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PREFACE

This UL Standard is based on IEC Publication IEC 61215-2: Second edition Terrestrial Photovoltaic (PV)
Modules — Design Qualification and Type Approval — Part 2: Test Procedures. IEC publication IEC 61215-
2 is copyrighted by the IEC.

This edition has been issued to satisfy UL Standards policy.

This is the UL Standard for Terrestrial Photovoltaic (PV) Modules — Design Qualification and Type
Approval — Part 2: Test Procedures. UL 61215-2 is to be used in conjunction with the second edition of UL
61215-1.

These ma(Lerials are subject to copyright claims of IEC and UL. No part of this publicatipn may be
reproduced in any form, including an electronic retrieval system, without the prior written'permigsion of UL.
All reques}s pertaining to the Terrestrial Photovoltaic (PV) Modules — Design AQualification and Type
Approval -{Part 2: Test procedures, 61215-2, Standard should be submitted to UL

Note — Althodigh the intended primary application of this Standard is stated in its Scope, it is{important to note that|it remains the
responsibility jof the users of the Standard to judge its suitability for their particular purpose:
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1 UL 61215-2

FOREWORD

INTERNATIONAL ELECTROTECHNICAL COMMISSION

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

— Part 2: Test procedures

1) The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising all national
electrotechnical committees (IEC National Committees). The object of IEC is to promote international co-operation on all questions
concerning standardization in the electrical and electronic fields. To this end and in addition to other activities, IEC publishes
International Standards, Technical Specifications, Technical Reports, Publicly Available Specifications (PAS) and Guides (hereafter
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correct application of this publicdtion:
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Pubtieation{sy—Hheir-preparationis-entrusted-to-technicat-committees—anytECNatioral-Committe
ealt with may participate in this preparatory work. International, governmental and non-governmental
the IEC also participate in this preparation. IEC collaborates closely with the International Or|
bn (ISO) in accordance with conditions determined by agreement between the two organizations:

decisions or agreements of IEC on technical matters express, as nearly as possible, @nyinternational
relevant subjects since each technical committee has representation from all interested1EC National Co

ations have the form of recommendations for international use and are accepted.by IEC National Com|
all reasonable efforts are made to ensure that the technical content of IEC Publications is accurate, IEC
r the way in which they are used or for any misinterpretation by any end user.

promote international uniformity, IEC National Committees undertake to apply IEC Publications trans

) national or regional publication shall be clearly indicated in theMatter.

oes not provide any attestation of conformity. Independent certification bodies provide conformity assesg
areas, access to IEC marks of conformity. IEC.jis. ‘a0t responsible for any services carried out b
bdies.

ould ensure that they have the latest edition'of this publication.

shall attach to IEC or its directors, employees, servants or agents including individual experts and n
hmittees and IEC National Commiittees for any personal injury, property damage or other damage
hether direct or indirect, or for eosts (including legal fees) and expenses arising out of the publicat
| this IEC Publication or any othef IEC Publications.

drawn to the Normative, references cited in this publication. Use of the referenced publications is indisp4

drawn to thie/possibility that some of the elements of this IEC Publication may be the subject of patent ri

not be held rgsponsibl€ for identifying any or all such patent rights.
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Internationpl Standard IEC 61215-2 has been prepared by IEC technical committee 82: Solar ;Photovoltaic

energy systenTs:

This second edition of IEC 61215-2 cancels and replaces the first edition of IEC 61215-2 issued in 2016; it

constitutes

a technical revision.

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

a) Addition
b) Addition

c) Addition

of cyclic (dynamic) mechanical load testing (MQT 20).
of a test for detection of potential-induced degradation (MQT 21).

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

(MQT 22).

e) Revision

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

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

silicon mod

ules.

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

h) Remova| of the nominal module operating test (NMOT), and associated test of performancg at NMOT,
from the IEC 61215 series.
Informative| Annex A of IEC 61215-1:2021 explains the background and reasoning,behind spme of the
more substgntial changes that were made in the IEC 61215 series in progressing\from edition [l to edition
2.
The text of this standard is based on the following documents:
FDIS Report on voting

82/1829/FDIS 82/1853/RVD
Full information on the voting for the approval of ‘this standard can be found in the repor{ on voting
indicated inthe above table.

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

A list of all
modules —

The commi

parts in the IEC 61215 series, published under the general title Terrestrial photoy
Design qualification and type approval, can be found on the IEC website.

date indicated on the |[E€_ web site under "http://webstore.iec.ch" in the data related to t

publication,

At this date;:the publication will be

« reconfirmed,

oltaic (PV)

ttee has decided(that the contents of this publication will remain unchanged until the stability

he specific

e withdraw

3

* 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 standard 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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1

TERRESTRIAL PHOTOVOLTAIC (PV) MODULES — DESIGN
QUALIFICATION AND TYPE APPROVAL - Part 2: Test procedures

1 Scope

This document lays down requirements for the design qualification of terrestrial photovoltaic modules
suitable for long-term operation in open-air climates. The useful service life of modules so qualified will
depend on their design, their environment and the conditions under which they are operated. Test results

are not constrded-as-a-guantitative-prediction-of-medulelifetime-

In climates

where 98th percentile operating temperatures exceed 70 °C, users are.recom

mended to

consider testing to higher temperature test conditions as described in IEC TS 63126'.Usgrs desiring

qualificatio
designed f
wishing to
manufactu

1 Information
TS 63126.

This docun
module typ

This docur

h of PV products with lesser lifetime expectations are recommended fo cons
or PV in consumer electronics, as described in IEC TS 63163 (under’ developm

gain confidence that the characteristics tested in IEC 61215 appear consig
Fed product may wish to utilize IEC 62941 regarding quality systems in PV manufact

lon 98th percentile operating temperature as a function of system locationand mounting configuration is i

nent is intended to apply to all terrestrial flat plate module materials such as crysts
es as well as thin-film modules.

nent does not apply to modules used with-concentrated sunlight although it may be

low concentrator modules (1 to 3 suns). For low-concentration modules, all tests are performg

irradiance,

The object
as far as
withstandir
necessary
Acceleratid
Further ge
IEC 62506

Some long
long times

current, voltage and power levels expected at the design concentration.

ve of this test sequence is to'determine the electrical characteristics of the module g
possible within reasonable” constraints of cost and time, that the module is
g prolonged exposure outdoors. Accelerated test conditions are empirically basq
to reproduce selected observed field failures and are applied equally across mg
n factors may vary'with product design and thus not all degradation mechanisms mg
heral information)on accelerated test methods including definitions of terms may

-term_degradation mechanisms can only reasonably be detected via component tes
required to produce the failure and necessity of stress conditions that are expensive

over large

der testing
ent). Users
tently in a
iring.

hcluded in IEC

lline silicon

utilized for
d using the

nd to show,
capable of
d on those
dule types.
y manifest.
be found in

ting, due to
to produce
/fail criteria

areas. Component tests that have reached a sufficient level of maturity to set pass

with high confidence are incorporated into the IEC 61215 series via addition to Table 1 in IEC 61215-
1:2021. In contrast, the tests procedures described in this series, in IEC 61215-2, are performed on

modules.

2 Normative references

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

IEC 60068-

1, Environmental testing — Part 1: General and guidance
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IEC 60068-2-21, Environmental testing — Part 2-21: Tests — Test U: Robustness of terminations and
integral mounting devices

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

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

IEC 60904-1, Photovoltaic devices — Part 1: Measurements of photovoltaic current-voltage characteristics

IEC 60904-
junction ph

IEC TS 60
bifacial pho

IEC 60904-

IEC 60904
devices wit

IEC 60904
measuremg

IEC 60904
device

IEC 60904-
IEC 60904-

IEC TR 60¢
Junction PV

IEC 61140,

IEC 61215-
1: Test requ

btovoltaic (PV) devices

D04-1-2, Photovoltaic devices — Part 1-2: Measurement of current-voltage charad
fovoltaic (PV) devices

P, Photovoltaic devices — Part 2: Requirements for photovoltaic reférerce devices

3, Photovoltaic devices — Part 3: Measurement principles for terrestrial photovoltaig
h reference spectral irradiance data

-7, Photovoltaic devices — Part 7. Computation-‘of) the spectral mismatch cor
bnts of photovoltaic devices

8, Photovoltaic devices — Part 8: Measurement of spectral responsivity of a photoy

0:2020, Photovoltaic devices — Part\9:"Classification of solar simulator characteristic.
10, Photovoltaic devices — Patt.10: Methods of linearity measurement

04-14, Photovoltaic deviees — Part 14: Guidelines for production line measurement
module maximum power output and reporting at standard test conditions

Protection against electric shock — Common aspects for installation and equipment

1:2021 Teérrestrial photovoltaic (PV) modules — Design qualification and type appr
irements

IEC 61215

ics of multi-

teristics of

(PV) solar

rection for

oltaic (PV)

2]

s of single-

bval — Part

Part 1-1:

Special req

1. 1 Taorrastrial nhotovoltaic (P\/) modidos
+—— S OSHHA-PHOIBVOHAHH{T - HOGLtHES

uirements for testing of crystalline silicon photovoltaic (PV) modules

Deosian-aualification and fun.
S OSIgAH-GtRaHHEAHOAARAa-

I~

D

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

IEC 61730-
IECTS 618
IEC TS 627

IEC 62790,

2, Photovoltaic (PV) module safety qualification — Part 2: Requirements for testing
36, Solar photovoltaic energy systems — Terms, definitions and symbols
82, Photovoltaic (PV) modules — Cyclic (dynamic) mechanical load testing

Junction boxes for photovoltaic modules — Safety requirements and tests
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IEC TS 62804-1:2015, Photovoltaic (PV) modules — Test methods for the detection of potential-induced
degradation — Part 1: Crystalline silicon

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

2 Under preparation. Stage at the time of publication: ADTS.

3 Terms and definitions

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

ISO and IHC maintain terminological databases for use in standardization at the following addrgsses:
* |[EC Electropedia: available at http://www.electropedia.org/
+ ISO Onlinle browsing platform: available at http://www.iso.org/obp

3.1
accuracy fof a measuring instrument>
quality which characterizes the ability of a measuring instrument to provide an indicated valug close to a
true value pf the measurand [consistent with the International\Vocabulary of Metrology (VIM), 5[18]

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

Note 2 to entrly: Accuracy is all the better when the indicated-value is closer to the corresponding true value.
[SOURCE]IEC 60050-311:2001, 311-06-08]

3.2
control dejvice
irradiance pensor (such as a teference cell or module) that is used to detect drifts and other problems of
the solar syin simulator

3.3
electrically stable'power output level
state of thg PV module where it will operate under long-term natural sunlight

3.4
repeatability <of results of measurements>

closeness of agreement between the results of successive measurements of the same measurand,
carried out under the same conditions of measurement, i.e.:

— by the same measurement procedure,
— by the same observer,
— with the same measuring instruments,

— used under the same conditions,
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— in the same laboratory,

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

Note 1 to entry: The concept of "measurement procedure” is defined in VIM 2.5.

