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INTERNATIONAL ELECTROTECHNICAL COMMISSION

MEASUREMENT PROCEDURES FOR MATERIALS USED
IN PHOTOVOLTAIC MODULES -

Part 2: Polymeric materials — Frontsheets and backsheets

FUOREVWURD

International Electrotechnical Commission (IEC) is a worldwide organization for standardization, com
national electrotechnical committees (IEC National Committees). The object of IEC.is, to p
rnational co-operation on all questions concerning standardization in the electrical and electronic fig
end and in addition to other activities, IEC publishes International Standards, TechhiCal Specifi

prising
romote
Ids. To
ations,

hnical Reports, Publicly Available Specifications (PAS) and Guides (hereafter‘(referred to as “IEC

lication(s)”). Their preparation is entrusted to technical committees; any IEC Natjonal Committee int
he subject dealt with may participate in this preparatory work. International, l\governmental an
rnmental organizations liaising with the IEC also participate in this preparation. IEC collaborates
the International Organization for Standardization (ISO) in accordance! with conditions determi

agrgement between the two organizations.

Thg formal decisions or agreements of IEC on technical matters express{as hearly as possible, an interr
conjsensus of opinion on the relevant subjects since each technical committee has representation f
intgrested IEC National Committees.

IEQ Publications have the form of recommendations for international use and are accepted by IEC N
Corpmittees in that sense. While all reasonable efforts are made to ensure that the technical content
Puljlications is accurate, IEC cannot be held responsible ‘for the way in which they are used or

mis|

In

nterpretation by any end user.

rder to promote international uniformity, IEC National Committees undertake to apply IEC Publi

trarisparently to the maximum extent possible in Abeir national and regional publications. Any dive
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the

veen any |IEC Publication and the corresponding.national or regional publication shall be clearly indidg
latter.

IEQ itself does not provide any attestation ©OfConformity. Independent certification bodies provide cor
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ser
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No
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oth

pssment services and, in some areas, access to IEC marks of conformity. IEC is not responsible
ices carried out by independent certifieation bodies.

isers should ensure that they haye‘the latest edition of this publication.

liability shall attach to IEC ar jts directors, employees, servants or agents including individual exp€]
nbers of its technical committees and IEC National Committees for any personal injury, property dan
er damage of any naturé, whatsoever, whether direct or indirect, or for costs (including legal feq

expenses arising out of“the publication, use of, or reliance upon, this IEC Publication or any oth
Pullications.

Attgntion is drawn_to, the Normative references cited in this publication. Use of the referenced publica

indi

spensable fof)the correct application of this publication.

Attgntion is.drawn to the possibility that some of the elements of this IEC Publication may be the su

pat

The

ent rights=>EC shall not be held responsible for identifying any or all such patent rights.

ain task of IEC technical committees is to prepare International Standarg
excepl‘t‘l_l—t—hrl—ﬂ—rﬁl_hr_t_lona circumstances, a technical committee may propose the publication of a tec

specification when

brested
d non-
closely
hed by

ational
fom all

ational
of IEC
or any

cations
rgence
ated in

formity
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the required support cannot be obtained for the publication of an International Standard,
despite repeated efforts, or

the subject is still under technical development or where, for any other reason, there is the
future but no immediate possibility of an agreement on an International Standard.

Technical specifications are subject to review within three years of publication to decide
whether they can be transformed into International Standards.

IEC TS 62788-2, which is a technical specification, has been prepared by IEC technical
committee 82: Solar photovoltaic energy systems.
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The text of this technical specification is based on the following documents:

Enquiry draft Report on voting
82/1189/DTS 82/1243A/RVDTS

Full information on the voting for the approval of this technical specification can be found in

the re

port on voting indicated in the above table.

A list of all parts in the IEC 62788 series, published under the general title Measurement
procedures for materials used in photovoltaic modules, can be found on the IEC website.

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

The committee has decided that the contents of this publication will remain unchanged until
the stability date indicated on the IEC website under "http://webstore.ie¢ich" in thg data
relatefd to the specific publication. At this date, the publication will be

» trgnsformed into an International standard,

* regonfirmed,

* withdrawn,

+ replaced by a revised edition, or

*+ amended.

A bilingual version of this publication may be issued at a later date.

IMPORTANT - The 'colour inside’ logo on the cover page of this publication indi¢ates
that |it contains colours which™ are considered to be useful for the cofrect
understanding of its contents. Users should therefore print this document using a

coloufr printer.
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INTRODUCTION

heets provide the electrical insulation at the backside of a PV module under the

environmental stress factors and use conditions encountered during the intended lifetime of
the module. Frontsheets have the same function at the front side of the module facing
towards the sun. Both can be made from glass or polymeric material.

Polym
films,
insula

eric backsheets and frontsheets are typically compositions of layered materials, such as
adhesives or coatings, in which at least one material layer delivers the relied-upon
tion (RUI) for electrical safety. Other layers may provide extended protection of the RUI

against the environmental factors or adhesive functionality. As an integral part of the PV

modu
prese
elems
mater

e, backsheet and frontsheet shall provide their durable electrical insulating funcfion in
nce of the other components of the PV module, such as light-to-current convgrsion
nt (the “cell”), electrical circuits and connectors, frontsheet and encapsutant, sgaling
al, junction boxes, etc. These elements may introduce additional stresses on the

backsreet or frontsheet (e.g. by chemical interactions or introducing ¢hermal lopd or

mech
sun-fg

It is i
modu
of the
inteng
IEC 6

nical stress) or alter environmental stresses (e.g. filtering of UV radiation reaching the
cing side of the backsheet).

mpractical to conduct all endurance tests for frontsheet or‘backsheet compongnt on
e level. Instead, testing is performed directly on these components for pre-qualififation
materials as such, as e.g. given by the thermal endufance test required for material
ed for use as relied-upon-insulation, that is %<qualified by IEC 60216 | (see
1730-1:2016, 5.5.1.3.3) and results in RTE/RTU/TI“ratings of =90 °C or maximum

operaﬂng temperature (whichever is greater). In the“case of thermal pre-qualificatjon of

backs
asses|

In an
fronts
envirg

eet and frontsheet only dielectric and mechanical material tests apply for RTE/RTI/TI
sment.

blogy to RTE/RTI/TI, it is desirable toCalso obtain pre-qualification of backshegt and
heet films to provide durable electrical insulation after exposure to addj|tional
nmental factors, such as:

bvated moisture and temperature (damp heat), or

-weathering in a manner representative of the field conditions. These tests can |either
conducted direct on the backsheet or frontsheet films or on dedicated test coupgns as
gineering type specimens, which are prepared from the same materials and profuced
der comparable processing conditions (i.e. lamination) as the PV modules.

The portion of the backsheet that contributes to the relied upon insulation should be
evaluated for:-d.c. voltage (V) breakdown strength according to IEC 60243-] and
IEC 60243-2, and meet the requirements as described in 5.6.4.3 of IEC 61730-1]2016.
In thisdoeument a suitable choice of test parameters for the assessment of polymeric
frontsheet and backsheet is defined.

The-relied upon insulation material shall have a minimum thickness, also known as

distance through insulation (dti) defined in the “thickness in thin Iayprc” rows of

Other

Tables 3 and 4 in 5.6 of IEC 61730-1:2016.

Materials relied upon for insulation are further categorized into Materials Groups |, II,
or Ill, according to CTI values describing potential tracking along interfaces that may
get in contact with live parts.

Durable adhesion between components of the backsheet or frontsheet is needed to
preserve the integrity of the sheet material in field conditions. Also, preservation of
adhesion to other components of the module such as encapsulant and edge seal or
adhesion to the junction box adhesive are important. Different test geometries may
apply depending on the interface under test and construction of the sheet material.

characteristics of frontsheet or backsheet might be relevant for the electrical yield

(e.g. optical transmittance or reflectance) or module producibility (e.g. lamination process).
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This document defines test methods required for reporting of properties of polymeric
frontsheet and backsheet in a datasheet. Those properties are related to safety and yield of
the assembled PV module and may be applied to backsheet/frontsheet before and after

specif

ic ageing tests as mentioned before.

In analogy to RTE/RTI/TI testing, the test methods in this document are intended to be used
in procedures for pre-qualification and/or quality assurance of frontsheet and backsheet
components with respect to their endurance under damp-heat and UV weathering stresses —
once these pre-qualification procedures are agreed on and implemented in alignment with the
pertinent standards IEC 61730 and IEC 61215, in which the safety requirements on PV

modul

e level are defined.

NOTE
require
based

The
endur
PV m

Furthei]rmore, optional characterization test methods are defined)\ addressing propert

backs
desig

Test 1
which

All of

At the time of writing this TS, an amendment project for IEC 61730-1 is in preparation, \in
ments for measurement of dti (distance through insulation) and resistance against weathering~are {
bn methods defined in this document IEC TS 62788-2 as well as IEC TS 62788-7-2.

est methods in these TS provide additional information on materiab-propertie
ance of backsheet and frontsheet components that cannot be assessed in the te
bdule alone.

eet and frontsheet that are of informative nature, e.g. (in)the context of PV m
N, but which are not directly safety, yield or processing related.

hethods for characterization of components of backsheet and frontsheet are desg
are useful in R&D context.

these test methods are set into perspective.by indicating their use and limitations.

which
lanned

5 and
5ts on

es of
odule

ribed,
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This

and p
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fronts

The t
mater
modu

encagsulant or adhesives. The methods described in this documeént/support the safet
performance related tests defined on PV module level as defined in the series IEC 6173

IEC 6

This document also defines test methods for assessment of inherent material characte

of po
datas
modu

Rigid

considleration.

2 N

The f
conte
cited

any a

IEC 6
comp

IEC 6
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MEASUREMENT PROCEDURES FOR MATERIALS USED
IN PHOTOVOLTAIC MODULES -

Part 2: Polymeric materials — Frontsheets and backsheets

cope

art o1 IEC 62788 delines test methods and datasheet reporiing requirements for
erformance related properties (mechanical, electrical, thermal, optical and chemi
gid polymeric materials intended for use in terrestrial photovoltaic modules as_poly
heets and backsheets.

est methods in this document define how to characterize backsheet and fron
als and their components in a manner representative of how théy will be used
e, which eventually includes combination with other matched*“components su

1215.

ymeric backsheets and frontsheets or their camponents, which may be requi
neet reporting or may be useful in the context of product development or design
es.

polymeric sheet materials (also providing mechanical support) may require f

lormative references

bllowing documents are-referred to in the text in such a way that some or all o
nt constitutes requirements of this document. For dated references, only the g
hpplies. For undatedireferences, the latest edition of the referenced document (inc
mendments) applies.

D050-581, International Electrotechnical Vocabulary — Part 581: Electromech
bnents for.electronic equipment

D050-826, International Electrotechnical Vocabulary — Part 826: Electrical installati

safety
al) of
meric

sheet
n the
ch as
y and
0 and

Fistics
ed in
of PV

urther

their
dition
uding

anical

DNsS

0068-1, Environmental testing — Part 1. General and guidance

IEC 60112:2003, Method for the determination of the proof and the comparative tracking
indices of solid insulating materials

IEC 60212, Standard conditions for use prior to and during the testing of solid electrical
insulating materials

IEC 60216-1, Electrical insulating materials — Properties of thermal endurance — Part 1:

Agein

g procedures and evaluation of test results

IEC 60216-2:2005, Electrical insulating materials — Thermal endurance properties — Part 2:
Determination of thermal endurance properties of electrical insulating materials — Choice of
test criteria
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IEC 60216-5, Electrical insulating materials — Thermal endurance properties — Part 5:
Determination of relative thermal endurance index (RTE) of an insulating material

IEC 60243-1:2013, Electrical strength of insulating materials — Test methods — Part 1: Tests
at power frequencies

IEC 60243-2, Electric strength of insulating materials — Test methods — Part 2: Additional
requirements for tests using direct voltage

IEC 60296, Fluids for electrotechnical applications — Unused mineral insulating oils for
transformers and switchgear

IEC 6p664-1, Insulation co-ordination for equipment within low-voltage systems~— Hart 1:
Principles, requirements and tests

IEC §0904-3:2016, Photovoltaic devices — Part 3: Measurement principlés for terrgstrial
photoyoltaic (PV) solar devices with reference spectral irradiance data

IEC 61140, Protection against electric shock — Common aspéetcts for installatio and
equipment

IEC 6[1189-3, Test methods for electrical materials, printed*hoards and other interconngction
structyires and assemblies — Part 3: Test methods for, interconnection structures (printed
board)

IEC 6[1215-1:2016, Terrestrial photovoltaic (PV) ~modules — Design qualification and type
approyal — Part 1: Test requirements

IEC 6[1215-2:2016, Terrestrial photovoltaie. (PV) modules — Design qualification and type
approyal — Part 2: Test procedures

IEC 6[1730-1:2016, Photovoltaic (PV) module safety qualification — Part 1: Requirements for
constfuction

IEC 6{1730-2, Photovoltaie.(PV) module safety qualification — Part 2: Requirements for tdsting
IEC TS 61836, Solar photovoltaic energy systems — Terms, definitions and symbols

IEC 6R788-1-2,.\Measurement procedures for materials used in photovoltaic modulles -
Part 1-2: Encapsulants — Measurement of volume resistivity of photovoltaic encapsulants and
other polymeric materials

IEC 62788-T1-4, Measurement procedures for materials used in photovoltaic modules -
Part 1-4: Encapsulants — Measurement of optical transmittance and calculation of the solar-
weighted photon transmittance, yellowness index, and UV cut-off wavelength

IEC 62788-1-5, Measurement procedures for materials used in photovoltaic modules -
Part 1-5: Encapsulants — Measurement of change in linear dimensions of sheet encapsulation
material resulting from applied thermal conditions

IEC TS 62788-7-2, Measurement procedures for materials used in photovoltaic modules —
Part 7-2: Environmental exposures — Accelerated weathering tests of polymeric materials

IEC 62790, Junction boxes for photovoltaic modules — Safety requirements and tests
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IEC 62805-2, Method for measuring photovoltaic (PV) glass — Part 2: Measurement of
transmittance and reflectance

ISO 291, Plastics — Standard atmospheres for conditioning and testing
ISO 527 (all parts): Plastics

ISO 527-3, Plastics — Determination of tensile properties — Part 3: Test conditions for films
and sheets

ISO 536:2012 Paper and bhoard = Determination of grammage

ISO 2109:2013, Paints and varnishes — Cross-cut test
ISO 2B08, Paints and varnishes determination of film thickness

ISO 2B13, Paints and varnishes — Determination of gloss value at 20 degrees, 60 degreqs and
85 deprees

ISO 4p87:2003, Adhesives — Determination of tensile lap-shear strength of rigid-to-rigid
bondgd assemblies

ISO 4b93: Plastics — Film and sheeting — Determination.of thickness by mechanical scanning
ISO 1[1359-1, Plastics — Thermomechanical analysis\(TMA) — Part 1: General principles

ISO 111359-2: Plastics — Thermomechanical~@nalysis (TMA) — Part 2: Determination of
coeffigient of linear thermal expansion and_glass transition temperature

ISO 111664-1, Colorimetry — Part 1: ClE-standard colorimetric observers
ISO 1[1664-2, Colorimetry — Part(2: CIE standard illuminants
ISO 101664-4, Colorimetryw— Part 4: CIE 1976 L*a*b* Colour space

ISO 1p105-2, Plastics  Film and sheeting — Determination of gas-transmission rate — Rart 2:
Equaltpressure method

ISO 1p106-1y Plastics — Film and sheeting — Determination of water vapour transmission rate
— Parl 1: Humidity detection sensor method

ISO 15106-2, Prastics — Filnm and sheeting — Determination of water vapour transmission rate
— Part 2: Infrared detection sensor method

ISO 15106-3, Plastics — Film and sheeting — Determination of water vapour transmission rate
— Part 3: Electrolytic detection sensor method

ISO 17223, Plastics — Determination of yellowness index and change in yellowness index

EN 821-2, Advanced technical ceramics — Monolithic ceramics, thermo-physical properties —
Part 2: Determination of thermal diffusivity by the laser flash (or heat pulse) method

ASTM D374-16, Standard Test Methods for Thickness of Solid Electrical Insulation
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ASTM D3487-16, Standard Specification for Mineral Insulating Oil Used in Electrical
Apparatus

ASTM D 5402-06, Standard Practice for Assessing the Solvent Resistance of Organic
Coatings Using Solvent Rubs

ASTM D7869-17, Standard Practice for Xenon Arc Exposure Test with Enhanced Light and
Water Exposure for Transportation Coatings

ASTM E1461, Standard Test Method for Thermal Diffusivity by the Flash Method

UL 74I6B, Standard for Polymeric Materials — Long Term Property Evaluations

3 Terms and definitions

For the purposes of this document, the terms and definitions given \in" IEC 6005?-581,
IEC 6P050-826, IEC 60664-1, IEC TS 61836, IEC 61730-1 and IEC 61440, together with the
followjng, apply.

ISO ahd IEC maintain terminological databases for use in standardization at the following
addrepses:

e |ELC Electropedia: available at http://www.electropedia:org/

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

3.1
abrasjion resistance
abilityl of a material to withstand mechanical*action such as rubbing, scraping, or erosiof, that
tends|progressively to remove material from' its surface

3.2
adhegive failure
de-bohding occurring between\the adhesive and the adherent, to be differentiated] from
cohegdlive failure within the adhésive material

Note 1 [to entry: See also Clause A.1.

3.3
air-faging side
side df the frontsheet or backsheet that is oriented towards the outside of the PV module, i.e.
away from thecCells

3.4
backsheet

BS

outer layer of the PV module, located on the back of PV module and providing protection of
the inner components of the module from external stresses and weather elements, as well as
electrical insulation

3.5
bond strength
force required to separate an adhesive from an adherent

3.6
breakdown voltage
voltage at which electric breakdown occurs under prescribed test conditions, or in use


http://www.electropedia.org/
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to entry: Breakdown voltage depends on whether direct or alternate current (d.c. or a.c.) is applied.

[SOURCE: IEC 60050-212:2010, 212-11-34]

3.7

cohesive failure

crack

Note 1

3.8
comp

propagating within the adhesive during adhesion test, e.g. peel test

to entry: See also Clause A.1.

arative tracking index

CTI

nume
a per
condi

Note 1

but it i used for evaluation of material groups.

