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This
allows the)user to identify the changes made to the previous IEC 62759-1:2015 edition|
Furthermore, comments from IEC TC 82 experts are provided to explain the reasor

INTERNATIONAL ELECTROTECHNICAL COMMISSION

PHOTOVOLTAIC (PV) MODULES -
TRANSPORTATION TESTING -

Part 1: Transportation and shipping of module package units

FOREWORD

The International Electrotechnical Commission (IEC) is a worldwide organization for standardization)comp

rising

al| national electrotechnical committees (IEC National Committees). The object of IEC is to promate interndtional

cd-operation on all questions concerning standardization in the electrical and electronic fields! ;To this en
injaddition to other activities, IEC publishes International Standards, Technical Specificationsy.Jechnical Re|
Publicly Available Specifications (PAS) and Guides (hereafter referred to as “IEC ‘Publication(s)”).
preparation is entrusted to technical committees; any IEC National Committee interested in the subject dea
may participate in this preparatory work. International, governmental and non-governmental organizations li
with the IEC also participate in this preparation. IEC collaborates closely with thé International Organizati
Standardization (ISO) in accordance with conditions determined by agreement(etween the two organizati

The formal decisions or agreements of IEC on technical matters express, as nearly as possible, an interng
cdnsensus of opinion on the relevant subjects since each technical ,committee has representation frg
inferested IEC National Committees.
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IE[C Publications have the form of recommendations for internatignal use and are accepted by IEC National

Committees in that sense. While all reasonable efforts are made to ensure that the technical content g
Publications is accurate, IEC cannot be held responsible for'the way in which they are used or fog
m|sinterpretation by any end user.

In[ order to promote international uniformity, IEC Natiopal Committees undertake to apply IEC Public
transparently to the maximum extent possible in their nafienal and regional publications. Any divergence be
arly IEC Publication and the corresponding national @Fregional publication shall be clearly indicated in the

IE[C itself does not provide any attestation of conformity. Independent certification bodies provide conf
agsessment services and, in some areas, access to IEC marks of conformity. IEC is not responsible fd
sdrvices carried out by independent certification bodies.

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

members of its technical committe€s*and IEC National Committees for any personal injury, property dam
other damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fee
expenses arising out of the ‘publication, use of, or reliance upon, this IEC Publication or any othe
Pdiblications.

Aftention is drawn to the,'Normative references cited in this publication. Use of the referenced publicati
inflispensable for the correct application of this publication.

Aftention is drawn‘te the possibility that some of the elements of this IEC Publication may be the subject of f
rights. IEC shall.not be held responsible for identifying any or all such patent rights.

commented version (CMV) of the official standard IEC 62759-1:2022 edition

N¢ liability shall attach to IEC or its;directors, employees, servants or agents including individual exper’fi and
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ween
atter.

rmity
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ge or
and
I IEC

ns is

atent

2.0
1.0.

s of

the mostretevant changes, or 1o clarity any part ot the content.

A vertical bar appears in the margin wherever a change has been made. Additions are in
green text, deletions are in strikethrough red text. Experts' comments are identified by a
blue-background number. Mouse over a number to display a pop-up note with the
comment.

This publication contains the CMV and the official standard. The full list of comments is
available at the end of the CMV.
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IEC 62759-1 has been prepared by IEC technical committee 82: Solar photovoltaic energy
systems. It is an International Standard.

This second edition cancels and replaces the first edition published in 2015. This edition

cons

titutes a technical revision.

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

a) Cancellation of tests and references to relevant standards for CPV.

pd in

(PV)

able
are

| the
the

b) EC:GtIUII Uf d;ffC|c||t U:GDOCD fUI P‘V’ IIIUdu:CO.
c) Deletion of requirement for minimum 10 modules per shipping unit.
d) Implementation of stabilization as intermediate measurement.
e) Addition of pass/fail criteria.
f) CGhange of requirements for retesting.
g) (¢hange of number of cycles in dynamic mechanical load test. See also clause 6.4.2.1
The text of this International Standard is based on the following documents:
Draft Report on veting

82/2029/FDIS 82/2052/RVD
Full [nformation on the voting for its approval can besfound in the report on voting indicat
the gbove table.
The Janguage used for the development of thi§’international Standard is English.
A list of all parts in the IEC 62759 serigs; published under the general title Photovoltaic
modyles — Transportation testing, can\bé found on the IEC website.
This|document was drafted in a¢eordance with ISO/IEC Directives, Part 2, and developgd in
accordance with ISO/IEC Diréctives, Part 1 and ISO/IEC Directives, IEC Supplement, avai
at www.iec.ch/members_experts/refdocs. The main document types developed by IEG
desdgribed in greater detail at www.iec.ch/standardsdev/publications.
The committee has'décided that the contents of this document will remain unchanged unt
stabllity date indicated on the IEC website under webstore.iec.ch in the data related tg
spedific document. At this date, the document will be
e reconfirmed,
e withdrawn,

e replaced by a revised edition, or

e a

mended.

IMPORTANT - The "colour inside" logo on the cover page of this document indicates that it
contains colours which are considered to be useful for the correct understanding of its
contents. Users should therefore print this document using a colour printer.
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PHOTOVOLTAIC (PV) MODULES -
TRANSPORTATION TESTING -

Part 1: Transportation and shipping of module package units

1 Scope-and-object

Phot
durin
may

This

ovoltaic (PV) modules are electrical devices intended for continuous outdoor expg
g their lifetime. Existing type approval standards do not consider mechanical stresseg
occur during transportation to the PV installation destination.

part of IEC 62759 describes methods for the simulation of transportation of com

sure
that

Dlete

packiage units of modules and combined subsequent environmental impaects;-it-does-however
B e |

Fhisistandard-is-designed-so-thatitstest sequence-can-—co-ordinate-with-those-of tEC-6121-5-or
IEC-p1646,—so-that-a-singleset-of samples—may-be-used-topericrmboth-thetransportption
simylation-and performance evaluation of a photovoltaic module design. This standard applies
to-flgt-plate-photovoliaic-modulesbutmay-also-be-used-as-a-basisfortesting-o-CRP\-modules
and-gssemblies. 2

A list of design modifications which require a retest4g provided in Annex B.

This|document applies to flat plate photovoltajc modules.

2 Normative references

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

IEC $0068-2-27:2008, Environmental testing — Part 2-27: Tests — Test Ea and guidance: Shock

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

appr

oval — Part 1: Test requirements

IEC 61215-2:2021, Terrestrial photovoltaic (PV) modules — Design qualification and type
approval — Part 2: Test procedures



This has been the reason why a new edition had to be created. In the previous edition only requirements for testing have been listed, but no pass/fail criteria. So the testing labs had to define their own criteria. To have globally the same requirements the pass/fail criteria have been added.

The subsequent tests after conditioning are explicit for flat plate modules.

https://iecnorm.com/api/?name=7adb757a2c1e217769fbfc5cb000fbb9
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IEC 61730-2:20042022, Photovoltaic (PV) module safety qualification — Part 2: Requirements
for testing

IEC TS 61836, Solar photovoltaic (PV) energy systems — Terms, definitions and symbols

IEC TS 62782:2016,-Dynamic-mechanical-Hoad-testingfor Photovoltaic (PV) modules — Cyclic
(dynamic) mechanical load testing-{to-be-published)
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ASTM D880-92:2008, Standard Test Method for Impact Testing for Shipping~Containers and
Systems

ASTM D44689:-2008
LI = A S ESAS Ry S~ A~ A
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Systems
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ASTM D4169-16, Standard Practice for Performance Testing-/of Shipping Containers| and
Systems

ASTM D4728:2006, Standard Test Method for Random-\ibration Testing of Shipping Contajners

ASTM D5277-92:1992, Test method for performing programmed horizontal impact using an
inclined impact tester

ISTA 3E:20092017, Unitized Loads of Same Product
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3 Terms and definitions

For the purposes of-this document, the terms and definitions given in IEC TS 61836:4999 and
the fpllowing apply.

ISO pnd IEC™maintain terminological databases for use in standardization at the following
addressess

FC<Electropedia: available at http://www.electropedia.org/

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

3.1
bandwidth
difference in Hz between the upper and lower limits of a frequency band

Note 1 to entry: For the purposes of the described test method, the bandwidth may be considered equivalent to the
frequency resolution of a spectrum analysis.

3.2
overall ggus

square root of the integral of power spectral density over the total frequency range

Note 1 to entry: It describes the severity or harshness of the testing grade.


http://www.electropedia.org/
http://www.iso.org/obp
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3.3

root mean square

RMS

square root of the mean square value

Note 1 to entry: In the exclusive case of a sine wave, the RMS value is 0,707 times peak value.

3.4
random vibration
oscillation whose instantaneous amplitude is not prescribed for any given instant in time

Note [ to entry: The instantaneous amplitudes of a random vibration are prescribed by a probability distripution
functipn, the integral of which, over a given amplitude range, will give the probable percentage of timée-that the
amplifude will fall within that range.

Note P to entry: Random vibration contains no periodic or quasi-periodic components.

3.5
packaging
matdrial and technology used to protect goods from transportation, siresses and separate
indiviidual units from each other

3.6
powepr spectral density
PSD
exprgssion of random vibration in terms of mean square,acceleration per unit of frequency}Fhe

unitg-are-g2/Hz (g2lcycles/s)-

Note [l to entry: Power spectral density is the limit of the, mean square amplitude in a given rectangular wavg¢band
dividgd by the bandwidth, as the bandwidth approaches zero~

Note P to entry: The units are (m/s2)2/Hz, it is equakie m2/s3. The coherent non-SI unit is g2/Hz.