[SOURCE:

3.5
Gate No. 1

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

a pass / fail_comparison between the performance of a module and its nameplate specifications, as

described i IEC 61215-1:2021

3.6

Gate No. 2
a pass / fai
IEC 61215-

4 Test pre

The subclz
Reporting ¢

4.1 Visual inspection (MQT 01)

411 Pur
To detect a
41.2 Pro

Carefully in
observation

Make note
Also make
etc., which
other relevg

comparison between the performance of a module before versus after‘stress, as d
1:2021

bcedures

nd test sequence requirements for qualification are desecribed in IEC 61215 1.

bose
ny visual defects in the module.
cedure

spect each module under an illumination of not less than 1 000 lux for cong
s as defined in IEC 61215-1.

bf and/or photograph any defects that may be major visual defects as defined in IE
note of and/ar photograph the nature and position of any cracks, bubbles or dela
may worsen and adversely affect the module performance in subsequent tests. R
nt information regarding origin of failure and associated test or lab conditions.

4.1.3 Requirements

escribed in

uses below provide detailed instructions for performing’ each module quality tést (MQT).

itions and

C 61215-1.
minations,
Record any

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

4.2 Maximum power determination (MQT 02)

4.2.1 Purpose

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

4.2.2 Apparatus

a) Apparatus for measuring /-V characteristics in accordance with IEC 60904-1.
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b) A PV reference device in accordance with IEC 60904-2.

c) At least one of the following two options to reduce the spectral mismatch component of uncertainty shall

be utilized:

» Perform a spectral mismatch correction. The spectral responsivity of the module shall be
measured according to IEC 60904-8. The spectral response data may originate from the same lab
that is performing IEC 61215-2:2021, or from a different lab. The sample used to obtain the
spectral response data may be the test module or may be a reference cell made with the same bill
of materials as the test module. The spectral distribution of the solar simulator shall then be utilized
to correct for spectral mismatch according to IEC 60904-7.

. \,jyse a matched reference cell or module. The reference device shall be ofthe
teclhnology as the test module, to match spectral responsivity. There is no requiremen

orn

hodule size.

d) A radiant source: natural sunlight or a solar simulator of class CAA or better in accordan

60904-9. F

NOTE 1 CI
irradiance for

or very large modules, as defined in IEC 61215-1:2021, a class CBA-simulator may

hss CBA is defined according to IEC 60904-9: The AM1.5 spectral match)is categorized as C, no
the module size categorized as B, and temporal stability of irradiance categorized as A.

To achiev

a high accuracy of power measurement, the spectral irradiance distribution ¢

simulator ghould cover the whole wavelength range that is spanned by the spectral responsivi

device un

rtest. See IEC TR 60904-14 and IEC 60904:9:2020.

e) A suitaljle mount for supporting the test specimen.‘and the reference device in a plane ng
radiant beam.

NOTE 2 MQT 02 measurement procedures are intended for minimal uncertainty, for example as performed by an acg
laboratory. Lgsser requirements, such as use of CABClass simulators, may be appropriate for other applications, §
control in thg factory. Applications that only require repeatability, such as comparing module performance beforg
extended strgss, may wish to relax spectral mismiatch correction requirements.

4.2.3 Prd

Determine
set of irrad
and 50 °C
In special

the current

cedure

the current-voltage characteristic of the module in accordance with IEC 60904-1 ¢
ance and temperature conditions (a recommended range is a cell temperature bet
and an jrtadiance between 700 W/m? and 1 100 W/m?) using the apparatus describ
Circumstances when modules are designed for operation under a different range of
-voltage characteristics can be measured using temperature and irradiance levels s

same cell
on the cell

ce with IEC
be used.

-uniformity of

f the solar
y of the PV

rmal to the

redited testing
uch as quality
and after an

t a specific
veen 20 °C
ed in 4.2.2.
conditions,
milar to the

expected

pperating conditions. For linear modules (as defined in IEC 60904-10) tempsg

rature and

irradiance corrections can be made in accordance with IEC 60891 in order to compare sets of
measurements made on the same module before and after environmental tests. For nonlinear modules
(as defined in IEC 60904-10) the measurement shall be performed within 5 % of the specified irradiance
and within +2 °C of the specified temperature. However, every effort should be made to ensure that peak
power measurements are made under similar operating conditions, that is minimize the magnitude of the
correction by making all peak power measurements on a particular module at approximately the same
temperature and irradiance.

For flexible modules, the maximum power determination shall be measured with the flexible module in the
flat position.
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43

Insulation test (MQT 03)

4.3.1 Purpose

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

parts.

4.3.2 Apparatus

a) DC. voltage source, with current limitation, capable of applying the voltage as specified in the third

column of Table 1 for the various module classes

b) An instru
4.3.3 Tes

The test sh

The voltage
(Vsys)’ the

classes are
Clause 4. T
IEC 617301

ment to measure the insulation resistance.

conditions

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

stress levels applied to the module are determined by the.module’s maximum syst
module class, and whether or not cemented joints are present. The definitions
taken from IEC 61140, and are discussed as related to PV modules in IEC 617
he definition of cemented joints is given in IEC 61730-1:2016, 3.4.2, and is further d
1:2016, Clauses B.5 and B.9. The voltage siress levels applied in this test are th

those appli¢d for IEC 61730 2 MST 16.

4.3.4 Pro

a) Connect

cedure

the shorted output terminals of the module to the positive terminal of a DC insulation|

em voltage
of module
30-1:2016,
scussed in
e same as

tester with

a current liitation.

b) Connect|the exposed metal parts.of the module to the negative terminal of the tester. If the module has
no frame or| if the frame is a poonelectrical conductor, wrap a conductive foil around the edges. Connect all
foil covered parts to the negative terminal of the tester.

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

d) Read the "one-minute preconditioning" voltage, Vi1 from the third column of Table 1. Increase the
voltage applied by the tester at a rate not exceeding 500 V/s to a maximum equal to VTest1. Maintain the
voltage at this level for 1 min.

e) Reduce the applied voltage to zero and short-circuit the terminals of the test equipment to discharge the
voltage build-up in the module.

f) Remove the short-circuit.

g) Read the "two-minute stress" voltage, Vi from the fourth column of Table 1. Increase the voltage
applied by the test equipment at a rate not exceeding 500 V/s to V... Maintain the voltage at this level for
2 min. Then determine the insulation resistance.
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h) Reduce the applied voltage to zero and short-circuit the terminals of the test equipment to discharge the

voltage build-up in the module.

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

Table 1
Voltage stress levels
Are cemented joints 2 min stress for measuring
Module class present? 1 min preconditioning Vr.s1 | insulation resistance, Vo
|4 |4
0 No 1000 + 2 x Ve Greater of 540 or V
Il No 2000 +4 x Vg Greater'of 540 or Vi
1 No 500 500
0 Yes 1,35x (1000 + 2 x V) Greater of 570 or Vs
Il Yes 1,35x (2000 + 4 x V) Greater of 540 or V
1] Yes 1,35 x (500) 500

4.3.5 Tegtrequirements
a) No dielectric breakdown or surface tracking.
b) For modules with an area of less than 0,1 m? the insulation resistance shall not be less than 4

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

4.4 Meagqurement of temperature coefficients (MQT 04)

Determine| the temperature coefficients of current (a), voltage (8) and peak power (&) fr
measurements as specified in JEC 60891. The coefficients so determined are valid at the i
which the measurements weré&imade. See IEC 60904-10 for evaluation of module temperature
at differentirradiance levels.\For bifacial modules determine the temperature coefficients utilizir]
procedure| but insuringtno-backside irradiation. The backside shall be covered such that the
from the njon-exposed side of the module is limited to or below the levels specified for "no
backgrounf" in IECTS 60904 1-2. If open-circuit voltage or short-circuit current cannot be me
integrated electronics, the associated temperature coefficient shall be report

100 MQ.

area of the

bm module
radiance at
coefficients
g the same
contribution
n-irradiated
asured due
bd as "not
shall not be

NOTE For linear modules in accordance to IEC 60904-10, temperature coefficients are valid over an irradiance range of + 30 % of

this level.
4.5 Placeholder section, formerly NMOT

The nominal module operating temperature (NMOT) test, formerly MQT 05, is no longer a

part of this

document. This subclause is preserved so that, in the following subclauses of the document, the MQT

numbers match the subclause numbers.
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4.6 Performance at STC (MQT 06.1)
4.6.1 Purpose

To determine how the electrical performance of the module varies with load at STC (1 000 W/m?, 25 °C
cell temperature, with the IEC 60904-3 reference solar spectral irradiance distribution). MQT 06.1 is a
case of maximum power determination (MQT 02) performed at STC. MQT 06.1 is used to verify the name
plate information of the module, and for determining power loss from the stress tests. Uncertainty, my,
shall include a component from spectral mismatch, based either on measured spectral response or the
worst-case possibility for a given technology type, and the method used to set the simulator intensity. For
nameplate verification, the uncertainty m, is subject to the limits specified in the technology-specific parts.

For determjning the power loss from the stress tests, reproducibility of the test, r, is subject tp the limits
specified in[the technology-specific parts.

4.6.2 Apparatus

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

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

c) For megsurement of bifacial modules the following capabilityyis also necessary: The radipnt source

utilized as gpecified in 4.6.2a shall be operable with adjustablé.irradiance levels and/or rear-sidg irradiance

such that BNPI (as defined in IEC 61215-1:2021) can be applied by at least one method allowed by IEC
TS 60904 1 2.

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

4.6.3 Progedure for measuring at STC (MQT 06.1)

Maintain the module at (25 + 2) °C @nd trace its current-voltage characteristic at an irradiance pf (1 000
100) W/m?|(as measured by a, suitable reference device), in accordance with IEC 60904-1| using the
apparatus described in 4.6.2,

Module temperature shall be corrected to 25 °C using temperature coefficients and IEC 60904 |series and
IEC 60891.

