributions from several factors inclyiding
irradifance nonuniformity, current mismatch between cells within a module, spectral mismjatch,
module temperature, contact resistance, and the procedure(s) used to calibrate simylator
irradiance. Uncertainty values listed below (in Table A.1) are from Figure 7 of the refergnced
work|[46] using a coverage factor k = 2.

Taple A.1 — Published uncertainty values as a function of simulator uniformity class

. Approximate power rating.uncertainty due to all effects, when simulatdr
Irradiance irradiance is calibrated using a reference module’s...

nonuniformity
...maximum power ...short-circuit current
3 % (class A limit) 2,6 % 3,2 %
8 % (class B limit) 3:2% 6,2 %

For modules with higher fill, factor, such as new high-efficiency Si modules, effects of
irradiance nonuniformity may\be greater, since higher fill factor implies that a change in
currgnt changes the module power output more sharply. Based on this information, the project
team| decided the uncertainties for 5 % irradiance nonuniformity would be too large for $ome
meagurements, such as)the maximum power determination of Gate No. 1.

Polls| of workingsgroup 2 members representing test labs were performed during a working
grou&Z meeting and during a IEC 61215 new edition project team meeting. All such members
in attendance-indicated that they already use simulators with class A uniformity.

The pew/edition includes one exception to the new uniformity requirement. For evaluatipn of
Gate No. 2, "very Targe™ modules (as defined in TEC 61215-1:2021, 3.8) may be measured
with a class B uniformity simulator. It is recognized that class A uniformity simulators larger
than 2,2 m x 1,5 m are rarely commercially available at present, and thus imposing use of a
class A uniformity simulator on a very large module creates an unfair barrier to qualification.
At present, only a small fraction of the market is expected to utilize the exemption for very
large modules. In future years, as module sizes and availability of very large simulators
evolves, the size definition for a very large module should be adjusted accordingly.
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A.7 References to retest guidelines

IEC 61215 Edition 2 requires the use of IEC TS 62915 to determine if a retesting is needed.
This requirement is stated as, "Retesting shall be performed according to IEC TS 62915." To
avoid any future contradiction between IEC 61215-1 and IEC TS 62915, all further description
of conditions that might generate the need for retesting have been removed from
IEC 61215-1:2021.

A.8 Weight on junction boxes

Poorladhesion of the junction box to the module has been observed in both fielded modules
and accelerated tests.[47], [48], [49], [50] Thus, in edition 2, the thermal cycling test (MQ[ 11)
is mqdified to include a 5N weight hanging from the junction box.

A.9 | Correction to monolithically-integrated hot-spot endurance test

IEC $1215-2 Edition 2 revises a portion of the monolithically-integrated (MLI) hot|spot
endufance test to correct errors in IEC 61215-2:2016. In IEC 61215-2:2016, incompatible
procgdures for testing wafer-based vs. MLI modules were inadvettently mixed in some gf the
MLI gections. Minor revisions were also made in places where(the procedure was unclear or
impogsible to perform.

The hot-spot endurance test (MQT 09) is designed to‘determine the ability of the modyle to
withgtand hot-spot heating effects, such as those that'could be caused by mismatched cellls or
shadpwing. While there are test variations for different module types and circuitry, thq test
has gertain commonalities across all module types;

o Alworst-case shading condition is determined.

his condition causes a current near Tmp (for unshaded conditions) to flow through the
hort-circuited module.

T
s
e The module is exposed to elevated temperature (50 °C) and the worst-case shading
copndition for at least 1 h.

A

fter stress, the module shall have no visual defects, a functional I-V curve, insulation
rgsistance meeting the requirements of MQT 03, and wet leakage current meeting the
requirements of MQT\1'5.

NOTE|1 Tests are derived from earlier editions of IEC 61215-2 and IEC 61646.

Desplite these ¢commonalities, some differences in test procedure between modules contdining
singylated or,wafer-based cells and those containing MLI cells are necessary for the follgwing
reasgns:

a) If isMifficult to shade a single MLI cell reproducibly, since cells have high aspect|ratio
(e.g. 0,5cm x 1 m dimensions), and there are reflections inside the glass that make
shading around edges not sharp. The wafer-based cell procedures involve shading a
single cell.

b) Some MLI cells may experience a decrease in shunt resistance when shaded.[51], [52]
For the wafer-based modules, shading of individual cells is performed as a way to select
cells that have certain pre-existing shunt resistances (low or high). For MLI cells, the act
of shading individual cells is not likely to screen the cells, but rather to alter them. Thus, it
is logical to apply shading stress to MLI cells, but not in an attempt to select which cells to
test, as in the wafer-based procedure.
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c)

d)

Thin film cells often have a different nature of reverse bias characteristics than do Si cells.
Thin-film reverse bias characteristic are in many cases not linear,[53], [54], [55] or are
only linear over a voltage range that is too small for a comparison of shunt resistances
according to the method of IEC 61215-2:2016, Figure 4. Thus, even if items a) and b) on
this list could be overcome, it is still unlikely that one could use the method of Figure 4 to
select cells of highest and lowest shunt resistance.

The Si cell method assumes that shading one cell can reduce the current generated by
the short-circuited module to Ip (measured under full irradiance) or an even lower
current. However, this reduction may not be achievable by fully shading one MLI cell. The
difficulty occurs because there are typically many more MLI cells in a module, and the
cells may be more conductive at a lower reverse bias compared to Si cells.

Becaluse of the differences listed above, the thin film hot-spot test has relied upon shJading
blocKs of cells, and finding how many cells shall be shaded to achieve the currentr&duction

noted in the above list as d).

NOTE| 2 This method of shading blocks of cells was utilized in IEC 61646:2008 (10.9) and’ IEC 61215-2:2016

(4.9.5]3.2, 4.9.5.3.4, and 4.9.5.3.5).

Howgver, some errors were included in the MLI portion of IEC 61215:2:2016 MQT 09:

419.5.3.3 (MLI, SP case) erroneously called for the wafer-based single-cell shading
method. (The single-cell shading method cannot be performed on MLI modules for
gasons a) to d) listed above.)

—

Three different MLI sections describing how to do_the-hot spot test on MLI SP modules
were included in edition 1, but the three different,'\SP cases actually require the $ame
pfocedure. These three subclauses from edition” are 4.9.5.3.3 "Case SP", 4.95.3.4
"Case SP with inaccessible cell circuit and internal reverse bias protection", and 4.9.6.3.5
"Case SP with inaccessible cell circuit and*no reverse bias protection". In all caseq, the
MLI cell circuit is treated as inaccessible, so there should be no distinction between
419.5.3.3 and 4.9.5.3.5. Furthermore, invMLI products, a single external bypass diode is
utilized. Lateral conduction in theshigh aspect ratio MLI devices is limited by the
cpnductivity of the transparent caonducting thin film, so MLI products do not use internal
bypass diodes. The test procedure is performed with the module short-circuited, making
the external bypass diode irrelevant to the test procedure. (It turns on only when the
module is in reverse bias.).Thus, there is no need to distinguish between cases 4.9.5.3.3
ahd 4.9.5.3.4.

Thesg errors are corrected in the new edition of IEC 61215-2:2021. Several changes |were

made to do so:

419.5.3.3, 4.9:5:3.4, and 4.9.5.3.5 from IEC 61215-2:2016 are combined into a single
"Case SP“ section. Thus, in the new edition of IEC 61215-2:2021, there are three dases
fqr ML| ‘medules in MQT 09: S, SP, and PS. These are the same three cases formerly
utilized,in IEC 61646:2008.

The.single-cell shading method used for the wafer-based modules is not utilized fof any
case in MLI modules.

In some places, minor changes to wording were made to clarify, but not modify, the test
procedure.

Minor revisions were also made in places where the MLI hot-spot endurance procedure was
unclear or impossible to perform:

The symbol "N" rather than "P" is used to denote the number of parallel strings to avoid
confusion with power, which is also denoted by "P."

The acceptable range for currents is now based on Imp, MOt Prp. These two ways of
specifying the range yield nearly the same results, and specifying the current is much
clearer. IEC 61215-2:2016 was not explicit regarding how to determine the range in
translating from P to /. (For example, is the tester allowed to interpolate between points
using a previously-measured I-V curve?)
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The acceptable window for current during extended stress is widened by changing the
lower limit from 99 % to 95 % of the maximum. If the simulator irradiance can change by
+ 2 % over the test (as is explicitly stated), it is not reasonable to ask to keep the current
within a 1 % window. For some modules, it was observed that shading even one cell
dropped the current below the specified range.

A minimum mask size of two cell widths is specified. For reason a) described earlier in this
section, test reproducibility suffers if the mask size is reduced further.

When moving the mask across the module, a minimum number of steps is specified.

The acceptable irradiance range for cell selection with an optional simulator is modified
from "800 to 1 000 W/m?2" previously to "800 to 1 100 W/m2" in the new edition. With this
change, any Irradiance produced by ithe required simulator jor 1 h stresg (at
000 + 100 W/m?2) is also acceptable for cell selection procedures.

—_

Qther small clarifying changes to the wording have been made.

Sequence A, as defined in either IEC 61215-1:2016 or |IEC 61215-1:2021, is compris¢d of
MQT|07 (performance at low irradiance) and MQT 04 (measturement of tempergpture
coeffjcients). Two changes were made to sequence A to allow~it to be performed more

efficigntly, but without losing valuable information.

First| the number of modules required for sequence A-has been reduced from three in
IEC $1215-1:2016, to one in IEC 61215-1:2021. A study of temperature coefficients shpwed
that for modules of a given cell technology, one canfot distinguish between the temperpture
coeffjcients of different products. For sample sets ‘of three to five modules of each product
type,| the variability of temperature coefficients within each product type is as large ag the
diffejence between the products. The variability may be due either due to measuregment
unceftainty or product inconsistency. Ansexample of data from this study is shown in

Fig
the
not

U{ A.1. Boxes represent the variability, within each product type, and the error bars show

easurement uncertainty. As the purpose of the IEC 61215 series is design qualification,
recasting energy production, it\is not defensible to require the measuring of many

modules in sequence A in an atteémpt to reduce the uncertainty on the derived quaniities.
FurtHermore, decreasing the number of modules in sequence A by two does not worsef the
statidtics on modules passing” Gate No. 1, since four modules have been adddgd to

sequence F.

Second, it is explicitly)stated in edition 2 that the measurements of sequence A mgy be

perfdrmed in any order, or may be performed on two separate modules, if desired.

Temp coef. a [%/K]

A .
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Figure A.1 — Derived temperature coefficients (a) for nine different mc-Si products types
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A.11 Removal of nominal module operating temperature (NMOT)

Edition 1 of the IEC 61215 series (published in 2016) was the first time that NMOT has been
required for PV module design qualification. Earlier versions of IEC 61215 and similar
standards required only nominal operating cell temperature (NOCT). In 2017, a number of test
laboratories around the world reported that the strict data filtering required by the NMOT
procedure was causing NMOT measurements to take more than 6 months in some locations,
an unacceptable time period for IEC 61215 qualification. The NMOT procedure is described in
IEC 61853-2, which is referenced by IEC 61215-2:2021.

To rectify the unacceptable measurement time, three alternatives were proposed:

a) Put exceptions to the NMOT data filtering (as specified in IEC 61853-2)\ inta the
IEC 61215 test, making the test completion time shorter when performed as—a part of
IEC 61215.

b) Amend IEC 61853-2 to allow the test to be completed more quickly.
c) Remove the NMOT test from IEC 61215 edition 2.

In chposing between these alternatives, the project team considered the'following information:

e It| is undesirable to create two different versions of the~same test by putting many
ekceptions in the referencing standard. Upkeep on the test procedure shall be performed
i both locations, and the two tests yield information that’is named the same but is not
efjuivalent.

e The purpose of the IEC 61853 series is to "characterize the modules at a wide range of
temperatures, irradiances, angles of incidence§ and spectra," in order to "accufately
pfedict the energy production of the modules under various field conditions," as taken|from
the IEC 61853-2:2016 introduction. The IEC 61853 series defines a methodology for
ehergy prediction.

e The goal of IEC 61215 is module desigh qualification, i.e. whether a module of a particular
design is likely to last in the field.

e Thus, NMOT does not relate to.the objective of IEC 61215.

o NMOT tests have an uncertainty (typically £ 4 °C) that is larger than the actual operating
tgmperature difference between most module types.

e Dlatasheet NMOT and NOCT values are not heavily used. It is more common tgq use
thermal model coefficients (such as those provided with PVsyst, for example) to ac¢ount
fqr thermal effects in energy generation.

o Tp make NMOI a useful measurement, it may be required to increase — not decregse —
Ata collection time, or to perform data collection in individualized side-by-side |tests
bsigned for comparing a small set of different module types.

d
d
e Thus, Jimiting the data collection time in IEC 61853-2 in order to keep IEC 6[1215
q
d

Lialification time reasonable may prevent the NMOT test from ever yielding meaningful
ata.