[SOU

3.9

distance through insulation

dti

thicknless value required for relied upon insulation based on thin layers of insulating mat

3.10

effecfive hemispherical reflectance of photon’irradiance

ratio
wavel
collec

SEE:

3.11

effective hemispherical-transmission of photon irradiance
of the total transmitted photon irradiance to the incident photon irradiance in the

ratio
wavel
collec]

SEE:

3.12

ical index value related to the maximum voltage which a material can withstand w
anent electrically conductive carbon path tracking when evaluated under specifie
ions defined in IEC 60112

to entry: The mentioned maximum test voltage is not in conjunction with any system‘er operational

of the total reflected photon irradiance to the incident photon irradiance i
ength range of 300 nm to 1 250.nm; weighted with the solar spectrum. Reflecta
ted over an entire hemisphere for\detection

IEC 62805.

ength range of\300 nm to 1 250 nm, weighted with the solar spectrum. Transmitta
ted over antentire hemisphere for detection

IEC 62805.

ithout
d test

voltage,

RCE: |IEC 60050-212:2010, 212-11-59, modified: clarified that"CTI| is an index value to
evaluate material groups]

prial

h the
hce is

hce is

elong

ation at break

strain, at which the specimen under test breaks

3.13

frontsheet

FS

outer layer of the PV module, located on the sun-facing side or front side of PV module and
providing protection of the inner components of the module from external stresses and
weather elements, as well as electrical insulation

3.14
inner

side <of frontsheet or backsheet>

side of the frontsheet or backsheet that is laminated to the encapsulant
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3.15

junction box

combination of parts, such as boxes, covers, cover-plates, lids, box extensions, accessories,
etc., providing after assembly and installation at the photovoltaic-module as in normal use, an
appropriate protection against external influences, and a defined protection against contact
with enclosed live parts from any accessible direction

SEE: IEC 62790.

3.16
material group

categqry of insulation materials according to IEC 60664-1 as defined by the results of the CTI
test

3.17
optional test
test, Which is not required for the datasheet but may be performed if agreed upon befween
partiep

Note 1 [to entry: If performed, the test shall be done according to the recommended-procedures in this docyment.

3.18
polymeric material
materjals that are either natural or synthetic and are primarily.composed of chained molgcules
of monpomers, combinations of monomers, combined polymers and may contain cross-ljnking
agents, fillers, colorants, and other materials

3.19
releagse material
rm
film r];aterial with a thickness of 50 um to 250 um that is inserted in a layer stack before
lamination to render the adhesion betwegh interfaces inactive

Note 1 [to entry: Examples of suitable release materials are Fluoropolymer sheets (e.g. PTFE, FEP, ETFE)|as well
as silicpn treated sheets.

3.20
relied upon insulation
RUI
insulation system thatyprovides the protection against electric shock in final applicatipn as
defingd in IEC 61730-1

3.21
required test
test whiech is required to be performed in order for the backsheet or frontsheet to be

$ nd far

o
ot

Consvlnrnnl - ocammnliana~n unt!n

hic Aa~iiaa
Geret—m—Comprance—ywitht T T

nt modul ialifinatian A~~~ rAY
To—CoOCotr et LEEASAS R Y]

tHe—quatfieation—aeceerding to

o
Ot

IEC 61730-1 and IEC 61215-1

3.22

relative thermal endurance index

RTE

numerical value of the Celsius temperature expressed in degrees Celsius at which the
estimated time to endpoint of an insulating material is the same as the estimated time to
endpoint of a control material at a temperature equal to its assessed thermal endurance

[SOURCE: IEC 60050-212:2010, 212-12-14]
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3.23

relative temperature index

RTI

temperature index of an insulating material or system obtained from the time which
corresponds to the known temperature index of a reference material or system when both are
subjected to the same ageing and diagnostic procedures in a comparative test

[SOURCE: I[EC 60050-212:2010, 212-12-12]

3.24
sun-facing side <of frontsheet or backsheet>
side dfthe frontsheetor backsheet that s orfented T direction of the sun-facing front gide of

the PY module

3.25
température index
TI
numefical value of the Celsius temperature expressed in degrees Celsius' characterizing the
thermpl capability of an insulating material or an insulation system

3.26
tensile strength at break
stresq at which a specimen starts to break under tensile load

Note 1 [to entry: It is expressed in Pascals (force per cross-sectiof area).

3.27
transparent release material
trm
releage material with a AM1.5G photon weighted total transmission value of > 85 % |n the
range| 280 nm to 2 500 nm as well as_ ip the range 300 nm to 400 nm (as defined in B.2 of
IEC 6D904-3:2016)

Note 1|to entry: Example of a suitablé\UV transparent release material is ETFE (ethylene tetra-fluoroethylene)
and peffluoroinated ethylene propylene‘copolymer (FEP) film, both as pure formulations without UV absorbers and
50 pumijto 125 pm in thickness.

3.28
waterjvapour permeability
WVTR
rate of moisture vapour transport through the material per unit area induced by a unit viapour
pressyire difference under specified temperature and humidity conditions

4 Test procedures

4.1 General

The following test procedures are used to assess mechanical, electrical, thermal, optical and
chemical performance properties of polymeric materials intended for use in terrestrial
photovoltaic modules as polymeric frontsheets and backsheets.

Test methods may be categorized as follows:

a) Tests in IEC TS 62788-2 required under IEC 61730-1, IEC 61730-2 and IEC 61215-1 and
IEC 61215-2 for relied upon insulation in datasheet reporting (see 6.2).

b) Tests in IEC TS 62788-2 in the uniform characterization form (UCF) of the material (as
defined in Table 3 in Clause 5). In addition to those needed to comply with IEC 61730 or
IEC 61215 in a) above, the UCF covers inherent material characteristics, which may be of
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interest for module designers or manufacturers (e.g. properties relevant for module
production or PV module design).

c) Tests in IEC TS 62788-2, or characterization tests defined elsewhere, that are agreed on
between parties for custom material characterization.

Frontsheets and backsheets are typically composed of layered materials, such as films,
adhesives or coatings, in which at least one material layer delivers the relied upon
electrical insulation and other layers may provide extended protection of the relied upon
insulation against the environment.

Frontsheets and backsheets shall withstand all mechanical, electrical, thermal and
environmental stresses and meet the relevant requirements of 5.5.2 of IEC 61730-1:2016.

If thege polymeric frontsheets and backsheets are used as relied upon insulation they. shall at
a minfimum fulfil the requirements of 5.6.4.3 for insulation in thin layers as inIEC g1730-
1:201p (Table 3) and the requirements in 5.5.1.3 of IEC 61730-1:2016. The values for T|l, RTI
or RTE according to 5.5.1.3.3 of IEC 61730-1:2016 shall be evaluated undef)considerafion of
particplar requirements for flexible multilayer sheets given in IEC 60216-24Furthermore,|these
materjals shall have sufficient CTI ratings to prevent tracking along backsheet and fronisheet
interfgces while in contact with active electrical conductors ~aceording to 5.6[3 of
IEC 6[1730-1:2016.

Adhesgion of the frontsheet and backsheet, e.g. to the encapsulant or glass, shall be adgquate
for th¢ module to operate safely outdoors for its design life..Compliance is checked on module
level py visual inspection (MST 01 of IEC 61730-1) after preconditioning. To simulate [some
forms| of long-term behaviour and resistivity to envinonmental stresses, some tesfs are
repeafed after specific accelerated ageing conditions:

In addition, this document stipulates ageing, tests on engineering samples contpining
frontsheet or backsheet material for the purpose of component endurance characterizatipn.

There| are only limited data available \that correlate test results from accelerated tesft with
service life failures observed in the-~field. In addition, ageing tests are often conductped on
repregentative coupon samples, not"PV modules. This applied stress and therefore the results
may He different for coupons and;modules aged in the same accelerated test conditiong. One
example is sample size, which limits strain and therefore mechanical stresses. Amnother
example is lacking direct contact to other components in the PV module, which may intrpduce
additipnal chemical interactions.

4.2 Mechanicaliwcharacteristics
4.2.1 General

The tpsts(shall be conducted under the standard atmospheric conditions of IEC 60068-1,
unless Otherwise specified.

4.2.2 Thickness
4.2.2.1 Purpose

This test is performed in order to characterize the frontsheet or backsheet by its thickness.

4.2.2.2 Sampling

See Annex E for sampling of film. From the film samples, cut the test specimen, about
100 mm wide, across the whole width of the sample. The sample should consist of
representative backsheet or frontsheet in its final product form. When required, take
specimens at positions approximately 1 m apart in the longitudinal direction (machine
extrusion direction MD) of the sample. The specimens shall contain no creases except those
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necessary for folding the film for presentation or packaging purposes. The specimens shall
contain no other defects.

4.2.2.3 Apparatus

Thickness measuring device, capable of measuring to the following accuracies:

e d<100 ym with accuracy + 1 uym;

e 100 ym < d <250 ym with accuracy + 2 ym;

e d> 250 uym with accuracy £ 3 um.

The
polis

The d

within

Condi

Follov
thickn

Ensur
for ex

Chech

easuring surfaces of the device shall comprise plane faces and the surfaces.shall be

d.

iameter of each face shall be between 2,5 mm and 10 mm and they shall|be parg
5 um. The force applied to the measuring face shall be 0,5 N to 1,0 N-

4.2.2.|;l Procedure

ion the specimens for atleast 1 hat 23 °C £+ 2 °C and 50 % 5 % RH, as in ISO 2

the procedure in ASTM D374-16 that gives an established method to quanti
ess of insulator materials

e that the specimens and the faces of the measuring device are free from contami
bmple dust, by cleaning / blowing the surfaces\with pressured air or nitrogen.

the zero point of the measuring device~before starting the measurements and re

after ¢ach series of measurements.

When
mater,

Deter

determining the thickness, lower'the measuring surface gently to avoid deformir
al.

mine the thickness of the'specimens at points equally spaced along the length

specimen for the minimum of 10 points. Measurement shall not be taken within 50 mm

edges

of untrimmed rolls;

4.2.2.6 Reporting requirements

Repor
and th

4.2.3

t the mean of the individual thickness measurements, to the nearest 1 ym or 0,00
e standard deviation of the measurement.

llel to

91.

[y the

hation,

check

g the

bf the
of the

Area weight

4.2.31 Purpose

This test is performed in order to characterize the frontsheet or backsheet by its area weight.

4.2.3.2 Sampling

See Annex E for sampling of film. Sample three test specimens each having square
dimensions of 100 mm x 100 mm. When required, take specimens at positions approximately
100 mm apart from the transverse edge. The specimens shall contain no creases except
those necessary for folding the film for presentation or packaging purposes. The specimens
shall contain no other defects.
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4.2.3.3 Apparatus

The balance should have an accuracy of 104 g.

4.2.3.4 Procedure

Conduct the test according to ISO 536:2012.

Condition the specimens for atleast 1 hat23 °C +£2 °C and 50 % = 5 % RH, as in ISO 291.

4.2.3.5 Reporting requirements

Repot

4.2.4
4.2.4.

To de
defing

Tensi
the m

Crack|
quant
retain

exist @nd is under investigation for use as pass/fail’in a future amendment of 61730-1.

NOTE
therma
retaine

stressegs related to backsheets conforming over‘tabbing wires, etc. Published field studies have shown th

conforn
therma

4.2.4,

See A

t the mean weight of the film in g/m?2 and the standard deviation.

Tensile strength / elongation at break
U Purpose
fermine the tensile properties of backsheets and frontsheets less than 1 mm thick,

d conditions.

e strength and elongation at break testing can be applied after ageing tests to che
echanical durability of the material.

ng of backsheet in field use has been observed/when backsheet has become bri
tative correlation between tensile strength and/elongation at break values (absol
ed) that correlate with mechanical failures (fcracking”) in fielded module does n

Theoretical inspection of relevant strain scemarios for backsheet and frontsheet, such as diffi
expansion or maximum curvature, result ja~estimates of less than 10 % elongation at break (absol
H) being critical. However, stresses seen-by backsheet materials in the field also include med

hational stresses can initiate cracking failures in backsheets, and this mechanism is unrelated
expansion or flexing of the modulé.during normal operation.

P Sampling

nnex E for sampling\of film.

under

ck for

tle. A
Lte or
pt yet

brential
te, not
hanical
bt such
to just

For njechanical testing of films (< 1 mm thick) ISO 527-3 recommends specimen type 2,

for a

i.e. 10 mm = 1 mim» bars, at least 150 mm long with initial grip of 100 mm = 0,5 mm

50 mm gauge(

The fgllowing alternative strip lengths are allowed:

o For materials with high elongation at break of > 200 %, grip distance may be reduced to
50 mm.

e In order to account for the practical limitation of specimen size in specimen holders of
weathering test chambers (see 4.10), the initial grip distance of 50 mm is also acceptable
for evaluation of mechanical strength of material after weathering (see 4.10.3). In that

ca

Altern

Dumb

se a total specimen length of > 100 mm is required.

ative strip widths are 12,5 mm + 1 mm and 15 mm + 1 mm.

-bell shaped specimens are preferred for quality control purpose due to

better

reproducibility of test results. The narrow portion of dumbbell specimen should then have

width

b as given before and in Figure 1.
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Comparison of results before and after a given ageing test (see 4.10) shall be based on the
same initial grip distance and specimen dimensions, both length and width of strips. It is
recommended to use the same specimen dimensions within a test plan including various
ageing tests.

b width
h thicki
L initia

L’ total

a2  alte

b altd

For €
mach
cuttin

weathering, only 5 specimen in MD direction are required for measurement after a

wherg
requir

Razor
prope
be us
suitab

4.2.4,

IEC

10 mm [12,5; 15]2 £+ 1 mm
ess <1 mm
grip distance 100 [50]° mm + 0,5 mm

length > 150 [> 100]® mm

rnative widths in square brackets [ ].

rnative length in square brackets [ ].

Figure 1 — Specimen‘type

ach measurement (before or after an ageing test) prepare at least 5 specimg
ne extrusion direction (MD) and 5 specimens in transverse machine direction (T
j or punching so that the edges are smooth and free from notches. In c3

as measurement of 5 specimen in TD direction are optional. See add
ements of sample preparation.for materials from weathering tests in 4.10.3.

blades, suitable paper/cutters or other devices capable of cutting the specimens
I width and producing straight, clean, parallel edges with no visible imperfections
ed. Punch dies andler cutting equipment shall be kept sharp by regular honing,
le backing matenial'shall be used with punch dies to ensure a clean-cut edge.

B Conditioning

Condi
in IS
mater
levels

ion the'specimens prior to the test at 23 °C £ 2 °C and 50 % %= 5 % relative humid
291 for at least 24 h immediately before the test. This is especially relevant

ns in
D) by
se of
peing,
tional

to the
shall
and a

ity as
after
Xxcess

als’have been previously subjected to a damp-heat or other weathering test, as e

4.2.4.4 Apparatus

A mechanical load frame as in ISO 527 shall be used, capable of providing the following
conditions:

e The load cell and displacement range shall be selected such that the maximum load on
the specimen falls between 15 % and 85 % of the upper limit of the loading range.

e The rate of the displacement for the crosshead remains essentially constant under

flu

ctuating loads.

e The machine equipped with suitable grips capable of clamping the specimens firmly and
without slipping throughout the test.
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e The machine shall be autographic, i.e. giving a chart that can be read in terms of
centimetres of crosshead displacement as one coordinate and applied load as the other

co

ordinate.

Direction registration of sample displacement by a mechanical, laser or video facilitated
gauge is recommended. The use of an extensometer is recommended for more accuracy.

The applied tension is measured and recorded accurate to +1 % of any reading when
calibrated.

4.2.4.5 Procedure

Condlict the test in the same atmosphere used for conditioning the test specimen.

Meas
the aV
i.e. ng

Calcu
used

Place
with t
of the

Set a
elong
length

holdef¥.

The td

NOTE

Recor
distan

Deter
where
obvio
tests

4.2.4,

ire the width to the nearest 0,10 mm and the thickness to the nearest 0,02 mhi bas
erage of 5 measurements evenly distributed across the central region of each spe
measurements are taken in parts that will be clamped by the grips.

ate the arithmetic means for the width and thickness of each specimen, which sh
or calculation purposes.

the test specimen in the grips, taking care to align the lengitudinal axis of the spe
ne motion axis of the load frame. The configuration of ¢he“grips should prevent brg
film at the edges of the grips.

h initial grip distance of 100 mm. Optionally 50 mm grip distance may be used
btion at break is > 200 % or for post evaluation of weathered specimen, where mir
of specimen may be limited to > 100 mm.to account for restricted size of spe

sting speed is 50 mm/min.

Variation of test results is increased.at higher speed.

d the force and the corresponding values of the increase of the gauge length and
ce between grips during-the test.

mine all relevant(stresses and strains from the stress-strain curve. Data from spec
grip slippage ‘odcurs, or where failure occurs within 10 mm of either grip, or whe
s fault hassresulted in premature failure, shall not be included in the analysis. R
shall be carried out on new specimens.

b Final measurements

ed on
cimen,

all be

Cimen
aking

if the
imum
Cimen

of the

mens
re an
epeat

a) T

nsile strength at break. cg: The tensile strength is the stress at which the test spe

cimen

ruptures. It shall be expressed in Mega Pascals (MPa) and calculated based on the

or

iginal cross-sectional area of the specimen.

b) Elongation at break, eg: The strain value, i.e. increase in length per unit original length of
the gauge, at the tensile stress at break.

4.2.4.7 Reporting requirements

Report the median values and standard deviation, for MD and TD specimens, of

e tensile strength at break og

e elongation at break &g

Report specimen length, specimen width, specimen shape and initial grip distance.
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Trace the context of testing, i.e. whether results have been obtained from “fresh” specimens,
after some pre-processing (lamination) or after particular ageing tests (see 4.10).

4.2.5 Curling
4251 Purpose

Curling of frontsheet or backsheet during module lamination may undermine the reliability of
the module, for example by introducing bubbles, wrinkles and so on.

NOTE The presence of curling may indicate that internal stress in a multilayer construction is not balanced,
i.e. stress-free. Degree of curl may depend on position of sample on the roll.

4.2.5.1 Procedure

The degree of curling is to be measured and reported according to IEC-61189-3| See
9.4 Tgst 3 M04 (bow).

