IEC TS 62788-2:2017-08(en)

IEC TS 62788-2

Edition 1.0 2017-08

TECHNICAL
SPECIFICATION

colour
inside

o\

Y(Re
3 inWaic modules —
pets.and ba eets

Measurement procedures for ms
Part 2: Polymeric materials — Front



https://standards.iteh.ai/catalog/standards/iec/36381029-1faf-444d-8aa2-6b9cef8889e1/iec-ts-62788-2-2017

THIS PUBLICATION IS COPYRIGHT PROTECTED
Copyright © 2017 IEC, Geneva, Switzerland

All rights reserved. Unless otherwise specified, no part of this publication may be reproduced or utilized in any form
or by any means, electronic or mechanical, including photocopying and microfilm, without permission in writing from
either IEC or IEC's member National Committee in the country of the requester. If you have any questions about IEC
copyright or have an enquiry about obtaining additional rights to this publication, please contact the address below or
your local IEC member National Committee for further information.

IEC Central Office Tel.: +41 22 919 02 11
3, rue de Varembé Fax: +41 22 919 03 00
CH-1211 Geneva 20 info@iec.ch
Switzerland www.iec.ch

About the IEC
The International Electrotechnical Commission (IEC) is the leading global organization th s and publishes
International Standards for all electrical, electronic and related technologies.

About IEC publications

latest edition, a corrigenda or an amendment might have been published.

IEC Catalogue - webstore.iec.ch/catalogue Electropedia - » s

The stand-alone application for consulting the entre  The worlds eading ry of electronic and
bibliographical information on IEC International Standards, i ms and definitions in
Technical Specifications, Technical Reports and other terms in 16 additional
documents. Available for PC, Mac OS, Android Tablets and  lang as the\nternational Electrotechnical
iPad. i

IEC publications search - www.iec.ch/searchpub 3
The advanced search enables to find IEC publica terminology entries in English and
variety of criteria (reference number, text, m the Terms and Definitions clause of
committee,...). It also gives information on projects, rlace ications_isstied since 2002. Some entries have been

and withdrawn publications. collected\from earlier publications of IEC TC 37, 77, 86 and
IEC Just Published - webstore.iec chljustpubllsh d

Stay up to date on all new IEC pyb IEC Customer Service Centre - webstore.iec.ch/csc
details all new publications reledsed. ish to give us your feedback on this publication or

also once a month by email.

9,

need further assistance, please contact the Customer Service
Centre: csc@iec.ch.


mailto:info@iec.ch
http://www.iec.ch/
http://webstore.iec.ch/catalogue
http://www.iec.ch/searchpub
http://webstore.iec.ch/justpublished
http://www.electropedia.org/
http://std.iec.ch/glossary
http://webstore.iec.ch/csc
mailto:csc@iec.ch
https://standards.iteh.ai/catalog/standards/iec/36381029-1faf-444d-8aa2-6b9cef8889e1/iec-ts-62788-2-2017

IEC TS 62788-2

Edition1.0 2017-08

TECHNICAL
SPECIFICATION

colour

inside
INTERNATIONAL
ELECTROTECHNICAL
COMMISSION
ICS 27.160 ISBN 978-2-8322-4673-3

Warning! Make sure that you obtained this publication from an authorized distributor.

® Registered trademark of the International Electrotechnical Commission


https://standards.iteh.ai/catalog/standards/iec/36381029-1faf-444d-8aa2-6b9cef8889e1/iec-ts-62788-2-2017

-2- IEC TS 62788-2:2017 © IEC 2017

CONTENTS

O T @ ]I PN 6
LN 7 1 L@ 1 PN 8
1 S ToTo] o1 PP 10
2 NOIMALIVE FEFEIENCES ...ttt e e e e aeees 10
3 Terms and definitioNs ... e 13
I I ] A ] o Y =Y o LU Y S 16
4.1 L= a1 =Y N 16
4.2 Mechanical characteristics ... ... e e eeeens 17
4.2.1 GENETAl ..t B TP N 17
4.2.2 ThICKNESS ..o S N N 17
4.2.3 Area weight ... S N NG N NG D e 18
4.2.4 Tensile strength / elongation at break ............... 000G NN\ oD e NG Yo reenen 19

4.4

4.5

4.2.5 CUITING e e s N e e N e )

4.3 Adhesion teStiNg ... S O NN e e N e e
4.3.1 PUIPOSE ..o L N S e\l Y e
4.3.2 General .o e e N N e et et
4.3.3 Sample preparation ....................