The above points led the project team to remove the NMOT test (MQT 05) and the associated
"performance at NMOT" test (MQT 06.2).
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A.12 Very low currents during thin-film tests

Edition 2 contains revisions to mitigate the difficulty of controlling very low currents in thin film
modules during some tests. In two tests, a fraction of the module’s STC peak power current
(Imp) is applied during a test. This application of current occurs during the humidity-freeze test
(MQT 12), and during the thermal cycling test (MQT 11). In MQT 12, 0,5 % I, is applied, as
specified in IEC 61215-2. In MQT 11, the applied current is specified in the technology-
specific parts. For CdTe, a-Si, or CIGS, the applied currents are 0,1 Imp: as specified in
IEC 61215-1-2:2021, IEC 61215-1-3:2021, and IEC 61215-1-4:2021. For smaller cells, these
specified currents may be so small that they are impractical to monitor and control. Thus, the
wording in each of these cases has been revised to call for the previously-designated fraction
of 7,5, or 100 mA, whichever is larger.

A.13 Limit bypass diode testing to three diodes

Editipn 2 contains a revision to keep the bypass diode testing procedure-ppactical, even in
somg newer module designs that have dozens of bypass diodes embedded in the laminate.
The pdition 1 bypass diode test (MQT 18) required repetition of the test procedure dn all
bypaps diodes, and electrical access to each diode. If a standard production module digd not
allow electrical access to each diode, the manufacture needed toyprovide a special module
with electrical access to the diodes to complete the test. The(procedure was written tg suit
modules having a few diodes in a junction box. All diodes were tested, since the positior;rirg of
the diode within the junction box (e.g. edge or middle) is likely to be important in determining
the thermal environment when the diodes are flowing/current. However, for newer designs
contgining dozens of bypass diodes embedded in the* module package, making a sgecial
sample that allows access to each diode is no longer practical. Furthermore, the individual
testing of each diode is very-time consuming, without yielding useful information beyond [what
one ¢btains from testing a few diodes. Thus, inedition 2, for modules containing four or more
bypaps diodes, MQT 18 is only performed on-three of them. The three diodes are selectgd for
test pased on their location, which may be,important to the thermal environment. Selecting the
diodgs for test based on location has precedent in IEC 62108:2016, 10.11 for CPV m¢dule
and assembly design qualification.

A.14 Revert the insulation(test to 2005 version

Charjges were made to -the insulation test (MQT 03) from the IEC 61215:2005 to
IEC $1215-2:2016. These changes involved how foil covering is used during the test, as
summarized in Table AZ2.

Tablg A.2 — Summary of foil placement during insulation test in three different versions.

Module type IEC 61215:2005 IEC 61215-2:2016 IEC 61215-2:2021
Foil placement Foil placement Foil placempnt
Framleless Edges—and-back Edges—plus—alpolymeric Edges
surfaces
Framed with poor conductor Edges and back Edges, plus all polymeric Edges
surfaces
Framed None All polymeric surfaces None

A major concern associated with the IEC 61215-2:2016 foil configuration is the inability to
detect surface tracking when all polymeric surfaces are covered, since one of the test
requirements is "no dielectric breakdown or surface tracking." It is also undesirable that the
capacitance introduced by covering a large area disables the test equipment’s arc discharge
detection. As arc discharge is a precursor to dielectric breakdown, useful information is lost. It
is also possible that various test laboratories may approach covering the junction box with foil
differently, thus causing variability in the test. Edition 2 therefore reverts to the 2005 version
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of the test, and also removes the 2005 requirement of covering the entire back of a frameless
module with foil.

The applied levels in MQT 03 have been harmonized with IEC 61730. Thus, a module that is
undergoing simultaneous safety and design qualification need not have the test performed

twice under slightly different conditions.

qualification if it would fail an insulation test necessary for safety.

A.15 Bending test

Furthermore, a module cannot pass design

Editipn 2 adds a bending test (MQT 22) for modules that are described as "flexible" 0

mant
radiu

A.16

Boro
publi
impa
from

perfg
("A")
stabi
repre
from

The
of m

s specified on the label or datasheet.

Stabilization option for boron oxygen LID (MQT 19.3)

n-oxygen light-induced degradation (BO-LID) is a well-known effect in Si.[61] Recs
shed studies have indicated that temporary changes in the states of BO-LID defects
ct IEC 61215 qualification tests. Data suggest that thermal cyeling may cause a tran
the degraded state to the regenerated state,[62] causing an apparent increas
rmance after thermal cycling for modules shipped in a«with BO-LID defects in the
or degraded ("B") state. Furthermore, damp heat may cause modules shipped i
ized state ("C") to undergo an apparent decrease~in performance that is not
sentative.[62],[63] Damp heat may also cause{degraded BO-LID defects to tran
B to A for modules that are not stabilized, causing an apparent performance increas

project team unanimously agreed that the-IEC 61215 series should deal with stabiliz
pdules with BO-LID defects more comprehensively than the previous version. How,

befo

of e@ch option for stabilization suggésted by team members. Thus, this edition o

IEC
of
stabi

recommended in the literature.[63] Performing this stabilization after damp heat testi

requi

The
incre

e making large changes, the project.team would like to complete an experimental

1215 series only addresses the-most urgent case: modules that may fail a test bec
O-LID changes that are not field-representative. To address this case, B(
ization (MQT 19.3) is ~introduced in IEC 61215-2:2021, following cond

red for Si modules in IEG' 61215-1-1:2021.

mportant, but less) urgent, cases of modules that may exhibit an apparent perform

the
facturer label or datasheet. The modules are bent around a cylinder to the mini[r]num

ently,
may
sition
be in
nitial
h the
field-
sition
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ation
ever,
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pse due to BO-LID effects during stress tests will be addressed in a future amendment.



https://iecnorm.com/api/?name=16a6d00379a286c9c8691b24608cf8ae

—-42 - IEC 61215-1:2021 © IEC 2021

Bibliography

IEC 60050-300:2001, International Electrotechnical Vocabulary (IEV) — Part 300: Electrical
and electronic measurements and measuring instruments — Part 311: General terms relating
to measurements — Part 312: General terms relating to electrical measurements — Part 313:
Types of electrical measuring instruments — Part 314: Specific terms according to the type of
instrument

IEC 60050-581:2008, International Electrotechnical Vocabulary (IEV) - Part 581:
Electromechanical components for electronic equipment

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

IEC 60904-9, Photovoltaic devices — Part 9: Classification of solar simulator chraracteristi¢s

IEC 61215-1-1:2021, Terrestrial photovoltaic (PV) modules — Design qualification and|type
approval — Part 1-1: Special requirements for testing of crystalline sflicon photovoltaic|(PV)
modyles

IEC $1215-1-2:2021, Terrestrial photovoltaic (PV) modules #,'Design qualification and|type
approval — Part 1-2: Special requirements for testing of thin-film Cadmium Telluride (GdTe)
based photovoltaic (PV) modules

IEC 61215-1-3:2021, Terrestrial photovoltaic (PV) {nodules — Design qualification and|type
approval — Part 1-3: Special requirements for testing of thin-film amorphous silicon Hased
photovoltaic (PV) modules

IEC ©1215-1-4:2021, Terrestrial photovoltaic (PV) modules — Design qualification and|type
approval — Part 1-4: Special requirements for testing of thin-film Cu(ln,GA)(S,Se)2 Hased
photovoltaic (PV) modules

IEC 61646:2008, Thin-film terrestrial (PV) modules — Design qualification and type appfroval
(withdrawn)

IEC 61853-2:2016, Photovoltaic (PV) module performance testing and energy rating — Part 2:
Spedtral response, incidence angle, and module operating temperature measurements

IEC 62108:2016, Concentrator photovoltaic (CPV) modules and assemblies — Design
qualification @nd type approval

IEC 62506; Methods for product accelerated testing

IEC TS 63126, Guidelines for qualifying PV modules, components and materials for operation
at high temperatures

IEC TS 63209-1, Extended-stress test of photovoltaic modules — Part 1. Modules (under
preparation. Stage at the time of publication: ADTS)

ISO/IEC Guide 99:2007, International vocabulary of metrology — Basic and general concepts
and associated terms (VIM)

ISO 5725-2, Accuracy (trueness and precision) of measurement methods and results — Part 2:
Basic method for the determination of repeatability and reproducibility of a standard
measurement method


https://iecnorm.com/api/?name=16a6d00379a286c9c8691b24608cf8ae

IEC 61215-1:2021 © IEC 2021 - 43 -

[1]

(2]

(3]

(4]

(5]

[6]

[7]

8]

[9]

[10]

[11]

[12]

[13]

M. Kéntges, M. Siebert, A. Morlier, R. llling, N. Bessing, F. Wegert, "Impact of
transportation on silicon wafer-based photovoltaic modules," Prog. Photovolt: Res.
Appl. 2016; 24, pp.1085-1095

C.Deline, Sara MacAlpine, Bill Marion, Fatima Toor, Amir Asgharzadeh, and Joshua S.
Stein, "Evaluation and Field Assessment of Bifacial Photovoltaic Module Power Rating
Methodologies," IEEE PVSC, 7750367, pp.3698-3703, 2016

C. Monokroussos, Q. Gao, X.Y. Zhang, E. Lee, Y. Wang, C. Zou, L. Rimmelspacher, J.
B. Castro, M. Schweiger, W. Herrmann, "Rear-side spectral irradiance at 1 sun and
application to bifacial module power rating, " Prog Photovolt Res Appl. 2020; pp.1-12,

DOI: 10.1002/pip.3268

Clifford W. Hansen, Joshua S. Stein, Chris Deline, Sara MacAlpine, Bill Marion, |Amir
Asgharzadeh, Fatima Toor, "Analysis of Irradiance Models for Bifacial'PV Moddles,"
IEEE PVSC, 7750367, pp.3698-3703, 2016

Xingshu Sun, Mohammad Ryyan Khan, Chris Deline, Muhammad Ashraful Alam,
"Optimization and performance of bifacial solar modulesi)A* global perspective,”
Applied Energy, 212,2018, pp.1601-1610

Xiaoyu Zhang, Christos Monokroussos, Markus Schweiger and Matthias Helinze,
"Power rating and qualification of bifacial PV modulées,” PV Tech Power 15, May 2018,
pp.64-69

C. Monokroussos, X. Y. Zhang, M. Li, S. Chén, A. Zhou, S. Liu, J. Zhu, N. Wanqg, E.
Lee, J. Bonilla Castro, W. Herrmann, M.~Schweiger, V. Feng, Y. Zhang, C. |(Zou,
"Additional requirements for supplementary rating and qualification of bifaciall PV-
modules," PV Module Technology &Application Forum, Cologne, 29th-30th Janpary,
2018

J.H. Wohlgemuth, D.W. Cunningham, N.V. Placer, G.J. Kelly, A.M. Nguyen, ["The
Effect of Cell Thickness® on Module Reliability," [/EEE PVSC 33, 2008,
DOI: 10.1109/PVSC.2008:4922770

S. Koch, J. Kupke, D. Tornow, M. Schoppa, S. Krauter, P. Grunow, "Dyramic
Mechanical Load:Tests on Crystalline Silicon Modules," EU PVSEC 25, 2010, pp.3998-
4001

M. Assmus, S. Jack, K.-A. Weiss, M. Koehl, "Measurement and simulation of vibrations
of PVémodules induced by dynamic mechanical loads," Prog. Photovolt: Res. Appf. 19,
20145°pp.688-694

B’ Jaeckel, A. Krischil, D. Cunningham, N. Forney, C. | aMothe, A. Nguyen, M. Disser,

A. Roth, "A new standard for holistic quality assurance", European Photovoltaic Solar
Energy Conference 26, 2011

Eric J. Schneller, Andrew M. Gabor, Jason Lincoln, Rob Janoch, Andrew Anselmo,
Joseph Walters, Hubert Seigneur, "Evaluating Solar Cell Fracture as a Function of
Module Mechanical Loading Conditions, " IEEE Photovoltaic Specialist Conference 44,
pp.2897-2901, 2017