4.2.5.3 Reporting requirements

Repoit degree of curl according to test method defined by aforementioned procedure.

4.3 |[Adhesion testing
4.3.1 Purpose

Adhegion between materials used in construction ©f \multilayer backsheet or frontshget is
required to ensure their integrity and endurancexduring service life. Lasting adhesjon of
backsheet or frontsheet to other componentsiof the PV module, such as adhesion to
encapgsulant, edge seal or junction box adhesivg; is also needed.

It is therefore needed to examine adhesion strength before and after environmental ptress
tests |in order to assess its relative.change for the interlayer adhesion of the muljilayer
frontsheet or backsheet composite .asywell as the frontsheet and backsheet adhesion to| other
materjals in a PV module.

Results from adhesion tests ¢anh be strongly dependent on test parameters (rate, temperpture),

test deometry, sample preparation procedure and material properties, which may change

during ageing. It is therefore important to correlate the stresses applied in the ageing fest to

those| found in field ,application; quantitative comparison of absolute adhesion stiength

betW}en different_materials or sheet constructions may be limited. The test method selgction
I

shouldl be consjstent with the purpose of the test, e.g. product consistency, or pfoduct
selection for. Use'in a targeted application.

NOTE | The adhesion test methods described below and their recommended use are described in the infofmative
Annex A.

4.3.2 General

Adhesion testing of a multilayer stack will in general result in failure at the “weakest link” of
the stack. This provides a quantitative value of the bond strength at a single interface (or
alternatively, the cohesive strength of one material), and also provides a minimum value for
all other interfaces and materials in the stack.

Multilayer stack may refer to:

a) the multilayer construction of the backsheet or frontsheet, which contains layers serving
as relied-upon electrical insulation and eventually other layers providing extended
protection against environmental stresses or adhesive function between the composite
layers, or
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b) the material construction consisting of the components of a PV module, such as for
example a laminate of glass, encapsulant and backsheet.

Testing of adhesion of backsheet or frontsheet to encapsulant, edge seal or junction box
adhesive requires selection of another material to which adhesion strength shall be
evaluated: the measured adhesion strength may depend on the other material(s) as well
as the processing or curing conditions for the different components.

Characterization of the “interface of interest” can be made with proper selection of adhesives
and adherents, so that these interfaces have bond strength higher than the “interface of
interest”, or — in the case of very high bond strengths — high enough to demonstrate bond
strength sufficient for the application (with appropriate safety margins).

Anothler approach is the production of engineering samples consisting only of the _material
layerq of interest, in order to specifically examine interfaces or materials that may ‘oth¢rwise
not bg queried during “weakest link” testing.

In order to apply this method to backsheet or frontsheet multi-layer constructions, one pheeds
accesp to the ‘components of construction’, which is typically possible only for the producer of
the sheet. Otherwise testing adhesion of a frontsheet or backsheet’ as such has [to be
perforimed on the complete sheet.

Depending on the various adhesive interfaces involved, different adhesion tests are suftable.
The g¢hoice depends on the construction of the backsheet or frontsheet, selecting| from
differgnt test geometries designed for assessment of/,adhesion between rigid or flexible
materjals.

e Adhesion between one rigid and one flexible Jayer (e.g. aluminium rail to backsheet or
glass/encapsulant to backsheet): e.g. 180° peel or T-pluck test

e Adhesion between two flexible adheringlayers: e.g. 90° peel test (performed as T}peel)
and 180° peel test (with or without a rigid substrate as backing)

Thesq tests typically require a test apparatus by which a mechanical load can be applied to
the layer stack, and which also hasxprovisions to record the force and displacement during the
test (pee 4.2.4.4). The portionsof the stack comprising the “materials of interest” shjall be
prepared in accordance with-‘tmanufacturer’s instructions, and those preparation conditions
reporfed. For T-pluck and ‘tap shear test, other auxiliary materials (“handles”) shall be
selected as to have high adhesion, such that the strength of the weakest link, representing a
minimum value, is sufficient for the application. For 180° peel and T-peel samplgs are
prepared as to introduce the adhesion test force at the interface of interest, e.g. by limiting
the adlhesion locally.{e.g. insertion of a release liner or adhesive layer sized differently than
other Jayers).

NOTE | Variants of 90° peel tests other than T-peel, such as 90° wheel, 90° with sledge or 90° static peel tdsts are
acknowledged; but not addressed in this document.

Finally, the cross-hatch tape test TSO 2409 represents a manual tesi 10 assess adhesion of
coatings and thin film layers, that are too thin or brittle to conduct peel testing (i.e. cohesive
strength of thin film turns out to be the weakest link).

4.3.3 Sample preparation
Specimen preparation covers the following aspects:

a) Sampling of the frontsheet or backsheet films from the production process (see Annex E),
especially including samples from different positions across the machine direction.

b) Samples shall be prepared for either MD or TD direction of the sheet material, and the
orientation of the sample tracked and reported, as this may influence results.
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Preparation of a specimen construction that fulfils the different requirements of a certain
adhesion test method, such as insertion of release liners and construction of test samples
with auxiliary materials (glass, aluminium, etc.).

For lamination of backsheet or frontsheet to an encapsulant the requirements for the
lamination procedure given for the dti test (4.5.2) apply.

In a preparatory step, identification of a suitable generic glue (epoxy) and surface
preparation procedures for auxiliary materials may be required.

Also the choice for suitable “partner” (handle or substrate) materials shall be considered,
as well as the realization of processing conditions for the engineering samples that should
mimic as close as possible the envisaged PV module processing parameters with respect

to min a¥all ea-Annao B _for de a or-o h_matho

Carefplly inspect the specimens prior to measurement following the procedure~for pisual

assessment defined in 4.6.2.

43.4 Sample conditioning

In all |cases, for fresh and weathered specimens, the samples shall g lconditioned to| room
tempgrature and humidity conditions, i.e. 23 °C + 3 °C, 50 % = 3 % RH, for a minimum of 24 h

prior fo testing as recommended in ISO 291.

4.3.5 Apparatus and procedure

A mec¢hanical load frame as in ISO 527 shall be used{/capable of providing the conditions

defindd in 4.2.4.4.

Self-Tgning grips or their connections (including<universal swivel joints) should be used|when

possi

le.

The slamples should be mounted in the-apparatus using the appropriate fixtures, whigh are

specific for the test geometry chosen (se€ 4.3.6 and Annex B).

Separate specimens shall be tested at the crosshead separation rate of 50 mm/min,

procegding until bond rupture-oircohesive failure is observed.
The tgst shall be conducted at ambient conditions (23 °C + 3 °C, 50 % + 3 % RH).
A tota)l of at least fivereplicate specimens shall be tested and used for final calculations.

4.3.6 Adhésion tests for interfaces of backsheet and frontsheet

4.3.6.1 General

An overview of required and optional adhesion tesis for the various interiaces of fronisheet
and backsheet is shown in Table 1. Details of sample preparation and specific procedure
details of the various test methods defined below are defined in normative Annex B.
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Table 1 — Overview of adhesion tests

Adhesion test
180° peel test T-peel test T-pluck test lap shear test cross-hatch
with backing tape test
Clause B.1 Clause B.2 Clause B.3 Clause B.4 Clause B.5
*
Interface under test - N
LTI —> :
a0 |1 Al A
B Effective peel ///////%%//////
angle _
Tensile stress (140°-180°)
IEC IEC IEC IEC EC
1) aghesion between
individual components not
ofl a frontsheet or a required? applicable not applicable “not7applicable  not applicable
backsheet (4.3.6.2)
2) test of weakest
agihesion link within a . not [ . .
fihished frontsheet or optional® applicable required not applicable  not applifable
backsheet (4.3.6.2)
3) agihesion test of layers
tdo thin or brittle to not secondary? secondary? not applicable requirgd®
péel (4.3.6.2) applicable
4) adlhesion of a
backsheet or
frpntsheet to an or required® or required® optional not applicable  not applifable
efcapsulant or edge
s¢alant (4.3.6.3)
5) aglhesion of backsheet \
tg a junction box ny optional required optional not applitable
aghesive (4.3.6.4) applicable P g P PP
a8 fof layers that can be_peeled.
b fof coatings or thin.layers too thin or brittle to peel.
¢ at|least one of the'two test methods “or required” has to be applied and reported.
4 sdcondary‘test, if suitable tape providing sufficient adhesive strength is not available.

4.3.6.2

4.3.6.2.1 Purpose

Adhesion between layers of composition

The adhesion strength shall be determined between specific layers of composition of a
backsheet or frontsheet construction. Use of the test may be limited to the producer of sheet
material, as components and adhesives may not be accessible for test specimen construction
by 3rd parties.

4.3.6.2.2 Method

For assessment of adhesion of specific interface between specific layers of compositions, 180°
peel with a backing plate and partial purposeful insertion of releaser liner shall be applied
(see Clause B.1). This test procedure requires specific sample preparation that may only be
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applied by the producer of the material(s). If specific interface cannot be tested, then
“weakest link” shall be applied.

The minimum adhesion strength between any layers of a backsheet or frontsheet construction
shall be determined.

a) For assessment of the “weakest link” a pluck test (see Clause B.3) shall be applied. The
pluck test may also be applied to extruded sheets.

b) Optionally, a 180° peel test (see Clause B.1) can be used. The latter can only be
performed to determine the adhesion strength between layers of the sheet, if the sheet
construction can be split by manual manipulation (knife, fingernails or other suitable
instruments) such that separate Specimen fayers camn be gripped:

The adhesion of coatings or thin layers, where aforementioned methods cannot be ‘applied,
shall pe determined with the cross-hatch tape test (see Clause B.5).

EXAMRLE 1 Manual peeling for creation of separate layers for gripping is not possible, which” applies for|coated
layers, [but also for thin films with thickness below about 15 um.

EXAMHLE 2 Yield strength of individual layers in the stack is limited, which may ecg. résult in elongation of >200 %
or cohgsive fracture of that compliant layer, rather than having the force applied{to-the adhesive interfacg¢ under
interesf.

In cage of a multilayer sheet construction, the weakest link between all layers on the qcored
face qf the backsheet or frontsheet is tested, as cross-hatchycutting will penetrate down [to the
substrfate of the sheet.

If a syitable tape with the required initial adhesion-for'the interface under test is not ava|lable,
then g T-peel test or a T-pluck test can be used‘@s’secondary method to assess the adhesion
strength of the inner layer or the outer (= air side) layer of the frontsheet or backgheet,
respegtively. In that case the adhesion test*follows the T-peel and T-pluck procedure without
applying the cross-hatching.

NOTE | Results from adhesion tests based on 180° peel and cross-hatch tape adhesion test cannot be compared
quantitptively. See Annex A.

4.3.6.3 Adhesion between'sheet and encapsulant or edge sealant
4.3.6.5.1 Purpose

To agsess the adhesion strength between a frontsheet or backsheet and another majching
materjal, such astan encapsulant or a selected edge sealant. The adhesion valugs are
deper]jdent on the_type of encapsulant or edge sealant and lamination parameters.

4.3.6.5.2 Methods

a) 140>{peel with rigid backing (see Clause B.1) or T-peel (Clause B.2) are requir¢d for
datasheetTeporting-

b) T-pluck test (see Clause B.3) is an optional test.

Depending on the type of front- or backsheet sheet T-peel may result in smaller to equal peel
strength values in comparison to 180° peel, but in many cases still allows to evaluate
adhesion of aged materials, in which the sheet material may have already become too brittle
to be analysed by 180° peel test. Applying and reporting results of both methods, 180° peel
and T-peel, may therefore provide additional information about the evolution of adhesion
strength after ageing.
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4.3.6.4 Adhesion between backsheet and junction box adhesive
4.3.6.4.1 Purpose

The adhesion strength of the adhesive used for mounting of the junction box to the outer layer
(air side) of a backsheet shall be determined. The adhesion strength values are dependent on
the type of junction box adhesive and may also depend on the sample preparation.

4.3.6.4.2 Methods
a) Pluck test (see Clause B.3) is required for datasheet reporting.
b) Lap shear test (see Clause B.4) is an additional optional test.

c) T-peel (see Clause B.2) or 180° peel (see Clause B.1) are recommended for “scregning”
onlly (e.g. sheet manufacturer’s internal tests or R&D testing).

NOTE | Pluck test and lap shear test can be applied for “screening”, too.
4.3.7 Reporting requirements

4.3.7.1 Reporting requirements for adhesion tests
Repoit the following:

a) mean of the stress in (N/cm) as described for each test, and.the standard deviation.
b) tept method:

e [ 180° peel test (Clause B.1)

o | 90° T-peel test (Clause B.2)

e [ T-pluck test (Clause B.3)

e [ Lap shear test (Clause B.4)

e [ X-hatch tape test (Clause B.5)
c) difection MD or CD of the specimen

d) fallure mode and type of failure_(Cohesive / adhesive)

NOTE | In case cohesive failure, péak*load (N/cm?) does not represent the bond strength between (comporients of)
frontshpet / backsheet and adhesive, but represents a lower limit of the bond strength of all other adhesive
interfades in the sample under test.
e) inferface that has-been tested and materials used:
e | Components.of backsheet (name / type)
e | Backshegito encapsulant (name / type)

e | Backsheet to junction box adhesive (name / type)

f) dgtails of sample construction and preparation:

e Lamination conditions (encapsulant)
e Curing conditions (junction box adhesive)
e Release layer material (if used)
e Auxiliary glues and handles (glass, aluminium, etc.)
g) sample pre-conditioning
h) temperature of test (required is 23 °C / 50 % RH, optional 70 °C).

Trace the context of the adhesion test, such as: fresh, after ageing (DH testing, weathering).

4.3.7.2 Reporting requirements for cross-hatch tape test

e report class of area loss after cross-hatch test by comparison to the visual ruler in Table 1
of ISO 2409:2013 (see Clause B.5).
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e report the initial adhesive strength of the tape for the material under test: ageing of the
material under test (e.g by DH testing or weathering) may result in different adhesive
strength of the tape and initial value has to be reported.

4.4 Thermal characteristics

4.41 Thermal endurance

4411 Purpose

To ensure that the polymeric materials can withstand the thermal stresses, which are likely to
be applied during service lifetime of the PV module.

NOTE | Thermal endurance is obtained from measured changes in mechanical and electrical properties\that are
assesspd in accelerated thermal ageing tests and make use of the Arrhenius scheme for extrapolation.

4.41.p Procedure

The thermal ratings shall be acquired according to IEC 60216-5 (RTE),\ UL 746B (RJTI) or
IEC 6p216-1 (TI).

In IEIC 60216-2 the recommended properties for flexible material combinations| (like
multi-layer backsheets) are tensile strength and d.c. dielectric.breakdown strength, both with
a recommendation of retaining at least 50 %. Typically, a ‘wiechanical-impact rating |s not
required.

In historical tests of RTE/RTI/TI, a.c. breakdown voltage‘/test may have been applied, whereas
d.c. mode is preferred for envisaged use case\inh PV modules as stipulated in |4.5.1.
Depending on material a.c. breakdown values ¢are typically 3 to 5 times smaller thap d.c.
breakfown values. Impact on RTE/RTI/TI ratipg may be limited, since analysis is based on
relatie retention.

The rIquirements for relied upon insulation are defined in IEC 61730-1:2016, 5.5.1.3. and the
evaluation of multilayer constructions_is*defined in IEC 61730-1:2016, 5.6.4.3.

4413 Reporting requirements

Repoit the method (RTE, RTIor Tl) and the thermal endurance or index value measured in °C.

Repoit whether test,was performed on components of backsheet separately or a muljilayer
backsheet as a whale-

4.4.2 Dimensional stability

4.4.2.1 Purpose

To determine the Ifreversible deformation of ifontsheet or backsheet sheets due to thermal
exposure that may occur during processing of a module. It describes dimensional changes
before and after exposure to specified temperature for specified time and identifies the
relaxation of the film from its fabrication state.

The procedure follows IEC 62788-1-5, in which a similar test method for encapsulants is
described. The procedure is adopted for larger sample size, since backsheet and frontsheet
have typically higher dimensional stability than encapsulants. Furthermore, many backsheets
and frontsheets have at least one side that is barely sticky. Therefore, alternatives for sand
are allowed to provide free movement of material under dimensional change.

4.4.2.2 Sampling

The test specimen shall be a square of 200 mm x 200 mm. Two sheets shall be tested across
the width of a roll (see Annex E). The specimen is measured from edge to edge before and
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after the dimensional stability test (see Figure 2) in machine direction (MD) and in transverse
machine direction (TD).

N\
4.4.2.8 Apparatus &&

Use an oven (e.g. drying chamber) with air o.@%ation as described in IEC 62788-1-5.

Dimensions in millimetres

200

200 ‘O'

Figure 2 — Specimen before aQQ%ter shrinkage

For measuring use an appropriate mea&&ng equipment to guarantee the required resoldition.

4.4.2.4 Procedure
o

xO
N

Measyre the length (MD, TQ»\of the sample on both edges from corner to corner {o the

conta¢t to the walls for

Place(the sample@q.an appropriate way to ensure:

nearept 0,01 mm. Place gthe samples horizontally in the preheated (150 °C) oven without

in at 150 °C (+ 2 °C).

Hq mogen@temperature on both sides of the film samples.
THere '%o influence of the weight of the samples on the results, i.e. hanging of fijms is

; t@/ -tlon.
the package should be tested face down on the sample support.

ide of

Free movement of material on its support during dimensional change, i.e. sticking has to
be avoided. Examples of interleave material to avoid sticking of test material and sample
support are craft paper, fluorinated polymer, talc dusted paper and sand.

No contact to the walls of the oven.

4.4.2.5 Final measurements

Let the samples cool down to room temperature and measure the length (MD, TD) of the
sample to the nearest 0,01 mm.

Calculate the change in length and width in relation to the original measurement in percent.
The dimensional stability of both directions is the average of the two measurements.
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lengthafter ) X 1 00

AL [%]=(1-
lengthyefore

is the length after heating;

lengthpeiore I8 the length before heating.

4.4.2.6 Reporting requirements

Report change of relative dimension AL [%] for both, MD and TD direction.

4.4.3
4.4.3.
The

deforr
This i
methg
comp

In ord
needs
and T
4.4.3.