4.3.4 Sample conditioning ..{...\...

4.3.5 Apparatus and procedure
4.3.6 Adhesion tests for interf;
4.3.7

4.4 .1

4.4.2

4.4.3

4.4.4

4.5.1

4.5.2

4.5.3

4.5.2

4.6.1

4.6.2 SPECIMEN PreParation ... ... 40

4.6.3 Visual INSPECHION ... e 40

4.6.4 Optical transmittance of frontsheets and backsheets .............cccooiiiiiin. 41

4.6.5 Optical reflectance of backsheets ... 42

4.6.6 YelloWNESS INAEX (Y1) wuirniiii e e 42

4.6.7 Colour measurement (L*, @*, b*) .o 43

4.6.8 SUMACE GlOSS. . it 44
4.7 Diffusion CharacCteriStiCs ... ... 45

4.7.1 Permeability of water vapour ....... ..o 45

4.7.2 Permeability Of OXYGeN ..o 46
4.8 Chemical characteristics ... ... 46

4.8.1 ReSiStance t0 SOIVENES ... ..o 46


https://standards.iteh.ai/catalog/standards/iec/36381029-1faf-444d-8aa2-6b9cef8889e1/iec-ts-62788-2-2017

IEC TS 62788-2:2017 © IEC 2017 -3-

7

4.9 Other characteristiCs .. ... 48
4.9.1 IgNiItability — PUMPOSE e 48
492 Flammability — PUMPOSE ... 48

4.10 Accelerated ageing testS ... i 48
4101 0 o o 1= - S 48
4.10.2 Damp Heat (DH) testing at elevated heat and moisture.................cc.ooin. 49
4.10.3 Weathering at elevated levels of temperature and moisture ........................... 50
Uniform characterization form (UCF) ... 55

5.1 L= a1 =Y S

5.2 Layer stack deSCriplion ...
5.3 Material test results and reporting requirements
Data Sheet.. ..o

6.1 PUMPOSE o G D
6.2 Reporting requirements........ ... N NG
Product identification sheet (Iabel)............oooiiiii N D N e e

A1 Type of adhesion failure..... ... NG NG et e e e Yot
A.2 Characteristics of adhesion peel tests
A.3 Characteristics of pluck and |
A4 Cross-hatch tape testing ...<.... NG oG SN,
A.5 (0] {gT=T o= AVZCY- | £ S, N NU N O ) SR
A.6

B.1
B.1.1
B.1.2
B.1.3

B.2
B.2.1

B.3.5

B.4 DynNamiC OVErlap SNEAI .....couuii e e
B.4.1 P U PO .
B.4.2 P i I Pl e
B.4.3 ST oL o3 14 1= o 1=
B.4.4 Measurement ProCEAUIE ... ....ouiii e e 72
B.4.5 Final measurements ... 72

B.5 Cross-hatch tape teSt. ..o 73
B.5.1 N o o 1= 1 = {0 P 73
B.5.2 PO CEAUI e .. 74

B.5.3 Final MeasSUrEmMENTS .. .o e 74


https://standards.iteh.ai/catalog/standards/iec/36381029-1faf-444d-8aa2-6b9cef8889e1/iec-ts-62788-2-2017

-4 - IEC TS 62788-2:2017 © IEC 2017

Annex C (normative) DC breakdown voltage ... 75
C.1 N o] 0= 1 =1 {0 £ S 75
C.2 SUrrOUNdING MEAIUM ...ttt 76
C.3 [ o ToT=To U1 /= TP 76
C4 Criteria of breakdOWN ... .. ..o 77
C.5 Other characterization methods ...........cooiiiii i 77

Annex D (informative) Abrasion teSting .........cccoiiiiiiiii 79
D.1 1 oo 1= 79
D.2 M BTN OAS .. e 79