3.7
grade-A-PV-modules

4 Sampling

As test, samples for the basic transportation and shock test methods, a shipping unit of PV
modulesy shall be taken at random from a production batch or batches. When the test sanpples
are prototypes of @ mew desigmand ot fromm production, thisfactstatbenoted—imthe  test
report. The shipping unit shall contain the usual-ameunt number of PV modules.—Fhis—test

Further three-grade-A PV modules are to be taken from a separate shipping unit not undergoing
any transportation simulation.



To increase accuracy of assessment it has been decided that only fully operational samples shall be used.

https://iecnorm.com/api/?name=7adb757a2c1e217769fbfc5cb000fbb9
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Use the regular shipment packaging materials with the modules, as marketed and designed by
the manufacturer.

The
acco
the 1

The
by t
inclu

The
used

NOTH
5

The
desg
addi

For the transportation from the manufacturer to the test laboratory special care should be t

to aV
trang
— tes

Testing procedures

modules shall be complete in every detail, including a type label and shall be accompg
ne manufacturer's handling, mounting, shipping/packaging and installatien instruct
ding the information of the maximum permissible system voltage.

est specimen of shipping unit shall be packed in accordance with\the standard proced
to ship modules to customers.

Handling

test samples shall be handled with suitable. care prior to the application of the
ribed in this document. It-shal should be ensured that the test samples are not expos
ional mechanical impacts in form of shocks, rough handling, dropping, etc.

oid any kind of damage. A special\packaging concept, e.g. an additional packaging, sp
portation method, etc., may be-considered for this particular shipping route (manufac
t site). Testing shall be carcied out without additional packaging.

General

brmance measurements, visual mspectlon insulation and wet Ieakage current testing
brformed-in. accordance with

5- IEGB1215-2:2021, MQT 01, MQT 02 and in accordance with IEC 61730 2 2022
hd MST 17 as-relative reference initial and control measurements. Jéleetrelemmeseen

es-cah be used to-support the evaluation of the sam
e5CcahobeuUSea+t f

':

rdance with the reIevant drawrngs and process sheets and shall have been subJect
nanufacturer's normal inspection, quality control and production acceptance progedur

ures

ests
ed to

bken
ecial
furer

shall

n
\v 4 U P POt OO T—tc—oattpP T T T LR

Electroluminescence images according to IEC TS 60904-13 may be used to detect cracks which
are not visible at initial and intermediate status (no pass/fail criteria are specified).

The actual transportation test is shown in Figure 1-ferP\/-meodulesFigure- 2 showsapessible
test-sequencefor CP\.-modules. The sequences of combined transportation stress testing and

the possible effects of these impacts on the PV modules shall detect early failures in regards
to future life time stresses.


https://iecnorm.com/api/?name=7adb757a2c1e217769fbfc5cb000fbb9
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Q

Separate modules, that have not undergone any transportation testing, are also sCBjectead to

the stress tests in sequences A and B.-Failures-induced-by-the-transpertationssimaulationfand
pote| ially—worsen—defe due—to—the—environmen a e e hat-be’ identifidd—in
comparison-to-the-modulestested-without-any-transportationpre-damages These modules
shal|l be used to identify if defects are caused by transportation%es and subseduent
envifonmental test, or by environmental test only. /\<Q



The test sequences are not aligned anymore, so the option of a combined testing has been deleted.

https://iecnorm.com/api/?name=7adb757a2c1e217769fbfc5cb000fbb9
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3 x modules from separate shipping
unit

All modules from shipping unit
Minimum 10 modules

v

Y

Initial measurements™

Initial measurements™

Transport simulation with
complete shipping unit
Main reference: ASTM D 4169
Frequency range (min): 5-200 Hz

]
2 x modules for
1 x reference subsequent
module environmental
test S

Test severity (min): 0,49 grus

IEC 62759-1:2022 CMV © IEC 2022

Test duration (min): 180 min

Shock (incline impact) and
rotational edge drop tests

100 half sine shocks 10 g (11 ms)
according IEC 60068-2-27

Horizontal impact ASFM.D5277
half sine 1g (350.ms)

Intermediate/measurements™

|

| I

1 x module with high perfermance loss
1 x module with low performance loss
1 x module from separate shipping unit

1 x module with high performance los
1 x module with low performance loss
1 x module from separate shipping un

o

v

Thermal cycles
200(cycles acc. IEC 61215/61646
10.11

v

Dynamic mechanical load —
IEC 62782
250 cycles / + 1000 Pa / 24s/cycle
1

Thermal cycles
50 cycles acc. IEC 61215/61646
10.11

Humidity freeze 20
acc. IEC 61215/61646,10.12

Mechanical load 2400 Pa

ace. IEC 6 1215/6 1646, 1016

Final measurements™

IEC
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*

| 3 x modules from separate shipping unit I | All modules from one shipping unit |
I I
Initial measurements* | | Initial measurements* I
' I
| ] 6.3 Transportation testing
1 x reference 2 x modules Packaging system with PV modules
module for subsequent | : T
environmental ' 6.3.2 Random vibration testing
stress tests "
v ' 6.3.3 Shock testing
' '
] \ L
1 i H 4
- . 2241 Hf‘ <l = i r3
! |
: s e .
1
: 6.3.3.2 Rotational edge drop test f
] |
: I I
: I 6.3.3.3 Vertical shock test | ,
1 T !
L]
: | 6.3.3.4 Horizontal impact test | ,
1
‘ I '
|
H Intermediate measurements* :
1
: L l
' 6.4 Environmental stress tests :
i PV modules :
1
I )
H 6.4.1 Path A 6.4.2 Path B -
I L
H [ | i
1 module with highest performance loss 1 x module with second highest performance loss
1 x module with lowest performance loss 1 x module with second lowest performance loss
1 x module from separate shipping unit 1 x module from separate shipping unit
I |
Thermal cycling test Cyclic (dynamic) mechanical load
200 cycles acc. to IEC 61215-2:2021 IEC TS 62782:2016 (1 000 cycles)
(MQT 11) T
Thermal cycling test
50 cycles acc. to IEC 61215-2:2021
(MQT 11)
I
Humidity freeze test
20 cycles acc. to IEC 61215-2:2021
(MQT 12)
|
Static mechanical load test
acc. To IEC 61215-2:2021
(MQT 16)
+ |
Final measurements*®

See 6.2 for details on measurements.

Figure 1 — Test sequences for PV modules |5

IEC



Several issues have been modified in relevant clauses, so Figure 1 had to be modified, too.
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3 x modules from separate shipping
unit

All modues from shipping unit
Minimum 10 modules

v

v

Initial measurements®

Initial measurements*

2 x modules for
1 x reference subsequent

Transport simulation with
complete shipping unit

ACTALIN 4400

module environmentat
testing
-

Frequency range (min): 5-200 Hz
Test severity (min): 0,49 grus
Test duration (min): 180 min

Shock (incline impact) and
rotational edge drop”"tests

100 half sine shocks10 g (11 ms)
according IEC60068-2-27

Horizontal impact ASTM D5277
half sine 1g (350 ms)

Intermediate measurements*

|

1 x module with high performance loss
1 x module with low performance loss
1 x module from separate shipping unit

Y

Dynamic mechanical load —
IEC 62782

250 cycles / £ 1000 Pa / 24s/cycle

Thermal cycles
acc. IEC 62108,10.6

Humidity freeze
acc. |[EC 62108.10.8

Mechanical load 2400 Pa
acc. [IEC62108.10.3

Final measurements*

IEC
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6.2 Measurements

Each initial, intermediate and final measurement shall characterize the electrical performance
of the PV modules and document the influence of the stress tests. The initial, intermediate and
final measurements are:

e Visual inspection according to—1EC64215:2005, 1EC61646:2008,—respectively
{EC62108:200740-4 IEC 61215-2:2021 (MQT 01)

o Stabilization (optional for intermediate measurements) according to IEC 61215-2:2021
(MQT 19) |6

jvely

L—G—62498—2G97—1—9—2 IEC 61215 2: 2021 (MQT 02)

hsulation test according to : .
EC-62108:2007-10-4 IEC 61730-2:2022 (MST 16)

I
i
Ground Continuity test of equipotential bonding according to—1EC64730-2:2004110-4
respectively 1EC-62108,140-3 IEC 61730-2:2021 (MST 13)
Vi
H

Vet leakage current test according to+EC-64245:2005,1EC 61646:2088,10-15respectively
EC-62108,10-5 IEC 61730-2:2022 (MST 17)

e Hlectroluminescence images according to IEC TS 60904-13 or alternative methods,| e.g.
dark I-V, may be used to detect cracks which are not yisible at initial and intermediate sfatus
(po pass/fail criteria are specified).

NOTH While the maximum power determination is only a-relative reference measurement, some PV technologies
may-tequire—preconditioning need stabilization according te’heir respective type approval standard to arr|ve at
mean|ngful data.

6.3 | Transportation testing
6.3.1 General

Performing tests of random vibration’and various shock tests on the complete package sygtem
of mpdules simulates road transportation and the related mechanical impacts on shipping pnits
and the(S) PV modules that-are contained within.

The packaged-productsshall be stored at laboratory ambient temperature and humidity for|12 h
priorf to starting the tests.

NOTH Sequence~Byof Figure 1 can be extended by the UV preconditioning test to be able to coordinatg¢ with
IEC 6[1215-0r1EC-61646 if desired.