Colin Sillerud, Kyumin Lee, Jim Crimmins, "Sequential Application of Static and
Dynamic Mechanical Stresses for Electrical Isolation of Cell Cracks, " [EEE
Photovoltaic Specialists Conference 46, 2019, pp.2561-2565


https://iecnorm.com/api/?name=16a6d00379a286c9c8691b24608cf8ae

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

- 44 — IEC 61215-1:2021 © IEC 2021

Claudia Buerhop, Sven Wirsching, Andreas Bemm, Tobias Pickel, Philipp Hohmann,
Monika NieR, Christian Vodermayer, Alexander Huber, Bernhard Glick, Julia
Mergheim, Christian Camus, Jens Hauch, Christoph J. Brabec, "Evolution of cell
cracks in PV-modules under field and laboratory conditions, " Prog Photovolt Res
Appl., 2018;26, pp.261-272

Steve Johnston, Dana B. Sulas-Kern, Dirk Jordan, "Silicon Module Imaging for
Detection of Cracked Cells and Assessment of Hail Damage, " NREL Si Workshop,
2019

J. Berghold, S. Koch, S. Pingel, S. Janke, A. Ukar, P. Grunow, T. Shioda, "PID: From

material properties to outdoor performance & quality control counter measures," Proc.
of SPIE Vol. 9563, 95630A-1, 2015

E. Schneller, N. S. Shiradkar and N. G. Dhere, "Performance’) Variation of
Commercially Available Modules after Six Months of Outdoor System\Voltage Sgtress
Testing", Proceedings of the 40th IEEE Photovoltaic SpecialistsnConference, 2014,
pp.3216-3219

M. Sieg, "PID-related performance drop in a solar farm," PV.Magazine, June 14, 2D16

R. Andrews, K. Sinclair, T. McNulty, R. Hudson, F.‘Bross, "What causes PID?" PV
Magazine, August 9, 2017

T. Ishii, A. Masuda, "Annual degradation rates\of recent crystalline silicon photovegltaic
modules," Prog. Photovolt: Res. Appl. 25, 2017, pp.953-967

W. Luo, Y.S. Khoo, P. Hacke, V. Naumann, D. Lausch, S.P. Harvey, J.P. Singh, J.
Chai, Y. Wang, A.G. Aberle, S.*Ramakrishna, "Potential-induced degradatign in
photovoltaic modules: A critical .review" Energy and Environmental Science 10(1),
2017, pp.43-68

Electric Power Research Institute, "Literature Study and Risk Analysis for Potgntial
Induced Degradation," Report #3002003737, Dec 18, 2014

E. Annigoni, M. Jankovec, F. Galliano, H.Y. Li, L.E. Perret-Aebi, M. Topi¢, F. Sculati-
Meillaud, A. Virtuani, C. Ballif, "Modeling Potential-Induced Degradation (PID) in
Crystalline Silicon Solar Cells: From Accelerated-Aging Laboratory Testing to Oufdoor
Prediction,"\EU PVSEC, 2016, pp.1158-1563

M.J.-Reed, "Experimental Determination of Potential Induced Degradation Accelenation
Factors for Various Encapsulants, Test Conditions, and Installation Locations,'| 2nd
ATLEAS/NIST Workshop on Photovoltaic Materials Durability, 2013.

h’rtpe'//www nist gnv/qifpcldpfmllt/filpqldnmlmpntelpllhl|i|ding_mafprinlc/Rppd-

Poster.pdf

W. Oh, S. Bae, S.I. Chan, H.-S. Lee, D. Kim, N. Park, "Field degradation prediction of
potential induced degradation of the crystalline silicon photovoltaic modules based on
accelerated test and climatic data," Microelectronics Reliability 76-77, 2017,
pp.596-600

Juliane Berghold, Paul Grunow, Peter Hacke, Werner Hermann , Stephan Hoffmann,
Stefan Janke, Bengt Jaeckel, Simon Koch, Michael Koehl, Gerhard Mathiak, Sebastian
Pingel, Lars Poehlman, Peter Reinig, Asier Ukar, "PID test round robins and outdoor
correlation," 28th European Photovoltaic Solar Energy Conference and Exhibition,
2013, pp.3003-3011


https://iecnorm.com/api/?name=16a6d00379a286c9c8691b24608cf8ae

IEC 61215-1:2021 © IEC 2021 - 45—

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

(37]

(38]

(39]

[40]

P. Hacke, R. Smith, K. Terwilliger, S. Glick, D. Jordan, S. Johnston, M. Kempe, S.
Kurtz, "Acceleration Factor Determination for Potential-Induced Degradation in
Crystalline Silicon PV Modules," IEEE International Reliability Physics Symposium
Proceedings, 2013, 4B.1.1

T. Weber, J. Berghold, F. Heilmann, M. Roericht, S. Krauter, P. Grunow, "Test
Sequence Development for Evaluation of Potential Induced Degradation on Thin-Film
Modules," Proceedings of the 28th European Photovoltaic Solar Energy Conference
and Exhibition, 2013

Peter Hacke, Steve Johnston, Wei Luo, Sergiu Spataru, Ryan Smith, Ingrid Repins,

"Prediction of Potential-Induced Degradation Rate of Thin-Film Modules in the [Field
Based on the Coulombs Transferred," Proceedings of the World Conference on
Photovoltaic Energy Conversion 7, 2018

Peter Lechner, Jonathan Schnepf, Dirk Stellbogen, "Performance Characterisation and
Extended Reliability Testing of CIGS PV Modules," 33rd European.Photovoltaic Solar
Energy Conference and Exhibition, 2017

JPL Publication 86-31, Flat Plate Solar Array Project Final“Report, Section V, p.31,
1986

P. Hacke, R. Smith, K. Terwilliger, G. Perrin, B. Sekulic, S. Kurtz, " Development pf an
IEC test for crystalline silicon modules to qualify ‘their resistance to system voltage
stress," Prog. Photovolt: Res. Appl. 22, 2014; pp\775-783

Peter Borowski, Franz Karg, "PID-Free .€IGS Thin Film Modules," EU PVSEQ 29,
2014, pp.2356-2362

R. Swanson, M. Cudzinovic, D. DeCeuster, V. Desai , Jorn Jurgens , N. Kaminaf, W.
Mulligan, L. Rodrigues-Barbaresa, D. Rose, D. Smith, A. Terao, K. Wilson, ["The
Surface Polarization Effect in.High-Efficiency Silicon Solar Cells," International PYSEC
15, 2005, pp.410-413

K. Kang, B. Kim, S( Park, S. Chang, "Lifetime Warranty Test Method Considgring
Potential Induced, Degradation Recovery Behavior," I[EEE PVSC 43, 2016, pp.(0894-
0898

W. Luo, PW\Hacke, S.M. Hsian, Y. Wang, A.G. Aberle, S. Ramakrishna, Y.S. Khoo,
"Investigation of the Impact of lllumination on the Polarization-Type Potential-Induced
Degrdadation of Crystalline Silicon Photovoltaic Modules, " [|EEE Journgl of
Photovoltaics, 8(5), 2018, pp.1168-1173

W. luo P _Hacke K Terwilliger T S Liang Y Wang, S _Ramakrishna A G _Aberle,

Y.S. Khoo, "Elucidating potential-induced degradation in bifacial PERC silicon
photovoltaic modules, " Prog Photovolt Res Appl., 2018;26, pp.859-867

J. Oh, S. Bowden, G. TamizhMani, "Potential-Induced Degradation (PID): Incomplete
Recovery of Shunt Resistance and Quantum Efficiency Losses, " IEEE Journal of
Photovoltaics 5(6), pp.1540-1548, 2015

Wei Luo, Peter Hacke, Kent Terwilliger, Tian Shen Liang, Yan Wang, Seeram
Ramakrishna, Armin G. Aberle, Yong Sheng Khoo, "Elucidating potential-induced
degradation in bifacial PERC silicon photovoltaic modules, " Prog Photovolt Res Appl.
26, pp.859-867, 2018

IEC 60904-9:2007,5.1


https://iecnorm.com/api/?name=16a6d00379a286c9c8691b24608cf8ae

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

[50]

[51]

[52]

(53]

[54]

[59]

— 46 - IEC 61215-1:2021 © IEC 2021

W. Herrmann et al., "Advanced Intercomparison Testing of PV Modules in European
Test Laboratories," 22" EU PVSEC, Milan, 2007

W. Herrmann, L. Rimmelspacher, "Uncertainty of Solar Simulator Spectral Irradiance
Data and Problems with Spectral Match Classification," EU PVSEC 27, pp.3015-3021,
2012

C. Monokroussos et al., "IEC 60904-9 Spectral Classification and Impact on Industrial
Rating of c-Si Devices," WCPEC-6, Kyoto, 2014

44" |EEE PVSC, Washington DC,

on-o rds,
2017

R.A. Sinton, H. Wilterdink, W. Dobson, "Module tester spectral classification:"Focuys on
industrial silicon modules," NREL PV Reliability Workshop, 2017

C. Monokroussos, D. Etienne, K. Morita, V. Fakhfouri, J. Bai, C, Dreier, U. Therhaag,
W. Herrmann, "Impact of Calibration Methodology into the Power Rating of c-Si PV
Modules Under Industrial Conditions," Proceedings of the EU PVSEC, 2013

R. MacDonald, M. Roosta, "Lessons Learned from, Dévelopment of Silicon [CPV
Modules," NREL PV Module Reliability Workshop, 20427 Available at 2012 PVMRW at
https://www.nrel.gov/docs/fy140sti/60169.pdf

W. Gambogi, S. Kurian, B. Hamzavytehrany,/ A. Bradley, J. Trout, "The RolJe of
Backsheet in Photovoltaic Module Performance and Durability," Proc. Euro PV|SEC,
pp.3325-3328, 2011

T. Sample, A. Skoczek, M.T. Field, "Assessment of Ageing Through Periodic Expgsure
to Damp Heat (85°/85% RH) of Seven Different Thin-Film Module Types," Proc. |[EEE
PVSC 34, pp.2220-2225, 2009

D.C. Miller, J.H. Wohlgemuth, "Examination of a Junction-Box Adhesion Test for Use in
Photovoltaic Module Qualification," SPIE Optics + Photonics, 2012

P-O. Westin, U. Zimmermann, L. Stolt, M. Edoff, "Reverse Bias Damage in CIGS
Modules," Europgan Photovoltaic Solar Energy Conference 24, 2009, pp.2967-2970

T.J. Silyérman, L. Mansfield, |I. Repins, S. Kurtz, "Damage in Monolithic ThintFilm
Photoveltaic Modules Due to Partial Shade," IEEE Journal of Photovoltaics |6(5),
7523923, 2016, pp.1333-1338

S< Dongaonkar, J. D. Servaites, G. M. Ford, S. Loser, R. M. Gelfand, "Universaljty of

non-Ohmic shunt leakage in thin film solar cells," Journal of Applied Physics 108,
124509, 2010

B.L. Williams, S. Smit, B.J. Kniknie, K.J. Bakker, W. Keuning, W.M.M. Kessels, R.E.I.
Schropp, M. Creatore, "ldentifying parasitic current pathways in CIGS solar cells by
modelling dark J-V response," Prog. Photovolt: Res. Appl., 2015; 23, pp.1516—-1525

S. Puttnins, S. Jander, A. Wehrmann, G. Benndorf, M. Stolzel, A. Mduiller, H. von
Wenckstern, F. Daume, A. Rahm, M.Grundmann, "Breakdown characteristics of
flexible Cu(In,Ga)Se2 solar cells," Solar Energy Materials & Solar Cells 120, 2014,
pp.506-511


https://iecnorm.com/api/?name=16a6d00379a286c9c8691b24608cf8ae

IEC 61215-1:2021 © IEC 2021 - 47 -

[56]

[57]

[58]

[59]

[60]

[61]

[62]

[63]

Jubayer, C.M., Hangan, H. "A numerical approach to the investigation of wind loading

on an array of ground mounted solar photovoltaic (PV) panels," Journal of
Engineering and Industrial Aerodynamics, 153, 2016, pp.60-70

Stenabaugh, S.E., lida, Y., Kopp, G.A., Karava, P. "Wind loads on photovoltaic a
mounted parallel to sloped roofs on low-rise buildings," Journal of Wind Engine
and Industrial Aerodynamics, 2015, 139, pp.16-26