Use g

4.4.3.

The td

For rq

Relative thermal expansion (CTE)
U Purpose
CTE (Coefficient of Thermal Expansion) gives information aboub-the reve

hation due to diurnal thermal cycles that may occur during operation_of a PV m

rsible
pdule.

hformation may be helpful to identify matching materials in designfof'a PV modulg. The

d here shall be applied to measure the CTE of backsheet or frontsheet product
bnents).

er to measure the reversible thermal expansion coeffiCient of the material, th
to be relaxed from its production site by thermal cycling. CTE may be different f
D direction.

P Apparatus

TMA device according to ISO 11359-1 and}lSO 11359-2.

3 Procedure

st is performed according to ISO\359-2. Repeat the test on 3 samples.

laxation of eventual internal- stresses arising from the production process of pg

or its

e film
br MD

lymer

films it is required to run two thermal cycles and to determine thermal expansion from the 2nd

therm
of the
sheet
tempe

NOTE

In the
RTE/H

al cycle only. The first temperature cycle shall simulate a lamination cycle with h
specimen up the 160 °C or the maximum lamination temperature recommended
manufacturer, whatever is smaller. Apply a holding time of 5 min at ma
rature to mimic¢ the lamination process.

The results-ffom this 15! cycle give information about dimensional change in addition to 4.4.2.

2nd cyele, the temperature shall be cycled between ambient temperature and 160
RTM T/ whatever is smaller.

bating
by the
imum

°C or

NOTE 2 The upper temperature limit has been defined to prevent melting of the material.

Perform the test in both, machine and transverse machine direction. Use at least 3 replicates

per or

ientation in order to assess dispersion of results.

4.4.3.4 Final measurements

Select the 2"d measured curve and determine the relative thermal expansion a in K-1 at 23 °C.

Give reference to the calculation without (= method A) or with (= method B) reference
specimen.

In case of a test specimen exhibiting a glass transition, calculate the coefficient additionally
before and after the glass transition.
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4.4.3.5 Reporting requirements

Report the mean CTE value and the standard deviation of 3 measurements at 23 °C indicating
the method used (A or B). Indicate the presence of a glass transition. Report the maximum
temperature of 1st and 2" test cycle and the holding time at maximum temperature. Optionally
the curve of CTE between ambient and maximum test temperature may be reported.

4.4.4 Thermal conductivity
4.4.41 Purpose

The thermal conductivity of the polymeric frontsheet or backsheet may be needed for
calculptions and simulations regarding the temperature management of a PV modulg. The
methgd here shall be applied to measure the thermal conductivity of backsheet or_fron{sheet
produft.

4.4.4.P Procedure

According to EN 821-2 and ASTM E1461.

4448 Reporting requirements

Repoit the value of thermal conductivity of the multilayer frontSheet or backsheet.

4.5 Electrical characteristics
4.51 Breakdown voltage

4.51.1 Purpose

This fest method provides the measurement of the dielectric strength of a frontsh¢et or
backsheet designed for use in photovoltaje (PV) modules, using direct current (d.c.) volfages.
It should be noted that for most materials the d.c. breakdown value is higher than the peak
value|of the power frequency breakdown voltage; for many materials, the d.c. breakdown
volta e[1\]/vill be three or even more times higher than the alternating current breakdown
voltagelll1.

The djelectric breakdown‘shall be determined for the part of the backsheet that is qualifled as
relied| upon insulation\(see the evaluation of multilayer constructions as definpd in
IEC 6[1730-1:2016, 5.6,4.3.). If layers are present, that do not contribute to RUI, choose [either
of the|following methods:

Methgd A: Measure the relied upon component as such or remove the part of a mulfilayer
sheet|construction that is not qualified as relied upon insulation, e.g. peel of a soft innel layer
that may be displaced in the dti test (see 4.5.2).

Method B: Determine the ratio of thickness of layers in the sheet construction that contribute
to RUI (zg) to the overall thickness (14, Of the sheet as verified by dti test (see 4.5.2).

In case of method B the d.c. breakdown voltage value, that is measured on the complete
multilayer sheet including parts not contributing to RUI, is multiplied by the ratio gy / #iota 10
provide a linear correction, which is valid only for polymeric, non-conductive materials.

1 Numbers in square brackets refer to the Bibliography.
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4.5.1.2 Specimens

Prepare 10 samples of at least 50 mm x 50 mm size from sheets of frontsheets or backsheets
films or a component that is intended to be used as relied upon insulation. Sample surfaces
should be smooth while being held between flat, planar surfaces. Samples shall be free of
volumetric defects, e.g., bubbles or voids.

In case of Method A remove the part of the multilayer sheet that does not provide relied upon
insulation.

Measure average thickness of the test specimen as defined in 4.2.2.

451 Preconditioning

The d.c. breakdown voltage of backsheets and frontsheets may vary with temperaturg and
water|absorption. Therefore, specimens are pre-conditioned for at least 24 h at'23 °C ¢ 2 °C
and 5D % + 5 % relative humidity, as specified by standard ambient atmosphere in IEC 60212.

4.5.1.4 Number of specimens

Ten specimens shall be tested and the d.c. breakdown voltage determined from the median of
the results. If any point in the calculation of the median is larger-than the limit of the vpltage
generptor, the median should be reported as larger than (>) ¢the'median.

EXAMHLE Assume use of a 100 000 V generator and the mediap-is\calculated as 95 000 V, but for somg of the
samplels no breakdown occurred telling that the breakdown strength exceeded 100 000 V. In such cages the
median breakdown shall be reported as >95 000 V.

4.5.1.p Procedure

See Annex C.

4.5.1.p Reporting requirements
Repoit the following:

a) Name and type of material)(backsheet, frontsheet or material component), total thickness
and the thickness ratio.fgy; / tiotg fOr the material tested.

b) Report, whether méthod A or method B has been used.

e | For Method\ A7 report the median of the measured d.c. breakdown voltage ¢f the
material(s)~as measured for its (their) given thickness in kV and the standard deyiation
as measure of uncertainty. In addition, report the d.c. breakdown voltage per thickness
(kV/mm)).

e | For~“Method B: report the median of the measured d.c. breakdown voltage |value
measured for the mulfilnypr sheet multiplied with the thickness ratio LR Lt Also

Ut totat
report the standard deviation as measure of uncertainty.

c) Report ramping speed and type of mineral oil used as described in Annex C.

d) Report any deviations from, additions to, or exclusions from the test method and any other
information relevant to a specific test, such as specimen preconditioning and
environmental conditions, including the oil temperature during testing; the location of the
failure (e.g. electrode periphery or center, etc.) may be reported if considered relevant for
the specific test.

4.5.2 Distance through insulation (dti)
4.5.2.1 Purpose

This test is conducted to ensure a minimum thickness of relied upon insulation in a polymeric
frontsheet or backsheet after a lamination process, including an artificial metallic defect to
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simulate a worst case scenario. A solder wire with a diameter of 800 um has been selected to
simulate a reasonably worst case, such as e.g. solder peaks or inclined ribbons [2].

NOTE 1 This method represents a practical pre-qualification of dti on component level. It may not guarantee that
frontsheets or backsheets in final application on modules will comply with IEC 61730-2:2016 MST 04, e.g. because
of "poor module work craftsmanship”.

NOTE 2 The insulation thickness test MST 04 of IEC 61370-2:2016 is performed on modules after they have been
conditioned in sequence B of IEC 61370-2:2016. In a Round Robin study it was shown that dti results for
backsheets tested for insulation thickness on component level were identical when tested with and without
application of sequence B prior to the dti test.

4.5.2.2 Sample preparation

The Jrontsheet or backsheet test specimen should approximately be 210 mm X 148 mm
(A5 fdrmat) with tolerances of £+ 20 mm for both directions.

Prepdre a stack of materials for lamination (listed from top to bottom) with all-sheet materials
and PV glass having about the same dimensions as the backsheet or frontsheet:

e 1 backsheet or frontsheet (inner layer facing down)

e 1 layer of encapsulant with thickness of 450 ym £ 100 ym

NOTE [1 Due to its thermoplastic deformation during lamination cycle,“the encapsulation layer redudes the
pressufe acting from the solder wire on the inner side of the sheet. Current encapsulant materials |are (i)
ethylvinylacetate (EVA) type encapsulants including fast and slow types({ii) thermoplastic polyolephine (TPP) type
encapsjulant and (iii) silicone type encapsulants.

e A piece of solder wire 800 um £ 50 pm (e.g. 96 % Sn / 4 % Ag) having a minimum |ength
of[15 cm is placed across the sheet area. Thexmelting temperature of the solder wie has
to|be at least 20 K higher than the envisagéd maximum lamination temperature. T limit
enjvironmental concerns lead-free solder is fecommended.

¢ Reglease material (e.g. fluoropolymer film) with a thickness of < 50 uym.

e Syrface-structured PV glass 3,2 mm:#/1 mm (bottom), structure facing down.

See also coupon H in Table F.1 of F.2.2.

NOTE 2 The diameter of 800 ym mimics the size of solder peaks in case of manual soldering and also repfesents
protrusjons introduced by twisted ribbons or bend on ribbon, for which similar sized defects that havge been
observed. The cylindrical wire geometry improves the reproducibility of the test in comparison to using a tip|defect:
i) a tip s hard to reproducejand’ii) the position of a tip hard to match in a cross-section, which is required tq detect
the mirfimum remaining thickness after test.

NOTE B Both, solderwire with or without flux are suitable. It has been found in a Round Robin test includipg PET
based packsheets<and backsheets with a totally displacing E-layer as inner layer that dti results do ndt differ
betweep using solder wires with flux or without, even though some plastic deformation of solder wire with flux was
observed. Therexwas also no difference found for solder wire with and without lead. dti results in tests using|copper
or stee| wires were also the same as for solder wire.

Eithen—laminate—the —stack—at conditions—suitable for the encapsulant following
recommendations of manufacturer in order to produce a coupon representative for production
of a specific PV module, or purposefully define and apply more severe lamination conditions
with maximum temperature, lamination duration and pressure at maximum temperature being
equal or higher than for lamination conditions representative for intended use, considering

various module designs and types of encapsulant.

The actual temperature vs. time profile that is effective at the interface between frontsheet or
backsheet and the encapsulant depends on the laminator and therefore the nominal settings
are only approximate. For a given lamination program, the actual temperature vs. time profile
at the interface between frontsheet / backsheet and encapsulant shall therefore be measured
with temperature sampling at least every 5 s, e.g. by insertion of a thermocouple. The
maximum average temperature reached during a time span of at least 1 min shall be reported.
Also measure the lamination pressure.
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NOTE 4 Typical nominal lamination conditions for EVA type encapsulant may take ~15 min at 145 °C under
atmospheric pressure (via low-pressure vacuum). Example data in Figure 3 was obtained using a laminator with the
bed nominally set for temperatures between 135°C and 165°C. The sample consisted of a
30,5 cm x 30,5 cm x 3,18 mm glass piece with EVA, a 156 mm cell, EVA and a backsheet with a soft interlayer
(E-layer) with the thermocouple placed on the back side of the PV cell. For all runs, there was an approximate 5 °K
difference between the final temperature measured with the thermocouple and the nominal chamber bed
temperature.
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Figure 3 — Examplesof lamination cycles

Remoyve the glass and release film from the stack after the lamination, see Figure 4.

Backsheet (or frontsheet)

Encapsulant

Solder wire
Release (800 um)
material
AN

Removal of glass
and release
material after
lamination

SO
O
%

Glass

IEC

Figure 4 — Schematics of test specimen for distance
for insulation before and after lamination

4.5.2.3 Apparatus

Cross-sectioning and layer thickness measurement should be performed according to
ISO 2808. The tools shall allow a combined accuracy of < 5 %.
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Tools suitable for cross-sectioning include (rotary or sledge) microtome. A high-quality
measurement would be obtained from micrographs of a polished cross-section of samples
embedded in resin.

Suitable measurement tools include calibrated light microscopes, laser microscopes or SEM.

To verify the accuracy of the sectioning method, a comparison between measurement results
with a calibrated calliper (gauge) and a cross-section assessment should be conducted on the
same spot of a non-laminated part of a backsheet. This is to ensure that there are no
deformations (like ridges) along the sectioned edge, which would increase the measured
thickness. The level of accuracy may depend on the material construction, as artefacts

introdm—bmmmm—mwmmm—mmidual
layerd in the stack. Therefore, accuracy shall be checked for the layer stack. dgsigns

representative for the type of frontsheet or backsheet, for which dti shall be determined.

To determine the repeatability of the procedure the standard deviatioh™ of at| least
3 megsurements shall be measured, which shall be within the combinedsacCcuracy of § 5 %.
The 3 measurements shall be performed on cross-sections that are.’sampled at miimum
10 mm distance from each other along the wire. Sampling also requires’ a minimum didtance
of 10 mm from either any end of the wire (in case the wire ends within/'the laminated stack) or
any egige of the laminated stack (in case wire extends the stack);

NOTE | Due to the transient change of material thickness, effects of deformation may occur which are not irftended
by this [method.

4.5.2.4 Procedure

The cfoss-section should be orthogonal to the wirerand obtained with a suitable methofl. For
some|cross-sectioning methods it might be usgful to remove the embedded solder wirg prior
to sedtioning. Ensure not to damage the backSheet when removing the solder wire, see frigure
5.

IEC

Figure 5 — Directions for sectioning (perpendicular to
solder wire position)

The prepared cross-section should be mounted in the microscope in such a way that the
obtained image is perpendicular to it. In the microscope picture or micrograph image, identify
each individual layer, labelling each according to the layers given by the backsheet
manufacturer.

In the cross-section measure the overall minimum thickness. This is typically found in a range
of 150 um or 300 um related to the voltage class of the PV module, for which the frontsheet or
backsheet has been designed, and is situated under the position of the wire, where the wire is
closest to, touching or (partially) penetrating the frontsheet or backsheet. Measure at least at
three positions within this range. Identify the position of the minimum thickness from these
measurements. Also measure the thickness of each layer of the multilayer sheet at that
minimum position. Save a copy of the cross-section image indicating the measurement
position and the minimum thickness value.
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Calculate the dti as the sum of the thicknesses of each layer, which satisfies the relied upon
insulation requirements according to IEC 61730-1:2016, 5.6.4.2. Layers not qualified as relied
upon insulation do not contribute to dti. If the whole backsheet stack fulfils the requirements,
the overall minimum thickness can be reported as dti.

4.5.2.5 Reporting requirements

Report:

a) The dti value. This is the minimum thickness value of the cross-section measurement,
from which the accuracy of the method rounded to 1 ym is subtracted to satisfy MST04 of
IEC 61730-2.

b) The composition of the solder wire, its melting temperature and indicate, whether solder
wire flux or without has been used.

c) Thickness and type of encapsulant (e.g. EVA including fast and slow cure type; TPQ type,
silicone type).

d) Lgmination temperature, which is defined as average maximum temperature measufed at
inferface of frontsheet/backsheet and encapsulant during at least ¢-min of the lamipation
cyfcle.

NOTE By calibration the actual lamination temperature can be related to the"hominal lamination temperature.

e) Oyerall duration (time) of lamination cycle.

f) Aderage lamination pressure during period of time, wWhen maximum temperatur¢ was
repched.

g) THe interface lamination temperature and pressure may be reported as function of time as
shown in Figure 3.

h) An image of the cross-section at whichithe absolute minimum thickness has| been
measured and in which the measurementposition is indicated.

NOTE R The following short nomenclature is-proposed for datasheet reporting: dti (wire @ [um] and material

[solder] / type of encapsulant / maximum lamination temperature [°C] / lamination pressure [Pa] / durdtion of

laminafion cycle [min]).

EXAMHLE In the example of Figure 6~ a dti value of 164 um is determined. Accuracy of the method has been

determ|ned as 4 %, resulting in 7 mmafter rounding. Lamination is based on cycle “145 °C” of Figure J and a

solder wire with the composition 96 %' Sn / 4 % Ag and a diameter of 800 um has been used.

Report] dti = 157 um (800 wm.solder wire 96Sn4Ag / 450 pm fast cure EVA/T__ 138 °C/p = 98 kPa / 13 nin).

4.5.2.p Pre-qualification

The r¢ported dti<qualifies for other PV designs with the same encapsulant type when all [of the

followjng pre=requisites are fulfilled:

a) Thefencapsulant is of same thickness (within £ 100 um) or thicker, of the same basq resin
type—with-substantialy-simiareure—chemistry-

b) The maximum measured (or calibrated-to-measured) lamination temperature is the same
(within £ 1 °C) or lower.

c) The lamination duration is the same (within £ 5 %) or lower.

The lamination pressure at maximum temperature is same (within + 5 %) or lower.
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4.5.2.7 Example

ERcapS = Solder wire

(removed)

Inner Layer: >
100 pm before @

-

Core: 125 um before $\|

smallest thickness measured
after lamination: 164 um

Outer|Layer: 37 um before

IEC

NOTE | The perimeter of the removed solder wire is indicated by the,dash-dotted line. If the solder wire wguld be
regardgd as live part, the cross-section would indicate the contact points of the live part to interfaces between
layers ¢f the sheet, at which tracking could occur (see 4.5.3).

In the flgure these contact points with material interfaces are indicated by numbers ® and @ and the corresgonding
materigl interfaces are indicated by dashed and dotted liness respectively.

Figure 6 — Example of dtiicross-section of a backsheet
with an E-layerias inner side material

4.5.3 Comparative Tracking Index (CTI)
4.5.3.1 Purpose

To classify surfaces of frontsheet, backsheet or their components on which tracking may
occur|due to contact with-conductive parts as defined in IEC 61370-1 and IEC 60112.

4.5.3. Method

Apply[the test-miethod given in IEC 61730-1:2016, B 2.2.4.

4.5.3.8 Sampling

Tracking between materials faces or interfaces potentially in contact with live parts needs to
be considered because of horizontal standards. The dti test in 4.5.2 is used to identify those
material layers in a multilayer sheet construction that may be in contact with live parts. See
example in Figure 6.

Case 1: The most inner side material(s) of the frontsheet or backsheet facing towards the
encapsulant is (are) not displaced and/or perforated in the dti test (4.5.2). In this case,
tracking needs only to be tested on the surface of the most inner material of the sheet, facing
the encapsulant.