For bifaciall modules, measurements shall proceed as specified in IEC TS 60904-1-2. MQT 06 shall be
performed atSTC and at elevated irradiance BNPI for Gate No 1. Each time MQT 06 is performed at STC,

the STC bifaciality coefficients of SNOT-CITCUIL CUTTeNt (Prse = lsor 7 Iscf), OF OPEN Circuit voltage (@Qvoe = Voor /
Vi), and of power (@pmax = Pmaxr / Pmaxi) Shall be measured according to IEC TS 60904-1-2. Full definition
of these quantities, the method to measure them, and the symbols used to describe them are specified in
IEC TS 60904-1-2. When evaluating Gate No 2 (i.e. post-stress), MQT 06 shall only be performed at
BNPI. Post-stress, bifaciality coefficients need not be remeasured. unless specifically noted in the MQT
stress test procedure. The bifaciality coefficients measured pre-stress may be utilized to calculate the
appropriate equivalent intensity in a single-sided illumination measurement. When performing MQT 06 at
BNPI, any method described in IEC 60891 may be used to correct the applied irradiance to desired
equivalent front-side irradiance, as long requirements on maximum uncertainty m, are met.

NOTE 1 Using methods from IEC 60891 to correct the applied irradiance to desired equivalent front-side irradiance can help the
tester avoid using a different simulator calibration for every module with a slightly different bifaciality coefficient.
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NOTE 2 Measurement of performance at BSI is not required. Where stress levels are set according to BSI, currents may be
extrapolated from lower intensities, as described specifically in the MQTs utilizing BSI for bifacial modules.

For flexible modules, the maximum power determination shall be measured with the flexible module in the
flat (i.e. completely unfolded) position. For very large modules (as defined in IEC 61215-1:2021), testing
by the testing entity may be performed at the manufacturer’s facility, but shall still meet the requirements
stated in 4.6.2.

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

4.7 Performance at low irradiance (MQT 07)

4.7.1 Pujfpose

To determihe how the electrical performance of the module varies with load at 25 °C and an ifradiance of
200 W/m?.

4.7.2 Apparatus
a) The appjratus shall be as described in 4.2.2 (MQT 02).
The appargtus shall also have the following capabilities:

b) Equipment necessary to change the irradiance to 200~W/m? without affecting the relative spectral
irradiance flistribution and the spatial uniformity in accordance with IEC 60904-10.

c) A meang for monitoring the temperature of the test specimen and the reference device to an pccuracy of
11 °C and fepeatability of +0,5 °C.

d) For measurement of bifacial modules the following equipment is also necessary: Baffles that can be
arranged ground the modules edges,-as,well as a non-reflective cover allowing for temporarily blocking the
irradiance |to the opposite module side, to evaluate the front- and back-side performancg of bifacial
modules individually.

e) For mgasurement of rmulti-junction modules, the simulator and reference device shall meet the
additional fequirements‘imposed by IEC 60904-1-1.

4.7.3 Prqcedure

Determine|the)current-voltage characteristic of the module at (25 + 2) °C and an irradiance of (200 £ 20)
W/m? controlled by an appropriate reference device, in accordance with IEC 60904-1 using the apparatus
specified in section 4.7.2. The irradiance shall be reduced to the specified level by using neutral density
filters or some other technique which does not affect the spectral irradiance distribution. (See IEC 60904-
10 for guidance on reducing the irradiance without changing the spectral irradiance distribution.)

Module temperature shall be corrected to 25 °C using temperature coefficients and IEC 60904 series and
IEC 60891.

For flexible modules, the maximum power determination shall be measured with the flexible module in the
flat (i.e. completely unfolded) position. For very large modules (as defined in IEC 61215-1:2021), testing
by the testing entity may be performed at the manufacturer’s facility, but shall still meet the requirements
stated in 4.7.2.
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For bifacial modules make two single-sided measurements at 200 W/m?2, one on the front-side and one on
the rear-side using baffles and back-cover screen. Calculate the bifaciality coefficients at low irradiance
according to the procedure specified in IEC TS 60904-1-2, except utilizing an irradiance of 200 W/m?

instead of 1

000 W/m?2.

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

4.8 Outdoor exposure test (MQT 08)

4.8.1 Purpose

To make a
and to reve

4.8.2 App

a) An open
rack shall b
with the fre
open-rack f

b) A solar i
test array.

c) Means f
monitor.

d) A resisti
maximum ¢

4.8.3 Pro

a) The test
angle of tilt

breliminary assessment of the ability of the module to withstand exposure to outdoor
bl any synergistic degradation effects which may not be detected by laboratorytests

aratus

rack to support the test module(s) and solar irradiation monitor inthe specified m

conditions

anner. The

e designed to minimize heat conduction from the modules and t6.interfere as little as possible

b radiation of heat from their front and back surfaces. In the ¢asé of modules not d

hounting, the test module(s) shall be mounted as recommendéd by the manufacturef.

radiation monitor accurate to +5 %, mounted in the{plane of the module(s) within 0

0 mount the module, as recommended by;>the manufacturer, co-planar with the

e load sized such that the module will operate near its maximum power point or ar
ower point tracker (MPPT).

cedure

module(s) shall be positioned so that it (they) are normal to the local latitude +5
pof the test moduleinthe test report.

b) Attach the resistive.load or electronic maximum power point tracker to the module an

A

q

outdoors,
protective g

s recommended by the manufacturer, co-planar with the irradiation monitor. Ar
evices.recommended by the manufacturer shall be installed before the module is ted

c) Subject t

psigned for

|3 m of the

irradiation

electronic

. Note the

d mount it
y hot-spot
ted.

hée.module to an irradiation totalling at least 60 kWh/m?, as measured by the monitor.

The test modules may be cleaned according to manufacturer instructions during or after the test.

4.8.4 Final measurements

Repeat the

tests of MQT 01 and MQT 15.

4.8.5 Requirements

a) No evide

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

b) Wet leakage current shall meet the same requirements as for the initial measurements.
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4.9 Hot-spot endurance test (MQT 09)

491 Purpose

To determine the ability of the module to withstand hot-spot heating effects, e.g. solder melting or
deterioration of the encapsulation. This defect could be provoked by faulty cells, mismatched cells,
shadowing or soiling. While absolute temperature and relative power loss are not criteria of this test, the

most severe hot-spot conditions are utilized to ensure safety of the design.

4.9.2 Hot-spot effect

Reverse b
circuit cur
affected ¢
overheatin

If the pow|
resulting ir
and/or bag
diodes can

The rever
resistance
reverse pe
different w

Low shunt
* The wors

« Often low
occurs beg
there is a

have a hig

* Because

The major
determine
addressed

as hot-spot heating occurs in a module when its operating current exceeds the red
nt (lsc) of a shadowed or faulty cell or group of cells. When such a condition
Il or group of cells is forced into reverse bias and shall dissipate power, which

0.

er dissipation is high enough or localized enough, the reverse biased cell(s) cz
— depending on the technology — melting of solder, deterioration of the encaps

prevent hot spot damage from occurring.

be characteristics of solar cells can vary considerably. Cells can have either
where the reverse performance is voltage-limitéd or have low shunt resistance
rformance is current-limited. Each of these types-of cells can suffer hot spot probl
y'S.

resistance cells:
case shadowing conditions occur when the whole cell (or a large fraction) is shadoy

shunt resistance cells are this way because of localized shunts. In this case hot s
ause a large amount of current flows in a small area. Because this is a localized ph
great deal of scatter.in performance of this type of cell. Cells with the lowest shun
h likelihood of operating at excessively high temperatures when reverse biased.

the heating is\localized, hot spot failures of low shunt resistance cells occur quickly

technicallissue is how to identify the lowest shunt resistance cells and subsequg
the worst case shadowing for those cells. This process is technology dependent
in_ the technology specific parts of this standard.

uced short-
occurs, the
can cause

n overheat
ulant, front

ksheet, cracking of the superstrate, substrate and/or cover glass. The correct us¢ of bypass

high shunt
where the
ems, but in

ved.

pot heating
enomenon,
resistance

ntly how to
and will be

High shunt

resistance cells:

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

+ Junction breakdown and high temperatures occur more slowly. The shading needs to stay in place for

some time

493 Cla

to create worst case hot-spot heating.

ssification of cell interconnection

Case S: Series connection of all cells in a single string. Refer to Figure 1. Modules with series-connected
cells may be protected by a single (Figure 1, left) or multiple (Figure 1, right) bypass diodes.
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1 = 2 p= 3 pm———————d S T 2 M1 3 Fre -1 S
1 |
' ' I : '
--------- -] - -
] ) ] )
IEC
su2504a
For the examgle a module protected by one bypass diode (left) or three bypass diodes (right). (]:1/
>}
Figure 1 N

Case S, series connection with optional bypass %B:lk

o
O

Case PS: Harallel-series connection, i.e. a series connection of ( Qcks, where each block consists of a
parallel connection of a certain number (P) of cells. Refer to Fi .

N
¢ O

S.1 S2 || S3 || S4 e SP

su2505
Figure 2

Case PS, parallel-series connection with optional bypass diode
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Case SP: Series-parallel connection, i.e. a parallel connection of (P) blocks, where each block consists of
a series connection of a certain number of (S) cells. Refer to Figure 3.

|

Each confi
494 Ap

a) Radiant
IEC 60904
source will

1
14 112 || 13 || 14 1P :
1
| | | | | 1
1
214 || 22 || 23 || 24 2P i
1
T T 1 | -
1
9. 1 9.4 9.9 0.4 9.F '
1
1 1 1 1 1 1
1 1 1 1 1 1
1 1 1 1 1 f
1 1 1 1 1 f
1 1 1 1 1 1
1 1 1 1 1 1
1 1 1 1 1 1
1 1 1 1 1
1 1 1 1 1
1 1 1 1 1 Y.
1 1 1 1 1 1
1 1 1 1 1 1
1 1 1 1 1 1
1 1 1 1 1 1
1 1 1 1 1 1
|
stifls2|/s3|lsa| ... |sp :
1 I I I ] '
1
I 1 n
IEC
su2506
Figure 3

Case SP, series-parallel connection with optional bypass diode

guration requires a particular hot-spot testing procedure.
baratus

source: Natural sunlight, or a class BBB (or better) steady-state solar simulator co
19. Eithér)type of radiant source shall have an irradiance of (1 000 + 100) W/m?2. |
be used for applying long-duration stress when worst case shadowing has been ap

module. T
simulator (

is“radiant source may be used in the selection of cells for shadowing, or the opti

hforming to
['his radiant
plied to the
bnal pulsed

For bifacial modules, the radiant source used for prolonged exposure shall be operable with adjustable
irradiance levels and/or rear-side irradiance such that BSI (as defined in IEC 61215-1:2021) can be
applied by at least one method allowed by IEC TS 60904-1-2. Tolerance in the total irradiance, whether
applied in a single-sided or double-sided configuration, shall be no larger than +50 W/m?.

b) Module /-V curve tracer.