Wind

rrays
ering

Maffei, J., Telleen, K., Ward, R., Kopp, G.A., Schellenberg, A. "Wind design practice
and recommendations for solar arrays on low-slope roofs" Journal of Structural

Engineering (United States), 140(2), 2014, 04013040

Naeiji, A., Raji, F., Zisis, |I. , "Wind loads on residential scale rooftop photov
panels," Journal of Wind Engineering and Industrial Aerodynamics,, 168, 1
pp.228-246

Reina, G.P., De Stefano, G., "Computational evaluation of wind loads on sun-tra
ground-mounted photovoltaic panel arrays," Journal of Wind Engineering and Indu
Aerodynamics, 170, 2017, pp.283-293

Tim Niewelt, Jonas Schon, Wilhelm Warta, Stefan W. Glunz, Martin C. Schu
"Degradation of Crystalline Silicon Due to Boron-Oxygen Defects," IEEE Journ
Photovoltaics 7 (1), 2017

Fabian Fertig, Juliane Broisch, Daniel Biro, Stefan Rein, "Stability of the regener
of the boron-oxygen complex in silicon solar. cells during module certification,"
Energy Materials & Solar Cells 121, 2014, pp.157-162

Friederike Kersten, Felix Frihaufx’Ronny Lantzsch, Matthias Schutze, Chr
Taubitz, Fabian Fertig, Martin Schaper, Jérg W. Miller, "Stability investigations o
PERC modules during damp heat‘testing and transport: the impact of the boron-ox
defect," SiliconPV, 2019, publication in progress

bltaic
017,

cking
strial

bert,
al of

ation
Solar

stian
f Cz-

ygen



https://iecnorm.com/api/?name=16a6d00379a286c9c8691b24608cf8ae

- 48 — IEC 61215-1:2021 © IEC 2021

SOMMAIRE
AV ANT-PROP O S ... ettt e e e e e e e e e e e e e e et e e e e anns 50
INTRODUGCTION ..ot e e et e e e e e et e e et e et e et e e e et e e e et e et e et e e e eeanns 52
1 Domaine d’appliCation ... 53
2 REfEreNCES NOIMATIVES .ouiii e e ees 54
3 Termes, définitions et termes abrégeés .. ... 55
4 EChantillons d'€SS@I......ccoiieeiee i 58
5 Marquage et documentation ... A ...59
5.1 Plaque signalétique .......cooiniiiiiii D N ...59
5P Documentation .. .. ..o I ...60
b.2.1 Exigences minimales ..........coooviiiiiiiiii e ...60
b.2.2 Informations a inclure dans la documentation .....................5 0 M, ...60
b.2.3 Instructions d'assemblage .........coccovviiiiiiiiiini ...61
TS 1P P PRI 0\ S SUP PPN ..62
Critéres d'acceptation ... ..o A ...64
7. GENAralites ..o AT ...64
7. Puissance de sortie et circuits électriques.......... .0 ...65
y.2.1 Identification des valeurs et des tolérancés assignées..............ccoeeeivveneann. ...65
y.2.2 Vérification des valeurs d'étiquette assignées — Point 1 ..., ...67
y.2.3 Dégradation de la puissance maximale pendant I'essai d'homologation
— PoOiNt 2 O ...70
y.2.4 Circuits @lectriqUes ... ..o ...70
7.8 DETAULS VISUBIS ..uieiiiii e h s e e ...70
7.4 SEécurité @lectrique ... .. 71
8 DEfaUtS VISUEIS MaJEUIS ... .o e e e e .11
9 = o o 1o o .71
O 1V o To [ ToF=1 (o o 1< S PP .73
11 Bérie et procedUresd ESSai ..uuuiuiiiii i R AC)
Annexe A (informative)yModifications par rapport a I'édition précédente........................... ... 75
Al LT =T =YL= P ...75
A2 Procédures applicables aux modules bifaces ..........ccccooeiiiiiiiiiicii ...75
AR Utilisation d’échantillons représentatifs .............ccocooiiiiiiiii i, L T7
Al Ajout de I'essai de charge mécanique dynamique ...........ccoccoieiiiiiiiniineineennne, ...78
A5 Ajout de I'essai de la dégradation induite du potentiel.................coooiiiiin. .79
A.6 Exigences concernant [es simulateurs ... 81
A.6.1 GNEIAlItES .o 81
A.6.2 Justifications des modifications apportées aux exigences spectrales ............. 82
A.6.3 Justifications des modifications apportées aux exigences d’uniformité........... 83
A.7 Références aux lignes directrices pour un contre-essai..........ccocoveeveiieiiiiiineennennn.. 84
A.8 Poids appliqué aux boites de JonCtion ....... ... 84
A.9 Correction de I'essai de tenue a I'échauffement localisé a intégration
MONOTITNIGUE ..ot 84
A.10 Nombre de modules dans une séquence d'eSSaiS ........cooeiiuiiiiiiiiiii e, 86
A.11  Suppression de la température nominale de fonctionnement du module
LN PP 87
A.12 Courants trés faibles pendant les essais sur couches minces ..................ccceveennen. 88


https://iecnorm.com/api/?name=16a6d00379a286c9c8691b24608cf8ae

IEC 61215-1:2021 © IEC 2021 - 49 —

A.13 Limitation de I'essai de diodes de dérivation a trois diodes ............cc.ccoveiiiiiiiinnn.n. 89

A.14 Retour de I'essai diélectrique a la version de 2005..........coooiiiii i, 89

A15  ESSai de fleXioNn ..o 90
A.16  Option de stabilisation pour la dégradation bore-oxygéne induite par la

1 a1 N 1 L N I e 3 P 90

(27 o] [ To | £=T o] 0 = T PRI 91

Figure 1 — Représentation géométrique du rayon de courbure d’'un module flexible .............. 56

Figure 2 — Série d'essais compléte pour la qualification de la conception et

I'hon{ologation des modules PROTOVOTATQUES ... o i e i ci e aamaeamm e nennnnnnnannnnnaendes ...64

Figune 3 — Exemples de plaques signalétiques (colonne de gauche), fiches techniques
(colopne du milieu) et valeurs et tolérances assignées déduites (colonne de droite)

Tablg¢au A.2 — Synthése de positionnement de la feuille pendant I’essai diélectrique

...67

.87

...64
...64
.73

...83

(troig versions diffErentes) ... N e ...89



https://iecnorm.com/api/?name=16a6d00379a286c9c8691b24608cf8ae

1)

2)

3)

4)

5)

6)
7)

8)

9)

- 50 - IEC 61215-1:2021 © |IEC

COMMISSION ELECTROTECHNIQUE INTERNATIONALE

MODULES PHOTOVOLTAIQUES (PV) POUR APPLICATIONS
TERRESTRES - QUALIFICATION DE LA CONCEPTION ET
HOMOLOGATION -

Partie 1: Exigences d'essai

2021

AVANT-PROPOS

La| Commission Electrotechnique Internationale (IEC) est une organisation mondiale d&. normalisation

composée de I'ensemble des comités électrotechniques nationaux (Comités nationaux de FEC). L'IEC
objet de favoriser la coopération internationale pour toutes les questions de normalisation“dans les don|
de| I'électricité et de I'électronique. A cet effet, 'IEC — entre autres activités j— ,publie des N
internationales, des Spécifications techniques, des Rapports techniques, des Spécifications accessib
puplic (PAS) et des Guides (ci-aprés dénommés “Publication(s) de I'l[EC”). Leur élaboration est confiee
comités d'études, aux travaux desquels tout Comité national intéressé par le sujet traité peut participe
organisations internationales, gouvernementales et non gouvernementales, en\ liaison avec I'lEC, parti
égplement aux travaux. L'IEC collabore étroitement avec I'Organisation Interhationale de Normalisation
se|lon des conditions fixées par accord entre les deux organisations.

Lep décisions ou accords officiels de 'lEC concernant les questions techhiques représentent, dans la n
du| possible, un accord international sur les sujets étudiés, étant donné que les Comités nationaux dg
intéressés sont représentés dans chaque comité d’études.

Lep Publications de I'lEC se présentent sous la forme de récommandations internationales et sont ag
comme telles par les Comités nationaux de I'lEC. Tous le§ 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.

D4ns le but d'encourager I'uniformité internationale,(fes Comités nationaux de I'lEC s'engagent, dans td
mesure possible, a appliquer de fagon transparente.les Publications de I'lEC dans leurs publications nati
et|régionales. Toutes divergences entre toutes Publications de I'lEC et toutes publications national
régionales correspondantes doivent étre indiquées en termes clairs dans ces derniéres.

L'IEC elle-méme ne fournit aucune attestation de conformité. Des organismes de certification indéper
fouyrnissent des services d'évaluation,de conformité et, dans certains secteurs, accédent aux marqu
copformité de I'lEC. L’IEC n'est responsable d'aucun des services effectués par les organismes de certifi
indépendants.

Tous les utilisateurs doivent s'assurer qu'ils sont en possession de la derniére édition de cette publication|].

Adcune responsabilité né\ doit étre imputée a I'lEC, a ses administrateurs, employés, auxiliair
mandataires, y compris.ses experts particuliers et les membres de ses comités d'études et des C
nationaux de I'lEC, pour/tout préjudice causé en cas de dommages corporels et matériels, ou de tout
dommage de quelque_nature que ce soit, directe ou indirecte, ou pour supporter les colts (y compris le
de| justice) et les.dépenses découlant de la publication ou de I'utilisation de cette Publication de I'lEC
toute autre Publication de I'lEC, ou au crédit qui lui est accordé.

L'qttention.est/attirée sur les références normatives citées dans cette publication. L'utilisation de public
référencées-est obligatoire pour une application correcte de la présente publication.

L’'gttention est attirée sur le fait que certains des éléments de la présente Publication de I'lEC peuven
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I'opjetde droits de brevet. L'IEC ne saurait étre tenue pour responsable de ne pas avoir identifié de tels

droits

de brevets et de ne pas avoir signalé leur existence.

La Norme internationale IEC 61215-1 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'IEC 61215-1 annule et remplace la premiere édition de
I'"EC 61215-1 parue en 2016, dont elle constitue une révision technique.

Cette édition inclut les modifications techniques majeures suivantes par rapport a I'édition
précédente:

a) Ajout d’un essaiissu de I'lEC TS 62782.
b) Ajout d’'un essai issu de I'EC TS 62804-1.
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c)

d)

e)
f)
g)
h)

Ajout de méthodes d’essai exigées pour les modules flexibles. Cette disposition inclut
I'ajout de I’essai de flexion (MQT 22).

Ajout de définitions, références et instructions concernant le mode de réalisation de la
qualification de la conception et de I'homologation IEC 61215 des modules
photovoltaiques bifaces.

Clarification des exigences relatives aux mesurages de la puissance de sortie.
Ajout de poids a la boite de jonction pendant 200 cycles thermiques.
Exigence stipulant de réaliser un contre-essai conformément a 'lEC TS 62915.

Suppression de I'essai nominal de fonctionnement du module (NMOT - nominal module
0 f ; ' e 2 s i de
fonctionnement du module (NMOT - nominal module operating temperature), issus: e la
sgrie IEC 61215.

exe informative A explique le contexte et le raisonnement qui justifient certaines

modifications les plus importantes apportées a la série |IEC 61215 dans-I’évolutioh de

I’éditlon 1 a I’édition 2.

Le telxte de cette Norme internationale est issu des documents suivants:

FDIS Rapport de vote
82/1828A/FDIS 82/1848/RV.D

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 pas été soumise au vote.

Ce dpcument a été rédigé selon les Directives ISO/IEC, Partie 2.

Une |iste de toutes les parties de layséerie IEC 61215, publiées sous le titre général Mogules
photovoltaiques (PV) pour applications terrestres — Qualification de la conceptign et

homa@logation, peut étre consultée sur le site web de I'lEC.