Annex E (normative) Sampling of films . ... 82

E.1 P UIDOSE ..o B CTT NP 82
E.2 ProCeduUre ... oo < [ NPT N 82
Annex F (normative) Sample preparation
F.1 PUIMPOSE o e NG e e )
F.2 Sample constructions...........coooiiiiiii
F.21 General considerations . .......c.oviiiiiiiii e NG N - N e e Y ee e e e e e eenes
F.2.2 Materials and procedures
Bibliography......ccoiii

Figure 6 — Exampleof
material ............0

Figure B.4 — Sheetsandwich (above) from which test specimens for T-peel are

0 31=Y o 2= 1= [P 67
Figure B.5 — Dynamic tensile (pluck) schematic ............ccccooiiiiiiiii e, 68
Figure B.6 — Schematic of pluck sample (in cross-section) for a laminated backsheet

L1055 69
Figure B.7 — Dynamic tensile variables ... 69
Figure B.8 — Overlap shear force schematics ...........coiviiii i, 70
Figure B.9 — Schematic of overlap shear specimen shown in cross-section, for a

laminated bacKsSheet COUPON ... .o e e e aaeaas 71
Figure B.10 — Details of overlap shear specimens (ISO 4587:2003, Figure 1) .....ccoeevveenneennnes 71
Figure B.11 — Overview of overlap shear test conditions ... 72
Figure B.12 — Dynamic overlap shear schematiC............cooiiiiiii e, 73

Figure B.13 — lllustration of area removal by tape in cross-hatch test, with classification
from 0 to 5 (from left 10 Fight) ..o 74


https://standards.iteh.ai/catalog/standards/iec/36381029-1faf-444d-8aa2-6b9cef8889e1/iec-ts-62788-2-2017

IEC TS 62788-2:2017 © IEC 2017 -5-

Figure C.1 — Equal electrodes for dielectric strength test (taken from Figure 1b of
]SO0 e T I 0 1 ) TR PP 76

Figure D.1 — Number size distributions of saltation particles at the dune site, 30 cm
height, and the Gobi sites, 20 cm and 30 cm height, from 1223 to 1320 UT, 5 April

2002 18] ettt ettt ettt ettt e et e e e e e 80
Figure D.2 — Particle size distribution of sand from different heights .............................. 81
Figure D.3 — Grain size distribution of surface sand and drifting sand captured at 20

cm high above the crest of dune [14] ..o e 81
Table 1 — Overview of adhesion teStS ... 25

Table 3 — Uniform characterization form (UCF) for polymeric PV fro 3

backsheet ... N\ N N N NG e e 57
Table A.1 — Overview of various adhesion tests and their gene : ,

polymeric frontsheet and backsheet...........c..ocoii oG N ne N N 62

Table F.1 — Overview of sample preparation suitable for materialtests\ " ... 2 ceririiiin. 85

O


https://standards.iteh.ai/catalog/standards/iec/36381029-1faf-444d-8aa2-6b9cef8889e1/iec-ts-62788-2-2017

-6- IEC TS 62788-2:2017 © IEC 2017

INTERNATIONAL ELECTROTECHNICAL COMMISSION

MEASUREMENT PROCEDURES FOR MATERIALS USED
IN PHOTOVOLTAIC MODULES -

Part 2: Polymeric materials — Frontsheets and backsheets

FOREWORD

1) The International Electrotechnical Commission (IEC) is a worldwide organization forstandardization comprising

all national electrotechnical committees (IEC National Committees). The object o to promote
international co-operation on all questions concerning standardization in the elegctxical and eI fields. To
this end and in addition to other activities, IEC publishes International Stanard I § icati ,

Technical Reports, Publicly Available Specifications (PAS) and Guide Q as “IEC
Publication(s)”). Their preparation is entrusted to technical committees; i 3
in the subject dealt with may participate in this preparatory work

assessment servie? g
services carried<Q y i

6) All users should enSur€ tha

9) Attention is drawqn to the possibility that some of the elements of this IEC Publication may be the subject of
patent rights. IEC shalV’'not be held responsible for identifying any or all such patent rights.

The main task of IEC technical committees is to prepare International Standards. In
exceptional circumstances, a technical committee may propose the publication of a technical
specification when

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

e 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 report 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.