¢) Equipment for current measurement.

d) Completely opaque covers for test cells shadowing.
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e) An IR camera to measure and record module temperatures. The camera shall be operable in a manner
that allows resolution of features smaller than one cell.

f) Equipment to record irradiance levels, integrated irradiance and ambient temperature.

Optional:

g) For selecting cells most sensitive to hot spot heating, a pulsed simulator of class BBB or better
conforming to IEC 60904-9 with an irradiance of 800 W/m? to 1 100 W/m? for measuring /-V performance
may be used.

49.5 Pro
4.9.5.1

Depending
MQT 09.1

common, monolithically integrated, thin film technologies (CdTe, CIGS, a-Si)’the procedure M

applicable.

If MQT 09.
number of
requiremen

For all tech
range of 8
irradiance s

4.9.5.2 Procedure for wafer-based technologies (WBT) MQT 09.1

The first stqg
further in s
shadowed
accessible

The selectg
Figure 4 sh

current at the point.where the diode turns on was taken when the cell with the lowest shunt resi

General

cedure

on the solar cell technology and the manufacturing process two different proced
s typically applicable to wafer-based technologies like standard erystalline silicon

Bifacial modules are also to be tested using MQT 09.1.

Cells per bypass diode as the full-size product. Depending on the resulting sampl
t can affect the choice of radiant source needed toperform the test.

nologies, selection of the shadowing dimensions and location is performed in the
DO W/m? to 1 100 W/m?. Application ofthe extended stress is performed with
pecifications described in 4.9.4 a).

p of the procedure is to seléct cells with the lowest and highest shunt resistances, (|
teps c), d) and e) below)) If the module circuit is accessible the current flow t
Cell can be monitored, directly. If the PV modules to be tested do not have removabl
blectric circuits, the.following non-intrusive method can be utilized.

d approach.is:based on taking a set of /-V curves for a module with each cell shadoy
ows the resultant set of /-V curves for a sample module. The curve with the highd

shadowed.

when the ceFII wijth the highest shunt resistance was shadowed.

The curve with the lowest leakage current at the point where the diode turns on

ures exist.
. For most
QT 09.2 is

is performed using a representative sample, the representative sample shall havg the same

P size, this

irradiance
the tighter

As detailed
hrough the
e diodes or

ved in turn.
st leakage
stance was
was taken
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3,5 with one cell totally shaded ; of the unshaded module

Module characteristics Current-voltage characteristic

Bypass diode
turns on

—

Module current (A)

su2507

Use the fol

a) Expose

W/m? using one of the following:

* A

(25

<A
befi

*S

Cell with highe
leakage curren

—

b

0 5 10 15 20 25
Module voltage (V)

Figure 4

Module I-V characteristics with.different cells totally shadowed

owing procedure to identify hotspot sensitive cells:

the unshadowed module 1o the radiant source with irradiance between 800 W/m?

pulsed solar simulator where the module temperature will be close to room t
+5) °C.

steady;state solar simulator where the module temperature shall be stabilised W
bre beginning the measurements.

Linlight where the module temperature shall be stabilised within +5 °C before be

IEC

and 1100

emperature

ithin +5 °C

ginning the

measurements.

For bifacial modules, exposure for cell selection is to the module front, with the module back side covered
to sufficiently limit the contribution from the non-exposed side of the module to or below the levels
specified for "non-irradiated background" in IEC TS 60904-1-2.

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

NOTE For the SP case the deformation of the module /-V curve is added to the sectional /-V curve of the fully illuminated parallel
sub-section and so does not continue to V.
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c) Select the cell adjacent to the edge of the module that has the lowest shunt resistance, i.e. the one with
the highest leakage current.

d) Select the two lowest shunt resistance cells (in addition to the cell in c), those with the highest leakage

current.

e) Select the cell with the highest shunt resistance.

f) For bifacial modules, if some cells are permanently shadowed by design (e.g. junction box or back rails),
those cells shall also be selected for hot-spot testing.

g) Begin ce
cells:

1) ©

xpose the unshadowed module to a single-sided irradiance in the range of-800 W/

W/n2. The exposure shall meet the requirements described in 4.9.5.2 a).

2) A
detd

xpose the module to irradiance meeting the requirementsyof 4.9.5.2 a). Then use
hods in step 4) below to determine the worst case shadewing for each selected cell.

etermine the worst-case shadowing for each of thetselected test cells use one of th
iii) below.

i) If the cell circuit is accessible, short:¢Circuit the module and attach the current
equipment such that it is reading only.the current through the cell string under tes
selected test cell, shadow that cells and determine what shadow level results in
through the shadowed cell being equal to the unshadowed /yp1 determined in
This is the worst case shadowing for that cell.

ii) If the cell circuit is net-accessible, the first option for determining worst case

| testing procedure by determining the worst case shadowing condition for each of tﬂ\e selected

h? to 1 100

fter thermal stabilisation of +5 °C is attained, measure the module /-V characteristic and
rmine the maximum power current /y;p4 (initial performance Pypq)-

one of the

e methods

measuring
t. For each
the current

step g)2).

shadowing

involves taking /-V . curves. Take a set of I-V curves with each of the selected test cells

shadowed at different levels as shown in Figure 5. Determine the worst case
condition, whichyoccurs when the current through the shadowed cell (the point
by-pass diodel turns on) coincides with the original unshadowed /y,p4 determine
curve c)«dnFigure 5, at the same irradiance level as used in a). If the bypass diod
turn on“when the selected cell is fully shadowed, the worst case hot-spot g
achieved by completely shadowing the cell.

iy If the cell circuit is not accessible, the second option for determining

shadowing
where the
i in a), like
e does not
ondition is

vorst case

shadowing iNVOIVES temperature measurements. Short-circuit the module. shad
the selected test cells in turn at 100 % and measure the cell temperature. De

ow each of
crease the

shadowing by 10 %. If the temperature decreases, then 100 % shadowing produces the
worst case. If the temperature increases or stays the same, continue to decrease the
shadowing by 10 % until the temperature does decrease. Use the previous shadowing level

as worst case shadowing.

5) For the cell selected in c), (i.e. the edge cell with the lowest shunt resistance), the positioning of
the mask applied during prolonged exposure shall be further specified. Short-circuit the module.
Use an IR camera to determine the hottest spot on the cell when it is 100 % shadowed. If possible
make sure that this hottest spot is within the illuminated area during the prolonged exposure of step

).
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h) Shadow one selected cell that was identified in steps c) through f) to the worst case condition as
determined in g). If double-side illumination will be used in step i) for a bifacial module, the cell shall be
masked identically on the rear side.

i) Short-circuit the module. Expose the module to steady state irradiance. For monofacial modules, the
irradiance shall be (1 000 + 100) W/m?. For bifacial modules, the irradiance shall be BSI + 50 W/m?. This
test shall be performed at a module temperature in the range of (55 £ 15) °C.

j) Maintain the worst case shadowing condition determined in g) for 1 h for the selected cell. If the
temperature of the shadowed cell is still increasing at the end of 1 h continue for a total exposure time of 5
h.

k) Repeat steps h) through j) for each cell selected in steps c) through f).

1 A
q L
7 Current-voltage characteristic of the Module characteristics with\the test
d 3,5 unshaded module cell shaded:
5 - . a) 100%
o b) 75%
3 ¢) max. power dissipation
§ : :

0 A — : -

0 5 10 15 20 25
Module voltage  (V
sup508b IEC
Figure 5
Module I-V characteristics with the test cell shadowed at different levels

4.9.5.3 Procedure for monolithically integrated (MLI) thin film technologies MQT 09.2
4.9.5.3.1 General

The hot-spot test is performed with the module exposed to (1 000 = 100) W/m? during the extended
exposure.

NOTE Typically no bypass diodes are included in the interconnection circuit of the serially connected MLI thin-film cells. Therefore,
reverse voltage of shadowed cells is not limited and module voltage can force a group of cells into reverse bias.

The electrical performance of a MLI thin-film module can already be negatively affected by short-term
shadowing. Care shall be taken that effects caused by setting worst-case conditions and hot-spot
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endurance testing are clearly separated. The values of P,,,,; (before any shadowing has been applied),
Praxo (after worst case conditions have been identified via shadowing) and P,,,.s (after extended stress
has been applied) are collected for this purpose.

49.5.3.2 CaseS

Figure 6 illustrates the hot-spot effect in a MLI thin-film module consisting of a serial connection of cells,
when a different number of cells are totally shadowed. The amount of power dissipated in the shadowed
cells is equal to the product of the module current and the reverse voltage developed across the group of
shadowed cells. For any irradiance level, maximum power is dissipated when the reverse voltage across
the shadowed cells is equal to the voltage generated by the remaining illuminated cells in the module
(worst caseinshadowing condition). This is the case when the short-circuit current of the shadowed module
equals the maximum power current of the unshadowed module.

_\ \
TN
s
o
3 4 cells 3 cells 2 cells 1 cell Unshaded
@ shaded shaded shaded shaded mogule
g

T
\

)/

Module voltage

IEC
sul144a

NOTE In this gxample, the'Worst case shading condition is shading of 4 cells at the same time.

Figure 6

Hot-spot effect in a MLI thin-film module with serially connected cells

The following method shall be used to select the cell(s) to be shadowed and to determine the worst case
shadowing condition for module connected in series-only (case S).

a) Expose the un-shadowed module to a radiant source providing a total irradiance of 800 W/m? to 1 100
W/m? at the module surface, using one of the following:

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

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

b) After thermal stabilisation is attained, measure the module /-V characteristic and determine the
maximum power current lypqs and maximum power P,.q. Determine the maximum power current range
(Iin < I < Imax) Where [,ax is the maximum power current of the unshadowed module, and /i, is 0,95 /.

This current range is named /(*).