Le copmité a décidé quewle-contenu de ce document ne sera pas modifié avant la dale de
stabilité indiquée sur~le*site web de I'lEC sous "http://webstore.iec.ch" dans les données

relatives au document-recherché. A cette date, le document sera

—

¢conduit,

slipprimé;

—

emplaceé 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 (en termes généraux
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 1: Exigences d'essai

1 omaine d’application

Le présent document établit les exigences concernant la qualification de conception des
modules photovoltaiques terrestres appropriés a un fonctionnement de longue, durée [dans
des ¢limats a l'air libre. La durée de vie utile des modules ainsi qualifiés dépend de leur
conception, de leur environnement et de leurs conditions de fonctionnement? Les résultats
d’esdai ne sont pas une 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 décrites dans I'lEC TS 631R6. I
est recommandé que les utilisateurs qui recherchent la qualification de produits PV dqgnt la
durég¢ de vie prévue est inférieure tiennent compte des essais congus pour les P)V de
I’éledtronique grand public, tels qu’ils sont décrits dans, I'lEC 63163 (en cours d'élaboration).
Les ltilisateurs qui souhaitent avoir I'assurance que-l€s caractéristiques soumises a I'essai
dans| I'lEC 61215 apparaissent de maniére constante dans un produit fabriqué petlivent
souhpiter utiliser I'lEC 62941 pour ce qui concerne\les systémes de qualité pour la fabrication
des modules photovoltaiques.

Le pfésent document est destiné a s'appligquer a tous les matériaux de modules a plaque
plang pour applications terrestres, tels que les types de modules au silicium cristallin et les
modyles a couches minces. Il ne s’applique pas aux systémes qui ne constituent pag des
applifations de longue durée, comme les modules flexibles installés dans des auvents ol des
tentes.

Le pfésent document ne s'applique pas aux modules utilisés avec un ensoleillement inténse,
méme s'il peut étre utilisé.pour les modules a faible concentration (ensoleillement 1 a 3).|Pour
les modules a faiblesconcentration, tous les essais sont réalisés en utilisant les nivjeaux
d’éclairement, de cqurant, de tension et de puissance prévus a la concentration théoriqug.

Le présent docudment ne traite pas des particularités des modules PV a électronique intéprée.
Toutefois, ilvpeut étre utilisé comme fondement pour soumettre a I'essai de tels modules PV.

L'objet. de cette séquence d'essais est de déterminer les caractéristiques électriquels du
modute et d'indiquer, dans la mesure du possible avec des contrainies de cout et de temps
raisonnables, que le module est capable de supporter une exposition prolongée en site
naturel. Les conditions d’essai accélérées sont fondées de maniére empirique sur les
conditions nécessaires pour reproduire 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 conception du produit et ainsi les mécanismes de dégradation peuvent
ne pas tous se produire. D’autres informations générales concernant les méthodes d’essai
accélérées y compris les définitions des termes peuvent étre consultées dans I'l[EC 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
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sont intégrés dans la série IEC 61215 au sein du Tableau 1. A linverse, les procédures
d'essai décrites dans cette série sont effectuées sur des modules dans I'l|EC 61215-2.

2 Références 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 60269-6, Fusibles basse tension — Partie 6: Exigences supplémentaires concernailt les
éléments de remplacement utilisés pour la protection des systemes d'énergie “s@laire
photovoltaique

IEC 60891, Dispositifs photovoltaiques — Procédures pour les corrections gn)fonction fe la
tempirature et de I'éclairement a appliquer aux caractéristiques |-V mesuréges

IEC 60904-1, Dispositifs photovoltaiques — Partie 1: Mesuragey “des caractéristiques
courant-tension des dispositifs photovoltaiques

IEC TS 60904-1-2:2019, Photovoltaic devices - Part 1. Measurement of current-voltage
characteristics of bifacial photovoltaic (PV) devices (disponiblée en anglais seulement)

IEC 60904-3, Dispositifs photovoltaiques — Partie 3. Principes de mesure des dispagsitifs
solaites photovoltaiques (PV) a usage terrestre™dncluant les données de ['éclairement
énergétique spectral de référence

IEC §0904-10, Dispositifs photovoltaiques~ Partie 10: Méthodes de mesure d
dépendance linéaire et de la linéarité

D

la

IEC |[TS 60904-13, Photovoltaic devices — Part 13: Electroluminescence of photovoltaic
modules (disponible en anglais seulement)

IEC 61140, Protection contke)les chocs électriques - Aspects communs aux installatiohs et
aux matériels

IEC 61215-2, Modules photovoltaiques (PV) pour applications terrestres — Qualification de la
conception et homelogation — Partie 2: Procédures d'essai

IEC 61730-1,-Qualification pour la sireté de fonctionnement des modules photovoltajques
(PV) |- Partie 1: Exigences pour la construction

IEC 61730=-2,Quatificationm pour fa Streté de forctionmement des modules photovoltaiques
(PV) — Partie 2: Exigences pour les essais

IEC TS 61836, Solar photovoltaic energy systems— Terms, definitions and symbols
(disponible en anglais seulement)

IEC 61853-1, Essais de performance et caractéristiques assignées d'énergie des modules
photovoltaiques (PV) — Partie 1: Mesures de performance en fonction de I'éclairement et de la
température, et caractéristiques de puissance

IEC TS 62782, Photovoltaic (PV) modules — Cyclic (dynamic) mechanical load testing
(disponible en anglais seulement)
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IEC 62790, Boites de jonction pour modules photovoltaiques - Exigences de sécurité et
essais

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

IEC 62852, Connecteurs pour applications en courant continu pour systémes photovoltaiques
— Exigences de sécurité et essais

IEC TS 62915, Photovoltaic (PV) modules — Type approval, design and safety qualification —

Retesting (disnhonible-en analais seulemeaent)
HHg—cHsp A—aRgiad tHeheht

IEC 62941, Modules photovoltaiques (PV) pour applications terrestres — Systeme de” qualité
pourlla fabrication des modules photovoltaiques

IEC TS 63163 -1 Terrestrial photovoltaic (PV) modules for consumer products — Design
qualification and type approval (disponible en anglais seulement)

Guide ISO/IEC 98-3, Incertitude de mesure — Partie 3: Guide pour I'expression de l'incerfitude
de mesure (GUM:1995)

3 Termes, définitions et termes abrégés

Pour|les besoins du présent document, les termes et définitions de I'lEC TS 61836, ainsj que
les spivants s'appliquent.

L'ISQ et I'IEC tiennent a jour des bases de dofihées terminologiques destinées a étre utilsées
en ngrmalisation, consultables aux adresses.suivantes:

o |EC Electropedia: disponible a I'adresse http://www.electropedia.org/

e 130 Online browsing platform: disponible a I'adresse http://www.iso.org/obp

3.1
tranghes de classes de puissance

critees de tri de la puissance (habituellement la puissance maximale) du fabrican
module PV

—

du

3.2
tolérances <sur-l'étiquette>
plage de valeurs des paramétres électriques figurant sur I'étiquette du module PV, tellg que
fournie parie fabricant

3.3
MQT
essai de qualité du module

Note 1 a l'article: L’abréviation "MQT" est dérivée du terme anglais développé correspondant "Module Quality
Test".

1 En cours d’élaboration. Stade au moment de la publication: ADTS.
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homologation
essai de conformité effectué sur un ou plusieurs échantillons représentatifs de la production

[SOU

3.5

RCE: IEC 60050-581:2008, 581-21-08 — essai de type]

reproductibilité <des mesures>
étroitesse de l'accord entre les résultats des mesures de la méme valeur d'une grandeur,
dans le cas ou les mesures individuelles sont effectuées en faisant varier les conditions de

mesu

re:

p
m
- 0
a
é

~

- g
- d

u
apres
[conf

Note 1
dans |

Note 2
dessu

Note 3
formu

[SOU

3.6

mod
modud
moin
confg

Note 1

Note 2
rayon

Fincipe de mesure,
éthode de mesure,
bservateur,

bpareils de mesure,
alons de référence,
boratoire,

ans des conditions d'utilisation des appareils de mesure différentes de d
suellement employées,

prmément au Vocabulaire International de Métrologie (VIM) 3.7]

a l'article: Les notions de "principe de mesure" et de {méthode de mesure" sont définies respectiy
e VIM, en 2.3 et 2.4.

a l'article: Le terme "reproductibilité" s'applique_également au cas ou seules certaines des conditig
5 sont prises en considération, dans la mesure qu.€€s conditions sont indiquées.

a l'article: 1l est recommandé que les laboratoires déterminent leur reproductibilité conforméme
es et principes de I'|SO 5725-2.

RCE: IEC 60050-311:2001, 3441-06-07]

ile flexible
le photovoltaique.ayant un rayon de courbure inférieur ou égal a 500 mm, dan
5 une direction (selon la spécification du fabricant et capable de flexion afin g
rme a une surface plane ou a une surface courbe

a l'article~Un module courbe de forme rigide n’est pas considéré comme un module flexible.

a l'article: Le rayon de courbure est défini tel que cela est représenté a la Figure 1. Lors d’un es
de courbure appliqué n’est pas inférieur a celui spécifié par le fabricant.

elles

des intervalles de temps assez longs par rapportia la durée d'une seule megsure

ement

ns ci-

t aux

s au
‘étre

Bai, le

a—— Module flexible

—

'

Rayon de courbure

IEC

Figure 1 — Représentation géométrique du rayon de courbure d’un module flexible
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3.7
écha
écha

ntillon représentatif
ntillon qui inclut tous les composants du module, sauf certaines parties reproduites

Note 1 a l'article: Les échantillons représentatifs doivent utiliser tous les matériaux et sous-ensembles esse
comme cela est décrit a I'Article 4.

3.8

module de trés grande taille
module dont la taille dépasse celle des simulateurs classiques du commerce (2,2 m x 1,5 m)

ntiels,

Note t—atarticlo—Un—roduite—de—tros—grande—taile—dopasso—22r—de—tonrguoui—ot—deo—targeur—eu—depasse 1,5 m
dans les deux dimensions. A|nS| un module de 3 m x 0,3 m est considéré comme un module de tres grande|taille,
tout cgmme un module de 2,2 m x 2,2 m.

Note 4 a l'article: Les modules de trés grande taille sont exemptés des exigences d'uniformité de I'éclairement
spatial d’'un simulateur de classe A, comme cela est décrit dans I'essai MQT 02 de I'lEC 61215-2

Note 3 a l'article: Pendant les séquences d’essais, des échantillons représentatifs peuvent se substitugr aux
modules de trés grande taille, dans les limites décrites a I'’Article 4.

Note 4 a l'article: Dans les versions ultérieures, les dimensions de seuil pour qu'un module soit considéré comme
de tré$ grande taille seront probablement augmentés.

3.9

modules photovoltaiques bifaces

modules qui peuvent convertir l'irradiation regue a la fojs\sur la face avant et sur la|face
arriere en énergie électrique par le biais de I'effet photavoltaique

3.10

coefficients de bifacialité

rapports entre les caractéristiques I-V de lacface arriere et de la face avant d’'un module
biface, chaque caractéristique étant mesurée dans les conditions normales d'essai (§TC -
Stanglard Test Conditions) (IEC TS 61836), a savoir le coefficient de bifacialité sous cojrant
de cpurt-circuit @, le coefficient debifacialité sous tension de circuit ouvert ¢, let le
coeffjcient de bifacialité sous puissance maximale Qpax

Note 1 a [l'article: Les coefficients,»de bifacialité sont définis de maniére exhaustive au 6.2 de
PIEC TS 60904-1-2:2019.

3.1

éclairement de plaque signalétique biface

BNP

éclaifement le plus -élevé auquel est effectuée la vérification de la plaque signalétiqug des
modyles bifaces-qui correspond a 1 000 W/m?2 & l'avant du module et & 135 W/m? & l'afriére
du mpdule, appliqué a toute méthode admise par I'lEC TS 60904-1-2

Note 1 acllarticle: L’abréviation “BNPI” est dérivée du terme anglais développé correspondant "bifacial namgplate
irradignce".

3.12

éclairement de contrainte biface

BSI

éclairement le plus élevé auquel sont mesurés les courants de contrainte sur les modules
bifaces qui correspond & 1 000 W/m?2 & 'avant du module et @ 300 W/m?23 l'arriére du module,
appliqué par toute méthode admise par I'l|EC TS 60904-1-2, caractéristique /-7 a laquelle peut

extra

Note 1

polé a partir d'éclairements inférieurs

a l'article: L’abréviation "BSI" est dérivée du terme anglais développé correspondant "bifacial

irradiance".

stress
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4 Echantillons d'essai

Les échantillons de modules PV doivent avoir été fabriqués a partir des matériaux et
composants spécifiés conformément aux schémas et fiches de procédés correspondants, et
doivent avoir été soumis aux procédures normales d'examen, de controle qualité et
d'acceptation de la production du fabricant. Les modules PV doivent étre complets jusque
dans les moindres détails et doivent étre accompagnés des instructions de manipulation, de
montage et de raccordement du fabricant. Lorsque les modules PV a soumettre aux essais
sont des prototypes d'une nouvelle conception et non issus de la production, ce fait doit étre
noté dans le rapport d'essai (voir I’Article 9).