NOTE The other material surface of the interface is the encapsulant material.

Case 2: The most inner side material(s) of the frontsheet or backsheet facing towards the
encapsulant is (are) well displaced and/or perforated in the dti test (4.5.2) in such a way that
live parts may come into contact with a potentially tracking material surface inside the
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multilayer sheet construction . Examples are an adhesive layer (see "x" in the multilayer
sketches in Figure 4 of IEC 61730-1:2016) or a RUI-layer. In that case, the material surface of
such layer needs to be tested for tracking in addition to those identified in case 1.

EXAMPLE In the example given in Figure 6, interface @ is between encapsulant and E-layer and Interface @ is
between E-layer and the core material that is coated with an adhesive.

Interfaces between co-extruded layers of miscible polymer compositions (e.g. same base polymer resin) are not
considered as potentially tracking interfaces. In the example of Figure 6, the E-layer is a three layers co-extruded
film consisting of a white (pigment loaded) core layer sandwiched by thin transparent layer of the same polymeric
material that are cohesively bond to the core in the process of co-extrusion (due to polymer entanglement on
molecular level). The interfaces between the transparent layers and the pigment loaded core layer therefore do not
need to be considered for tracking.

In this gxample the following sheets are to be sampled as specimens for CTI test:
a) Thie backsheet including the most inner E-layer that will be in contact with the encapsulant.

b) Thle backsheet without the displaced / perforated inner E-layer, but with a representativeythickness| of the
adhesive layer.

Accorfling to IEC 60112, 3 mm stacks of foils of all aforementioned identified sheet materials
(see ¢ase 1 and case 2) are prepared with the material surface, on which tracking shall be
testeq, facing upwards.

Alternjatively one can choose to prepare 3 mm thick plates of/the’ materials identified before,
including the eventual presence of a representative amount."'of adhesive on the majerials
surfade, and to determine the comparative tracking index onthose.

4.5.3.4 Method

Compjarative tracking index is determined accofding to IEC 60112:2003 (Clause 11) without
determination of erosion depth.

4.5.3.p Reporting requirements
Repoit according to IEC 60112:

a) the CTlI value
b) sgmple stack preparation\(stacked sheets or 3 mm plate like specimen) and
c) oMbservations during test of

o | the most inner-interface and

o [ all additional\material surfaces that — per dti test — may be in contact with live parts.

Also feport the resulting material group as defined in B 2.1.4.1 of IEC 61370-1:2016 for
aforementioned material(s).

4.5.4 "—elume-resistivity

4.5.4.1 Purpose

This test method provides the measurement of the volume resistivity of materials used as
frontsheets and backsheets. The test is performed on separate dry and wet preconditioned
samples. This test is designed for room temperature measurement, but can also be utilized at
higher temperatures.

Even though the concept of volume resistivity is more applicable for volumetric insulating
materials such as encapsulants than for electrical insulation of cover sheets used as thin
insulators, volume resistivity is used to indicate the level of electrical insulation (or leakage
currents) provided by a given material per se.
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4.5.4.2 Sampling

Depending on the backsheet construction, obtain films consisting of a complete backsheet
film, and as many of the other individual layers as is reasonably possible and relevant to the
final backsheet laminate. Use film specimens of the thickness used in the backsheet product.

Minim

um sample sheet size shall be 100 mm x 100 mm. Test samples at 1 000 V d.c. using

Method A according to IEC 62788-1-2 with both wet and dry preconditioning at 23 °C £ 2 °C.

Each
sampl

If ther
impor
shoul
with b
resist

For
resist
case,

identil

4.5.4.

Volun

measurement will use the average and standard deviation of the measurement on five
es of each material.

e is a conductive layer embedded in the backsheet, then the orientation of the sample is
i i i i , one
I use custom electrodes with the same area (for example, an unguarded configuration
oth electrode 50 mm in diameter), or report the results for the orientation with~the higher
vity where the smaller electrode is the current limiting one.

nany backsheet materials using common commercially availablé-~equipmen{, the
vity will be so great that measurement of volume resistivity may npt be possible. In this
report that the resistivity is greater than the value measurable ‘with the instriment
ying the corresponding maximum resistivity value for the instrument.

3 Procedure

e resistivity shall be measured according to IEC 62788-1-2.

4.5.4.£ Reporting requirements

a) D
cq

b) Id

c) Fd
eff

d) TH
[

4.6
4.6.1

In addg
chara

a) TH
Su
m

scription and identification of each of thexfilms tested, including specimen material
mposition and thickness.

entification of the test method used (i.exEC 62788-1-2 Method A, wet or dry).

r specimens composed of multipledayers, indicate that the measured resistivity|is an
ective bulk resistivity.

e mean volume resistivity of §Measurements and the standard deviation are repoited in
-cm] following reporting in IEC 62788-1-2.

Optical characteristics
General

ition to visual inspection, instrument characterization shall be used to determine gptical
cteristics astwell as appearance related attributes.

e characterization of optical properties may help the PV module design to fpelect
itable frontsheets and backsheets with respect to photon capture efficiency and thermal
Bnagement.

Optical transmittance of frontsheet directly effects PV module performance.

Module performance following from the reflectance of the sun-facing side of backsheet
depends on factors including: module design, the distance between cells, module
temperature and type of mounting (roof or rack), etc. For c-Si modules with typical
fill-factors of cells, the combined optical and thermal effects do typically introduce
performance reductions of 3 % to 5 % when using a black backsheet in comparison to
the same PV module constructed with a white backsheet. Variations of solar
reflectance introduced by different shades of white backsheets are in the order of 10 %
to 15 % of aforementioned effects, i.e. 0,3 % to 0,75 % of the module output power.

Module performance following from the reflectance of the air side of a backsheet
depends on factors including: module design, module installation (roof/rack and
inclination angle), level of albedo, ventilation, and module temperature, etc. For typical
c-Si PV module designs the resulting “indirect” effect is ca. ~1/10 of the effect
estimated for direct exposure of the front side (see IEC TS 62788-7-2 and 4.10.3).
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b) Appearance characteristics may be used to describe initial colour and gloss in addition to
verbal classifiers, such as for example “white, grey, blue, black, etc.” or “glossy, matte,
etc.” or their changes in the context of ageing tests.

NOTE
Obsery|
Compa

measuling change of gloss may be limited to R&D context for following up agéing’of specific systems.

4.6.2
4.6.2.1

AYI| (Delta Yellowness Index) or AE (via CIE L*a*b*) may be used to assess
discoloration. AYIl is generally accepted and recommended for characterization of
white and transparent frontsheet and backsheet materials, whereas AE is preferred for
coloured and black materials.

Yellowing can be induced by small changes in a small number of molecules and
discoloration is therefore not necessarily correlated with degradation of mechanical or
electrical properties [17]. For the same amount of yellow molecules, the optically
m red level of yellowing al n n pigment (e.g., Ti ncentration and
optical layer design of the backsheet. One shall assess this correlation individy
every sheet type. Yellowness is typically well correlated to total reflectance,~but |t may
require substantial amounts of yellowing, to the point of the material looking-brown, to
decrease the reflectance by as much as 10 %. Thus it is expected that)yellowing will
only correlate to very small changes (<<1 %) in power output.

Changes in gloss may be useful as pre-cursor of chalking of the palymeric sheet.

The applicability of gloss measurements depends on the composition of the frontsheet or backsheet.
ption of gloss change in a sheet material that is initially of matte appeatante is usually not resglvable.
fFison of gloss differences between systems of different compositions~may be misleading. Suitability of

Specimen preparation

Sampling of specimen

For optical characterization a number of 3 replicates:is required, which are sampled according

Anne

4.6.2.1
Befor
agein

of 24
ISO 2

4.6.3
4.6.3.

To ide
analy

lamination-8§tep or an ageing test.

E.

Conditioning of specimen

b determination of the optical characteristics of the sheets, either fresh or after|some
j test, samples shall be pre-conditioned to 23 °C + 3 °C, 50 % + 3 % RH, for a minjimum
h prior to visual assessment-of instrument measurements as recommended in clags 2 of
01.

Visual Inspection
U Purpose

ntify defecCts*in the sheet or laminated sample that could confound testing or instrument
5is. The(nature of those defects may change as function of any pre-treatment, such as a

4.6.3.

Procedure.

An ob

server with normal or corrected-to-normal viewing shall inspect the specimens under an

illumination of not less than 1 000 Ix at 30 cm to 50 cm viewing distance for the following
conditions:

o O T

D

)
)
) wrinkles,
)
)

bubbles,
de-lamination,

cracks in the backsheet,

any other conspicuous conditions (inclusions, etc.).
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4.6.3.3 Reporting requirements

Make note of and report presence or absence of any of aforementioned conditions
(see 4.6.3.2) and their nature on 3 replicates of the sheet under investigation.

A photograph is recommended for documentation.

4.6.4 Optical transmittance of frontsheets and backsheets

4.6.4.1 Purpose

The o on PV
module performance (see 4.6.1) in the case the sheet is essentially clear or highly trans|ucent.
Optical transmittance is measured, if the main function of the sheet is to provide transmijission
of solar radiation (as opposed to reflection). If optical reflection needs to be chdracterized in
additipn, refer to 4.6.5.

NOTE | Examples of clear backsheet include backsheets for use in bifacial PV modules.

For gptical calculations in the context of a specific PV module. design, the megsured
transmission curve of the frontsheet or backsheet shall be previded. The solar photon
weighted transmittance can be used as a general one-numbef gomparison with alterhative
materjals.

Befor¢ publication of IEC 62805-2 or IEC 62788-1-4 test{methods for architectural glasg were
histor|cally often employed in reports of transmittance\of frontsheets and backsheets: In one
part, BS EN 410 makes use of the photopic response function V, that describgs the
brighthess response of the human eye (with a peak'sensitivity at 560 nm). However, V, [is not
repregentative for the sensitivity spectrum of PV “active material and should therefore ot be
used for yield considerations. BS EN 410 and-1SO 9050 refer to the intensity weighted solar
spectfum, which does not correctly consider the elementary process of photon capturg in a
photoyoltaic cell.

4.6.4.p Apparatus, procedure and sampling

The hlemispherical spectral optical transmittance of the frontsheet or backsheet is medgsured
as stjpulated for solar glass in IEC 62805-2. Details of the integrating sphere pased
spectfophotometer realizing-a directed / diffuse geometry, and the measurement progedure
are alpo defined in IEC-62805-2.

NOTE | IEC 62788-1-4'describes solar transmittance measurements of encapsulants and defines the calculftion of
UV cutjoff wavelength:

Sample sheet free of visual defects shall be prepared large enough to cover the entrance port
of thg instrument with an overlap of at least 10 mm to every side: for a 25 mm @ pdrt the
minimum_sample size is thus 45 mm x 45 mm or 45 mm @ circle. The sun-facing side pf the
frontsheetsitrattbeorientatedtowardsthedirectedtight source:

For yield related calculation the representative solar range of 300 nm to 1 250 nm shall be
measured with a maximum spectral resolution of 5 nm. Optionally, the solar photon weighted
transmittance of the frontsheet is calculated according to IEC 62805-2 to provide a
one-number performance figure, even though that number is not specific for a particular PV
design. The weighted summation with the AM1.5G spectrum shall be based on the 1 nm
partition, for which linear interpolation of the transmission spectrum may be required.

4.6.4.3 Reporting requirements

Report the average (of the 3 replicates) of the spectral optical transmittance data as graph or
data table. Report the instrument geometry, e.g. 8°/d, and the side of the sheet that has been
measured. The representative solar photon weighted transmittance as of IEC 62805-2 may
also be reported (AM1.5G weighted average transmission in the range 300 nm to 1 250 nm).
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4.6.5 Optical reflectance of backsheets
4.6.5.1 Purpose

The optical reflectance of a reflective backsheet can be used to estimate its contribution to
the PV module performance, if one function of the backsheet in the PV module design is to
provide reflection of solar radiation (as opposed to transmission). The procedure applies to
both sides of the backsheet, however the effects on performance for the air side (e.g. via
contribution to albedo in PV utility systems) are much smaller than those from the sun-facing
side as indicated in 4.6.1, therefore only the sun-facing side is required to be measured. The
measured spectral reflectance of the sun-facing side of the backsheet may be provided for
optical calculations in the context of a specific PV module design. The solar photon weighted
reflecfance can be used as a general comparison befween alternafive materials.

4.6.5. Apparatus, procedure and sampling

The Hemispherical spectral optical reflectance of the reflective backsheetQis ‘'measurgd as
stipulated for solar glass in IEC 62805-2. Details of the sphere basedyspectrophotgdmeter
realizing a directed / diffuse geometry, preferably 8°/d, and the measufement procedufe are
defingd therein. In addition it is required, that the illuminated area of-the’sheet material |has a
distarice to the edge of the measurement port sufficiently large to Jimit' unintentional redpction
of reflected intensity by lateral light transport in the sheet.

NOTE | Surface related specular reflection is practically absent in optical contact of backsheet with a rjear-to-
index-matching encapsulant. When measured in air, a rougher inner side) may result in less specular reflegtion of
the bagksheet, however reflective functionality of the backsheet_in”use is based on laminated state gnd the
properffes of the interface between encapsulant and inner side,will)determine the degree of specular reflection.
Differeptiation of specular and diffuse component based on the\air interface of inner side of backsheet dpes not
providg additional information for the functional characterizationof backsheet.

Sample sheets free of visual defects shall be(prepared large enough to cover the enfrance
port of the instrument with an overlap of at least 10 mm to every side: for a 25 mm @ pgrt the
minimum sample size is thus 45 mm x45 mm or 45 mm @ circle. The inner side ¢f the
backsheet shall be orientated towards\the directed light source. A sample backing With a
refleciance of less than 1 % (e.g. light trap) shall be used during measurement.

For yleld related calculation thé.representative solar range of 300 nm to 1 250 nm shjall be
meastired with a spectral resolution of 5 nm or less.

Optiopally, the solar photon weighted reflectance of the backsheet is calculated according to
IEC 6R805-2 to provide a one-number performance figure, even though that number fs not
speciflic for a particular PV design. The weighted summation with the AM1.5G spectrumn] shall
be baged on the 1>nm partition, for which linear interpolation of the reflectance spectrum may
be required.

White|eacapsulant films may also be measured as in 4.6.4.2.

4.6.5.3 Reporting requirements

Report the average (of the 3 replicates) of spectral optical reflectance data as graph or data
table. Report the instrument geometry, e.g. 8°/d, and the side of the sheet that has been
measured. Optionally, report the representative solar photon weighted reflectance as of
IEC 62805-2 (AM1.5G weighted average transmission in the range 300 nm to 1 250 nm).

4.6.6 Yellowness index (YI)
4.6.6.1 Purpose

This procedure quantifies the degree of yellowness of a test sample, and serves as a means
to compare changes to materials resulting from weathering exposure with a report of delta YI.
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The choice of the measurement geometry for yellowing follows the intended function of the
sheet in the PV module. For essentially clear and low scattering materials with transmittive
function in the PV module (e.g. frontsheets and clear backsheets) Yl is evaluated based on
transmission measurements. For essentially opaque sheets with reflective function in the PV
module, change of Yl of the sun-facing side of the backsheet is evaluated in reflection
geometry. Changes in Y| may correlate to degradation of mechanical or electrical properties,
depending on the composition of the material, but because the mechanisms for degradation
modes may not be the same, correlation is not guaranteed.

The characterization of discoloration via AL*Aa*Ab* or AE,, (1976) is a suitable alternative,
with Ab* being directly associated with AYI.

NOTE | A change of 1 Ab* represents approximately a change of 2 AYI units.

For cploured backsheet, measurement of colour changes via CIE AE based ,onireflegtance
meastirements is preferred.

4.6.6.p Apparatus, sampling and procedure

Determine the Yl as in ISO 17223, starting from spectral transmittance or reflectance data
meastired on sample sheets. Details of the sphere based,spectrophotometer and the
measlirement procedure are defined there in 1ISO 17223. A gpeetral measurement range of
360 nm to 830 nm with a spectral resolution of 5 nm or less¥shall be used. For report of
chandges after ageing tests, an instrument with a measurément range of 380 nm to 780 nm
with al spectral resolution of 10 nm is also suitable.

NOTE Details of instrument configuration may influence the\absolute’ YI values measured. Such effects|cancel
out to|first order when changes in Yellowness Index (‘Delta YI”) are calculated Examples of insfrument
configurations are illumination / detection geometry being.diffuse / directed or directed / diffuse and distanc¢ of the
borderg of illuminated to detected specimen area in view~6f lateral light transport in the sheets. Capability of lateral
light trgnsport depends on multilayer stack design of the'sheet.

Sample sheets free of visual defects shall be prepared large enough to cover the enfrance
port of the instrument with an overlap, of at least 10 mm to every side: for a 25 mm @ pgrt the
minimum sample size is thus 45 mm-X 45 mm or 45 mm @ circle.

The s|jde of the sheet that shall be measured shall be orientated towards the light source. For
reflecfance measurements the half space behind the sample sheet shall provide less than 1 %
refleciance (e.g. by using:a light trap).

The three tristimulus- coefficients shall be determined using the CIE Standard D65 illuminant
spectfum (as in SO 11664-2), and the CIE 1964 XYZ colour space (for a human observer
with a 10° field of view, as in ISO 11664-1). Y| shall be calculated according to ISO 17243.

NOTE 2 (Additional details related to the YI may be found in ASTM E313-10 and ASTM E308-08.

4.6.6.3 Reporting requirements

Report the average (of the 3 replicates) of Yl values according purpose (e.g. initial values or
post weathering evaluation). In the context of post weathering evaluation, Delta yellowness
index AYI can be reported.

Report the measurement mode (reflection or transmission and the instrument geometry) and
the side of sheet measured.

4.6.7 Colour measurement (L*, a*, b*)
4.6.7.1 Purpose

Colour measurements are suitable for appearance characterization of clear and opaque
sheets, especially if coloured (e.g. black or blue). This procedure also quantifies changes of
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colour of a test sample, and serves as a means to compare changes to materials resulting
from weathering exposure with a report of colour change.

NOTE The coordinate b* correlates with Yellowness index (see 4.6.6).