Whilg the={C) PV modules are carefully unpacked, the modules shall be marked: the original

packagding-situation state and the module position, e.g. vertically or horizontally stacked within
the Iror‘llocc- thlnlning unit shall be 2dnr1|||nfply documented

After the initial measurements described in 6.2, the modules shall be restored to their original
packaged condition in order to perform the tests described in 6.3.2 and 6.3.3.

6.3.2 Random vibration testing
6.3.2.1 Purpose

Transportation simulation is achieved through a random vibration test. Truck transportation is
considered to be the most severe method of long distance transportation for shipping goods.
The truck transportation test therefore covers most other means of transportation.



This new requirement is mandatory for evaluation of power degradation, and therefore for pass/fail criteria.
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6.3.2.2 Apparatus

Test equipment as described in ASTM D4728:2006, Clause 5 — Apparatus shall be used.

6.3.2.3 Procedure

The transportation simulation shall be performed in accordance with ASTM D4169-16 with one
complete stack of modules:

The applied test profile shall meet the following requirements:

a) ATrequency range-eFwithin 5 from 1 Hz |7 to 200 Hz.

b) A test severity not below-6;49 0,54 ggys 8 as described in Annex A.
c) The test duration shall last at least 180 min.

d) Bxcitation axis: vertical.

Follgwing the random vibration test, a series of shock tests shall be carried out on the shigping

6.3.3 Shock testing
6.3.3.1 Incline impact test
6.3.3.1.1 Purpose

The |incline impact test shall be performed to simulate stress potentially caused by farklift
trangportation.

6.3.3.1.2 Apparatus

Test|equipment as described in ASTM D880-92 shall be used.

6.3.3.1.3 Procedure

The procedure as described inJSTA 3E Test Block 2 shall be followed.

6.3.3.2 Rotational edge drop test
6.3.3.2.1 Purpose

A rofational edge drop test shall be performed to test the integrity of the shipping suppdrting
unity pallet,

6.3.3.2.2 Apparatus

Test equipment as described in ISTA 3E Test Block 3 shall be used.

6.3.3.2.3 Procedure

The procedure as described in ISTA 3E Test Block 3 shall be followed.

6.3.3.3 Vertical shock test
6.3.3.3.1 Purpose

A shock test according to IEC 60068-2-27 shall be performed. This test procedure simulates
stresses as may be caused by potholes or sidewalk edges which are not covered by the random
vibration test.


To cover standard and realistic truck transportation stress the frequencies between 1 Hz and 5 Hz had to be added.

To cover standard and realistic truck transportation stress the test severity has been increased. See also reference to ISTA 3E:2017.
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6.3.3.3.2 Apparatus

Test equipment as described in IEC 60068-2-27:2008, Clause 4 shall be used.

The following deviation will be tolerated, if the applied variations are explained and clearly
documented in the report:

o Extension of the mounting table in order to fit larger package units in an appropriate way.

6.3.3.3.3 Procedure

Mdz diraction)

100 haolf cincaidal choaalea ot ration of 44 e chall ha annlind v aptinall
AT SO SOTOTT STIOTCKS Wit GoTatoTT— O T o Srrar oCappcUveTatarry (Z G o CtoTT)T

6.3.3.4 Horizontal impact test
6.3.3.4.1 Purpose

For festing the integrity of the shipping unit regarding internal displacements or displacenjents
of the shipping goods against the pallet, an incline impact test shall be perfermed in accordance
with [ASTM D5277-92. This test simulates sudden deceleration and, sideward acceleratipn in
curves during truck transportation.

6.3.3.4.2 Apparatus

Test|equipment as described in ASTM D5277-92 shall be used.

6.3.3.4.3 Procedure
A tesgt according to ASTM D5277-92 “test method.for performing programmed horizontal infpact

using an incline impact tester” shall be performed. The difference compared to the incline impact
test [s that the shipping unit is deceleratedon‘the transport sledge / transport vehicle.

The pallet has to be restrained, and th&oad on top of the pallet has to be unrestrained.

The characteristic of this impact/shall be half sinusoidal shock like. The half sinus shock ghall
haveg a deceleration of 1 g and:alength of 350 ms and shall be applied on each horizontal gide.

It is pommon to start with.an initial value of 0,3 g and increase the deceleration stepwise|until
the iptegrity of the shipping unit is damaged or the end value of 1 g is reached.

6.4 | Environmental stress tests
6-41— PV modules
6.4.1 Path A

6.4.1.1 General

The transportation test is followed by a thermal cycling test in accordance with-1EC-61215:2005
Fespeenvely—LEG@%%GGS—tM4 IEC 61215 2 2021 MQT 11 for 200 cycles Qu%mg%hrs

6.4.1.2 Sample allocation for path A

a) 1 x module (highest power loss relative to initial measurement after transport simulation);
b) 1 x module (lowest power loss relative to initial measurement after transport simulation);
c) 1 x module from separate shipping unit.
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NOTE The thermal cycling test represents the worst case variability of temperature in temperate climates. In
general, PV modules are multilayer products. Each material (layer) has a different thermal expansion. This causes
stress between the layers while thermal cycling. The cells, the joints and cell/string connectors may be especially
prone to strains.

6.4.2 Path B
6.4.2.1 General

The transportation test is followed by a dynamic mechanical load test according to
IEC TS 62782 (1 000 cycles), a thermal cycling test according to+EGC-61215respesctively
EC-61646,—10-41 IEC 61215-2:2021 MQT 11 with 50 cycles and a humidity-freeze test
accopdirg—te—H=C-6421b6—+espectvelytEC64646—40421EC64246-22024—-MOF—2—with 20
cyclgs. The sequence concludes with a mechanical load test according to—EEC6{215

resppetively 1EC61646,—10-146 MQT 16 of IEC 61215-2:2021 in upwards and dewnwards
diregtion.

The dynamic mechanical load test for photovoltaic modules is described in IECJTS 62782] The
module shall be installed according to the installation manual of the manufacturer. If difféerent
moupting techniques are possible, the worst case mounting situation shall’be applied.

6.4.2.2 Sample allocation for path B

a) 1[ x module (second |9 highest power loss relative to initial measurement after trangport
simulation);

b) 1 x module (second lowest power loss relative to (nitial measurement after trangport
simulation);

c) 1 x module from separate shipping unit.

A shipping unit design for PV modules shall be judged to have passed the qualification tests,
and therefore to be type approved, if each PV module test sample meets all the following
criteria:

a) After the complete test sequence (of path A and B), the maximum power output drop of each
module P, shall be less than 5 %, referenced to the module’s initial measured power

output P, (Lab, Initial). Each test sample shall meet the following criterion:

r|%
Py (Lab, Final) = 0,95 x Py, (Lab, Initial) x (1 - 1'()‘())') (1)


This way it is precisely described which sample has to be used.

This section has been added to enable the assessment of the results.
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Each test report shall include at least the following information:

where
r is the reproducibility according to IEC 61215-1;

P ax(Lab, Final) is the final measured maximum power output;
P ax(Lab, Initial) is the initial measured maximum power output.

The reproducibility » shall be calculated as defined in IEC 61215-1 using the levels given in
the technology specific parts of IEC 61215-1.

No sample has shown any open circuit during the tests.

There is no visual evidence of a major defect, as defined in IEC 61215-1: 2021, Clause 8.

he prescribed insulation test requirements are met after the tests at the initial, intermefliate
nd final measurements.

Tlhe prescribed wet leakage current test requirements are met at the initial,.intermegiate
dnd final measurements.

Tlhe requirements of the continuity test of equipotential bonding are Met at the initial,
mtermediate and final measurements.

(@)

pecific requirements of the individual tests in path A and B are mét,

Reporting

d title;
name and address of the test laboratory and Iqcation where the tests were carried out

nique identification of the report and of each _page;
ame and address of client, where appropriate;
description and identification of the item tested;
characterization and condition of the-test item;
date of receipt of test item and«date(s) of test, where appropriate;
identification of test methodrused;
reference to sampling pro¢edure, where relevant;

the applied standard.for transportation testing and the used test profile, any deviations from,
ddditions to or exclusions from the test method, and any other information relevant|to a
sppecific test, such' as environmental conditions, or the irradiation dose in kWh/m?2 at wWhich
sftability is reaghed;

easurements, examinations and derived results supported by tables, graphs, sketcheg and
hotographs respectively eIectrqumlnescenceﬁaFtheFmal—kmages if appllcable Oof

damages of the packaglng system

camera properties of electroluminescence-and-thermalimaging devices as well as the used
current on the PV module and the exposure time, if applicable;

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

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

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

a statement that the report shall not be reproduced except in full, without the written
approval of the laboratory.

A copy of this report shall be kept by the manufacturer for reference purposes.
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Annex A
(rormative informative)

Test profiles

Overview

For informative purposes, the following PSD test profiles are shown and analyzed according to
the criteria defined in Clause 6.The main reference for transport testing is the PSD profile out

of the—stamdard—ASTMD4 169 —Other PSD—profites—atso—futfit—the—tramsportatiom—te

requ
The

which are defined in Clause 6. The result of the analysis is shown in Table A.1. The-listed

profi

rements. The relevant frequency range for examination is between-5 1 Hz and20(
result of the analysis is shown in Table A.1. The listed test profiles fulfill the requireni

es pass the requirements defined in Clause 6.