Le nombre d'échantillons d'essai exigés est déduit a partir des séquences d'epsais
applicables (voir I'Article 11).

Certgins essais tels que l'essai de la diode de dérivation MQT 18 peuvent ‘exiger des
échaptillons d'essai spéciaux (voir I'lEC 61215-2).

Pour|la qualification de plusieurs tranches de classes de puissance dans les limites données
par IIEC TS 62915, au moins 2 modules par classe de puissance (Supérieure, intermédiaire
et inférieure) doivent étre utilisés lors des essais. Si la classe (de"puissance intermédiaire
n'existe pas, la classe supérieure suivante doit étre utilisée. 8i la qualification d'une seule
classe de puissance doit étre étendue a d'autres tranches de.classes de puissance dans les
limitds données par I'lEC TS 62915, alors au moins deux¢modules par classe de puisgance
(superieure et inférieure) doivent étre utilisés lors de Jla‘verification des valeurs d'étigquette
(voir [point 1 de 7.2.1). Si une classe de puissance est€tendue uniquement vers des tranches
supéfieures (ou inférieures), alors seuls les modules des tranches supérieures| (ou
inférieures), respectivement, doivent étre utilisés pour vérifier les valeurs d’étiquette
assignées.

La qpalification selon plusieurs classes devpuissance ne renforce pas I'exigence minimale
d’un gchantillon de contréle utilisé en 7 2:3.

Il estlconseillé de fournir des échantillons de réserve supplémentaires satisfaisant aux mémes
exiggnces de puissance de sortie;

une flamille de produits ol des variations dans la composition des matériaux, ou les prodédés
de fabrication utilisés jpour la fabrication des modules. Les échantillons supplémentaires
exigds pour le programme d'essai sont alors dérivés de I'lEC TS 62915.

Le C%S échéant, les échantillons d'essai doivent étre utilisés pour représenter un groupge ou

Pour| les modules de trés grande taille (tels qu’ils sont définis au 3.8), des échant|llons
reprgsentatifs(tels qu’ils sont définis en 3.7) peuvent étre utilisés pour tous les essals de
qualification’ indiqués a I'Article 11 et dans I'lEC 61215-2. Lors de la conception et de la
fabri¢ation des échantillons représentatifs, il convient d'accorder une attention particuliere a
I’'obtention de ta simitarité maximate au produit en taifie Téeite pour toutes 1es caracteristiques
électriques, mécaniques et thermiques associées a la qualité et a la fiabilité. La cellule, les
méthodes d’encapsulation, les interconnexions, les sorties, les distances d’isolement et les
lignes de fuite a proximité des bords, et la distance d'isolement dans une isolation solide
(isolation attendue et joints scellés) doivent étre les mémes uniquement dans les produits en
taille réelle. Des limites sont appliquées concernant le degré de réduction des dimensions
d’un module de trés grande taille qui peut étre utilisé lors de la constitution d’échantillons
représentatifs pour I’essai de qualification. La ou les dimensions réduites ne doivent pas étre
inférieures a la moitié des dimensions qui définissent un module de trés grande taille.
Autrement dit, lorsque la dimension la plus courte est réduite, I’échantillon représentatif doit
étre d’au moins 0,75 m de largeur. Lorsqu'on réduit la dimension la plus longue, I’échantillon
représentatif doit étre d’au moins 1,1 m de longueur. Si des échantillons représentatifs sont
utilisés pour un essai quelconque, le rapport d’essai doit comprendre un tableau donnant les
dimensions du produit en qualification, et pour chaque MQT, les dimensions des échantillons
soumis a I’essai. Le tableau doit contenir ’énoncé "Des échantillons plus petits ont été utilisés



https://iecnorm.com/api/?name=16a6d00379a286c9c8691b24608cf8ae

IEC 61215-1:2021 © IEC 2021 - 59 -

pour certains essais comme cela est indiqué ci-dessus. L'utilisation de tels échantillons peut
affecter les résultats d’essai." Pour la détermination de la dégradation de puissance maximale
lors d’un essai (7.2.3) sur un échantillon représentatif, P,,,(Lab_GateNo.1) fait référence a la
puissance de sortie mesurée stabilisée initiale de I'‘échantillon représentatif. Toutefois, pour la
vérification des valeurs d’étiquette assignées (7.2.2), un produit de fabrication courante doit
étre mesuré, soit au laboratoire d'essai, soit en réalisant un essai dans les locaux du fabricant
sous surveillance de I'entité qui réalise I'essai.

Si des échantillons représentatifs sont utilisés dans la séquence d'essais E, un module
supplémentaire, de taille réelle, est alors exigé, et ne doit étre soumis qu’au MQT 16 (essai
de charge mécanique statique) et aux exigences qu’il contient.

Tout| échantillon représentatif utilisé pour le MQT 09 (essai de tenue a I'échauffe
local{sé) doit contenir le méme nombre de cellules par diode de dérivation (c’est-a-d
méme taille de sous-chaine) que le produit en taille réelle.

NOTE| Dans tout essai, il est préférable de mesurer un échantillon en taille réelle, plutét qu'un écha

reprégentatif, lorsque la taille de I’équipement le permet.

Préalablement a l'essai de qualification, il convient de veiller a pe “pas endommage

échah

cond|tionnement et d’expédition,[1]2 ainsi que [I'application d'une imagerie
électfoluminescence conformément a I'lEC TS 60904-13, avant-et aprés I'expédition af
veérifier I'absence de fissures par suite du transport.

Pourll
si le
techni

2 20 % Si un module doit étre soumis a I’essai‘en tant que module monoface, le labor3
d’esdai doit vérifier que le module est monofdace au moyen d'une des méthodes suivants
moing:

5 Marquage et documentation

5.1

Chadue module doit porter les marquages clairs et indélébiles suivants: Sauf indig
contraire)tous les paramétres électriques font référence aux STC:

tillons transportés. Cette attention peut inclure le respect des 'meilleures pratiqus

es exigences propres a la série IEC 61215, un module doit étre considéré comme b
fabricant revendique cette caractéristique <sur’ la plaque signalétique ou la
que, ou si le module présente un coefficient de bifacialité sous puissance max

Information du fabricant indiquant’que I'arriére de la cellule est entierement métall

Données de transmission «de) la face arriere résolues spectralement fournies p
fabricant; ou

Détermination du coeefficient de bifacialité sur un échantillon conformément
procédure de I'lEC TS60904-1-2.

Plaque signalétique

ment
re la

ntillon

r les
s de

par
n de

iface
fiche
male
toire
bS au

sé;

ar le

a la

ation

a) le
b) la
c) le

nom, Ta raison sociale ou la marque deposeée du fabricant,
désignation du type ou du numéro de modele;
numéro de série (sauf marquage a un autre emplacement sur le produit);

d) la date et le lieu de fabrication; en variante, un numéro de série permettant de connaitre

la

e) la

date et le lieu de fabrication;

tension de réseau maximale;

2 Les

chiffres entre crochets renvoient a la Bibliographie.
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la classe de protection contre les chocs électriques (telle qu’elle est définie dans
I'IEC 61140 et I'lEC 61730-1);

la tension en circuit ouvert ou Vg tolérances incluses; Pour les modules bifaces, le
tension en circuit ouvert. doit étre consigné dans le rapport d’essai a deux niveaux
d’éclairement. Le premier niveau d’éclairement exigé est de 1 000 W/m2. Le second
niveau d’éclairement exigé est le BNPI, tel qu’il est défini en 3.11.

le courant en court-circuit ou lg. tolérances incluses; Pour les modules bifaces, le courant
de court-circuit doit étre consigné dans le rapport d’essai a deux niveaux d’éclairement,
définis en 5.1Q).

la puissance maximale du module ou P ,, ¥y compris les tranches et les tolérances telles
qu’elles sont definies en 3.1 et 3.2. Pour les modules bifaces, P, ,, doit étre consignée
aux deux niveaux d'éclairement, définis en 5.1 g).

our les modules bifaces, les informations suivantes y compris les tolérances, ddivent
étre indiquées sur la plaque signalétique: Les valeurs du coefficient de~bifacialité [sous
cpurant de court-circuit @|g¢, du coefficient de bifacialité sous tension”gn circuit opvert
\Voc» €t du coefficient de bifacialité sous puissance maximale Qp,,, Mesurées aux STC,
lles qu’elles sont définies dans I'lEC TS 60904-1-2.

Le rayon de courbure minimal pour les modules flexibles.

—

Pourl|les points a) a i), toutes les données électriques doivent é&fre présentées par rapport aux
STC|(1 000 W/m2, 25 °C, AM1,5 conformément & I'lEC TS%1836), sauf pour les moglules

bifaces qui exigent deux niveaux d’éclairement, tels qu’ils sent définis en 5.19g).
Les gymboles internationaux doivent étre utilisés le cas\échéant.

La cgnformité du marquage est vérifiée par examen.et par un essai MQT 06.1.

5.2

5.21 Exigences minimales

Documentation

Les |modules doivent étre accompagnés d'une documentation décrivant les méthlodes
d'ins{allation électrique et mécanique, ainsi que les caractéristiques assignées électriqugs du
modyle. La documentation doit(préciser la classe de protection contre les chocs électriques
dans| laquelle le module a €tg qualifié, ainsi que toutes les limitations spécifiques exigées
pour| cette classe. La, documentation doit fournir aux installateurs et opérateurs la
documentation appropriée" et suffisante pour permettre une installation, une utilisation et une

mainfenance en toute\sécurité des modules PV.

NOTE| Il est considére*comme étant suffisant de fournir un ensemble de documentation avec le colis d'expg¢dition

du module.

5.2.2 Informations a inclure dans la documentation

a)

b)

c)

d)
e)

toutes les informations exigées en 5.1 de e) a i), ainsi que j) pour les modules bifacgs et

k OSSR | ol flavcibhlag:
J PYUT TTO TTTUUUITT O TITATVIT O,

le courant inverse de régime de surcharge assigné conformément a I'lEC 61730-2
MST 26;

— le type et les caractéristiques assignées du dispositif de protection contre les
surintensités sont donnés dans I'lEC 60269-6 par exemple. Il est recommandé
d'utiliser des dispositifs de protection contre les surintensités avec un régime de
surcharge assigné de 1,351,, de 1h, ou I, est la valeur assignée du dispositif de
protection contre les surintensités;

— les configurations de modules PV en paralléle/série maximales recommandées;

la tolérance, indiquée par le fabricant, pour V., I;. et la puissance de sortie maximale
dans les conditions normales d'essai;

le coefficient de température pour la tension en circuit ouvert;
le coefficient de température pour la puissance maximale;
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f) le coefficient de température pour le courant de court-circuit.

Toutes les données électriques mentionnées ci-dessus doivent étre présentées par rapport
aux conditions normales d'essai (1 000 W/m2, 25 °C, AM1,5 conformément & I''EC TS 61836).
Par ailleurs, les paramétres suivants doivent étre spécifiés:

g) les performances sous faible éclairement (MQT 07).

Les symboles internationaux doivent étre utilisés le cas échéant.

La vérification est effectuée par examen et par les essais MQT 04 a MQT 07.