4.6.7.2 Apparatus and sampling

Determination of CIE L*a*b* follows procedure in ISO 11664-4 and starts from spectral
transmittance or reflectance data measured on sample sheets. Details of the sphere based
spectrophotometer and the measurement procedure are defined in 1ISO 11664-1. A spectral
measurement range of 360 nm to 830 nm with a spectral resolution of 5 nm or less shall be

E t f ch ft i mnst 1 ith 1
used. or—reportof changesafter ageing—an—instrument—wi a2 _measurement ra e of

380 nmm to 780 nm with a spectral resolution of 10 nm is also suitable.

NOTE | Details of instrument configuration may influence the absolute values of colour coordinates|L*a*b*
measufed. Such effects cancel out to first order when changes in colour coordinates (“Delta E’), are calgqulated.
Examples of instrument configurations are illumination / detection geometry being diffuse / directed or di:llected /
diffuse|and distance of the borders of illuminated to detected specimen area in view of lateraDlight transpoit in the
sheets] Capability of lateral light transport depends on multilayer stack design of the shegt.

The choice of the measurement geometry for discoloration follows the-intended function [of the
sheet|in the PV module. For essentially clear and low scattering materials with transnittive
functipn in the PV module (e.g. frontsheets and clear backsheets), AE is evaluated based on
a tranfsmission measurement. For essentially opaque sheets with reflective function in the PV
module, AE of the sun-facing side of the backsheet is evaluated in reflection.

Sample sheets of free of visual defects shall be prepared large enough to cover the enfrance
port of the instrument with an overlap of at least 10.mm to every side: for a 25 mm @ pagrt the
minimum sample size is thus 45 mm x 45 mm or45 mm @ circle.

The s|jde of the sheet that shall be measured-shall be orientated towards the light source. For
reflecfance measurements the half space;behind the sample sheet shall provide less than 1 %
reflectance (e.g. light trap).

From [the reflection or transmission spectra, respectively, the three tristimulus coefficients
shall pe determined using the-€IE Standard D65 illuminant spectrum (as in ISO 11664-2)), and
the QIE 1964 XYZ colour  space (for a human observer with a 10° field of view, |as in
ISO 111664-1). From X, Y‘and Z the CIE L*a*b* coordinates are calculated and from thege the
pairwise differences CIE,AL*Aa*Ab*, e.g. after vs. before an ageing treatment. From the| latter
the cdlour distance CIE AE,, (1976) is determined following ISO 11664-4.

4.6.7.p Reporting requirements

Repoit the average (of the 3 replicates) of absolute L*a*b* values (D65/10°) accordjng to
purpogeglfe-g. initial values or post weathering evaluation). In the context of post weathering
evaluati 2 AL Ag™ x

Report the measurement mode (reflection or transmission, the instrument geometry) and the
side of sheet measured.

4.6.8 Surface gloss
4.6.8.1 Purpose

To characterize the initial appearance of the air side of the backsheet, acknowledging that
lamination condition may influence glossiness.

Change in gloss may be correlated to retention of mechanical or electrical properties,
depending on the composition of the material and its weathering behaviour. In some cases,
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changes in gloss can be used as precursor of chalking; however, such assessment may not
be easily resolved for materials that are matte on the outset.

4.6.8.2 Procedure

Measure gloss according to procedure and using instruments stipulated in ISO 2813 on
3 replicates.

The initial measurement result on 60° gloss determines whether gloss values at 20°, 60° or 85°
shall be collected, as gloss scale is less sensitive below 10 gloss units (GU) or above 70 GU.

If change of gloss values shall be characterized, e.g. in the course of an ageing fedt, the
same|angle as for the initial gloss measurement shall be used for the complete measurgment
set.

4.6.8.B Reporting requirements

Repoit mean and standard deviation of gloss values and the measuremént*angle 20°/6(°/85°,
deper]ding on initial glossiness of material.

In the| context of post weathering evaluation, also gloss changes can be reported, with|gloss
angleffor all measurements determined by the angle of the initialreading.

4.7 |Diffusion characteristics
4.7.1 Permeability of water vapour
4.71.1 Purpose

Waten vapour permeability of the frontsheet or backsheet may be useful for the design [of the
PV module and is expressed as water vapour transmission rate (WVTR) [3].

The range of suitable WVTR ratesxfor polymeric frontsheet and backsheet materials d¢pend
on PV module design. In some instances the polymeric sheet has the function to proyide a
barrier function for liquid waterwhile still letting water vapour, and by-products such as pcetic
acid, [pass. In other instances again the polymeric sheet is regarded as an impernjeable
memirane with permeatian rates 4 or 5 orders of magnitudes lower than common bacKsheet
materjals. WVTR relevantto cells will also depend on the encapsulant.

NOTE | A specific standard for measurement of WVTR of sheet material for use in PV context is in prepgaration
(desigrjated as futufe I[EC 62788-6-2).

4.71.p Procedure

In all |cases, for initial value and after exposure to a stress condition,
pre-conditioned o room temperatare and namidity conditior €. 23
for a minimum of 24 h prior to testing as recommended in ISO 291.

the samples shiall be
T3C, 50 F3% RH)

Measurements shall be done according to 1ISO 15106-1, ISO 15106-2 or ISO 15106-3. Use
the test conditions of 38 °C and 90 % RH. Instruments that can directly measure at 38 °C and
90 % RH are preferred. Alternatively, instruments designed for stable measurements at
condensing conditions 38 °C and 100 % RH can be used. In the latter case, the WVTR value
obtained at 100 % shall be multiplied by the factor 90 % representing the ratio of targeted and
measured humidity level.

NOTE The results from any of the three methods may differ due to different detection. It has not been proven
which method is preferred. One study has reported an increase of 12 % WVTR on increasing test temperature from
38 °C to 40 °C (both at 90 % RH).
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Temperature sensitivity of WVTR depends on the thermal activation energy for diffusion and moisture sorption,
which is specific for the polymeric materials employed. In that context temperature dependence of WVTR might be
of interest for PV module design.

4.71.3 Reporting requirements
Report the following:

a) The method used, i.e. ISO 15106-1, ISO 15106-2 or ISO 15106-3.
b) The test conditions (temperature T / °C and relative humidity % RH).

c) The WVTR value in g / (m2-d) for conditions of 38 °C and 90 % RH. In case of
measurement at 38 °C and 100 % RH the measured value shall be multiplied by 90 % and
thé remark (“90 % of value measured at 100 % RH”) shall be added.

4.7.2 Permeability of oxygen
4.7.2( Purpose

Permegability of backsheet and frontsheet to oxygen is expressed as ©@xygen Transmjission
rate (DTR) and affects the transient concentration of Oxygen in the PV-module, which in turn
may ¢ontribute to degradation of materials or structures in theCRV module or improve
perfolmance via oxygen bleaching of chromophores depending_of\the module’s desigh and
the mpterials utilized.

NOTE | In a comparative study of various type of backsheet, OTR was faund to correlate with the transmission rate
of acet|c acid (AATR). Accumulation of acetic acid in EVA based modules has been associated in some PV module
designg with increased levels of corrosion observed on electrodes:

4.7.2.p Procedure

Oxygen transmission rate (OTR) shall be measured according to ISO 15105-2.

4.7.2.8 Reporting requirements
Repoit the following:

a) thp method used, i.e. ISO 15105-2,
b) th¢ test conditions (temperature T in °C and relative humidity % RH);
c) the OTRvaluein g/ (m2:d).

4.8 |Chemical characteristics
4.8.1 Resistance to solvents

4.8.1.1 Rurpose

This preceédure describes a solvent rub technique for assessing the solvent resistancg of a
frontsheet or backsheet. The final cleaning of PV modules may require solvent cleaning and
by this method the manufacturer can qualify a cleaning solvent as his recommendation.

4.8.1.2 Apparatus
4.8.1.21 General

A solvent according to film manufacturer recommendation and a 100 % cotton cloth.

NOTE Isopropyl alcohol (IPA) and ethanol are examples of solvents recommended for cleaning of various
backsheets.

4.8.1.2.2 Definition

Double rub: The act of rubbing a cloth in one complete forward and back motion over the
investigated sheet surface.
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4.8.1.2.3 Safety

Proper safety equipment: As detailed in the solvent safety datasheet (SDS), i.e. use of solvent
resistant gloves and respirator.

4.8.1.3 Procedure

a) The test method described here is in accordance to ASTM D5402-06, Method A (Standard
Method).

b) If the testing is being performed in a laboratory setting, before actually testing the
specimens, perform a sufficient number of double rubs with the index finger covered with a
cotton cloth on a laboratory balance such that 1 000 g to 2 000 g of force is constantly
being applied. This is the amount of pressure the operator shall apply when testing the

cimens, and will be considered as being moderate pressure.

c) Sdlect areas on the coated surface at least 150 mm long on which to perform the |tests.
Clean the surface with tap water to clean and remove any loose material and then|allow
thé surface to dry.

d) Measure the dry-film thickness of the coating in the selected areas if)accordance with the
tegt method of 1SO 4593. Mark a 150 mm by 25 mm rectangular test area on the
undamaged, cleaned surface using a pencil or other suitable solvent resistant markef.

e) Fdld the cotton cloth into a pad of double thickness and satutate it (dripping wet condition)
with the specified solvent. Do not allow more than 10 s toselapse before proceeding fto the
next steps.

f) Plpce the properly protected index finger into the céntre of the pad while holding excess
cloth with the thumb and remaining fingers of theysame hand. With the index finger|at an
angle of 45° to the test surface, rub the rectangular test area with moderate pressure first
away from the operator and then back towatds the operator at the rate of approximately

g) Coantinue rubbing the test area for a total of such 25 double rubs. Take care to gqlways

apply within the designated test area:~If additional solvent rubs are specified, repgsition
finger on an unused clean portion of the cloth and re-saturate the cloth with the
seflected solvent to a dripping wet)condition. Do not allow more than 10 s to elapse before
continuing the double rub procédure on the designated test area for an additional 25
dduble rubs. Repeat this step until reaching the specified test criteria, such as, until the
supstrate becomes visible) or until all double rubs have been completed. If mltiple
cimens are beingested in a laboratory, it may be useful to occasionally che¢k the
pressure exerted on-a:balance with a dry cotton cloth between specimens.

If multiple specimens~are being tested and fatigue sets in making it difficult to maintajin the
1 000|g to 2 000-g-force, stop testing (after completing a specimen) until fatigue is gone.

4.8.1. Final measurements

Exam|netthe test area by visual inspection. Identify, if the film has not been removed dqwn to
the subsirate. Tmmediately inspect the middle TZ5 mm of the rubbed area, disregarding
13 mm at each end, for fingernail hardness and visual changes in appearance, comparing the
rubbed area with an adjacent non rubbed area.

4.8.1.5 Reporting requirements

Describe cloth and solvent used. Report the number of double rubs as well as the visual
quality before and after rubbing

Additional information, such as temperature and humidity. Elapsed time between coating
applications and conducting the test can affect test results and should be reported whenever
possible.
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4.9 Other characteristics
491 Ignitability — Purpose

Fire safety assessment as defined in 1ISO 11925-2 is not recommended on component level,
because test results obtained without the thermal mass of the module being present are likely
to cause misleading results. Instead IEC 61730-1:2016 covers this issue with a full module or
representative coupon test.

Therefore, a specific test for ignitability of backsheet or frontsheet on component level is not
covered in this document.

4.9.2 Flammability — Purpose
Fire siafety assessment as defined in ISO 11925-2 is not recommended on component|level,
becayse test results obtained without the thermal mass of the module being present areflikely

to cayse misleading results. Instead IEC 61730-1:2016 covers this issue wjthCa full module or
repregentative coupon test.

Therefore, a specific test for flammability of backsheet or frontsheet on component levellis not
covered in this document.

4.10 |Accelerated ageing tests
4.10.1 Purpose

Accelgrated ageing is used to verify the ability of the frontsheet or backsheet to witstand
simulated environmental stresses, including heat,.moisture and UV radiation.

Ageing tests are typically combined with vistial'inspection as well as material tests beforle and
after gxposure, in order to assess changes of material properties under ageing condjtions.
The cprrelation of accelerated tests with“field failures of modules is still under investigation,
i.e. the relationship between material” changes upon cumulative exposure dose of ptress
appligd in the accelerated test and the same dose present in the field, is not known. The fact,
that the latter also depends onhé mounting conditions as well as the climate in whi¢h the
module is installed, adds to this-'variability. However, there is general agreement on the|order
of strgss to represent an end-of-life, intermediate or infant mortality test.

e Fdr an end-of-life_test, a lifetime cumulative dose or stress level has been applied. |n the
past evaluation \test the absolute (i.e. minimum) retained value of mechanical and
elg¢ctrical properties is assessed. No extrapolation is necessary.

e Fqgrintermédiate or infant mortality tests only a portion of the service life dose / cumylative
stless has been applied. In the post evaluation test the changes in mechanicdl and
elg¢ctrical properties are measured and extrapolation is applied. In case of deviation from
lineaf(1st order) degradation, additional measurements as function of the important ptress
variables (temperature, humidity, UV) are needed to characierize the non-linear
degradation mode for a meaningful extrapolation.

Material changes may be observed in safety related material properties, such as mechanical
and electrical characteristics. Materials that become brittle may for example correlate to
cracking observed on veteran PV modules.

If adhesion is affected, the physical integrity of the backsheet composition or its integration in
the PV module may be jeopardized, eventually giving rise to safety hazards. Ageing may also
introduce discoloration or other changes in appearance, which are not necessarily correlated
to loss of mechanical and electrical properties, but may affect solar reflectance, resulting in
degradation of PV module power output performance.
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Thermal endurance of backsheet and frontsheet film material is assessed by RTE/RTI/TI
measurement, based on 50 % retained mechanical strength and breakdown voltage as
recommended by IEC 60216-2:2005, Table 1 and 4.4.1.

NOTE The retention levels of 50 % in RTE/RTI/TI testing have solely been defined for the purpose of
extrapolation of failure times in an Arrhenius analysis (relative to a reference material). However, these retention
values do not predetermine any correlation with material failure representing service life time.

This subclause describes accelerated damp heat testing and UV weathering for polymeric
frontsheets and backsheets for use in terrestrial PV modules.

4.10.2 Damp Heat (DH) testing at elevated heat and moisture

4.10.2.1 Purpose

The damp heat (DH) test assesses the ability of the backsheet or frontsheet !matefial to
withstand extreme levels of temperature and moisture which is useful for highlighting| likely
failurg modes. The damp heat test was originally developed to examiné+ecorrosion within
modules, and may sometimes be applied to examine general materialrobustness; the test
does pot simulate the conditions encountered in a module during field use-

In order to assess the endurance of their insulating function of backsheets or frontsheets,
mechanical strength and d.c. breakdown voltage of films are{assessed before and after DH
testing.

4.10.2.2 Samples

Refer|to Table F.1 for sample preparation. Choosé.coupon A or coupon B1 for DH incubation
followed by tensile strength test or d.c. breakdowh-voltage test.

See 4.3 for sample preparation intended forvadhesion testing after DH. In case of adhesion
with encapsulant the lamination should,*be done with fresh backsheet / frontshegt for
lamingtion of coupon B2. For pluck and shear tests, the handles shall be glued to the gheets
after @geing in order to avoid uninténded interactions of glue with sheet material during long
term DH exposure.

Number of specimen depends on test plan for DH testing, i.e. required and optional post
evaluation methods.

For ageing procedures’and post evaluation of junction box adhesives refer to IEC 62790

4.10.2.3 Procedure

Apply[the test procedure MQT 13 of IEC 61215-2 with conditions:

e chamberairtemperature: (86 =2)°C
e relative humidity: (85 +5) % RH
e test duration: 1000 h

Place the samples in an appropriate way in the chamber to ensure homogeneous temperature
on each surface of the samples. This is e.g. given when samples are placed free hanging in
the chamber.

4.10.2.4 Requirements for testing the retention of properties by post evaluation tests
During a DH test, polymeric materials are exposed to moisture levels far above any use case
conditions. Therefore material needs to be pre-conditioned according to requirements of the
post evaluation test.

a) Required material characterization includes:
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e samples shall be visually evaluated before and after DH according to 4.6.3.

e mechanical strength (tensile strength and elongation at break, both MD and TD) of
replicate specimen shall be measured before and after DH (see 4.2.4).

e adhesion of components of the multilayer sheet (see 4.3.6.2) is measured on replicate
specimens before and after DH.

NOTE For ageing procedures and post evaluation of junction box adhesives, see IEC 62790.

b) Optional material characterization includes:

e d.c. breakdown voltage of replicate specimen shall be measured before and after DH
(see 4.5.1).

e | instrument based optical characterization can be carried out, see 4.6.4 (transmigsion),
4.6.5 (reflection), 4.6.6 (yellowness), 4.6.7 (colour) and/or 4.6.8 (surface dloss). No
extra replicates are required: optical measurements are non-destructive’ land cjan be
performed on samples foreseen for mechanical or electrical testing before condpcting
those tests.

¢ | adhesion to a matched material, such as encapsulant or edgerseal (see 4.3.4.3) is
measured on replicate specimens before and after DH.

4.10.2.5 Reporting requirements
Repoft the following:

a) thp ageing parameters (climate parameters T/RH % and-duration in hours);

b) the results from the required post evaluation tests-as/listed in 4.10.2.4. a);

c) optionally, the results from post evaluation tests.as defined in clause 4.10.2.4. b).
In b) and c) report absolute results from the_material evaluation tests after DH in compgrison

to val!ues before. Reporting of % retention:>together with the initial value is an altgrnate
reporfing option.

4.10.3 Weathering at elevated levels of temperature and moisture
4.10.3.1 Purpose

The purpose of the weathering test is to characterize the ability of frontsheets and backgheets
to withstand simulated natural daylight in combination with elevated temperature and mdisture,
at typ|cal module operation temperature and humidity levels observed in the field.

In order to assess-the endurance of the films, their mechanical strength and d.c. breakdown
voltage should be measured before and after weathering.

Wherg¢as, the frontsheet is mainly exposed directly on its sun-facing surface to the| solar
spectium; the backsheet may be exposed by:

a) radiation incident on the side of the backsheet that faces towards the sun, with flux and
spectral distribution depending on the PV module design;

b) radiation may also reach the air-side of the backsheet via diffuse reflections from the
environment (so-called: albedo). In both cases, flux and spectral distribution depend on the
environment and the mounting configuration (roof, rack, etc.) [4] [5]. This test method
therefore provides two orientations of testing backsheet, namely sun-facing side or air side
oriented towards test light source.