Table A.1 — Severity of common transport test profiles;
complete and in range (5 1 Hz to 200 Hz)

sting
Hz.
ents
test

Name test profile Irms(6-Hz—2007HzY 9rus COmplete prof

le

Main reference: ASTM D4169 (truck medium) 0,499 0,520

ISTA3E 0504 0,540

MIL

BTD 810G /HEC-60064-2-64 |IEC 60068-2-64 05950 1,040

ISO

13355 0:583 0,590

The
Test

trangportation test profiles have the majority of the energy between the frequencies of-5

and

shodld therefore only include vibrations between-5 1 Hz and 200 Hz.

resonance of PV modules depends on the-construction, including mass, size and stiffr
5 have shown that the slowest fundamental resonance of a PV module is ~ 5 Hz.

P00 Hz. A reasonable benchmark.for different transportation test profiles for PV mogq

Data points of appropriate PSD test profiles

ess.
Most
1 Hz
ules
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. Table A5—ISTA3E
Table- A2 —Mainreference-ASTM-D4169
(truck medium)
2
g-/Hz
Frequenecy Hz
gltHz
Hz 1 0;0072
1 0,00005 3 0,018
4 0,04 4 0500148
16 0,01 6 0,00072
40 0001 12 0;00072
80 0,001 16 0,0038.
200 0,00001 25 0,0638
0,520 gy s 30 000072
40 0,0036
able A.3 — Grid-points 1SO 13355 8o 0,0036
100 0,00036
Frequeney Iz 200 0,000018
Hz
3 0.0005 0,54¢-g s
6 0,012
18 0,012
40 0,001
200 0.,0005
0:590-g s
Fable- A-4 —IEC-60068-2-64-/
MIL-STD-810G
2
gHz
Hz
5 0,045
40 0015
500 0,00015
+040-gpys
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The following profile has been chosen for the testing of PV shipping units. Table A.2 identifies
the profile boundaries of the PSD excitation profiles analysed and shown in Table A.1 and

Figure A.1.

Table A.2 — ASTM D4169-16 (medium) and ISTA 3E:2017

Frequency PSD level g?/Hz
Hz
1 0,00072
3 0648
4 0,018
6 0,00072
12 0,00072
16 0,0036
25 0,0036
30 0,00072
40 0,0036
80 0,0036
100 0,0003¢
200 0,000018
Overall gpys: 0,540 gpys

0,1

—+ —|EC 60068-2-64 / MIL 810/G
——|STA3E
= = ASTM D 4169

0,01 L z

R

g?/Hz
- \ _
T
)
7

N
N\ —— |50 13355
0051 — . N <
. (! [ T—a\
/ A
™~
. ) ¢
0,0001
4 \
0,00001 A
1 10 100 1000
Hz

IEC
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ASTM D4169-16 (medium) and ISTA 3E 2017, ggys = 0,54

¢ N
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O
o
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Figure A.1 — Appropriate PSD test profile
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Retesting 11

Overview of transportation tests after modification
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If PV modules have been modified in their design, as the transportation tests listed in Table B.1,
the transportation tests shall be performed.

For Jany change of packaging material, profile, dimensions or assembly, a complete @ has
to bg evaluated. 12 Q
No tést repetition is required for thin-film specific design modifications: (19(1/
— Modification to cell technology. ,'\
— Modification to interconnect material or technique. /\({DQ
— Modification to front contact. Q;l/
— Modification to cell layout. Q/C)
— Modification to back contact. g\\
— Modification to edge deletion. << O
Table B.1 - RQQts
N
A
Item Design modification ‘Qt}dification to module requiring retest
for differm&aterial, i.e. any change in specification of the mater|al
or any layers, for glass: reduction of thickness by more than
1 Frontsheet 10 % n-glass: change of thickness by more than 20 % of any ohe
of th€’individual layers and if there is a reduction in the strengthefing
ess (for example retest if change from tempered glass to hea
ﬁtrengthened or annealed)
. c\}‘ for reduction in thickness of total encapsulation by more than 20 %o
2 | | Encapsulation system C)\\ prior to processing;
o for different material, e.g. change from EVA to PVB or Polyolefine]
\}
$ only for ¢-Si: for change in nominal cell thickness bigger than 10 o
3 Cell technology@s@size and different size (x 10 %) of cell or use of cut cells (e.g. halved)
‘\\ change in cell technology
> only for c-Si: for significant change in solder material, or substitutjon
4 Cell Qtring interconnect from metallic solder to conductive adhesive;
m ga reduction of (total) cross-section of interconnect material (e.g., m¢re
Q busbars / more busbars with less width)
b v/
foraifferentmatertat; e any change M speciication of the material
or any of its layers; glass: reduction of thickness by more than 10 %;
5 Backsheet non-glass: change of thickness by more than 20 % of any one of the
individual layers for glass, if there is a reduction in the strengthening
process (e.g. retest if change is from tempered to heat strengthened
or annealed glass)
6 Electrical termination Retest not required
7 Bypass diode Retest not required
8 Electrical circuitry Retest not required
9 Edge sealing Retest not required
for different shape and/or cross-section of frame or mounting
construction; reduction of surface area in contact between laminate
10 Frame / mounting structure and frame per linear dimension; different material including adhesive;;
change in frame corner design; change in frame adhesive; change
from framed to frameless PV module or vice versa



The retesting table has been added to clarify which modifications of the modules require a full transportation retest.

In general all changes have to be assessed, and it has to be evaluated if a retest has to be performed.
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Item Design modification Modification to module requiring retest
11 Module size for increase by more than 20 % of length, width or area
12 | Higher / lower output power Retest not required
13 LﬁgzzzétsiZnOfraot\i/r?gg_currem Retest not required
14 | Increase of system voltage Retest not required
15 | Cell fixing tape Retest not required
16 | Type label Retest not required
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List of comments

This has been the reason why a new edition had to be created. In the previous edition

only requirements for testing have been listed, but no pass/fail criteria. So the testing

labs

had to define their own criteria. To have globally the same requirements the pass/fail

criteria have been added.

The subsequent tests after conditioning are explicit for flat plate modules.

To increase accuracy of assessment it has been decided that only fully operational

samples shall be used.

The test sequences are not aligned anymore, so the option of a combined testing
been deleted.

Several issues have been modified in relevant clauses, so Figure 1 had do Ibe mod
too.

has

fied,

This new requirement is mandatory for evaluation of power degradation, and therefofe for

pass/fail criteria.

To cover standard and realistic truck transportation stress the, frequencies between
and 5 Hz had to be added.

To cover standard and realistic truck transportationstress the test severity has
increased. See also reference to ISTA 3E:2017.

This way it is precisely described which sample has to be used.
This section has been added to enable thenassessment of the results.

The retesting table has been added to‘clarify which modifications of the modules re
a full transportation retest.

In general all changes have to be assessed, and it has to be evaluated if a retest h
be performed.

1 Hz

been

juire

As to
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IEC p2759-1has been prepared by IEC technical committee 82: Solar photovoltaic en
systemsilbis an International Standard.

INTERNATIONAL ELECTROTECHNICAL COMMISSION

PHOTOVOLTAIC (PV) MODULES -
TRANSPORTATION TESTING -

Part 1: Transportation and shipping of module package units

FOREWORD

The International Electrotechnical Commission (IEC) is a worldwide organization for standardizationjcomp

rising

al| national electrotechnical committees (IEC National Committees). The object of IEC is to promate international

cd-operation on all questions concerning standardization in the electrical and electronic fieldsl ;To this en
injladdition to other activities, IEC publishes International Standards, Technical Specificationsy.Technical Re
Pdiblicly Available Specifications (PAS) and Guides (hereafter referred to as “IEC ‘Publication(s)”).
preparation is entrusted to technical committees; any IEC National Committee interested in the subject dea
mAy participate in this preparatory work. International, governmental and non-governmental organizations li
with the IEC also participate in this preparation. IEC collaborates closely with thé International Organizati
Standardization (ISO) in accordance with conditions determined by agreement(between the two organizati

d and
ports,
Their
t with
hising
bn for
ns.

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

cdnsensus of opinion on the relevant subjects since each technical .committee has representation frg
inferested IEC National Committees.

m all

IEIC Publications have the form of recommendations for internatignal use and are accepted by IEC Ngtional

Committees in that sense. While all reasonable efforts are made to ensure that the technical content d
Publications is accurate, IEC cannot be held responsible fonthe way in which they are used or fol
m|sinterpretation by any end user.

In| order to promote international uniformity, IEC National Committees undertake to apply IEC Public
transparently to the maximum extent possible in their natienal and regional publications. Any divergence be
anly IEC Publication and the corresponding national @rregional publication shall be clearly indicated in the

IEC itself does not provide any attestation of conformity. Independent certification bodies provide conf
agsessment services and, in some areas, access to |[EC marks of conformity. IEC is not responsible fd
sqrvices carried out by independent certification bodies.

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

f IEC
I any

htions
ween
atter.

rmity
r any

N¢ liability shall attach to IEC or itsidirectors, employees, servants or agents including individual experts and

members of its technical committe€s*and IEC National Committees for any personal injury, property damg
other damage of any nature whatsoever, whether direct or indirect, or for costs (including legal feeg
expenses arising out of the ‘publication, use of, or reliance upon, this IEC Publication or any othe
Publications.

Aftention is drawn to the ‘Normative references cited in this publication. Use of the referenced publicati
inflispensable for the correct application of this publication.

Aftention is drawn'te the possibility that some of the elements of this IEC Publication may be the subject of |
rights. IEC shall not be held responsible for identifying any or all such patent rights.

ge or
) and
I IEC

ns is

atent

ergy

This second edition cancels and replaces the first edition published in 2015. This edition
constitutes a technical revision.