Lad
de l'i
h)
i)t

g

L)

)

q

o O

k) lg

L
m) le
f¢
n) le
é

]
~

g

p) u

q)

n nc c o

Pour
d'util

bcumentation électrique doit inclure une description détaillée de la méthode de “cal
nstallation électrique a utiliser. Cette description doit inclure:
diamétre minimal des cables des modules destinés au raccordement a llinstallation

utes les limitations relatives aux méthodes de céblage et gestion l[des cébleq
appliquent au boitier de cablage;

taille, le type, le matériau et les caractéristiques assignées.de température
pbnducteurs a utiliser;

type de bornes a utiliser pour le raccordement a l'installation;

compatible MC4") n’est pas une information suffisante pour satisfaire a cette exigg
e modeéle/les types de connecteurs et les fabricahts doivent étre inclus;

ou les méthodes de liaison équipotentielle awtiliser (le cas échéant); tous les mats
urnis ou spécifiés doivent étre identifiés dans la documentation;

type et les caractéristiques assignées”de la diode de dérivation a utiliser (le
chéant);

s limitations a la situation de mentage (par exemple, pente, orientation, dispositi

nLontage, refroidissement);

e déclaration indiquant le-ou les classements au feu, la norme appliquée, ainsi qu

imitations liées a ce classement (par exemple, pente de l'installation, sous-structu

tres informations d'installation applicables);
Fe déclaration indiquant la charge théorique de chacun des dispositifs mécan
[

fatique selon MIQT 16. Selon le choix du fabricant, la charge d'essai et/ou le facte
pcurité v, peuvent également étre notés.

augmenter le rendement d'un module consécutivement a certaines cond
sation;. les instructions d'installation doivent contenir les parameétres pertinents spé

blage

qui

des

¢ modele/les types et le fabricant du connecteur PV spgeifique auquel les connecteufs du
module doivent étre accouplés. La seule déclaration~du type de connecteur (telle

que
bnce.

briels

cas

f's de

e les
e ou

ques

lisés pour maintenir en place le module évalué pendant I'essai de charge mécanique

ir de

tions
Cifiés

par IT fabricant ou I’énoncé suivant (ou un énoncé équivalent):

"Dans des conditions normales, un module photovoltaique est susceptible d’étre soumis a des
conditions qui produisent plus de courant et/ou de tension que ceux consignés dans des
conditions normales d'essai. Par consequent, il convient de multiplier les valeurs de Ig. et
Voc indiquees sur ce module par 1,25 lorsqu’il s’agit de determiner les tensions assignées du
composant, les courants assignés du conducteur et la taille des commandes connectées a la
sortie PV."

5.2.3 Instructions d'assemblage

Les instructions d'assemblage doivent accompagner un produit expédié sous forme de sous-
assemblages, et doivent étre détaillées et adaptées au degré exigé afin de permettre un

asse

mblage complet et sir du produit.
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6 Essais

2021

Le laboratoire d'essai doit utiliser un module de commande du simulateur en laboratoire
capable de détecter les dérives des résultats de mesure. Le module de commande du
simulateur en laboratoire differe du module de commande de la séquence d'essais A, qui est
issu des modules soumis a I'essai et est décrit en 7.2.3 en lien avec la reproductibilité r. Le
module de commande du simulateur en laboratoire est un module stable utilisé de maniére
périodique pour vérifier la sortie du simulateur aprés I'’étalonnage a un éclairement spécifique.

Les modules doivent étre répartis en groupes et soumis aux séquences d'essais de

quali

fication représentés a la Figure 2. Les séquences d'essais de gqualification doiven

étre

exéc
référ

détaillées sur les essais spécifiques a la technologie figurent dans les parties respéective

la pr
le Ta
nom
anté
ont

itées dans l'ordre spécifié. Les désignations MQT figurant dans les encadrés
bnce aux définitions d'essai correspondantes dans I'lEC 61215-2. Les informa

ésente norme. Les essais de composants de modules exigés sont énumérés
bleau 1. Pour chaque qualification de composant, le rapport d’essai dgifymentionn
du laboratoire d’essai et la date a laquelle I'exigence a été satisfaite.: Deés certificq

é réalisées conformément a toutes les conditions énumérées dans e Tableau 1.

font
tions
bs de
dans
er le
tions

ieures peuvent étre utilisées pour satisfaire a ces exigences, tant que les certifications

Il n'¢st pas exigé d’effectuer des mesurages intermédiaires. de la puissance maximale

(MQT

modi

Tout

des ¢chantillons d'essai spéciaux pour MQT 09 etMQT 18) doit étre précédé par les e

initia

En e
de m

d'esdais A peut étre omise si le type de module a été soumis a I'essai conformém

I"EC

étre |ndiqués ou référencés dans lg_rapport final. La séquence d'essais A ne peut étre g

pour
de ce

Les g
le T
labor
augn

Pour
fixati
colle$

02) ou un essai diélectrique (MQT 03). lls peuvent toutefois étre utilisés pour suivr
fications.

essai isolé qui est réalisé indépendamment d'upef‘séquence d'essais (par exemplg

Ix de MQT 01, MQT 02, MQT 03 et MQT 15 selon le cas.

fectuant les essais, le technicien d'essai“doit observer scrupuleusement les instrug
anipulation, de montage et de raccerdement spécifiées par le fabricant. La séq

61853-1. Dans ce cas, les résdultats d'essai correspondants de I'lEC 61853-1 dg

les modules bifaces jusqu*a.cé que I'lEC 61853-1 ait été amendée afin de tenir co
type de modules.

onditions d'essai sont 'synthétisées dans le Tableau 3. Les niveaux d'essai donnés
bbleau 3 correspondent aux niveaux minimaux exigés pour la qualification.
atoire et le fabricant du module se mettent d'accord, les essais peuvent étre réalisg

entant les sevérités. Dans ce cas, ce fait doit é&tre mentionné dans le rapport d'essalj.

e les

, sur
5sais

tions
ence
nt a
ivent
mise
mpte

dans
i le
bS en

les modules flexibles (voir 3.6), le substrat de montage et la colle, ou les moyern
DN doivent étre également inclus dans I'essai. Si plusieurs substrats de monta

fabri

defavorable La ou Ies combmalsons ch0|S|es d0|vent étre conS|gnees dans le rapport
conformément a I'Article 9, j).
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12 Modules

MQT 01
Examen visuel
I
MQT 19.1
Stabilisation initiale
MQT 06.1
Performances dans
les STC (suivies par
le Polint 1)

ce

MQT 03
Essai diélectrique

I
MQT 15
Essai de courant de
fuite en milieu humide

— |

1 Module 1 Module 2 Modules 2 Modules 2 Modules 4 Modules
Séquence A Séque|nce B Séquelnce C Séquel-nce D Séquefnce E Séquence F
MQT 08 MQT10 MQT 1" MQT 18
Essai d'exposition ] Essai de Essai de cycle | | Essaj-de'chaleur MQT 21
MQT 07 en site nature préconditionnement thermique humide'1 000 h Essai PID
Performances 60 kKWh/m? aux UV 15 kWh/m? 2000 cycleso 8o °f /85% HR
sous faible —40°Cag’c
ol d
éclairement MQT 18.1
dérivation 1 Modul 1 Modul
) ) MQT 20 odule odule
th a
Mez/lu?;- 24des essalthermique Essai de charge | I
coefficie?nts do | mécanique (dynamique MQT 16 MQT 17
p cyclique 1 000 cycles Essai de charge Essai a la gréle
température MQT 19.2 a 1000 Pa mécanique 9
Stabilisation finale statique
| (charge
MQT 11 théorique)
MQT 06.1 Essai de.cycle
Performances dans thermique 50 cycles
les lSTC —-40,°Ca 85°C MQT 22
Essai de flexion
c MSTtog . }—\ Module flexible
ssai de tenue a 25 cycles
I'échauffement 1 Module 1 Modulel | niquement
localise®
[
MQT18.2
Diode de-derivation MQT 14.1

essai de Essai de maintien de /
fonctionnalité la boite de jonction

1 Module
L-thesuré en paralléle avec les

modules des Séquences B-E
pour contréle et pour détermination

du facteur de reproductibilité r- MO
WIIT TI.4
Stabilisation finale

MQT 06.1
Performances aux STC

MQT 03 MQT 15
Essai diélectrique Essai de courant de fuite en milieu humide

IEC

a8 Si les diodes de dérivation ne sont pas accessibles dans les modules normalisés, un échantillon spécial peut
étre préparé pour I'essai thermique de la diode de dérivation (MQT 18.1). Il convient de monter physiquement
la diode de dérivation comme elle I'est dans un module normalisé, avec les fils conducteurs connectés, comme
I’exige I'essai MQT 18 de I'IEC 61215-2:2021. Cet échantillon ne doit pas étre soumis aux autres essais de la

séquence d'essais.

b Dans la séquence d'essais B, un module différent peut étre utilisé pour I'essai de tenue a I'échauffement
localisé (MQT 09) et pour I'essai de diode thermique de dérivation (MQT 18.1). Pour ce module séparé, la
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séquence d’essais suivante est admissible: MQT 01, MQT 19.1, MQT 06.1 (point 1), MQT 03, MQT 15,
MQT 09, et MQT 18.2.

¢ La stabilisation initiale MQT 19.1 peut inclure la vérification d'une autre procédure de stabilisation (voir
I''EC 61215-2:2021).

4 Dans la séquence d'essais A, les essais MQT 07 et MQT 04 peuvent étre effectués dans un ordre quelconque.
Ces essais peuvent également étre effectués sur des modules séparés (plutét que des essais séquentiels sur
un module), a condition que chaque module utilisé ait été soumis a la série d’essais compléte précédant la
séquence d'essais A.

€ Si des échantillons représentatifs sont utilisés dans la séquence d'essais E, un module supplémentaire, en
taille réelle, est exigé. Il ne doit étre soumis qu’au MQT 16 et aux exigences qu’il contient.

Figure 2 — Série d'essais compléte pour la qualification de la conception et

iomologation des modules photovoltaiques

Tableau 1 — Essais de composants exigés

Cpmposant: Doit satisfaire a cet essai
Boife de jonction IEC 61215-2:201x MQT 14.2, qui cite I'|EC 62790 "Essai du lserre-cordon".
Cpnnecteurs IEC 62852 La conformité doit étre obtenue au moyen du conpgecteur combiné avec |a
méme taille et le méme type de cable que ceux qui sont utilisés pour les modules en efsai.

7 Critéres d'acceptation

71 Généralités

Les |modules en essai sont soumis a plusieurs types d’exigences. Ces exiggnces
compgrennent les marquages exigés (détaillés‘aJl’Article 5), la comparaison des grandeurs
électfiques mesurées avec la plaque signalétique ("point 1", détaillé dans le présent article),
la comparaison de la puissance mesurée avant et aprés la contrainte ("point 2", détaillé [dans
le présent article), les exigences des-‘composants (détaillés dans le Tableau 1) ef les
exiggnces de chaque MQT (synthétisées’dans le Tableau 3 et a la Figure 2).

La conception est réputée avoir satisfait aux exigences de qualification de 7.2.2 (point 1), si
les ekigences du Tableau 2 sont'satisfaites:

Tableau 2 — Synthése des exigences du point 1

Effectif d’échantillon (des modules) Exigence

<40 Tous les modules doivent satisfaire aux critéeres. Aucune défaillapce
n’est admise.

210 Une seule défaillance est admissible. Tous les autres modules
doivent satisfaire aux critéres.

NOTE Un effectif d’échantillon <10 est observé uniquement lors d’'un contre-essai.

Si les modules ne satisfont pas aux exigences énumérées dans le Tableau 2, alors deux
nouveaux échantillons doivent étre soumis a I'essai pour chacun des modules qui n’a pas
satisfait aux critéres du point 1. En cas de nouvelle défaillance, deux options s’offrent au
fournisseur des modules. La premiére option est la suivante: les étiquettes de module pour
I'’ensemble d’échantillons existant doivent étre redéfinies de maniére a satisfaire aux
exigences du Tableau 2, et I'essai portant sur ce méme ensemble d’échantillons doit passer a
I’étape suivante. La seconde option est la suivante: la conception est réputée ne pas avoir
satisfait aux exigences de qualification, et tout essai supplémentaire constitue une nouvelle
tentative de qualification et exige ainsi un lot de modules entiérement nouveau. Les étiquettes
de modules doivent étre redéfinies et les échantillons doivent étre resoumis a I'essai.
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De plus, si deux modules ou plus ne satisfont pas aux critéres d’essai restants (7.2.3 point 2,
7.2.4 circuits électriques, 7.3 défauts visuels et 7.4 sécurité électrique), la conception doit
étre réputée ne pas avoir satisfait aux exigences de qualification. Si un module ne satisfait
pas a l'un des essais, deux modules supplémentaires satisfaisant aux exigences de |'Article 4
doivent étre soumis a l'intégralité des essais de la séquence d'essais correspondante.
L’exigence relative a deux modules supplémentaires s’applique aux essais pour lesquels un
seul module était initialement exigé, ainsi qu’aux essais pour lesquels deux modules étaient
initialement exigés. Par exemple, une défaillance a I'essai de tenue a I'échauffement localisé
exige une répétition de I'essai avec deux modules supplémentaires. Une seule défaillance a
I'essai de 50 cycles thermiques (un module ne satisfait pas aux exigences d’essai) exige
également une répétition de I'essai avec deux modules supplémentaires.

Si I'un des deux ou si les deux modules ne satisfont pas a I'essai non plus, la conceptien doit
étre [réputée ne pas avoir satisfait aux exigences de qualification. Toutefois, si’l€s |deux
modules satisfont a la séquence d'essais, la conception doit étre considérée_¢omme ayant
satisfait aux exigences de qualification.