The committee has decided that the contents of this publication wi i hanged until
the stability date indicated on the IEC website under "http://wekb Nec. i the data

» transformed into an International standard,
* reconfirmed,

* withdrawn,

+ replaced by a revised edition, or
* amended.

IMPORTANT - The_'celour i
that it contai
understanding of jts

colour printer. /\
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INTRODUCTION

Backsheets 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.

Polymeric backsheets and frontsheets are typically compositions of layered materials, such as
films, adhesives or coatings, in which at least one material layer delivers the relied-upon
insulation (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
module, backsheet and frontsheet shall provide their durable electrical insulating function in
presence of the other components of the PV module, such as light-tg-current conversion
element (the “cell”’), electrical circuits and connectors, frontsheet and engapsutant, sealing

backsheet or frontsheet (e.g. by chemical interactions or int 3 1 joad or
mechanical stress) or alter environmental stresses (e.g. filtering ati eaching the
sun-facing side of the backsheet).

, IEC 60216 (see
IEC 61730 1:2016, 5.5.1.3. 3) and re i of 290 °C or maximum

assessment.

In analogy to RTE/RTI/T
frontsheet films to provi

a) Elevated moj
b) UV-weatherin

be conducted dirs

frontsheet andbacksheet is defined.

e The relied upon insulation material shall have a minimum thickness, also known as
distance through insulation (dti) defined in the “thickness in thin layers” rows of
Tables 3 and 4 in 5.6 of IEC 61730-1:2016.

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

e 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.

Other 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
specific 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
module level are defined.

NOTE At the time of writing this TS, an amendment project for IEC 61730-1 is i
requirements for measurement of dti (distance through insulation) and resistance agai
based on methods defined in this document IEC TS 62788-2 as well as IEC TS 62788<7-2.

préparation, in which
weathexng are planned

ihg properties of
t of PV module


https://standards.iteh.ai/catalog/standards/iec/36381029-1faf-444d-8aa2-6b9cef8889e1/iec-ts-62788-2-2017

-10 - IEC TS 62788-2:2017 © IEC 2017

MEASUREMENT PROCEDURES FOR MATERIALS USED
IN PHOTOVOLTAIC MODULES -

Part 2: Polymeric materials — Frontsheets and backsheets

1 Scope

This part of IEC 62788 defines test methods and datasheet reporting requirements for safety
and performance related properties (mechanical, electrical, thermal, opti¢al and chemical) of
non-rigid polymeric materials intended for use in terrestrial photovoltaic’‘imodulesas polymeric
frontsheets and backsheets.

modules.

Rigid polymeric sheet
consideration.

IEC 60050-826, International Electrotechnical Vocabulary — Part 826: Electrical installations

IEC 60068-1, 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:
Ageing 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 60664-1, Insulation co-ordination for equipment within low-voltage ms — Part 1:

e . \
Principles, requirements and tests

IEC 61140, Protection against electric shock — Comm 3 installation and
equipment

IEC 61189-3, Test methods for electrical materl S inte s and other interconnection
structures and assemblies — Part 3;/Te ! ection structures (printed
boards)

IEC 61215-1:2016, Terrestrial photovpltaic (P es — Design qualification and type

approval — Part 1: Test requirements

approval — Part 2: Tes

IEC 61730-1:20
construction

IEC 62788-1 sureément procedures for materials used in photovoltaic modules —

s — Measurement of volume resistivity of photovoltaic encapsulants and
other polymeric matérials
IEC 62788-1-4, 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 board — Determination of grammage

ISO 2409:2013, Paints and varnishes — Cross-cut test
ISO 2808, Paints and varnishes determination of film thickness

ISO 2813, Paints and varnishes — Determination of gloss value '3
85 degrees

ISO 4587:2003, Adhesives — Determination of tepsile lap~sheés
bonded assemblies

m%na/y is" (TMA) — Part 2: Determination of
coefficient of linear thermal expansion aqokglass transition temperature

ISO 11664-1, Coliim A : standqrd colorimetric observers

ISO 11664-2, Colofip

— Part 1: Humldlty d&tection sensor method

ISO 15106-2, Plastics — Film 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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