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

edition:

a) Cancellation of tests and references to relevant standards for CPV.
b) Deletion of different classes for PV modules.

c) Deletion of requirement for minimum 10 modules per shipping unit.
d) Implementation of stabilization as intermediate measurement.

e) Addition of pass/fail criteria.

f)

Change of requirements for retesting.
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g) Change of number of cycles in dynamic mechanical load test. See also clause 6.4.2.1.

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

Draft Report on voting

82/2029/FDIS 82/2052/RVD

Full information on the voting for its approval can be found in the report on voting indicated in
the above table.

The Janguage used for the development of this International Standard is English.

A list of all parts in the IEC 62759 series, published under the general title Photovojtaic |(PV)
modliles — Transportation testing, can be found on the IEC website.

This|document was drafted in accordance with ISO/IEC Directives, Part 2; and developg¢d in
accordance with ISO/IEC Directives, Part 1 and ISO/IEC Directives, IEC-Supplement, available
at www.iec.ch/members_experts/refdocs. The main document types‘developed by IEQ are
desdribed in greater detail at www.iec.ch/standardsdev/publications:

The rommittee has decided that the contents of this document, will remain unchanged unt|l the
stabllity date indicated on the IEC website under webstorelgc.ch in the data related tg the
spedific document. At this date, the document will be

e reconfirmed,
e withdrawn,

—

bplaced by a revised edition, or

e amended.
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PHOTOVOLTAIC (PV) MODULES -
TRANSPORTATION TESTING -

Part 1: Transportation and shipping of module package units

1 Scope

Photlavoltaic (PV) modules are electrical devices intended for continuous outdoor expo

durin
may

This
pack

A lis

This

2

The

congtitutes requirements of this document. For dated references, only the edition cited apg
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g their lifetime. Existing type approval standards do not consider mechanical stresses
occur during transportation to the PV installation destination.

part of IEC 62759 describes methods for the simulation of transportation of com
age units of modules and combined subsequent environmental impacts.

of design modifications which require a retest is provided in Anfiex B.

document applies to flat plate photovoltaic modules.

Normative references

ollowing documents are referred to in the text.insuch a way that some or all of their co

undated references, the latest edition_of the referenced document (including
ndments) applies.

50068-2-27:2008, Environmental testing — Part 2-27: Tests — Test Ea and guidance: S
'S 60904-13, Photovoltaic devices — Part 13: Electroluminescence of photovoltaic moq

51215-1:2021, Terrestrial’ photovoltaic (PV) modules — Design qualification and
pval — Part 1: Test requirements

51215-2:2021, ( Terrestrial photovoltaic (PV) modules — Design qualification and
pval — Part 2:\\Test procedures

51730-2:2022, Photovoltaic (PV) module safety qualification — Part 2: Requirement
19
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IS 61650, SOolar pnotovoltalCc (FV) energy systems — lerms, derinitions anda SymboIlS

IEC TS 62782:2016, Photovoltaic (PV) modules — Cyclic (dynamic) mechanical load testing

ASTM D880-92, Standard Test Method for Impact Testing for Shipping Containers and Systems

ASTM D4169-16, Standard Practice for Performance Testing of Shipping Containers and
Systems

ASTM D4728:2006, Standard Test Method for Random Vibration Testing of Shipping Containers

ASTM D5277-92, Test method for performing programmed horizontal impact using an inclined
impact tester
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ISTA 3E:2017, Unitized Loads of Same Product

3 Terms and definitions

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

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

3.1

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

50 Online browsing platform: available at http://www.iso.org/obp
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rence in Hz between the upper and lower limits of a frequency band

to entry: For the purposes of the described test method, the bandwidth may b&wconsidered equivalent
bncy resolution of a spectrum analysis.

squdre root of the integral of power spectral density over the total frequency range

Note

3.3
root
RMS

to entry: It describes the severity or harshness of the testing grade.

mean square

squdre root of the mean square value

Note

3.4
rand

to entry: In the exclusive case of a sine‘wave, the RMS value is 0,707 times peak value.

om vibration

oscillation whose instantaneous amplitude is not prescribed for any given instant in time
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Note
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to entry: The instantaheous amplitudes of a random vibration are prescribed by a probability distri
bn, the integral of~which, over a given amplitude range, will give the probable percentage of time th
ude will fall within\that range.

P to entry: <Random vibration contains no periodic or quasi-periodic components.
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idual units from each other

power spectral density

PSD

expression of random vibration in terms of mean square acceleration per unit of frequency

Note 1 to entry:

divided by the bandwidth, as the bandwidth approaches zero.

Note 2 to entry: The units are (m/s2)?/Hz, it is equal to m?/s3. The coherent non-SI unit is g2/Hz.

Power spectral density is the limit of the mean square amplitude in a given rectangular waveband
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4 Sampling

As test samples for the basic transportation and shock test methods, a shipping unit of PV
modules, shall be taken at random from a production batch or batches. When the test samples
are prototypes of a new design and not from production, this fact shall be noted in the test
report. The shipping unit shall contain the usual number of PV modules.

Further three PV modules are to be taken from a separate shipping unit not undergoing any
transportation simulation.

Use e regutarshipmentpackagmg materiats withthemodutes;as mmarketedanddesigmgd by
the manufacturer.

The [modules shall have been manufactured from specified materials and componenis in
accordance with the relevant drawings and process sheets and shall have bgen ‘subjected to
the manufacturer's normal inspection, quality control and production acceptance procedurgs.

The modules shall be complete in every detail, including a type label and-shall be accompgnied
by the manufacturer's handling, mounting, shipping/packaging and\installation instruct|ons,
including the information of the maximum permissible system voltage-

The fest specimen of shipping unit shall be packed in accordance with the standard procedures
used to ship modules to customers.

5 Handling

The [test samples shall be handled with suitable care prior to the application of the jests
desdribed in this document. It should be efisured that the test samples are not exposgd to
addifional mechanical impacts in form of shocks, rough handling, dropping, etc.

For the transportation from the manufacturer to the test laboratory special care should be tpken
to aVoid any kind of damage. A special packaging concept, e.g. an additional packaging, spcial
trangportation method, etc., may;be considered for this particular shipping route (manufacfurer
— tegt site). Testing shall bercarried out without additional packaging.

6 Testing procedures

6.1 General

Performance-measurements, visual inspection, insulation and wet leakage current testing ghall
be performed in accordance with IEC 61215-2:2021, MQT 01, MQT 02, and in accordance|with
IEC p1#30-2:2022, MST 16 and MST 17 as reference initial and control measurements.

Electroluminescence images according to IEC TS 60904-13 may be used to detect cracks which
are not visible at initial and intermediate status (no pass/fail criteria are specified).

The actual transportation test is shown in Figure 1. The sequences of combined transportation
stress testing and the possible effects of these impacts on the PV modules shall detect early
failures in regards to future life time stresses.

Separate modules, that have not undergone any transportation testing, are also subjected to
the stress tests in sequences A and B. These modules shall be used to identify if defects are
caused by transportation test and subsequent environmental test, or by environmental test only.
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| 3 x modules from separate shipping unit | | All modules from one shipping unit |
I I
| Initial measurements* | | Initial measurements* I
' L
| ] 6.3 Transportation testing
1 x reference 2 x modules Packaging system with PV modules
module for subsequent | T

environmental

6.3.2 Random vibration testing
stress tests

6.3.3 Shock testing

1
i
1
1
: 6-3-3-d-trekined & tioct
1
L e - ;
: 6.3.3.2 Rotational edge drop test f
1 1
: I :
: | 6.3.3.3 Vertical shock test | ,
i T !
L]
: | 6.3.3.4 Horizontal impact test l !
1
‘ I
H Intermediate measurements* :
1
: L l
, 6.4 Environmental stress tests :
1 PV modules :
1
1 )
H 6.4.1 Path A 6.4.2 Path B -
I L
H [ | i
1 x module with highest performance loss 1 x module with second highest performance loss
1 x module with lowest performance loss 1 x module with second lowest performance loss
1 x module from separate shipping unit 1 x module from separate shipping unit
I |
Thermal cycling test Cyclic (dynamic) mechanical load
200 cycles acc. to IEC 61215-2:2021 IEC TS 62782:2016 (1 000 cycles)
(MQT 11) T
Thermal cycling test
50 cycles acc. to IEC 61215-2:2021
(MQT 11)
I
Humidity freeze test
20 cycles acc. to IEC 61215-2:2021
(MQT 12)
|
Static mechanical load test
acc. To IEC 61215-2:2021
(MQT 16)
v |
Final measurements*®
IEC

*

See 6.2 for details on measurements.

Figure 1 — Test sequences for PV modules

6.2 Measurements

Each initial, intermediate and final measurement shall characterize the electrical performance
of the PV modules and document the influence of the stress tests. The initial, intermediate and
final measurements are:

e Visual inspection according to IEC 61215-2:2021 (MQT 01)

e Stabilization (optional for intermediate measurements) according to IEC 61215-2:2021
(MQT 19)

e Maximum power determination according to IEC 61215-2:2021 (MQT 02)
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e Insulation test according to IEC 61730-2:2022 (MST 16)
o Continuity test of equipotential bonding according to IEC 61730-2:2021 (MST 13)
e Wet leakage current test according to IEC 61730-2:2022 (MST 17)

e Electroluminescence images according to IEC TS 60904-13 or alternative methods, e.g.
dark 1-V, may be used to detect cracks which are not visible at initial and intermediate status
(no pass/fail criteria are specified).