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

from one edge of the module, use an opaque cover to shadow one cell completel

. Move the

d) Starting
cover para
short-circu
maximum

between s
If shadowi
width shall
high, and i
shall be ch

e) Move a
the short-
measurem|
this step.)

the size of
any point ¢
shall not H
shadowing
a current t
irradiance

during step g), the short-circuit current.exceeds the higher limit of /(*), the mask width shall

same.

f) The fina
subjected
case shad

g) Remove

NOTE Revq
spread acros:

llel to the cells and increase the shadowed module area (number of shadowed ee
t current falls within the current range of the non-shadowed module. In these cor]
bower is dissipated within the selected group of cells (see Figure 6). The maximu
nort-circuit current measurements is one cell width. The minimum mask width is two
ng less than two cells is required to obtain a current within the specifiedrange, the
be fixed at the minimum. If shadowing some number of "n" cells results in a currer
f shadowing n+1 cells causes a current that is too low, then the(parrower mask wi
psen.

Circuit current at each position. The maximum _st€p size between short-cirg
ents is the mask width. (Thus, each cell in the module’shall be shadowed at some

f at a certain position the short-circuit current falis.below the specified current range
the cover in increments of one cell width untilthe current is within the desired rangd
uring this process, the mask width is reduced to its minimum value of two cell wid
e reduced further, and the process of moving the mask across the module is (
some number of "n" cells results in a_current that is too high, and if shadowing n+1 ¢
hat is too low, then the narrower mask width (n cells) shall be chosen. During this
Shall not change by more than 2 %. The mask is not to be made larger at any

width of the cover,‘together with the position that exhibited the lowest current o
o the final mask-width, determines the minimum area of shadowing that results i
pwing condition( Tjhis is the shadowed area to be used for hot-spot testing.

the coverand visually inspect the module.

rse «bias operation of the cells in steps d) and e) can cause junction breakdown and lead to visible sj
theymodule area. These defects can cause a degradation of maximum output power.

Is) until the
ditions, the
M step size
cell widths.
n the mask
t that is too
ith (n cells)

h opaque cover (of the dimensions found in d) above) slowly across the module and measure

uit current
boint during
I(*), reduce
again. If at
ths, its size
omplete. If
ells causes
rocess, the
boint, i.e. if,
be kept the

each area
n the worst

ots irregularly

h) Re-measure the module /-V characteristic and determine maximum power Pay0.

i) Place the cover on the module. Put the cover on the position determined during steps e) and f).

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

k) Expose the module to the steady-state radiant source providing a total irradiance of (1 000 + 100) W/m?
at the module surface, using one of the following:

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

[) This test shall be performed at a module temperature in the range (55 + 15) °C. Note the value of I, and
keep the module current above the lower limit for /(*). If I falls below the lower limit for /(*), decrease the
mask width in increments of one cell width until /. once again exceeds the lower limit for /(*). If the current
falls below the desired range but the mask is already the minimum width, no adjustment shall be made.

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

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

49.5.3.3 Case SP

Figure 3 illystrates a series-parallel connection, i.e. a parallel connection of P stfings each with S cells in
series.

If a module|is of the series-parallel type (case SP), the following method shall be used to select the cell(s)
to be shadgwed and to determine the worst case shadowing condition:

a) Expose t{he un-shadowed module to a radiant source providing a total irradiance of 800 W/n

W/m? at the
] A F

A
beg

« SU
medg
b) After th
maximum {

module surface, using one of the following:
ulsed simulator where the module temperature.will be close to room temperature (2

steady-state simulator where the moduletemperature shall be stabilised within £5
nning the measurements.

surements.
ermal stabilisation is attained, measure the module /-V characteristic and detg
ower current lypq and maximum power P,,... Determine the maximum power cu

h? to 1 100

+

T

5) °C.

°C before

nlight where the module temperature shall be stabilised within +5 °C before beginning the

ermine the
rent range

(Imin <1 < Iky) Where [, is the maximum power current of the unshadowed module, and /i, is 0,95 /.-

c) Then c3
following fo

Iculate the acCeptable maximum power current range to be applied /(*) accorg
rmula.

/IN+IL,-(N-1)/N<I(*)<I_ /N+I, - (N-1)/N

{ min

ing to the

ek ar
urmmvuel

where N is

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

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


https://ulnorm.com/api/?name=UL 61215-2 2021.pdf

JULY 28, 2021 UL 61215-2 31

f) Starting from one edge of the module, use an opaque cover to shadow one cell of a selected substring
completely. Move the cover parallel to the cells and increase the shadowed substring module area
(number of shadowed cells) until the short-circuit current falls within the current range I(*). In these
conditions, the maximum power is dissipated within the selected group of cells (see Figure 6). The
maximum step size between short-circuit current measurements is one cell width. The minimum mask
width is two cell widths. If shadowing less than two cells is required to obtain a current within the specified
range, then the mask width shall be fixed at the minimum. If shadowing some number of "n" cells results in
a current that is too high, and if shadowing n+1 cells causes a current that is too low, then the narrower
mask width (n cells) shall be chosen.

g) Move an opaque cover (of the dimensions found in f) above) slowly across the module and measure the
short-circuff current at each position. The maximum step size between short-circuit current mebsurements
is the mask width. (Thus, each cell in the module shall be shadowed at some point during this step.) If, at a
certain pogition, the short-circuit current falls below the specified current range I(*), reduce thg size of the
cover in small increments until the current is within the desired range again. If atqany”point| during this
process, the mask width is reduced to its minimum value of two cell widths, its size’shall not pe reduced
further, and the process of moving the mask across the module is complete. If shadowing somé number of
"n" cells rgsults in a current that is too high, and if shadowing n+1 cells causes’a current that is too low,
then the narrower mask width (n cells) shall be chosen. During this process, the irradiange shall not
change by|more than £ 2 %. The mask is not to be made larger at any,'point, i.e. if, during gtep g), the
short-circult current exceeds the higher limit of /(*), the mask width shall be kept the same.

current of pach area subjected to the final mask width, detefmine the minimum area of shagowing that

h) The fin}l width of the cover, together with the position within the substring that exhibited the lowest
results in the worst case shadowing condition. This is the;shadowed area to be used for hot-spgt testing.

i) Remove fthe cover and visually inspect the modules

NOTE Revdrse bias operation of the cells in step f) and‘g) can cause junction breakdown and lead to visible spgots irregularly
spread acros$ the module area. These defects can cause a degradation of maximum output power.

j) Re-meaqure the module /-V charactefistic and determine maximum power P ;,4o-
k) Place the cover on the module. Put the cover on the position determined during steps g) and|h).
[) Short-cirg¢uit the module{including a means to monitor the module current, such as an ammeter.

m) Expose{the modulé-to the steady-state radiant source providing a total irradiance of (1 000 # 100) W/m?
at the modple surface. This can be done using:

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

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

This test shall be performed at a module temperature in the range (55 £ 15) °C. Note the value of I, and
keep the module current above the lower limit for /(*). If I, falls below the lower limit for /(*), decrease the
mask width in increments of one cell width until /. once again exceeds the lower limit for /(*). If the current
falls below the desired range but the mask is already the minimum width, no adjustment shall be made.

n) Maintain these conditions for a total exposure time of 1 h.
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0) At the end of the endurance test, determine the hottest area on the shadowed cells using an IR camera
or appropriate temperature detector.

49.5.3.4 CasePS
If a module of the parallel-series type (case PS) has an inaccessible internal cell circuit but contains no
internal bypass diodes nor equivalent means of reverse bias protection, the following method shall be

used to select the cell(s) to be shadowed and to determine the worst case shadowing condition.

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

* A pulsed simulator where the module temperature will be close to room temperature(2

* A pteady-state simulator where the module temperature shall be stabilised‘within + § °C before

beginning the measurements.
» Synlight where the module temperature shall be stabilised within£ '5°C before beginning the
megsurements.
When thermal stabilization is attained, measure the module /-V characteristic and determine thg maximum
power P
b) Expose the module to the steady-state radiant source previding a total irradiance (1 000 + 100) W/m? at
the module|surface. This test shall be performed at a module temperature in the range (55 + 15) °C.
c) Short-cirguit the module and shadow at random a block in the module. Shadow at least 10 % [of the cells
within the bjock, and shadow an increasing area @fithe block until the maximum temperature is getermined

using therm

d) Re-meas

e) Apply thg¢ shadow found in step.c)and maintain these conditions for a total exposure time of 1

At the end
appropriate

al imaging equipment or other appropriate means.

ure the un-shadowed modulei-V characteristic and determine maximum power P,,,

bf the endurance test, determine the hottest area on the shadowed cells using an IR
temperature, detector.

4.9.6 Fin

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

| meastrements

N

Camera or

4.9.7 Req

uirements

a) No evidence of major visual defects permitted, as defined in IEC 61215-1:2021, particularly looking for
signs of melted solder, openings in the enclosure, delaminations and burn spots. If there is evidence of
serious damage that does not qualify as a major visual defect, repeat the test on two additional cells within
the same module. If there is no visual damage around either of these two cells the module type passes the
hot-spot test.

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

c) Insulation resistance shall meet the same requirements as for the initial measurements.
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d) Wet leakage current shall meet the same requirements as for the initial measurements.

e) Any damage resulting from determining the worst case shadowing shall be noted in the test report.

4.10 UV preconditioning test (MQT 10)

4101

Purpose

To precondition the module with ultra-violet (UV) radiation before the thermal cycle/humidity freeze tests to
identify those materials and adhesive bonds that are susceptible to UV degradation.

NOTE MQT
expectations
toward other
those goals.

10 is meant to detect gross susceptibility to UV degradation, as the dose is small compared._ to
or modern modules, and wavelength distribution of the UV source is not tightly specified. Documents ap
joals (such as comparative degradation studies) should consider what further requirements are, hecess

4.10.2 Apparatus

a) A tempe
under test.

b) A mean
$0,5°C. T

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

s for monitoring the temperature of the module to an‘accuracy of +2,0 °C and rep
he temperature sensors shall be attached to the front'or back surface of the modu

middle without obstructing any of the UV light incident on the active cells within the module. |

one modul

b is tested simultaneously, it will suffice to monitar the temperature of one of the test

¢) Instrum

ntation capable of measuring the irradiance of the UV light produced by the UV lig

the test plgne of the module(s), within the wavelength ranges of 280 nm to 320 nm and 320 nn
with an ungertainly of +15 % or better.

d) A UV light source capable of producing-UV radiation with an irradiance uniformity of £15 % d

plane of t
providing t

e) The mg
recommen

e module(s) with no appreciable irradiance at wavelengths below 280 nm and
e necessary total irradiance in the different spectral regions of interest as defined in

dule shall either’ be short-circuited or open-circuited during exposure, as per m
dations. The circuitry condition used during this test shall be noted in the test report.