La cpnception des modules doit satisfaire aux exigences de tous les critéres pour| étre
répufée qualifiée selon le présent document. Chaque échantillon d'essai-doit étre soumis aux
critéres suivants:

7.2 | Puissance de sortie et circuits électriques

7.21 Identification des valeurs et des tolérances assignées

Les gritéres du point 1 détaillés dans les paragraphes suivants exigent d’utiliser les valeurs et
les tplérances assignées de la plaque signalétique{et de la fiche technique du produit. Le
nt article décrit de maniére détaillée, au \moyen d’exemples, comment identifier les
informations pertinentes. L’application des informations contenues dans le présent afticle

ainsi|que le courant de court-circuit-et la tension en circuit ouvert. Ainsi, le présent afrticle

NOTE|1 Par le passé, certains_.produits ont cité plusieurs composantes d’incertitude, ou ont utilisg des

terminplogies différentes concernant/lI'incertitude, telles que "tolérance", "tolérance de production”, "incertityde de
mesure", etc. Par ailleurs, certains produits ne fournissent pas de tolérance, ce qui peut étre interprété soit comme
une tdlérance de 0 %, soit eamime une information manquante. Lorsqu'il n’est pas interdit au fabricant de {fournir
des informations supplémeéntaires ou d'avoir une tolérance de 0 %, I'application des régles du présent articl¢ offre

Les [nformations-identifiées dans le présent article se rapportent aux mesurages coyrant-
n dansles STC, obtenus selon la méthode indiquée en suivant I'organigramme ge la
Figure 2. Ainsi, les valeurs obtenues sont celles mesurées uniquement aprés réalisation de la
stabilisation initiale conformément a I'lEC 61215-2:202x MQT 19.1. Les procédures de
stabilisation exigées peuvent différer d’un produit a I'autre, comme le spécifient les parties
spécifiques a la technologie (IEC 61215-1-x). Le calcul des tolérances reléeve de la
responsabilité du fabricant de modules. Chaque tolérance (¢4, t, et t3) doit étre indiquée de
maniére explicite comme une valeur unique de chacun des parametres de performances
(Pmax: Yoc et Igc respectivement). Pour les modules bifaces, les six informations (valeurs et
tolérances de puissance du module, courant de court-circuit, et tension en circuit ouvert)
doivent également étre identifiées au BNPI pour évaluer le point 1.

NOTE 2 L’ISO Guide 98-3 fournit des recommandations supplémentaires concernant le mode de combinaison de
plusieurs sources d’incertitude.

Les formules (1) et (2) de 7.2.2 vérifient que les modules produisent une puissance au moins
équivalente a la puissance minimale indiquée par combinaison des caractéristiques assignées
de la plaque signalétique et de la tolérance. La puissance assignée minimale de plaque
signalétique, P, ,.(NP) est la puissance de sortie du module spécifiée sur la plaque
signalétique. Si une valeur unique de puissance du module est indiquée sur la plaque
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signalétique, P,,,x(NP) représente simplement cette valeur. Si une plage de puissances de
modules est indiquée sur la plaque signalétique, P,,,(NP) est la puissance a I'extrémité la
plus basse de cette plage. Le paragraphe 5.2.2 exige que les informations concernant les
tranches de puissance et la tolérance figurant sur la plaque signalétique soient reproduites
sur la fiche technique. Dans le cas ou P,,,(NP) tirée de la fiche technique est différente de
celle indiquée sur la plaque signalétique, le module doit étre considéré comme ne satisfaisant
pas a 5.2.2 et il ne satisfait donc pas aux exigences de I'l[EC 61215-1.

La tolérance, ¢4, est la tolérance en % pour P, ,, indiquée sur la plaque signalétique et Ia
fiche technique, comme I'exigent 5.1i) et 5.2.2a). En cas d’asymétrie de la tolérance par
rapport a P, ,(NP), la tolérance faisant référence a la limite de puissance basse doit étre
utilisfe comme valeur 7;. SI la tolerance nest pas INdIquée sur la plaque signaletigue ou
qu’elle n’est pas indiquée sur la fiche technique, alors ¢, = 0. En cas de non-réduction de la
tolérance a une valeur unique sur la plaque signalétique ou la fiche technique (par-exemmple,
si plysieurs tolérances ou plusieurs composantes de I'incertitude de mesure sont.spécifiges),
le plys petit nombre, et non une combinaison de plusieurs nombres, doit étre utilisé.

Les formules (3) et (4) vérifient, pour des raisons de sécurité, que le module ne produif pas
une plus grande tension en circuit ouvert, ou un courant plus élevé len’court-circuit, qle la
tensipn ou le courant maximaux indiqués par combinaison des caractéristiques assignégs de
la pIIque signalétique et de la tolérance. La tension en circuit ouvert maximale V' ,(NP)(et le
courant de court-circuit maximal I;(NP) sont ceux spécifiés sur la plaque signalétique. Sj une
plage de tensions en circuit ouvert ou de courants de court-Citeuit est indiquée sur la plaque
signdlétique, V,.(NP) ou I;.(NP) doit étre prise comme la valeur la plus élevée de cette plage.
La toJérance de production (¢, pour la tension en circuit/ouvert, ou 75 pour le courant de gourt-
circult) est celle spécifiée sur la plaque signalétique ‘et dans la documentation de produit,
comme I'exigent 5.1g), 5.1h), et 5.2.2c). En cas“d’asymétrie de ¢, (ou t3) par rappprt a
Voc(NP) (ou I;(NP)), la tolérance faisant référence a I'extrémité supérieure de la plagg doit
étre [tilisée. Si la valeur ¢, ou t3 n'est pas indiquée dans la documentation et sur la plaque
signdlétique, cette tolérance doit étre identifiéce comme nulle. Dans le cas ou ¥V, [NP),
I,.(NP), ou les tolérances de ces grandeurs sont différentes lorsqu’elles sont tirées de laffiche
technique par rapport a celles indiquées sur la plagque signalétique, le module doit| étre
cons|déré comme ne satisfaisant pas*a 5.2.2. Il ne satisfait donc pas aux exigencgs de
I'lEC|61215-1. En cas de non-réduction de la tolérance a une valeur unique sur la plaque
signdlétique ou la fiche technigue (par exemple, si plusieurs tolérances ou plusjeurs
composantes de l'incertitude~de’ mesure sont spécifiées), le plus petit nombre, et non une
comiinaison de plusieurs nombres, doit étre utilisé.

La Higure 3 représente:les plaques signalétiques, fiches techniques et valeurs déduites
partiglles pour qUatre produits hypothétiques. Ces exemples illustrent les reggles
d'ideptification des.®valeurs et des tolérances assignées décrites dans les paragraphes
précedents.
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Fig
(c

7.2.2

Produit Z300W

—67 —

Produit de série Z

Données électriques dans les STC

+3 % toleranceon P .. I, V.

.

N\

aTolérance de +/- 3 % concernant P

I

L 7
max “sc’ ' oc

Vérification des valeurs d'étiquette assignées — Point 1

ire 3 — Exemples de plaques signalétiques (colonne de gauche), fiches techniq
blonne du{milieu) et valeurs et tolérances assignées déduites (colonne de droite)
partielles hypothétiques

Puissance maximale (P, _ ) 300 W
+3 % \ Puissance de créte enwatts £3% - P, (W) | 300 | 305 | 310 ]
Tension de puissance maximale (7_) 37V Tension de puissance maximale - 7, (V) 37 372|375 ] _ o ao
- : = Courant de puissance maximal(Z_ ) (A) 8,1 8,2 | 8,27 Pras (NP)__ 300 W’ ’1__ 3 %
Courant de puissance maximal (7)) 81A P mp: , 3 ’ Vo (NP)=459V; t,= 5%
Tension en circuit ouvert (7) 259V Tension en circuit ouvert? - 7, (V) 459 | 459 | 45,9 ‘ I_(NP)=8,9A;1,=5%
Courant de court-circuit* (1) 89A Courant de court-circuit? - I, (A) 8,9 8,92 | 8,98
Tension maximale de réseau en courant continu| 1 000 V Rendement du module - 7, (%) 14 14,2 14’4J
a Tolérance de +5 % / -0 % 2 Tolérance de +5 % / -0 % concernant I_et V
‘ Produit de série X
[ Produit X300W i gesefectriques damsfes-STe
Puissance maximale (P, _ ) 296 to Puissance de créte en watts? - P (W) 296 to|301 to | 306 to P__(NP)=296 W; 7, = 0%
max > Iy
SU0IVY l 300 | 305 | 310 || 7. (NP)=459V; ;4%
Tension de puissance maximale (7,,,) 37V | | Tension de puissance maximale - Vo (V) 37 | 372 | 375 I (NP)=89A; ;4%
Courant de puissance maximal (Z,) 8,1A Courant de puissance maximal (Z,,)) (A) 8,1 8,2 8,27
Tension en circuit ouvert® (7, ) 459V Tension en circuit ouvert - 7, (V) 459 | 45,9 | 459 | Si 1, n’est pas spécifiée,
Courant de court-circuit? (Z,.) 89A Courant de court-circuit? - Z,_ (A) 89 | 892 | 8,98 | elle est prise\comme égale a (.
Tension maximale de réseau en courant continu| 1 000 V/ Rendement du module- 7, (%) 14 142 | 144
2 +4 % production tolerance ‘\ 2 Tolérance de +/- 4 % concernant la production d’énergie c
. | Produit de série Y ‘
Produit Y300W ‘ Données électriques dans les STC
Puissance maximale (P, ) 300 W Puissance de créte en watts - P, (W) 300 4 805/| 310 _ L
+39%/-0 - P . (NP)=300W,7,=0%
Power output tolerance (%) -0 /«3{-07 +3]-0/ +3 V.. (NP)=459V;1,=2%
Tension de puissance maximale (7,,,) 37V | | Tension de puissance maximale - 7, (V) 37 372|375 I (NP)=89A;1,=2%
Courant de puissance maximal (7)) 8.1A Courant de puissance maximal (7,,.) (A) 8,1 82 | 8,27 . nest sduite &

- — n’est pas réduite a une
Tension en circuit ouvert #° (7, ) 459V Tension en circuit ouvert > - 7, (V) 45,9 | 459 | 45,9 ‘ Vazleur unﬁque_ Ainsi, la plus|
Courant de court-circuit 2° (Z,.) 89A Courant de court-circuit *° - Z,_ (A} 89 | 892|898 petite valeur est choisie. La|
Tension maximale de réseau en courant continu| 1 000 V Rendement du module -7, (%) 14 142 | 14,4 méme situation existe pour .

a 0 il
£276 TCEENRETEN (e Ely @ Incertitude de mesure'de +/- 2 %
°+10 % tolerance on 7, and 7. ® Tolérance de +/£4Q.% concernant I et V,_
Produit T300W ‘ Produit de série T
\ Données électriques dans les STC
Puissance maximale (P, ) 300 W | ¢ -
Choix de la puissance (x5 W) Puissance de créte en watts®- P (W) 300 310
Tension de puissance maximale (7)) | 37 V. Tension de puissance maximale - 7, (V) 37 | 375 Ne satisfait pas aux exigences
Courant de puissance maximal (Z,,)) 8,1A Courant de puissance maximal (,.)) (A) 8,1 8,27 du 5.2.2 de 'lEC 61215-1.
Tension en circuit ouvert (V) 459V | N\ Tension en circuit ouvert: - 7, (V) 459 | 459 | Le bO!‘d inférieur de la tranche
Courant de court-circuit (Z,) 8.9 AQ C Courant de court-circuit® - I_ (A) 8,9 8,98 de pulssance esF qe 295 W su
- - - 1000 Ve s la plaque signalétique, mais d
Tension maximale de réseau en courant continu U Rendement du module -1, (%) 14 14.4 300 W sur la fiche technique.

ues

Tous les modules doivent étre stabilisés selon la méthode MQT 19.1 de I'lEC 61215-2:2021
(pour les exigences spécifiques a la technologie, voir les sous-parties de I'lEC 61215-1).
Aprés stabilisation, les modules doivent étre mesurés conformément a MQT 6.1 (P,,,(Lab))
et doivent satisfaire aux critéres suivants:

Vérification de P

max-

Chaque module individuel doit satisfaire au critére suivant:

Prax(Lab) X

1,65|m |

1

1+-2—
100

> Praax (NP) x (1

|f1|)
100

(1)
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