NOTE While the maximum power determination is only a reference measurement, some PV technologies may need
stabilization according to their respective type approval standard to arrive at meaningful data.
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conslidered to be the most severe method of long distance transportation for shipping gg
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6.3.2
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6.3.2
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—Fransportationtesting
General

brming tests of random vibration and various shock tests on the complete package sy
bdules simulates road transportation and the related mechanical impacts onishipping
he PV modules that are contained within.

packaged-product shall be stored at laboratory ambient temperature-and humidity for
to starting the tests.

Sequence B of Figure 1 can be extended by the UV preconditioning/test to be able to coordinaté
1215 if desired.

b the PV modules are carefully unpacked, the modules shall be marked: the ori
aging state and the module position, e.g. vertically or horizontally stacked within
bing unit shall be adequately documented.

the initial measurements described in 6.2, the modules shall be restored to their ori
aged condition in order to perform the tests described in 6.3.2 and 6.3.3.

Random vibration testing
A Purpose

sportation simulation is-achieved through a random vibration test. Truck transportati

fruck transportation test therefore covers most other means of transportation.

.2 Apparatus
equipmentas described in ASTM D4728:2006, Clause 5 — Apparatus shall be used.

.3 Procedure
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complete stack of modules:

The applied test profile shall meet the following requirements:

a) A frequency range from 1 Hz to 200 Hz.

b) A test severity not below 0,54 gg\s as described in Annex A.

c) The test duration shall last at least 180 min.

d) Excitation axis: vertical.

Following the random vibration test, a series of shock tests shall be carried out on the shipping

unit.
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6.3.3 Shock testing
6.3.3.1 Incline impact test
6.3.3.1.1 Purpose

The incline impact test shall be performed to simulate stress potentially caused by forklift
transportation.

6.3.3.1.2 Apparatus

Test

6.3.3.1.3 Procedure

The procedure as described in ISTA 3E Test Block 2 shall be followed.

6.3.3.2 Rotational edge drop test
6.3.3.2.1 Purpose

A rotational edge drop test shall be performed to test the integrity)of the shipping suppdrting
unitg pallet.

6.3.3.2.2 Apparatus

Test|equipment as described in ISTA 3E Test Block-3'shall be used.

6.3.3.2.3 Procedure

The procedure as described in ISTA 3E Test\Block 3 shall be followed.

6.3.3.3 Vertical shock test
6.3.3.3.1 Purpose

A shock test according to IEC'60068-2-27 shall be performed. This test procedure simulates
stregses as may be caused by potholes or sidewalk edges which are not covered by the random
vibrgtion test.

6.3.3.3.2 Apparatus
Test|equipment.as described in IEC 60068-2-27:2008, Clause 4 shall be used.

The [following deviation will be tolerated, if the applied variations are explained and clgarly
docymented in the report:

e Extension of the mounting table in order to fit larger package units in an appropriate way.
6.3.3.3.3 Procedure

100 half sinusoidal shocks with duration of 11 ms shall be applied vertically (z direction).

6.3.3.4 Horizontal impact test
6.3.3.4.1 Purpose

For testing the integrity of the shipping unit regarding internal displacements or displacements
of the shipping goods against the pallet, an incline impact test shall be performed in accordance
with ASTM D5277-92. This test simulates sudden deceleration and sideward acceleration in
curves during truck transportation.
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6.3.3.4.2 Apparatus

Test equipment as described in ASTM D5277-92 shall be used.

6.3.3.4.3 Procedure
A test according to ASTM D5277-92 “test method for performing programmed horizontal impact

using an incline impact tester” shall be performed. The difference compared to the incline impact
test is that the shipping unit is decelerated on the transport sledge / transport vehicle.

The pallet has to be restrained, and the load on top of the pallet has to be unrestrained.

The gharacteristic of this impact shall be half sinusoidal shock like. The half sinus shock ghall
haveg a deceleration of 1 g and a length of 350 ms and shall be applied on each horizontal gide.

It is pommon to start with an initial value of 0,3 g and increase the deceleration 'stepwise|until
the iptegrity of the shipping unit is damaged or the end value of 1 g is reached.

6.4 Environmental stress tests
6.4.1 Path A
6.4.1.1 General

The | transportation test is followed by a thermal <cycling test in accordance |with
IEC p1215-2:2021 MQT 11 for 200 cycles.

6.4.1.2 Sample allocation for path A
a) 1 x module (highest power loss relative tolinitial measurement after transport simulatign);
b) 1 x module (lowest power loss relativeo initial measurement after transport simulation);

c) 1 x module from separate shipping unit.

NOTH The thermal cycling test represents the worst case variability of temperature in temperate climatgs. In
general, PV modules are multilayer products. Each material (layer) has a different thermal expansion. This cpuses
stresq between the layers while thetmal cycling. The cells, the joints and cell/string connectors may be espgcially
pronel to strains.

6.4.2 Path B
6.4.2.1 General

The | transportation test is followed by a dynamic mechanical load test according to
IEC IS 62782)(1 000 cycles), a thermal cycling test according to IEC 61215-2:2021 MQT 11
with |50 eyeles and a humidity-freeze test according to IEC 61215-2:2021 MQT 12 with 20
cyclgs{ THe sequence concludes with a mechanical load test according to MQT 16 of
IEC B1215-2:2021 in upwards and downwards direction

The dynamic mechanical load test for photovoltaic modules is described in IEC TS 62782. The
module shall be installed according to the installation manual of the manufacturer. If different
mounting techniques are possible, the worst case mounting situation shall be applied.

6.4.2.2 Sample allocation for path B

a) 1 x module (second highest power loss relative to initial measurement after transport
simulation);

b) 1 x module (second lowest power loss relative to initial measurement after transport
simulation);

c) 1 x module from separate shipping unit.
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Pass criteria

A shipping unit design for PV modules shall be judged to have passed the qualification tests,
and therefore to be type approved, if each PV module test sample meets all the following
criteria:

a)

8

Each test report shallinclude at least the following information:

a)
b)
c)
d)
e)
f)
9)
h)

k)

After the complete test sequence (of path A and B), the maximum power output drop of each
module P, ., shall be less than 5 %, referenced to the module’s initial measured power

output P, (Lab, Initial). Each test sample shall meet the following criterion:

P,...(Lab, Final) > 0,95 x P, (Lab, Initial) x (1 — '1'08') (1)

where
is the reproducibility according to IEC 61215-1;
max(Lab, Final) is the final measured maximum power output;

max(Lab, Initial) is the initial measured maximum power outpuft)

,
H

H

Tlhe reproducibility » shall be calculated as defined in IEC 612115-1 using the levels given in
the technology specific parts of IEC 61215-1.

No sample has shown any open circuit during the tests:

Tlhere is no visual evidence of a major defect, as defined in [IEC 61215-1: 2021, Claus¢ 8.
T

he prescribed insulation test requirements are met after the tests at the initial, intermegiate
dnd final measurements.

Tlhe prescribed wet leakage current test féequirements are met at the initial, intermegiate
and final measurements.

The requirements of the continuityrtest of equipotential bonding are met at the initial,
intermediate and final measurements.

Specific requirements of the individual tests in path A and B are met.

Reporting

q title;
name and-address of the test laboratory and location where the tests were carried out

niquesidentification of the report and of each page;
ame and address of client, where appropriate;

description and identification of the item tested,

characterization and condition of the test item;

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

reference to sampling procedure, where relevant;

the applied standard for transportation testing and the used test profile, any deviations from,
additions to or exclusions from the test method, and any other information relevant to a
specific test, such as environmental conditions, or the irradiation dose in kWh/m2 at which
stability is reached;

measurements, examinations and derived results supported by tables, graphs, sketches and
photographs, respectively electroluminescence, if applicable. Of particular importance are
results indicating power loss or damages caused by the testing;
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[) information about any abnormalities like movement of the modules inside the packaging, or
damages of the packaging system;

m) camera properties of electroluminescence devices as well as the used current on the PV
module and the exposure time, if applicable;

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

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

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

q) a statement that the report shall not be reproduced except in full, without the written
dpprovarl of the Taboratory.

A copy of this report shall be kept by the manufacturer for reference purposes.
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Annex A
(informative)

Test profiles

Overview

2022

For informative purposes, the following PSD test profiles are shown and analyzed according to
the criteria defined in Clause 6.The main reference for transport testing is the PSD profile out

of the—stamdard—ASTM—DB4169—OtherPSB——profites—atso—fulfitt—the—tramsportatiom—tepting

rements. The relevant frequency range for examination is between 1 Hz and 200Hz.

Table A.1 — Severity of common transport test profiles:
complete and in range (1 Hz to 200 Hz)

The

t of the analysis is shown in Table A.1. The listed test profiles fulfill the requirements which
efined in Clause 6. The result of the analysis is shown in Table A.1. The listed test prgfiles
pass| the requirements defined in Clause 6.

Name test profile 9rms complete profile
Main| reference: ASTM D4169 (truck medium) 0,520
ISTA3E 0,540
MIL BTD 810G / IEC 60068-2-64 1,040
ISO [13355 0,590
The fesonance of PV modules depends on thesconstruction, including mass, size and stiffijess.

Testp
trangportation test profiles have the majority of the energy between the frequencies of 1 HZ

200

thergfore only include vibrations between 1 Hz and 200 Hz.

A.2

The
the
Figu

have shown that the slowest fundamental resonance of a PV module is ~ 5 Hz.

Hz. A reasonable benchmark for different transportation test profiles for PV modules sh

Data points of appropriate PSD test profiles

following profile has\been chosen for the testing of PV shipping units. Table A.2 iden
profile boundariels of the PSD excitation profiles analysed and shown in Table A.1
e A.1.