4.10.3 Procedure

ypical lifetime
blying MQT 10
ary to achieve

e module(s)

patability of
le near the
f more than
modules.

nt source at
n to 400 nm

ver the test
capable of
4.10.3.

anufacturer

stween 280

a) MeasurT the.rradiance at the proposed module test plane and ensure that at wavelengths b

nm and 40 i
a uniformity of £15 % over the test plane.

d that it has

b) According to the recommendations of 4.10.2e), short-circuit or open-circuit the module. Mount it in the
test plane at the location selected in a), normal to the UV irradiance beam. Make sure that the module
temperature sensors read (60 + 5) °C. For flexible modules, the modules shall be mounted per the
manufacturer’s documentation with prescribed substrate and adhesive or attachment/mounting means
during the test.

c) Subject the module(s) front side to a total UV irradiation of at least 15 kWh/m? in the wavelength range
between 280 nm and 400 nm with at least 3 %, but not more than 10 % in the wavelength band between
280 nm and 320 nm, while maintaining the module temperature within the prescribed range.

For bifacial modules repeat the procedure of UV irradiation on the rear-side of the modules.
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4.10.4 Final measurements

Repeat the
410.5 Re

a) No evide

tests of MQT 01 and MQT 15.
quirements

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

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

411 The
4111

To determir
by repeate(

4.11.2 Apjparatus

a) A clima
means to
modules to

b) Means fi
surrounding
purposes, t

c) Measure]
and recordi

d) Means fi
parts in this

e) Means fq

fyA5Nwe

rrvaleyelhg-(esHMQT 14
Pufpose

c
l]ninimize condensation on the module during the test, capable of subjecting on

e the ability of the module to withstand thermal mismatch, fatigue andjether stress
changes of temperature.

chamber with automatic temperature control with means for circulating the air

the thermal cycle in Figure 7.

es caused

inside and
e or more

br mounting or supporting the module(s) in thexchamber, so as to allow free circulation of the

air. The thermal conduction of the mouft or support shall be low, so that, fq
he module(s) are thermally isolated.

ment instrumentation having an accuracy of +2,0 °C and repeatability of +0,5 °C for
hg the temperature of the modulé&(s).

br applying a continuous,current. The value of the current is defined in the technolo
standard.

r monitoring the flow of current through each module during the test.

ght capableof being attached to the electrical termination leads of the module.

r practical

measuring

gy specific
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number of cycles ,

7
\ / //
/

Minimum /

dwell time ‘ Maximum 100 °C/h ‘
10 min

a
Q.
£
+85 100
+80 <
2\ £
Minimum 2
dwell time 3
10 min Continue for specific 3
2
Q.
<C

Temperature of module (°C)

Maximum cycle time

su2511 IEC

Figure 7

Thermal cycling test — Temperature and applied current profile

4.11.3 Procedure

a) Attach 3 suitable temperature sensor\to the front or back surface of the module(s) near the middle. If
more than pne module of the same(type are tested simultaneously, it will suffice to monitor the temperature
of one of the test modules.

b) Install tHe module(s) atroem temperature in the chamber. Attach a single 5 N weight to the junction box
using one |of two options.. The weight may be attached utilizing the electrical termination leads of each
module solthat it hangs:down vertically from the junction box, as shown in Figure 8a). The weight may also
be attached to thé junction box using a wire introduced by the tester, as shown in Figure 8b). A wire
introduced| by the-tester shall not be attached to the junction box lid. In either case, the weight shall not
impact or damage the module back surface, and shall be at least 5 cm above the floor or modile frame at
the start ofthe—test—as—indicated—inFigure8b)y—Hthere—are—morethan-one—similarfjunetied boxes per
module, only one junction box need be weighted, as shown in Figure 8b) or Figure 8c). However, if the
junction boxes differ in design, each should carry weights independently.

For flexible modules, the modules shall be mounted per the manufacturer’s documentation with prescribed
substrate and adhesive or attachment/mounting means during the test.
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3 3

- + Wire - -
. introduced
o by tester

J-Box
Distance 2 5 cm
J

5 N weight

IEC IEC

5 N weight

IEC

su3968

Figure 8

Proper attachment of 5 N weight to junction box for module utilizing a) electrical termination leads,

b) or wire for attachment, and‘c) only one junction box

c) Connect|the temperature-monitoring equipment to the temperature sensor(s). Connect each
the approptiiate current supply by connecting the positive terminal of the module to the positive
the power gupply and the second termimnal accordingly. During the thermal cycling test set the
current floyv during the heat up ‘eycle to the technology specific current specified in 4

module to
terminal of
continuous
.11.2d), at

temperaturg¢ from -40 °C to +80:2C. During cool down, the -40 °C dwell phase and temperatlires above

80 °C the dontinuous current shall be reduced to no more than 1,0 % of the measured STC ¢
current to measure continuity. If the temperature rises too fast (greater than 100 °C/h) at
temperaturg, the start of .thé current flow can be delayed until the temperature has reached -20 f

d) Close the chamber and subject the module(s) to cycling between measured module temp
(-40 + 2) °Q and (+85 + 2) °C, in accordance with the profile in Figure 7. The rate of change of tg

eak power
the lowest
C.

eratures of
emperature

between the lew and high extremes shall not exceed 100 °C/h and the module temperature s

hall remain

stable at each extreme for a period of at least 10 min. The cycle time shall not exceed 6 h

unless the

module has such a high heat capacity that a longer cycle is required. The number of cycles shall be as

shown in the relevant sequences in Figure 2 of IEC 61215-1:2021. Air circulation around the
has to ensure compliance with each module under test meeting the temperature cycling profile.

module(s)

e) Throughout the test, record the module temperature and monitor the current flow through the

module(s). Document in test report the actual dwell duration at high and low temperatures.

NOTE In a module with parallel circuits, an open circuit in one branch will cause a discontinuity in the voltage but not cause the

current to go to zero.
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4.11.4 Final measurements

After a minimum recovery time of 1 h at (23 £ 5) °C and a relative humidity less than 75 % under open-
circuit conditions, repeat the tests of MQT 01 and MQT 15.

4.11.5 Requirements

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

b) No evidence of major visual defects _as definedin [EC 61215-1:2021

c) Wet leak

412 Hun

age current shall meet the same requirements as for the initial measurements

hidity-freeze test (MQT 12)

4121 Pdrpose

To determi
by sub-zer

he the ability of the module to withstand the effects of hightemperature and humid
b temperatures. This is not a thermal shock test.

4.12.2 Apparatus

a) A climat
modules tg

b) Means
surroundin
purposes,

¢) Measure
and record

d) Means f

¢ chamber with automatic temperature and hamidity control, capable of subjecting ¢
the humidity-freeze cycle specified in Figuré’9.

or mounting or supporting the module(s) in the chamber, so as to allow free circul
g air. The thermal conduction of.the mount or support shall be low, so that, f
he module(s) is (are) thermally,isolated.

ment instrumentation having’an accuracy of £2,0 °C and repeatability of £0,5 °C fo
ng the temperature of the-module(s).

4.12.3 Procedure

a) Attach 2
more than

suitable temperature sensor to the front or back surface of the module(s) near th
lone module of the same type is tested simultaneously, it will suffice to monitor the t

br monitoring, throughout the test, the continuity of the internal circuit of each modulg.

ity followed

ne or more

ation of the
or practical

measuring

e middle. If
emperature

of one of tH

atact madules
S8 5+HRoaHHes:

b) Install the module(s) at room temperature in the climatic chamber. For flexible modules, the modules
shall be mounted per the manufacturer's documentation with prescribed substrate and adhesive or
attachment/mounting means during the test.

c) Connect the temperature-monitoring equipment to the temperature sensor(s). Connect each module to
the appropriate current supply by connecting the positive terminal of the module to the positive terminal of
the power supply and the second terminal accordingly. During the humidity freeze test set the continuous
current flow to no more than 0,5 % of the measured STC peak power current. If 0,5 % of the measured
STC current is less than 100 mA, then 100 mA may be applied instead.

d) After closing the chamber, subject the module(s) to 10 cycles in accordance with the profile in Figure 9.
The maximum and minimum temperatures shall be within £2 °C of the specified levels and the relative
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humidity shall be maintained within +5 % of the specified value when the temperature is at the maximum
value of 85 °C. Air circulation around the module(s) has to ensure compliance with each module under test
meeting the temperature cycling profile.

e) Throughout the test, record the module temperature and monitor the current and voltage through the
module.

4.12.4 Final measurements

After a recovery time between 2 h and 4 h at (23 £ 5) °C and a relative humidity less than 75 % under
open-circuit conditions, repeat the tests of MQT 01 and MQT 15.

4.12.5 Relquirements

a) No interfuption of current flow or discontinuity in voltage during the test; in the.casé of a module with
parallel circuits, a discontinuity in current flow indicates an interruption of flow in ohe-of the parallel circuits.

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

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

— A 1 full cycle
&) »
o
3
g (85+5)%RH ; No RH control
\..6 - 'I‘
[0
5 +85 — - . . 1" """
= Minimum dwell time 20 h Maximum time 4 h
Ei - -t -
IS
2
Continue for|specific
Maximum 100 °C/h number of cycles
+25 Q g
O N\
Maximum 200 °C/h
Aol
/
Minimum dwell time 30 min
>
Time (h)
IEC

su2512

Figure 9

Humidity-freeze cycle — Temperature and humidity profile
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413 Damp heat test (MQT 13)

4.13.1 Purpose

To determine the ability of the module to withstand the effects of long-term penetration of humidity.
4.13.2 Apparatus

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

4.13.3 Preeedure

The test shall be carried out in accordance with IEC 60068-2-78:2012, 4.4. The test shall "be| carried out
with the following provisions.

Severities

Tes|t temperature: (85 +2) °C
Relptive humidity: (85 + 5) %

Test duration: (1 000 **8;) h
No preconditioning shall be performed.

Module copnectors shall be short-circuited, unless current is being applied according to optiops provided
in some ofthe technology-specific parts.

For flexiblg modules, the modules shall be mounted per the manufacturer’'s documentation with prescribed
substrate gnd adhesive or attachment/mounting means during the test.

4.13.4 Fipal measurements

After a recpvery time of between 2 h and 4 h at (23 + 5) °C and a relative humidity less than 5 % under
open-circult conditions, repeat the tests of MQT 01 and MQT 15.