Some backsheet films, typically those having an asymmetric layer stack, are purposefully
designed for durability within a laminated combination of glass and encapsulant, considering
that those layers may already act as a (partial) UV filter during use. For other types of
backsheet films, typically sheets with a symmetric layer design, UV filtering provided by other
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module components may not be required. This test method therefore provides a choice for
testing backsheet or backsheet films in sun-facing orientation, with and without UV filter
according to their intended use. Either option requires a specific choice of sample preparation.

4.10.3.2

Sample preparation

Backsheet and frontsheet films shall be sampled from a roll according to Annex E.

Sample preparation for weathering depends on size of specimen holders and the material test
methods to be evaluated after weathering. Refer to Table F.1, for sample preparation. In
addition, Table 2 gives an overview of sample preparation for exposure of sun-facing side of

. H ok ol 1 n 1 b
baCkS'IUUL M vicvw UT TITeTriucu pousi=cvdiuativurl.

Methdd A:

Methdd B:
Methqgd C:

Frontsheet shall be tested only with its sun-facing side oriented towards the
light source.

The air side of backsheet films shall be exposed directly to thectest light spurce.

The sun-facing side of backsheet film will be exposed conSisting of one pf the
two options C1 or C2:

of UV filtering provided by a combination of PV glass and éncapsulant, when the ¢

UV cut-off wavelength for PV glass and encapsulants is in the range 340 nm to 34
See requirements in 4.10.3.3 for qualification ofr UV filters and transparent rg
material (trm). There are two possible realizations*C1a and C1b:

optical measurement, mechanicalstrength testing and electrical strength tqg
coupon type B1 as defined in{Fable F.1 is selected. For adhesion peel tg
coupon B2 is suited. For pluck test, lap shear test and fracture mechanics
coupon type D applies.

intended UV cut-off\Characteristics. During weathering the filter is located be
the light source and/the test specimens. This represents coupon type C as d

intended for~optical characterization, mechanical strength testing and die
strength tésting.

Method C2i(direct exposure without UV-filter): In this optional method, the sun
side of pbacksheets is exposed without a UV-filter. See specimen A in Table F.1
method> can be selected for weathering of sheet material intended for ¢
characterization, mechanical strength testing and dielectric strength testing.

Method C1 (exposure with UV-filter): This method is intended to simulate the pregence

esign

of the backsheet requires such optical filtering function fof,long-term field use. A fypical

0 nm.
lease

e Method C1a: One realization of a representative UV filter is obtained by lamipation
of a design specific laminate containing a transparent release material (trm), so
that films can be sampled after_weathering for subsequent material tests.

For
sting,
sting,
test,

o Method C1b: An alterpate realization is the use of a separate optical filter with the

ween
pfined

in Table F.1, {This method can be selected for weathering of sheet material

ectric

acing
. This
ptical

NOTE 1 In method C1a, the sun-facing side of the backsheet is protected against eventual oxygen
degradation processes in a manner comparable to use in a laminated PV module, whereas in methods C1b
it is not.

related
and C2
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Table 2 — Overview of sample preparation for exposure of
sun-facing side of backsheet depending on intended
post evaluation (see Table F.1)

Specimen construction using backsheet

Post evaluation Separate sheet (or Laminated Laminated
laminated sheet sheet with sheet without
with full release) partial release release

Mechanical strength (see 4.2.4) Coupon A

Electrical strength (see 4.5.1) OR coupon B1 Not applicable Not applicable

o - al

Opticpl-eharacterization{see4-6)

r—ESotupPotH

180° peel (See Clause B.1)

Not applicable

Coupon B2

Not appliqable

g t-pluck (see Clause B.3)
B Coupon D And E
° ) . .
% Lap-shear (see Clause B.4) Not applicable Not applicable }\:\gtnhdlsepse slgz
< Fracture mechanics (under development Table F|1)
in [18])
NOTE P Coupon type G1 for adhesion T-peel test (see Table F.1) is not suited to’ obtain exposure on sur|-facing

side of backsheet. To overcome that limitation, a polymeric frontsheet gould be used as counterpart|of the
backshgeet in order to create a quasi-symmetric specimen for T-peel. Detdils of specimen construction pre not
coveredl by this document.

For mechanical strength test as post-evaluation, the<following requirements for spmple
preparation apply in addition to those stipulated in 4.2)4¢

Number of specimen depends on test plan for weathering testing, i.e. required and optional
post gvaluation tests.

Cutting and trimming of sheet material intended for mechanical strength testing shall bg done
after yeathering in order to avoid edge-effects by ingress of moisture and UV. Portions |of the
sheet|that were covered during weathering or fall within 5 mm distance to the covered area
shall be trimmed, so that these are-not present in the portion of specimen mounted within the
initial |grip distance.

For pluck test, lap shear.tests and fracture mechanics test, the corresponding handle$ (see
F1, FR and F3, respectively as defined in Table F.1) shall be mounted to the sheetq after
ageing in order to avoid unintended ageing of the glue or interactions of glue with |sheet
materjal during long\term UV exposure.

NOTE [3 Junction” box adhesives in actual field use are hidden in between backsheet and junction bpx and
therefofe barely exposed to UV, neither direct through the PV module neither via albedo. Refer to IEC 62790 for
ageing|tests of junction box adhesives.

4.10.3.3 Characterization of UV filters and transparent release material (trm)

The diffuse transmission spectrum of the UV filter, for which e.g. a laminated coupon
“G/ E/E (trm)* or optical filter glass are suitable examples, has to be measured in the
range 300 nm to 1 250 nm following the procedure in 4.6.4. From the spectra the 10 % UV
cut-off value has to be determined according to IEC 62788-1-4 for reporting. Filter material is
qualified for the test, if the cut-off wavelength is stable within £3 nm comparing its
measurement before and after UV exposure. For long exposure times it might therefore be
required to replace UV filters by fresh filters of the same type. Stable filter material may be
re-used in subsequent tests.

Transparent release material (trm, see Table F.1) shall have a solar photon weighted
transmittance > 85 % transmittance in both ranges:
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a) 280 nm to 2 500 nm, and
b) 300 nm to 400 nm based on the calculation defined in 8.2 of IEC 60904-3:2016 and a
thickness between 50 um to 125 um.

Suitable materials include:

a) perfluoroinated ethylene propylene copolymer (FEP) film, and
b) ethylene tetrafluoroethylene (ETFE) film, as pure formulations without UV absorbers.

NOTE 1 Foils thinner than 50 y may introduce wrinkling during lamination, whereas foils thicker than 125 ym may
introduce an unnecessarily strong diffusion barrier, making the test less representative for actual use.

NOTE 2 Direct contact between trm foil and neighboring layers may get lost locally during weathering expoLure. If
the mdterial at the sun-facing side of the backsheet is susceptible to oxygen induced degradation, this may
introdufe e.g. non-homogenous discoloration, even though on a level much smaller than performing the wegthering
test without the frame-laminated trm/E/G filter stack.

NOTE B It has been observed that up to 0,5 % and 0,8 % larger transmittance values ‘are-obtained for 125 ym
thick fdils of FEP and ETFE, when measured in the limited spectral range of 300 nm to 4000 nm instead of P80 nm
to 2 50P nm.

4.10.3.4 Apparatus

A wegthering apparatus according IEC TS 62788-7-2 method A that provides a spectral power
distriution that simulates natural daylight as defined in ASTM D7869.

NOTE | At the time of writing this document, only UV filtered Xenon can provide this spectral power distr|bution.
See 4.10.3.8 for UVA tests.

4.10.3.5 Procedure

For white and clear frontsheet and backsheet materials, the test shall be carried out according
to condition A3 in Table 1 of IEC TS 62788-7-2:2017 without backing material. For whife and
clear packsheet these test conditions™result in a specimen temperature of about 70 °C. For
black [or coloured backsheet having:significant absorption in the VIS and IR spectral fange,
test clycles A2 or A1 are recompended to provide a sheet temperature of 70 °C £ 5 °C¢ (see
IEC T|S 62788-7-2 for guidanee). If cycle A3 is selected for black backsheets, a considgrably
higher sheet temperature.is”likely to result, which may be above the glass transition
tempgrature T, of the\\polymeric material under test and therefore not necegsarily
repregsentative for use:

NOTE Conditions‘A3in IEC TS 62788-7-2 are as follows:

a) Irradiance of (0,8 + 0,08) W/m%nm at 340 nm, which is equivalent to (81 + 8) W/m? measured between B00 nm
anfd 400 nm,~using a xenon arc source with filters complying with the latest version of ASTM D7869 daylight
filter.

b) Chimber controlled to the black panel (un-insulated) temperature of 90 °C + 3 °C.

c) Chamber controlled to ambient temperature of 65 °C + 3 °C.
d) Ambient air relative humidity of 20 % + 5 %.
e) No water spray.

f)  The exposure may be intermittently interrupted for system maintenance.

Standard test duration for uniform characterization form and datasheet reporting is 2 000 h.
Optional test durations are 1 000 h and 4 000 h.

NOTE 2 IEC TS 62788-7-2 provides context for the choice of test cycles for clear, white and coloured backsheet
and the choice of test duration of 1 000 h, 2 000 h and 4 000 h.

If optional sun-facing side exposure of backsheet film through UV filter has been chosen, the
UV filter needs to be placed between backsheet and light source.
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4.10.3.6 Requirements for testing retention of properties by post evaluation tests

After sampling from weathering test, pre-condition material according to requirements of the
post evaluation test.
a) Required material characterization includes:

e visual evaluation of the exposed side of samples before and after weathering
according to 4.6.3.

e mechanical strength testing (tensile strength and elongation at break, MD only) of
replicate specimen shall be measured before and after weathering (see 4.2.4).

b) Optional material characterization includes:

e | mechanical strength testing (tensile strength and elongation at break, TD. orly) of
replicate specimen can be measured before and after weathering (see 4.2 4),

e | d.c. breakdown voltage of replicate specimen can be measured before and| after
weathering (see 4.5.1).

¢ | instrument based optical characterization can be carried out, see®.6.4 (transmigsion),
4.6.5 (reflection), 4.6.6 (yellowness), 4.6.7 (colour) and/or 4.6(8"(surface glosg). No
extra replicates are required: non-destructive optical measurements can be performed
on samples foreseen for mechanical testing before conducting those tests.

e | adhesion is measured on replicate specimens before .and after weathering. Spefgimen
preparation depends on the type of adhesion test envisaged:

— adhesion of components of the multilayer sheét (see 4.3.6.2).
— adhesion to a matched material, such as epbcapsulant or edge seal (see 4.3.6 3).

NOTE | Junction box adhesives in actual field use are in between backsheet and junction box and thereford barely

exposed to UV, neither direct through the PV module neither via albedo. Refer to IEC 62790 for ageing {ests of
junctiop box adhesives.

4.10.3.7 Reporting requirements
Repoft the following:

a) tept parameters for the. (xenon-based weathering (method, parameters, duration
cymulative radiant exposure) according to IEC TS 62788-7-2 method A3 for white/clear or
sglection of A1, A2 OR A3 for black / coloured backsheet.

b) the¢ specimen configuration (film or coupon according to Table F.1)

c) the UV filter configuration by reference to Method A, B, C1a, C1b or C2.
d) repults from the‘required post evaluation tests listed in 4.10.3.6 a)

e) optionallyjreport results from post evaluation tests in 4.10.3.6 b).

In d)| and—e) report the absolute results from the evaluation tests after weathering in
comparison to measured values before. Reporting of % retention of initial values togethgr with
the initial value is an alternate reporting option.

4.10.3.8 UVA testing

IEC TS 62788-7-2 method B also defines a UVA test using UVA-340 fluorescent sources for
assessment of UV durability of frontsheet or backsheet materials. UVA-340 testing is however
not regarded as equal alternate to Xenon-arc based testing because of the difference in
spectral power distribution, which may result in different material failure modes, depending on
the action spectrum of the materials under test.

Filtered Xenon is currently accepted as the best spectral match to natural daylight and UV
induced failure can be tested without previous knowledge of the action spectrum of the
specimen. Therefore Xenon weathering is required for datasheet reporting, whereas UVA-340
lamp testing may still provide useful information for other purposes during product
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development and module testing, an auxiliary test may be performed according to condition
B3 of Table 2 in IEC TS 62788-7-2:2017 for a duration of 1 000 h, 2 000 h or 4 000 h.

If this test is performed, post-exposure tests and data reporting shall comply with the
requirements of 4.10.3.5 and 4.10.3.6, referring to condition B3 in Table 2 (UVA) of
IEC TS 62788-7-2:2017 instead of condition A3 of Table 1 (Xenon).

Sample preparation for UVA testing is identical to that for UV Xenon testing (4.10.3.2).

5 Uniform characterization form (UCF)

5.1

General

The (iniform characterization form for backsheet and frontsheet provides~an” ext¢nsive

overv
safety
perfor

The U
The U

ew of mechanical, electrical, optical and chemical characteristics, that-are rela
, performance and processing of the frontsheet or backsheet. For)some safet
mance related properties reporting of test results after ageing is required.

CF shall be prepared by a test agency having competence{of/testing and calibr
CF shall contain at least the required results of material characterization tests, an

contaln results of optional characterization tests in additiof. ‘Furthermore, an UCF
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information relevant to a specific test;
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thé content of the report, and the date of issue;

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

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

Layer stack description

The UCF shall contain a drawing, which shows the construction (layer stack) of the front sheet
or backsheet, in which the individual layers are labelled and named and their nominal
thickness is given.

Indicate the function of the layers in the layer stack, especially:

Materials in layer stack that are relied-upon for insulation.

Adhesive layers.
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5.3 Material test results and reporting requirements

The UCF shall be given as tabular overview of results according to Table 3. In the full
document the table is followed by details of the test conditions as defined by the reporting
requirements per test item, referencing items via the UCF number in the first column of the
table. Table 3 defines the uniform characterization form for required (v') or optional (O)
material evaluation and ageing tests for polymeric frontsheets and backsheets. Reported data
shall include tolerances as given by reporting requirements of each test method indicated in
column “reference”.
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Table 3 — Uniform characterization form (UCF) for polymeric
PV frontsheet or backsheet

Test
2000 h UV (Xenon) test
UCF 1000 h DH (4.10.3) with exposure of
No test name reference fresh test (4.10.2)
’ U air side? sun-facing
side®
1 dimensions and tolerances [um] 4.2.2 v - - —
2 area weight and tolerances [g/m’] 4.2.3 4 - - -
3 |[aytensile strength [MPa] (MD) 124 4 v 4 v
b) tensile strength [MPa] (TD) 4.2.4 v v o) q
4 a) elongation at break [%] (MD) 4.2.4 v v v L
b) elongation at break [%] (TD) 4.2.4 v v Q q
5 bond strength between layers of 4.3.6.2
composition - or weakest link [N/mm] v v (o] d
(for peelable layers)
6 bond strength between coatings or 4.3.6.2
thin layers and film [rating scale] v v o .
(for layers too thin or brittle to peel)
7 bond strength between a specific 4.3.6.3 o o o d
encapsulant and sheet [N/mm]
8 bond strength between a specific 4.3.6.4 see
junction box adhesive and sheet ) IEC 62790 - .
[N/mm]
9 RTE/RTITI [°C] 4.41 v — - 4
10 || dimensional stability in MD and TD 4.4.2 v
[%] B B 1
1 relative thermal expansion [K™"] 4.43 O - - .
12 || d.c. breakdown voltage [kV] 4.5.1 v (o] (o] d
13 || distance through insulation [um] 4.5.2 v - - ]
14 || comparative tracking index (CT}) 4.5.3 v - - 4
15 || visual inspection 4.6.3 v v v “
16 || solar transmittance 4.6.4
(for transmittive sheets_only) v © © q
17 || solar reflectancet 4.6.5 4 o q
(for reflective-sheets only) (sun-facing) (sun-facing) - (sun-facing)
H c
18 || yellowness index DYI 4.6.6 o o ) O. q ]
(air side) (sun-facing)
19 || CIE L*a*b* (D65/10°) © 4.6.7 o o o q
(air side) (sun-facing)
20 | specular gloss © 4.6.8 o @)
o @) Lo .
(air side) (sun-facing)
21 water vapour transmission rate 4.7.1 o
[g/m’d] - B B
22 | resistance to recommended cleaning 4.8.1 o
solvent - - -

a8 Air-side exposure only for backsheet.

Exposure of sun-facing side of backsheet with choice of UV filter:

i) C1A: G/E/E/(trm), ii) C1b: Filter Glass or iii) C2: no UV filter.
¢ for optical characterization of backsheet (UCF No. 17 to 20) the side of the sheet for optical measurement is

indicated: i) air side or ii) sun-facing side.
v : required material characterization
O : optional material characterization

— : material characterization not required
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Purpose
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The data sheet shall provide an overview of material data from the uniform characterization
form for a wider public.

6.2

Reporting requirements

At least those information and measurement values from Table 3 shall be given in the
datasheet, that are required by IEC 61730-1, as these data are needed for module

qualifFﬁmfRemmﬁe—ﬁﬁﬁﬁmmwmmﬁWﬂWrsede
reporfing requirements given below.

UCF i
UCF |

UCF i
UCF |
UCF |
UCF |
UCF |

Repot
IEC 6

NOTE

For u
Claus

7 P

The fq

No. 01

No. 03/04

No. 09

NO.
NO.
No.
No.

12
13
14
15

thickness of multilayer sheet (fresh) and detailed layer structure (see 5
tensile strength and elongation at break
e fresh

o after 1 000 h DH testing

e after 2 000 h xenon weathering”
RTE, RTl or Tl

d.c. breakdown voltage (fresh)

dti (fresh)

CTI (fresh)

visual inspection

e fresh

o after 1 000 h DH testing

e after 2 000 h xenon-Weathering”

ting of UCF Nos marked with-™ is planned to be required by a future amendm
1730-1, which is currently injpreparation at the time of writing this document.

Manufacturers are free to report additional data as defined in the UCF (see Table 3) also in the data

hique identificationvof the material, the product information according to a) and
e 7 shall also b€ reported in the datasheet.

roduct identification sheet (label)

llewing information is required on the product identification sheet:

2)

ent to

sheet.

b) of

o O T O

D

Type designation of frontsheet or backsheet
Name, address and contact information of the manufacturers or importers

)
)
) Shelf age and storage conditions
)
)

encapsulant in the PV module.