Most
and
ould

ifies
and
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Table A.2 - ASTM D4169-16 (medium) and ISTA 3E:2017

Frequency PSD level g?/Hz
Hz
1 0,00072
3 0,018
4 0,018
6 0,00072
12 0,00072
16 0,0036
25 0,0036
30 0,00072
40 0,0036
80 0,0036
100 0,00036
200 0,000018
Overall ggust 0,540 ggys



https://iecnorm.com/api/?name=7adb757a2c1e217769fbfc5cb000fbb9

- 16 - IEC 62759-1:2022 © |EC 2022

ASTM D4169-16 (medium) and ISTA 3E 2017, ggns = 0,54
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Figure A.1 — Appropriate PSD test profile
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Annex B
(normative)

Retesting

Overview of transportation tests after modification

If PV modules have been modified in their design, as the transportation tests listed in Table B.1,
the transportation tests shall be performed.

For me change of packaging material, profile, dimensions or assembly, a complete retes

has
to bg evaluated.
No test repetition is required for thin-film specific design modifications:
— Modification to cell technology.
— Modification to interconnect material or technique.
— Modification to front contact.
— Modification to cell layout.
— Modification to back contact.
— Modification to edge deletion.
Table B.1 — Retests
Item Design modification Modification to module requiring retest
for differentimaterial, i.e. any change in specification of the mater|al
or any of its layers, for glass: reduction of thickness by more than
1 Frontsheet 10 %;-non-glass: change of thickness by more than 20 % of any ope
of the/individual layers and if there is a reduction in the strengthefing
process (for example retest if change from tempered glass to hea
strengthened or annealed)
for reduction in thickness of total encapsulation by more than 20 %o
2 | | Encapsulation system prior to processing;
for different material, e.g. change from EVA to PVB or Polyolefing
only for c-Si: for change in nominal cell thickness bigger than 10 %o
3 Cell technology/and-size and different size (£ 10 %) of cell or use of cut cells (e.g. halved)
change in cell technology
only for c-Si: for significant change in solder material, or substitutjon
4 Cell and.string interconnect from metallic solder to conductive adhesive;
material reduction of (total) cross-section of interconnect material (e.g., more
busbars / more busbars with less width)
fordifferentmateriat; eany chrange i specificationm of thematerial
or any of its layers; glass: reduction of thickness by more than 10 %;
5 Backsheet non-glass: change of thickness by more than 20 % of any one of the
individual layers for glass, if there is a reduction in the strengthening
process (e.g. retest if change is from tempered to heat strengthened
or annealed glass)
6 Electrical termination Retest not required
7 Bypass diode Retest not required
8 Electrical circuitry Retest not required
9 Edge sealing Retest not required
for different shape and/or cross-section of frame or mounting
construction; reduction of surface area in contact between laminate
10 | Frame / mounting structure and frame per linear dimension; different material including adhesive;;
change in frame corner design; change in frame adhesive; change
from framed to frameless PV module or vice versa
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Item Design modification Modification to module requiring retest
11 Module size for increase by more than 20 % of length, width or area
12 | Higher / lower output power Retest not required
13 Lnrg;eeitsiinm;;\i/:gcu”ent Retest not required
14 | Increase of system voltage Retest not required
15 | Cell fixing tape Retest not required
16 | Type label Retest not required
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COMMISSION ELECTROTECHNIQUE INTERNATIONALE

MODULES PHOTOVOLTAIQUES (PV) -
ESSAIS DE TRANSPORT -

Partie 1: Transport et expédition d'unités d'emballage de modules
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AVANT-PROPOS

Commission Electrotechnique Internationale (IEC) est une organisation mondiale de normalisation.com
I'ensemble des comités électrotechniques nationaux (Comités nationaux de I'lEC). L’IEC “a/ pour
favoriser la coopération internationale pour toutes les questions de normalisation dans/les dom
I"électricité et de I'électronique. A cet effet, I'|[EC — entre autres activités — publie des Normes’internatio
s Spécifications techniques, des Rapports techniques, des Spécifications accessiblés au public (PA
s Guides (ci-aprés dénommés "Publication(s) de I'lEC"). Leur élaboration est confiéeha des comités d'é
x travaux desquels tout Comité national intéressé par le sujet traité peut participer. Les organis
ernationales, gouvernementales et non gouvernementales, en liaison avec {HEC, participent égal
x travaux. L'IEC collabore étroitement avec I'Organisation Internationale.de “Normalisation (ISO),
s conditions fixées par accord entre les deux organisations.

s décisions ou accords officiels de I'lEC concernant les questions techiniques représentent, dans la m|
possible, un accord international sur les sujets étudiés, étant donfié ‘que les Comités nationaux de
éressés sont représentés dans chaque comité d’études.

s Publications de I'lEC se présentent sous la forme de recommandations internationales et sont ag
mme telles par les Comités nationaux de I'lEC. Tous les effarts raisonnables sont entrepris afin que|

I'éventuelle mauvaise utilisation ou interprétation qui en est faite par un quelconque utilisateur final.

bns le but d'encourager I'uniformité internationale, (les,'"Comités nationaux de I'lEC s'engagent, dans
mesure possible, a appliquer de fagon transparente_les Publications de I'lEC dans leurs publications natig
régionales. Toutes divergences entre toutes, Rublications de I'lEC et toutes publications national
pionales correspondantes doivent étre indiquées_en termes clairs dans ces derniéres.

EC elle-méme ne fournit aucune attestation de conformité. Des organismes de certification indépen

conformité de I'lEC. L'IEC n'est responsable d'aucun des services effectués par les organismes de certifi
Hépendants.

us les utilisateurs doivent s'assurer qu'ils sont en possession de la derniére édition de cette publication

Ccompris ses experts particuliers et les membres de ses comités d'études et des Comités nationaux de
ur tout préjudice causé ‘en cas de dommages corporels et matériels, ou de tout autre dommage de qu
ture que ce soit, directe*ou indirecte, ou pour supporter les colts (y compris les frais de justice) et les dép
coulant de la publication ou de I'utilisation de cette Publication de I'lEC ou de toute autre Publication de
au crédit qui lui est’accordé.

httention esprattirée sur les références normatives citées dans cette publication. L'utilisation de public
férencéesrest.obligatoire pour une application correcte de la présente publication.

httention-est attirée sur le fait que certains des éléments de la présente Publication de I'l|EC peuvent faire
droits)de brevet. L’IEC ne saurait étre tenue pour responsable de ne pas avoir identifié de tels
brevets.
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62759-1 a été etablie par le comité d’études 82 de TTEC: Systémes de conversion
photovoltaique de I’énergie solaire. |l s'agit d'une Norme internationale.

Cette deuxieme édition annule et remplace la premiere édition parue en 2015. Elle constitue
une révision technique.

Cette édition inclut les modifications techniques majeures suivantes par rapport a I'édition
précédente:

a)

b)
c)
d)

annulation des essais et des références relatifs aux normes applicables aux modules
photovoltaiques a concentration (CPV);

S
S

uppression des différentes classes de modules PV;
uppression du minimum exigé de 10 modules par colis d’expédition;

mise en place de la stabilisation comme mesurage intermédiaire;
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e) ajout des critéres d’acceptation/de rejet;

f) modification des exigences pour les contre-essais;

g) modification du nombre de cycles dans I'essai de charge mécanique dynamique. Voir aussi

article 6.4.2.1.
Le texte de cette Norme internationale est issu des documents suivants:
Projet Rapport de vote
82/2029/FDIS 82/2052/RVD
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pport de vote indiqué dans le tableau ci-dessus donne toute information sur le vote, 2
ti a son approbation.

ngue employée pour I’élaboration de cette Norme internationale est 'anglais;

liste de toutes les parties de la série IEC 62759, publiées sous le titregenéral Mod
bvoltaiques (PV) — Essais de transport, peut étre consultée sur le sitehweb de I'lEC.

ocument a été rédigé selon les Directives ISO/IEC, Partie 2, ,ilva“été développé g
irectives ISO/IEC, Partie 1 et les Directives ISO/IEC, Supplément IEC, disponibles
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MODULES PHOTOVOLTAIQUES (PV) —
ESSAIS DE TRANSPORT -

Partie 1: Transport et expédition d'unités d'emballage de modules

1 Domaine d’application
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xposition extérieure continue pendant leur durée de vie. Les normes d’homolog
antes ne prennent pas en considération les contraintes mécaniques pouvant sur
pburs du transport vers la destination d’installation du PV.