4.13.5 Requirements

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

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

To determine that the terminations, the attachment of the terminations, and the attachment of the cables to
the body of the module will withstand stresses that are likely to be applied during normal assembly or
handling operations. Test in 4.14.2 (MQT 14.1) and test in 4.14.3 (MQT 14.2) are to be performed in
Sequence C after MQT 12 as given by the test flow in IEC 61215-1:2021.
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4.14.2 Retention of junction box on mounting surface (MQT 14.1)

4.14.21 Apparatus

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

Attaching the means for applying the force to the junction box shall not impair its functions.

4.14.2.2 Procedure

A force of
direction pz

40 N shall be gradually applied for (10 £ 1) s (in accordance to IEC 60068-2-2
rallel to the mounting surface parallel to the module edges, in steps of 90°.

1) in each

A force of 40 N shall be gradually applied for (10 £ 1) s without jerks, in a direction-perpendigular to the
mounting surface.

The pull forpe should be applied at the centre point of the box.

4.14.2.3 HKinal measurements

Repeat theltests of MQT 01 and MQT 15.

4.14.2.4 Requirements

During test] there shall be no displacement of the junetion box at the mounting surface impairing isolating
characterisfics.

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

b) Wet leak]
4143 Te

The junctio
shall meet
testing, the
anchorage

age current shall meet the same requirements as for the initial measurements.
5t of cord anchorage (MQT 14.2)

h box, separate-from the module, shall be tested to IEC 62790 "Test of cord anch
he requirements therein. If the junction box has been pre-qualified prior to IEC 61}
test report shall note the test lab name and date when the requirement was mef
test eahnot be applied to junction boxes with integrated connectors, and thus jund

with integrited connectors are exempt from this requirement. Exemption shall be noted in the te|

brage" and
P15-2:2021
. The cord
tion boxes
st report.

415 Wet

4151 Pu

leakage current test (MQT 15)

rpose

To evaluate the insulation of the module under wet operating conditions and verify that moisture from rain,
fog, dew or melted snow does not enter the active parts of the module circuitry, where it might cause
corrosion, an earth fault or a safety hazard.
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4.15.2 Apparatus

a) A shallow trough or tank of sufficient size to enable the module with frame to be placed in the solution in
a flat, horizontal position. It shall contain a water/wetting agent solution sufficient to wet the surfaces of the

module under test and meeting the following requirements:

Resistivity: 3 500 Q/cm or less

Solution temperature: (22 £ 2) °C

The depth of the solution shall be sufficient to cover all surfaces except junction box entries not designed

for immers
b) Spray e

c) DC volt

on.
luipment containing the same solution.

age source, with current limitation, capable of applying 500 V or the. maximum r3

voltage of {he module, whichever is more.

d) Instrument to measure insulation resistance.

4.15.3 Procedure

All connec

ions shall be representative of the recommended field wiring installation, and preca

be taken t¢ ensure that leakage currents do not originate from the instrumentation wiring atta

module.

ted system

utions shall
iched to the

a) Immersg¢ the module in the tank of the required solution to a depth sufficient to cover all surfaces except

junction bg
with a mati

b) Conneg
Connect th
conductor.
positive vo
applicable,
manufactu

X entries. The cable entries shall be.thoroughly sprayed with solution. If the module
hg connector, the connector should be sprayed during the test.

t the shorted output terminals of the module to the positive terminal of the test
e liquid test solution to(the negative terminal of the test equipment using a suita
Some module technologies may be sensitive to static polarization if the module is m
tage to the frame.-In-this case, the connection of the tester shall be done in the opp

information with-“respect to sensitivity to static polarization shall be provig
rer and documented in the test report.

c¢) Increas¢ the valtage applied by the test equipment at a rate not exceeding 500 V/s to 5

maximum

bystem voltage for the module, whichever is greater. Maintain the voltage at this lev

is provided

equipment.
ble metallic
pintained at
bsite way. If
ed by the

DO V or the
B| for 2 min.

Then deterlmine the insulation resistance.

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

voltage bui

Id-up on the module.

e) Ensure that the used solution is well rinsed off the module before continuing the testing.

4.15.4 Requirements

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

— For modules with an area larger than 0,1 m? the measured insulation resistance times the area of the
module shall not be less than 40 MQem?.
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4.16 Static mechanical load test (MQT 16)
4.16.1 Purpose

The purpose of this test is to determine the ability of the module to withstand a minimum static load. The
minimum required design load for a particular site will depend on construction, applicable standards,
building codes, probability of event occurrence, design assumptions and location/climate and might
require higher sampling rates and other safety factors y,.

To determine the maximum possible test load, e.g. by test-to-fail of a construction is not part of this
document.

MQT 16 vefifies minimum test loads. The manufacturer’s minimum design load is back cateulat¢d from the
above minimum test load. The test load is defined as

Test load = y,, x design load
where the dafety factor y,,, is at least =2 1,5.

The minimym required design load per this standard is 1 600 Pa that‘tesults in a minimum test load of 2
400 Pa.

The manufacturer may specify higher design load(s) for positive (downward) and negative (upward) and
also a higher y,, for certain applications. The design load(s) and y, are to be specified in the
documentation of the manufacturer per each mounting method.

EXAMPLE: Mpnufacturer specifies the following design loadsipositive 3 600 Pa and negative 2 400 Pa with y,, =|1,5. The test
sequence will pontain 3 cycles each performed at 5 400 Pa-positive and 3 600 Pa negative loading.

Each module undergoing MQT 16 test shall.be pre-tested according to Sequence E in IEC 612[15-1:2021,
unless a mpdule is an additional, full-size;, very large module tested alongside representative semples, as
described in IEC 61215-1:2021 Clause4.

NOTE Inhomggeneous snow loads are-not covered by this test. IEC 62938:2020 may be used.

4.16.2 Apparatus

a) A rigid test bas€ which enables the modules to be mounted front side up or front side dowp. The test
base shall [enable~the module to deflect freely during the load application within the constrgints of the
manufacturers préescribed method of mounting.

b) Instrumentation to monitor the electrical continuity of the module during the test.

c) Suitable weights or pressure means that enable the load to be applied in a gradual, uniform manner.
The test load may be applied pneumatically or by means of weights. All force shall be applied normal to
the module surface. The apparatus shall not contribute to the rigidity of the module (e.g. force applied via a
large, flat, plate).

d) The entire payload should be applied to the module surface uniformly and gradually without causing
impact spikes. The weight shall only be applied on the frontsheet (e.g. the glass) and not on the module
frame or cross support rails in the module. If weights are used to load the module, Annex A provides
additional recommendations to ensure quality control and consistency of test results.
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NOTE 1 With incremental loading where weights are loaded by hand, impact shocks not representative of field stress have been
observed and are undesirable.

e) If an automated system using pistons (or other discrete-point application) is used to load the module,
document the coverage ratio in the test report. Coverage ratio is the area under the suction cups
(connected to pistons or other contacting points to module) to the surface area of the module. A minimum

coverage ratio of 10 % is recommended to assure uniformity of loading on the module.

f) The environmental conditions for performing the tests are (25 + 5) °C in a relative humidity not
exceeding 75 %.
NOTE 2 As e a best case

condition for {
4163 P

a) Equip th
during the

b) Mount t
mounting 1
possibilitie
the modulg
configurati
cantilever

manner where the distance between the fixing points.is ‘worst case, which typically results i

deflection

means. All
flexible md
substrate &

c)Onthef
+5 % acro

d) Apply th
surface.

e) Repeat

4164 Fi

sting.

ocedure

e module so that the electrical continuity of the internal circuit can besmonitored G
est.

ne module on a rigid structure using the method prescribed, by'the manufacturer in

ontinuously

cluding the

neans (clips/clamps and any kind of fastener) and underlying support rails. If there are different

5 each mounting method needs to be evaluated sepafately. For all mounting meth
in a manner where the loading is worst case. If thefe are different possibilities, ead
bn needs to be evaluated separately. Worst case<loading is typically associated

ods, mount
h mounting
ith largest

overhang span) or largest deflection. For all.mounting configurations, mount the module in a

of the module, while following manufacturer recommendations for the specifie
bw the modules to equilibrate for a minimum of 2 h after MQT 13 before applying th
dules, the modules shall be mountéd per the manufacturer’s documentation with
nd adhesive or attachment meansduring the test.

ont surface, gradually and-uniformly apply the test load. Load uniformity needs to bg
55 the module with respect;to the test load. Maintain this load for 1 h.

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

steps ¢) and.d) for a total of three cycles.

hal.measurements

n the worst
1 mounting
e load. For
prescribed

better than

to the front

Repeat the tests of MQT 01 and MQT 15.

4.16.5 Requirements

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

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

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

4171

test (MQT 17)

Purpose

To verify that the module is capable of withstanding the impact of hail.

4.17.2 Apparatus

a) Moulds of suitable material for casting spherical ice balls of the required diameter. Minimum
requirement is a diameter of 25 mm. For hail prone locations larger ice balls may be required for testing as

listed in Tal

sed for the

hail test.

b) A freeze

c) A storage container for storing the ice balls at a temperature of (-4 £ 2) °C.

d) A launch
within the
horizontal,

e) A rigid mount for supporting the test module by the method\prescribed by the manufacture

impact surf;

f) A balancg for determining the mass of an ice ball to agraccuracy of +2 %.

g) An instru
be no more

As an exa
pneumatic
it takes the
types of ap

le 2 _The test mlnnrf should indicate what ice ball diameter and test \/nlnr*i’ry was u

controlled at (-10 £ 5) °C.

er capable of propelling an ice ball at the specified velocity, within'£5 %, so as to hit
specified impact location. The path of the ice ball from the ladncher to the modu
ertical or at any intermediate angle, so long as the test requirements are met.

hce normal to the path of the projected ice ball.

ment for measuring the velocity of the.ice ball to an accuracy of £2 %. The velocity s
than 1 m from the surface of the test\module.

mple, Figure 10 shows insschematic form a suitable apparatus comprising a
auncher, a vertical module:trount and a velocity meter which measures electronica
ice ball to traverse the distance between two light beams. This is only one examp

baratus including slingshots and spring-driven testers have been successfully utilized.

he module
le may be

er, with the

ensor shall

horizontal
ly the time
le as other
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Test gauge

Regulator

Air supply
] | ] -—

Photoelectric velocity

. measuring system
Solenoid valve large, g sy

fast-opening

1 m max.