Transport conditions and their maximum duration, if deviating from storage conditions

Identification of the inner side of the frontsheet or backsheet that shall be laminated to the
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Annex A
(informative)

Overview of adhesion testing of frontsheet and backsheet

A.1  Type of adhesion failure

The geometry of the adhesion test determines how force is applied to the interfaces in a
multilayer sample. Any of the interfaces involved in a multi-layered composition could be the
weakest link in the stack. Cohesive failure within a layer may occur rather than failure at an
interface. In case of adhesive failure, the corresponding interface(s) needs to be identified.
The presence of compliant or brittle layers in the multilayer stack may actually\ prevent
assespment of interfacial adhesion. See Figure A.1.

Displacement

Encapsulant

IEC IEC IEC
(A) initial setup (B) adhesive failure (C) cohesive failure
Displacement | !
f Adhesive
m . Backsheet oo N
Encapsulant
Glass
IEC IEC IEC
(A) initial setup (B) adhesive failure (C) cohesive failure

Figure A.1 — Adhesive and cohesive failure type schematics
for lap-shear (top) and T-pluck (bottom)
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A.2 Characteristics of adhesion peel tests

In adhesion peel tests, the peeled layer acts as a kind of lever by which the peel force is
exerted to the interfaces of the stacks. Therefore, including other factors, the measured
adhesion strength value depends on thickness, elasticity and the curvature of the peeled lever.
The measured peel strength is also function of the test geometry such as 90° or 180° peel
and — depending on the geometric border conditions — may vary through the test, limiting
reproducibility and the ability to compare between different backsheet and frontsheet products.

In T-peel, two 90° peels are simultaneously performed in opposite directions, with angles
90° + a® and 90° — a°. In T-peel of an asymmetric specimen the deviating angle o° may
become quite large (> 5°), whereas in case of symmetric layer stacks, the a.° may approéch 0°
on avgrage but varying during the test. In the latter case, T-peel is recommended to.gyantify
chandes of adhesion strength e.g. resulting from ageing, provided sufficient replicatgs are
testeq in view of required significance of results.

In 18Q° peel, the curvature of the handle layer is significant which may catse’ tensile failure of
the layer, making assessment of interface adhesion impossible.

Aforementioned dependence of resulting adhesion strength on layercharacteristics (thickness,
elasti¢ity, etc.) limits the comparability of peel tests to a _quite narrow scope, sufh as
comparing different adhesives within the same set of materialklayers (of the same thickpess).
Eventpally, also the relative degradation of adhesion strength upon ageing can be evalyated,
provided other layer characteristics have not changed during ageing, such as layer elast|city.

In order to assess a specific interface, the adhesive function is partially omitted or rendered
inactiye by insertion of suitable release materials:at'a specific position in the layer stacl, thus
dividing the layer stack into two sub-stacks andrdéfining their interface as starting point of the
peel test. However, this does not guarantee that failure will propagate along initial interfgce.

Also ffemperature and humidity during_the peel test or the pre-conditioning phase, as well as
peeling speed may affect the measured results [6] [7].

A.3 | Characteristics of pluck and lap-shear tests

In pluck and lap-shear-tests, the geometry of the applied force is defined as 90° plyck or
shear| ideally being~uniformly distributed through the test through use of rigid aukiliary
materjals as handles; e.g. suitable constructed aluminium bars, to which the loadframe
appligs a load. /ihese handles, however shall be attached to the multilayer stack by amother
adhedive, often“epoxy possibly in combination with some surface etching procedure. An
adhegive with.insufficient strength limits the maximum measurable adhesion strength |in the
multilayeristack under test. Regarding the handles, premature failure of the handle layerp may
compTomise the test, whereas mechanical compliance of the handles may also affect the test.

Glue may affect results, if it penetrates the typically thin layers of backsheet or frontsheet
constructions, eventually chemically influencing the adhesion. When assessing the adhesion
strength after ageing, it is recommended to attach the glue to the material after samples have
been aged, since elevated temperature, humidity or exposure to UV may introduce artificial
interactions between glue and material under test. Identification of suitable glue, pre-cleaning
or etching procedures of the interfaces and its curing condition may require a pre-study for a
particular material under test.

NOTE Adhesion tests based on the principle of fracture mechanics [8] are presently being developed in future
IEC TS 62788-6-3 [18]. These have the potential to overcome some of the limitations of the aforementioned
methods. These methods also rely on the attachment (glue, epoxy resin) of a rigid auxiliary plate or bar that acts
as a cantilever of pre-defined geometry.
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A.4 Cross-hatch tape testing

The cross-hatch test differs from the other tests methods, in that it is a manual test with visual
evaluation according to a pictorial ruler as opposed to an instrument based test in which
load/displacement is measured and analysed. For cross-hatch, the adhesion test force
depends on the operator skill and also on the adhesion strength of the tape, for which a
minimum strength is required (see Clause B.5). However, differences in tape products are not
differentiated, which may introduce variations that limit comparability of results between
specimens.

A.5 _Qther caveats

The interface in the layer stack at which de-lamination occurs may jump betwegn different
interfgces during the test, via cohesive failures, even though adhesion test was lintended to
examine a specific interface. Releaser liners can also be purposefully introduced during
sample preparation to test adhesion of a whole frontsheet or backsheet to,anether material. A
Iamin%tion step (i.e. a standard time, temperature, pressure episode with or without Aactual
lamination to an encapsulant) should be included in the sample préparation to mimjc the
procepsing conditions during production of PV module as close as pdssible.

Sample preparation by 3" parties by cutting through to some’more or less defined depth of
the lalyer stack or manual peeling will most probably results. in“a weakest link approach. The
same |holds for the cross-cutting / tape test.

Redug¢ing the number of different materials and cotresponding interfaces may help t¢ limit
testing to specific interfaces, for R&D purposes and.bilateral qualification testing, even though
the tept geometry may no longer mimic the PV application.

Adhegion test results may be limited to .the adhesive force provided by the adhesion or
coheglion of an auxiliary material (glass, @luminium, or tape handle) that is needed to pgrform
the tept.

Adhegion tests at elevated temperature may be considered to investigate the effect of high
tempgrature of a backsheet~in~an operating PV module. For this purpose, the loadframe
machine should be equipped-for operation at elevated temperatures through the use|of an
envirgnmental chamber or'by other means. If an environmental chamber is used, the samples
shall pe allowed to eduilibrate to the test temperature before testing. At least 5 min ghould
elaps¢ between when_the chamber door is closed (after the sample is mounted) and the¢ start
of the|test.

A.6 | Overview

TablelAd—gives—an—-everview—of-adhesiontest-methods—deseribedinthis—decumentthal were
adapted for testing component adhesion in the PV module context. All of the methods have
their preferred application and corresponding inherent limitations, as described before. Test
procedures are described in the corresponding clauses of normative Annex B.

A placeholder for a tapered beam adhesion test is listed in the table, which is based on
principles of fracture mechanics and currently under development in future IEC 62788-6-3.
The tapered beam method potentially overcomes shortcomings of conventional peel tests as
both tapered form of the beam as well as choice of beam material result in reproducible
definition of the lever in the adhesion test geometry.
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Annex B
(normative)

Adhesive bond strength test procedures in PV context

180°peel adhesion test

Specimens

Test applies to three types of specimens:

2017

a) T¢
CcQ
to
THh
m

b) Sé

st specimens can be constructed from sheets of at least two adjoining layers
mponents used in the frontsheet or backsheet. These may be prepared_ and b
jether with the same adhesive as used in serial production of frontsheet ortback
e samples may be created using the same vacuum lamination process used in t
bdule fabrication.

mples for weakest link test of backsheet or frontsheet are prepared from finished

Df the
bnded
sheet.
ne PV

sheet
etc.),

sulch that the free ends can be used as handles inserted into*the grips of the loadframe

m
c) S4g
by
rig
Cut th
mean

The 1
the gri

mPerial. Introduce a separation in the sheet by suitable means~(knife, fingernails,

chine.
mples for the test of adhesion of backsheet or frontsheget'to other material are pro

id superstrate (glass) in representative productiondamination process.

e bonded test sheets into 10 mm wide test specimens, discarding the edge cuts
5 that is not deleterious to the bond.

00 mm long unbonded ends bent apart;. perpendicular to the bond line, for clamp
ps of the test machine. See Figure B:d.

Dimensions in mill

Part without adhesive or with
adhesive rendered inactive

Huced

laminating frontsheet, encapsulant and a rigid substrate or backsheet, encapsulant to a

by a

ing in

metres

by use of release material.

B.1.2

See 4

»

Part with adhesive
IEC

Figure B.1 — Example test panel (70 mm x 150 mm) and test specimen

Procedure

.3.4 for pre-conditioning and 4.3.5 for general test procedure.
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In addition:

a) For flexible/flexible samples, reinforce the side of the thicker film with a flat metal plate
(see Figure B.2 left) by clamping the film together with the flat metal plate in the lower
test grip of the tension machine (initial gauge length is 50 mm). Optionally, the film may
be glued to the plate. Clamp the bent, unbonded end of the test specimen in the upper
test grip. Apply the load at a constant displacement speed of 50 mm/min. The film which is
fixed to the metal plate is not allowed to move in any direction during the peel test.

b) For flexible/rigid samples (laminated coupons with e.g. a glass or aluminium base) the flat
metal plate is omitted.

I\

Peel direction
Force direction

Adhesivé

-

Specimen

Rest of material

Adjustable grip

(==

AN - Flat meta) plate

IEC

Figure B.2 — Fixation of the sample for 180° peel (for use with flexible/flexible samples)
and cross-section of the sample

B.1.3 Measurement

Determine from the qautographic curve the average load, in Newtons per millimetre pf the
specimen width required to separate the adherents.

If the| mode 6f)failure has not changed, a plateau like load versus displacement cufve is
recorded (see*Figure B.3, left). In that case average the recorded data for all specimens over
the eptirepeel length except the incipient tear, with 100 mm marking the upper limit of
displacement range and 20 mm the lower, both measured from the onset of load. In the|event
of changes in failure mode, verify by inspection of samples where the adhesion failure has
occurred and which data range is actually associated with the interface under test. Then, the
average specimen peel strength shall be determined using the portion of the data associated
with the failure of the interface of interest (see Figure B.3, right).

The average value and standard deviation for the adhesion between the peeled layers shall
be calculated.

Both directions, MD and TD direction of the sheet material, shall be tested and reported for
peel tests.
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Load

High peel strength
failure mode

Average

load Low peel strength

failure mode

Average
load

B.2

B.2.1

See 4
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Peel distance Peel distance

Figure B.3 — Single and multiple failure modes in a peel test

T-peel adhesion test

Sample preparation

.3.3 for sampling of sheet material.

me kind of frontsheet or backsheet and the matching material for test as adh
bles include:

feseeing the length of encapsulant as\ca. 2/3 of the length of the polymeric sheets;
o sheets of finished backsheet with their air side oriented inside and sandwichi

ju
a

for the incipient tear or foréseeing the length of adhesive as ca. 2/3 of the len
backsheets.

Apply adhesive tapestin 10 mm wide strips or apply an adhesive bead (e. g. for si
adhesives) to the sheet. In the case of an adhesive bead, a mould may be used to
adhesive stripe,”with the dimensions of 10 mm width and 2 mm height. Flattgn the
ipe to a height-of 1 mm by using distance plates in combination with the second|sheet

an
st
an

Cut tH
least

minated test specimen (see Figure B.4) shall be prépared from two flexible sheE

IEC

ts of
rent.

o sheets of finished backsheet (or finished\frontsheet) with their inner sides orjented
5ide and sandwiching an encapsulant areslaminated in accordance with the encapgulant
anufacturer’'s recommendations including a release film for the incipient tear or

g an

ction box adhesive (e.g. silicone or adhesive tape) that is applied and cufed in

ordance with the adhesive manufacturer’s recommendations including a releasle film

d cure it inZaccordance to the adhesive manufacturer’'s recommendations.

bond.

The 50 mm long unbonded ends shall be bent apart, perpendicular tp

adherent/release film line, for clamping in the grips of the test machine.

gth of

licone
Create

e bonded sheet sandwiches into test strips with a width of preferably 15 mm, put at
0,mm. Discard the cut edges cuts (Figure B.4) by a means that is not deleterious [to the

the

The choice of encapsulant or junction box adhesive may be made by the test requestor or the

fronts

heet or backsheet manufacturer.
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Dimensions in millimetres
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Figure B.4 — Sheet sandwich (above) from which test specimens
for T-peel are prepared

B.2.2 Procedure

See 4.3.4 for pre-conditioning and 4.3.5 for general test procedure.

B.2.3 Measurement

See B.1.3.
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B.3 Dynamic tensile (T-pluck)

B.3.1 Purpose

The purpose of this test is to evaluate the inherent resistance of a bonded interface (or set of
interfaces) to tensile forces to quantify the strength of attachment for the weakest interface.
Material, backsheet, and modules manufacturers may use the method to test coupon or
module specimens. While the methods might be applied to material specimens, they are
intended for use with finished backsheet product.

B.3.2 Principle

Tensile bond strength is determined by stressing a butt joint created between rigid adh¢rents
in tengion by applying a displacement perpendicular to the bond area and to the major gxis of
the specimen as shown in Figure B.5. After suitable conditioning, the prepared assenibly is
tested in a displacement controlled mechanical loadframe apparatus at a defined crosghead
displacement speed. An extensometer should be used to accuratety’’determing the

displacement at the specimen.

7
2R3

Figure B.5 —'Dynamic tensile (pluck) schematic

B.3.3 Specimens

See 4{3.3 for sampling of.sheet material.

Indiviglual specimens—'shall be prepared according to Figure B.6. Coupons containirlg the
backsheet will be constructed using 25 mm (or 38 mm) x 75 mm pieces of (5 + 1) mm glass,
encapsulant, and backsheet. This construction will be cured in a laminator.

Tensile pluck samples will be prepared using an aluminium t-block (handle) that is maghined
from a-ptofile with at least 4 mm thickness, providing a plate base area of 25 mm x 45 mm
within @ tolerance of £ 0,5 mm for the linear dimensions, and a height of at least 12 mm. The
handle shall have provisions for attaching it to the load frame, so that no torque is introduced
during displacement. An example is a central hole in the vertical part of the handle.
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Dimensions in millimetres

>4

=7 e A
Hole for attachment to load frame ~
- Aluminum T-Block
A| >4
A
........ “* Adhesive
= Backsheet

Encapsulant

Glass

IEC

Bond
detern
adhesg
edgeg
size O
the m

B.3.4

See 4

Moun
adapt

B.3.5

Calcu
descr

Figure B.6 — Schematic of pluck sample (in cross-section)
for a laminated backsheet test

the handle to the backsheet using a suitable adhesive - one that is strorg enot
hine the weakest link in the backsheet or a junction box adhesive ofdnterest. For

of the bond line to remove excess adhesive and maintain a bond area similar
f the t-block. Allow the adhesive to cure per manufacturer’s reeommendations to
hximum bond strength.

Measurement procedure

.3.4 for pre-conditioning and 4.3.5 for general test.pfocedure.

the laminated glass and the t-block to the)grippers of the loadframe using su
Brs.

Final measurements

ate strain and stress according\"to the following formulae, where the variable
bed below and in Figure B.7:

gh to
liquid

ives glass spacer beads may be used to create consistent bond thicknesses. Wipe the

o the
bbtain

itable

S are

Figure B.7 — Dynamic tensile variables
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The stress is calculated as

where

is the tensile strain (%);
is the initial overlap adhesive thickness (mm);

2017

B.4

B.4.1

The p
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backs'Eeet, and modules manufacturers may use the method to test coupons or n

speci
use w
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displ
displ

is the specimen displacement (from strain gage or extensometer) (mm);
is the tensile stress (MPa);

is the initial overlap length (mm);

is the initial overlap width (mm);

is the highest recorded force on the stress-strain curve (N).

Dynamic overlap shear

Purpose

urpose of the shear test is to evaluate the inherent resistance of a bonded interf
forces to quantify the strength of attachmeni for the weakest interface. M

ens. While the methods might be applied, toxmaterial specimens, they are intend
th finished backsheet products.

Principle

ive lap-shear bond strength is determined by stressing a single-overlap joint be
andles in shear by applyinga.force parallel to the bond area and to the major 3
ecimen, as shown in Figure-B.8. After suitable conditioning, the prepared assen]

in a displacement ~controlled mechanical loadframe at a defined cros
ement speed. An extensometer should be used to accurately determin
ement at the specimen.

ce to
terial,
odule
ed for

fween
xis of
bly is
shead
b the

B.4.3
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Figure B.8 — Overlap shear force schematics

Specimens

A detailed description of the assembly of the specimens to be prepared is identified in
Clause 5 of ISO 4587:2003. The specimens may be prepared either individually or from
panels as described in of ISO 4587.
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Individual specimens shall conform to Figure B.9 and Figure B.10, as in ISO 4587, where the
overlap adhesive bond area is equal to 25 mm x 25 mm, and each aluminium substrate has a
thickness of 1,6 mm, and an area of 25 mm x 100 mm. The laminated back sheet sample shall
be made using a 25 mm x 50 mm piece of both the encapsulant and the backsheet. The
sample should be run through a representative lamination cycle for the backsheet as
recommended by the material manufacturer(s).

The backsheet sample is made slightly larger than the bond size to allow for the flow of
excess encapsulant from the two ends of the sample. Small pieces of single-sided tape can
be used to mask off the bond area. At least five replicate specimens shall be examined.

Dimensions in mill

Pl
_ I—
&

Key

1 Mets
2 Adhg
3 BacK
4 Encq
5 Metg

l 4%.1 ’l\ 2

| coupon (25 mm x 100 mm)
sive (25 mm x 25 mm)
sheet (25 mm x 50 mm)
psulant (25 mm x 50 mm)

| coupon (25 mm x 100 mm)

Figure B.9 — Schematic of overlap shear specimen shown in cross-section,
for a laminated backsheet coupon

Dimensions in mill
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Figure B.10 — Details of overlap shear specimens
(1ISO 4587:2003, Figure 1)
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