Les tFodules photovoltaiques (PV - photovoltaic) sont des dispositifs électriques destinjés a

ésente partie de I'lEC 62759 décrit les méthodes de simulation de transport de I'’ense

hexe B fournit une liste des modifications de la conception qui exigé un contre-essai.
résent document s’applique aux modules photovoltaiques a_plaque plane.
Références normatives

jocuments suivants sont cités dans le texte de sorte qU’ils constituent, pour tout ou p
bur contenu, des exigences du présent document. Pour les références datées, g

férence s'applique (y compris les éventuels amendements).
50068-2-27:2008, Essais d'environnement* Partie 2-27: Essais — Essai Ea et guide: C

'S 60904-13, Photovoltaic devices =Part 13: Electroluminescence of photovoltaic moq
onible en anglais seulement)

51215-1:2021, Modules photovoltaiques (PV) pour applications terrestres — Qualific
conception et homologation-— Partie 1: Exigences d'essai

51215-2:2021, Modules photovoltaiques (PV) pour applications terrestres — Qualific
conception et homologation — Partie 2: Procédures d'essai

51730-2, Qualification pour la sireté de fonctionnement des modules photovoltaiques
rtie 2: Exigences pour les essais

IS 61836, Solar photovoltaic (PV) energy systems — Terms, definitions and syni
oniblélen anglais seulement)

htion
enir

mble

inités d’emballage des modules et des impacts environnementaux résultants combings.

artie
eule
ment

hocs

ules

htion

btion

(PV)

bols

IEC

S:62782:2016, Photovoltaic (PV) modules — Cyclic (dynamic) mechanical load te

5ting

(disponible en anglais seulement)

ASTM D880-92, Standard Test Method for Impact Testing for Shipping Containers and Systems

ASTM D4169-16, Standard Practice for Performance Testing of Shipping Containers and
Systems

ASTM D4728:2006, Standard Test Method for Random Vibration Testing of Shipping
Containers

ASTM D5277-92, Test method for performing programmed horizontal impact using an inclined
impact tester

ISTA 3E:2017, Unitized Loads of Same Product
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3 Termes et définitions

Pour les besoins du présent document, les termes et définitions de I'lEC TS 61836 ainsi que
les suivants s’appliquent.

L'ISO et I'lEC tiennent a jour des bases de données terminologiques destinées a étre utilisées
en normalisation, consultables aux adresses suivantes:

e |EC Electropedia: disponible a I'adresse http://www.electropedia.org/

e |SO Online browsing platform: disponible a I'adresse http://www.iso.org/obp

3.1
Iargjaur de bande
difféfence en Hz entre les limites supérieure et inférieure d’'une bande de fréquences

Note [l a I'article: Pour les besoins de la méthode d’essai décrite, la largeur de bande peut étre cansidérée comme
équivplente a la résolution en fréquence d’une analyse spectrale.

3.2
drmg totale

racine carrée de l'intégrale de la densité spectrale de puissance surlensemble de la glage
de fréquences

Note [l a 'article: Elle décrit la sévérité ou la rigueur de la classe des essais

3.3
valeur quadratique moyenne
RMS
racirle carrée de la valeur quadratique moyenne

Note [ a I'article: Dans le cas d’'une onde sinusoidale uniquement, la valeur RMS représente 0,707 fois la yaleur
de créte.

Note P a l'article: L’abréviation "RMS" est dérivée duderme anglais développé correspondant "root mean square".

3.4
vibration aléatoire
oscillation dont I'amplitude instantanée n’est pas spécifiée pour un instant donné quelconque

Note I a l'article: Les amplitudes instantanées d’une vibration aléatoire sont spécifiées par une fopction
de didtribution de probabilités, dont, lintégrale, dans une plage d’amplitude donnée, indique, en pourcentage,
la durge probable pendant laquell¢ I'amplitude se situe dans cette plage.

Note P a I'article: La vibration aléatoire ne contient pas de composante périodique ou quasi périodique.

3.5
embapllage
matdriau et technologie utilisés pour protéger les marchandises des contraintes de transport et
sépqrer les unités individuelles les unes des autres

3.6
dengité spectrale de puissance
PSDT

expression de la vibration aléatoire en termes d’accélération quadratique moyenne par unité
de fréquence

Note 1 a l'article: La densité spectrale de puissance est la limite de 'amplitude quadratique moyenne dans
une gamme d’ondes rectangulaires donnée, divisée par la largeur de bande, la largeur de bande approchant de zéro.

Note 2 & l'article: Les unités sont (m/s?)%/Hz et elle est égale a m2/s3. L’unité non Sl pertinente est g2/Hz.

Note 3 a l'article: L’abréviation "PSD" est dérivée du terme anglais développé correspondant "power spectral
density".

4 Echantillonnage

Un colis d’expédition de modules PV doit étre prélevé de fagon aléatoire dans un ou plusieurs
lots de production afin de constituer les échantillons d’essai pour le transport de base et
les méthodes d’essai de chocs. Lorsque les échantillons d’essai sont des prototypes
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d'une nouvelle conception et non issus de la production, ce fait doit étre noté dans le rapport
d'essai. Le colis d’expédition doit contenir le nombre habituel de modules PV.

Trois autres modules PV doivent étre prélevés d'un colis d’expédition séparé qui n’est pas
soumis a une simulation de transport.

Utiliser pour les modules les matériaux d’emballage d’expédition habituels tels que
commercialisés et congus par le fabricant.

Les modules doivent avoir été fabriqués dans des matériaux et des composants spécifiés,
conformément aux dessins et aux fiches de processus applicables et doivent avoir été soumis
a I'examen, au contrdle de qualité et aux procédures d’acceptation de production normaux

du fgbricant.

Les modules doivent étre complets a tous égards, y compris une indication du type| et dojvent
étre [accompagnés des instructions du fabricant concernant la manipulationf)le mon{age,
I’expledition/I'’emballage et l'installation, y compris les informations concernant la ternsion
de rgseau maximale admissible.

L’éprouvette d’essai du colis d’expédition doit étre emballée conformément aux procédures
nornjalisées utilisées pour expédier des modules aux clients.

5 Manipulation

Les |échantillons d’essai doivent étre manipulés avec les\'précautions appropriées gvant
'application des essais décrits dans le présent document. Il convient de vérifier|que
les gchantillons d’essai ne sont pas exposés a des impacts mécaniques supplémentaires, pous
la fome de chocs, d’'une manipulation brutale, de chutes, etc.

Pourn le transport du fabricant au laboratoire d’essai, il convient de prendre des précaugions
particulieres pour éviter tout dommage. Up, concept d’emballage spécial (par exemple,
un emballage supplémentaire, une méthode de transport spéciale, etc.), peut étre envipagé
pour|ce trajet d’expédition particulier (fabricant — site d’essai). Les essais doivent étre effeqtués
sans emballage supplémentaire.

6 Procédures d’essai

6.1 Généralités

Les |mesurages de performance, I'examen visuel ainsi que I'essai diélectrique et I'gssai
de cpurant de fuite<en milieu humide doivent étre effectués conformément a
'EC 61215-2:2021, MQT 01, MQT 02 et conformément a I''EC 61730-2:2022, MST 16 et
MST| 17, comme meésiurages initiaux de référence et de contréle.

Les |[mages d’électroluminescence conformes a I'lEC TS 60904-13 peuvent étre utilisées [pour
détefter les_ ) fissures invisibles a des états initial et intermédiaire (les criferes
d'ac¢eptation/de rejet ne sont pas spécifiés).

L'essaivde transport réel est représenté a la Figure 1. Les séquences d’essais combinés
de contraintes de transport et des effets possibles de ces impacts sur les modules PV doivent
détecter les défaillances précoces par rapport aux contraintes apparaissant ultérieurement
au cours de la durée de vie.

Les modules séparés, non soumis aux essais de transport, sont aussi soumis aux essais
de contrainte dans les séquences A et B. Ces modules doivent étre utilisés pour identifier si
les défauts sont provoqués par I'essai de transport et I’essai d’environnement résultant, ou
uniquement par I'essai d’environnement.
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| 3 x modules provenant | | Tous les modules provenant

d’'une unité d’expédition séparée
I

d’une unité d’expédition

| Mesurages initiaux* | |

Mesurages initiaux* |

1 x module
de référence

1 6.3 Essais de transport
Systéme d’emballage avec modules PV

2 x modules pour
les essais TTTTTT

de contraintes
environnementales
ultérieurs

6.3.2 Essais de vibration aléatoire

I
6 331 Fssaidimpact sur

1
]
|
-I 6.3.3 Essais de chocs
L
[}
[}
]

un plan incliné

6.3.3.2 Essai de chute avec
rotatiion des faces

| 6.3.3.3 Essai de chocs verticaux |

6.

I
3.3.4 Essai d'impact sur |
un plan horizontal

Mesurages intermédiaires*

6.4 Essais de contrainte environnementate
Modules PV

6.4.1 Chemin A

6.4.2 chemin B

1 x module avec seconde perte de performance
1 x module avec seconde perte de performance

1 x module provenant d’'une unité d’expédition séparée

élevée
faible

1 x module avec seconde perte de performance élevé
1 x module avec seconde perte de performance faiblg
1 x module provenant d’'une unité d’expédition séparége

e

Essai de cycles thermique$
200 cycles conformément
al'lEC 612152 :2021 (MQT 11)

Charge mécanique (dynamique) cyclique
IEC TS 62782:2016 (1 000 cycles)

Essai de cycles thermiques
50 cycles conformément
al'lEC 61215-2:2021(MQT 11)

Essai Humidité — Gel
20 cycles conformément
al'lEC 61215-2:2021(MQT 12)

(MQT 16)

Essai de charge mécanique statique
conformément a I'lEC 61215-2:2021

I

Mesurages finaux*

* Voir le paragraphe 6.2 pour des précisions sur les mesurages.

6.2 Mesurages

Figure 1 — Séquences d’essai pour modules PV

IEC

Chaque mesurage initial, intermédiaire et final doit caractériser les performances électriques
des modules PV et documenter 'influence des essais de contrainte. Les mesurages initiaux,
intermédiaires et finaux sont:

e I'examen visuel conformément a I'lEC 61215-2:2021 (MQT 01);

e la stabilisation (facultative pour les
I'IEC 61215-2:2021 (MQT 19);

e l|a détermination de la puissance maximale conformément a I'lEC 61215-2:2021 (MQT 02);

o [|’essai diélectrique conformément a I'lEC 61730-2:2022 (MST 16);

mesurages intermédiaires)

conformément

a
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