[

[

Reservoir [ 1 [ I_I: ([

U o

[

Interchangeable |
barrels
Module /
Mounting frame
IEC
su1142a
Figure 10
Hail-test equipment
Table 2
Ice-ball' masses and test velocities
Diamefer Mass Test velocity Diameter Mass Tegt velocity

mm g m/s mm g m/s
25 7,53 23,0 55 80,2 33,9
35 20,7 27,2 65 132,0 36,7
45 43,9 30,7 75 203,0 39,5

4.17.3 Pv|ocedure

a) Using the moulds and the freezer, make a sufficient number of ice balls of the required size for the test,
including some for the preliminary adjustment of the launcher.

b) Examine each one for cracks, size and mass. An acceptable ball shall meet the following criteria:

—no cracks visible to the unaided eye;

— diameter within £ 5 % of that required;

— mass within £ 5 % of the appropriate nominal value in Table 2.

c) Place the balls in the storage container and leave them there for at least 1 h before use.
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d) Ensure that all surfaces of the launcher likely to be in contact with the ice balls are near room
temperature.

e) Fire a number of trial shots at a simulated target in accordance with step g) below and adjust the
launcher until the velocity of the ice ball, as measured with the velocity sensor in the prescribed position, is
within 5 % of the appropriate hailstone test velocity in Table 2.

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

g) Take an|ice ball from the storage container and place it in the launcher. Take aim,at the first impact
location spegcified in Table 3 and fire. The time between the removal of the ice ball'ffom the comftainer and
impact on the module shall not exceed 60 s.

h) Inspect the module in the impact area for signs of damage and make a.note of any visual effects of the
shot. Errorg of up to 10 mm from the specified location are acceptable.

i) If the mgdule is undamaged, repeat steps g) and h) for all thé. other impact locations in Table 3, as
illustrated in Figure 11.

Table@
Impact locations

Shot No. Location
1 Any cornérjof the module window, not more than one radius from the module edge.
2 Any.edge of the module, not more than one radius of ice-ball from the moglule edge.
3,4 Over the circuit near interconnects (i.e. cell interconnects and bus ribbong).
5,6 Over edges of the circuit (e.g. individual cells).
7,8 On the module window, not more than half diameter of ice ball from one of the points
at which the module is mounted to the supporting structure.
9,10 On the module window, at points farthest from the points selected above.
11 Any points which may prove especially vulnerable to hail impact like over fhe junction
box.

4.17.4 Finalmeasurements

Repeat tests MQT 01 and MQT 15.
4.17.5 Requirements
a) No evidence of major visual defects, as defined in IEC 61215-1:2021.

b) Wet leakage current shall meet the same requirements as for the initial measurements.
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Figure 11

thin film technologies

418 Bypass diode testing (MQT 18)

4181 By
4.18.1.1

To assess
to limit the

The testis
temperatu

ypass diode thermal test (MQT 18.1)

Purpose

detrimental effects of module hot-spot susceptibility.

e T, under continuous operation.

IEC

mpact locations: top for wafer/cell based technologies, bottom for monolithic

the adequacy of thé thermal design and relative long-term reliability of the bypass ¢

designed to determine the diode’s temperature characteristic and its maximum dig

brocessed

iodes used

de junction

4.18.1.2 Test sample

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

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

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

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

b) For more than three diodes in a junction box, select diodes in these locations:

1) Closest to the centre of the junction box.

2)N
3)C

ext closest to the centre of the junction box.

losest to the edge of the junction box.

If the bypass diodes are not accessible in the module type under test, a special sample can be prepared

for this tesf
standard pr
normal. Th
4.18.1.4 c)
functional n
shall allow
criteria.

418.1.3 £
a) Means fq

b) Means f
+0,5°C.

c) Means fd

d) Means f
with a puls
throughout
elevated i

be determined either by a measurement (MQT 06.1) at irradiance BSI, or by assuming lineari

circuit curre
short-circui
the relevan
combined 3

This sample shall be Tabricated to provide the same thermal environment for the
oduction module and does not have to be an active PV module. The test shall then
s special test sample shall be used only for measuring the bypass diode.tem
to k). Exposure to 1,25 times the STC short-circuit current shall be performed
hodule which is then used for making the final measurements of 4.18.1.57 The spe
electrical access to the three bypass diodes in locations complying,with the abov

\pparatus
r heating the module to a temperature of (90 + 5) °C.

br monitoring the temperature of the module totan accuracy of + 2,0 °C and repe

r measuring the junction voltage V of the'bypass diodes to an accuracy of 2 %.

r applying a current equal to 1,254imes the STC short-circuit current of the modulg
width not exceeding 1 ms and‘means for monitoring the flow of current through t
the test. For bifacial modules, the applicable current is 1,25 times short-circuit
Adiance BSI, as defined in{EC 61215-1:2021. The short-circuit current at irradiang

nt with irradiance (as\défined in IEC 60904-10). Assuming linearity allows one to c4
current at BSI, I gy, using /5. values measured for Gate No. 1 (Isc-STC and Isc-
equivalent irrddiances: 1 000 Wm, Ggypy, and Ggg. To extrapolate /. g, these qu
s follows:

I

sc—STC)

(Isc—BNPI B
5 - (Gpsr — Ggypr)

GBNP] - 1000 Wm_

1

se—Bs1 = Lse—nNnpI

diode as a
broceed as
berature in
on a fully
Lial sample
e selection

atability of

under test
ne module,
current at
e BSI may
ty of short-
Iculate the
BNPI), and
antities are

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

Ganp = 1000Wm >+ ¢-135Wm >
Gygy = 1000Wm >+ ¢-300Wm >

¢ = Min (go[vc’ (meaX)
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4.18.1.4 Procedure

a) Electrically short any blocking diodes incorporated in the module.

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

c) Connect the lead wire for Vp and I on both diode terminals as shown in Figure 12.

If the diodes are potted the connections shall be made hy the module manufacturer hefore de

module.

Care shall
misinterpre
from the te|

be taken that the lead wires do not cause heat dissipation from the terminal bo
tation of the test results. Thus, current connections should be made as_far as po
rminal box, and voltage probes made as small and thin as possible.

tb *+VWp -Wbo -

L]

Bypass diode

Cell Cell

___,_____
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|

e _

su1146a

IEC

ivery of the

leading to
5sible away

d) Heat the module and junction box up to a temperature of (30 £ 2) °C.

Figure 12

Bypass diode thermal test

e) Apply the pulsed current (pulse width 1 ms) equal to the STC short-circuit current of the module,
measure the forward voltage Vy, of diode. For bifacial modules, use the value of the short-circuit current at
elevated irradiance BSI.

f) Using the same procedure, measure Vp, at (50 £ 2) °C.
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g) Using the same procedure, measure Vp3 at (70 £ 2) °C.

h) Using the same procedure, measure Vp, at (90 + 2) °C.

i) Then, obtain the V versus T, characteristic by a least-squares-fit curve from Vp,, Vp,, Vpz and Vp,.
T, is assumed to be the ambient temperature of the junction box for steps d) to i).

j) Heat the module to (75 = 5) °C. Apply a current to the module equal to the short circuit current /. + 2 %
of the module as determined in step b). After 1 h measure the forward voltage of each of the selected
diodes.

If the moduje contains a heat sink specifically designed to reduce the operating temperature”of the diode,
this test mdy be performed at the temperature the heat sink reaches under conditions, of 4 000 W/m?, (43
1 3) °C ambient with no wind rather than at 75 °C.

k) Using thg Vp versus T, characteristic obtained in item i), obtain T, from Vp at. 74, = 75 °C, Ip|= Iy of the
diode during the testin j).

) Increase the applied current to 1,25 times the short-circuit current of the module as determinefl in step b)
while maintgining the module temperature at (75 + 5) °C.

m) Maintair the current flow for 1 h.

4.18.1.5 Hinal measurements

Repeat theltests of MQT 01, MQT 15 and MQT 18.2:
4.18.1.6 Requirements

a) The digde junction temperature\’T, as determined in 4.18.1.4 k) shall not exceed |the diode
manufacturer’s maximum junction temperature rating for continuous operation.

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

d) The diodg shall-still function as a diode after the conclusion of the test as per MQT 18.2.

4.18.2 Bypassdiodefunctionality test-(MQT18:2)
4.18.2.1 Purpose

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

4.18.2.2 Apparatus

Means for measuring current-voltage curve within 1 s; e.g. I-V curve tracer, with an accuracy of the voltage
and current measurements of £1 % of the open-circuit voltage and short-circuit current, respectively.
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4.18.2.3 Procedure

4.18.2.3.1

The test ca

4.18.2.3.2

General
n be conducted according to either of the following two methods.

Method A

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

a) Electrica

Some mod
cable to en

b) Determ
modules, U

c) Connec
and the D
respective
and throug

d) Run cur

4.18.2.3.3

Successivge

determina
to “turn on’

4.18.2.4

4.18.2.4.1

lly short any blocking diodes incorporated to the test sample.

ules have overlapping bypass diode circuits. In this case it may be necessary 'to inst
sure that all of the current is flowing through one bypass diode.

ne the rated STC short-circuit current of the test sample from ‘its"name plate.
se the value of Isc measured at STC.

the DC power source’s I-V curve tracer’s positive output to-the test sample’s negat
C power source’s /-V curve tracer’s negative output to the test sample’s positi
y. With this configuration the current shall pass thrdugh the solar cells in the rever,
h the bypass diode(s) in the forward direction.

ent sweep from 0 A to 1,25 x /. and record yoltage. Use the value of /;; determined

Method B

on (MQT 02) with portions offa string in the interconnection circuit completely shag
the diode. This procedure.should be repeated for each substring.

Requirements

Method A

In the curr
on the dat

shall meet the following requirement:

i

bnt sweep‘of 4.18.2.3.2 d), identify the largest current at which the forward voltage
sheetyThe diode(s) forward voltage measured at the identified current is defined 4§

all a jumper

For bifacial

ve terminal
e terminal,
5e direction

in step b).

I-V measurements of the PV ,module can be performed in conjunction with maxifnum power

ed in order

is specified
s VFM and

where:
N isth
VFMrated [

4.18.2.4.2

VEM = (NX VFMrated) +10%

e number of bypass diodes;
s the diode forward voltage as defined in diode data sheet for 25 °C.

Method B

The bypass diode belonging to the shadowed string is working properly, if the characteristic bend in the /-V
curve is observed
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