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INTERNATIONAL ELECTROTECHNICAL COMMISSION

MEASUREMENT PROCEDURES FOR MATERIALS
USED IN PHOTOVOLTAIC MODULES -

Part 6-3: Adhesion testing for PV module laminates

using the single cantilevered beam (SCB) method
FOREWORD

THe International Electrotechnical Commission (IEC) is a worldwide organization for standardization comp
all national electrotechnical committees (IEC National Committees). The object of IEC is to promote interng
cd-operation on all questions concerning standardization in the electrical and electronic fields. To this en|
infaddition to other activities, IEC publishes International Standards, Technical Specifications, Technical Re
Pyblicly Available Specifications (PAS) and Guides (hereafter referred to as AEC Publication(s)”).
preparation is entrusted to technical committees; any IEC National Committee intergésted in the subject dea
may participate in this preparatory work. International, governmental and non-governmental organizations li
with the IEC also participate in this preparation. IEC collaborates closely with the International Organizati
Standardization (ISO) in accordance with conditions determined by agreement between the two organizati

THe formal decisions or agreements of IEC on technical matters expres§,/as nearly as possible, an interng
cdnsensus of opinion on the relevant subjects since each technical committee has representation frdg
inferested IEC National Committees.

IEIC Publications have the form of recommendations for interndational use and are accepted by IEC NF
Committees in that sense. While all reasonable efforts are~made to ensure that the technical content g
Pyblications is accurate, IEC cannot be held responsible{for the way in which they are used or fo
misinterpretation by any end user.

In] order to promote international uniformity, IEC National Committees undertake to apply IEC Public
trgnsparently to the maximum extent possible in theirhational and regional publications. Any divergence be
anly IEC Publication and the corresponding national'or regional publication shall be clearly indicated in the

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

All users should ensure that they have the latest edition of this publication.
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members of its technical committees and IEC National Committees for any personal injury, property dam
other damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fee
expenses arising out of.the publication, use of, or reliance upon, this IEC Publication or any othe
Pyblications.

N¢ liability shall attach to IEC ornits directors, employees, servants or agents including individual experjs and

Attention is drawn te_the Normative references cited in this publication. Use of the referenced publicati
indispensable for_the correct application of this publication.

Attention is drawn to the possibility that some of the elements of this IEC Publication may be the subject of
rights. IEC.shall not be held responsible for identifying any or all such patent rights.
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The text of this Technical Specification is based on the following documents:

Draft Report on voting

82/2012/DTS 82/2057A/RVDTS

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

The language used for the development of this Technical Specification is English.
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This document was drafted in accordance with ISO/IEC Directives, Part 2, and developed in
accordance with ISO/IEC Directives, Part 1 and ISO/IEC Directives, IEC Supplement, available
at www.iec.ch/members_experts/refdocs. The main document types developed by IEC are
described in greater detail at http://www.iec.ch/standardsdev/publications.

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 document will remain unchanged until the
stability date indicated on the IEC website under webstore.iec.ch in the data related to the
specific document. At this date, the document will be

e reconfirmed,
e Withdrawn,

—

bplaced by a revised edition, or

e amended.

IMRORTANT — The "colour inside" logo on the cover page of this document indicates thpat it
corftains colours which are considered to be useful for the correct understanding of its
corltents. Users should therefore print this document using a-colour printer.
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INTRODUCTION

This document describes the single cantilevered beam (SCB) test, useful for characterizing
adhesion in photovoltaic (PV) modules. This method is grounded in fundamental concepts of
beam and fracture mechanics [1], [4], and allows for a quantitative measurement of adhesion
strength. A method for calculating the debond length, a; has been developed as an option to

phys

ical measurement.

PV modules are multi-layer structures that depend on adequate adhesion between each layer
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encapsulant and backshé&et'adhesion for PV module reliability may be found in the literatur

throy

e sarety gua atlo o O- and compo ara atior o ofs
most commonly used tests are peel tests at either 180° for components (IEC TSc627
and [EC 62788-1-1), or at 90° for modules (IEC 61730-2 MST 35).

tests are in practice simple to carry out, and provide a peel strength value; different

ab have a strong influence on the result, making these tests of limitedvalue in comp
r different materials, or the same material after stress exposures.

e SCB method, an elastic width-tapered cantilever beam is adhered to the sample. V|
eam is loaded at its apex, delamination will initiate at the weakest interface and adv
continued loading. This measurement allows for calculation of the critical value o

jy release rate, G, which is the adhesion property for a'given material interface. The

ed by this method is less dependent of the viscoelastic properties of the polymeric mat
50 more useful for measuring differences or changes in adhesive strength.

SCB method can be conducted at either the\¢oupon or module level. Because it doe
re using the backsheet as a pull tab, it istmore likely to able to test the adhesion of g

layer of the backsheet. These considerations give this test method good flexibility ta
plications related to PV modules. Examples for several specific use cases are provid

document offers a generalized method for performing the test, with the expectation
practices for utilizing this test method will be developed for specific applications.

nples of this method, being employed to quantify and define the threshold valug

gh [5].

re their reliable operation. Adhesion testing is described in current IEC PV standards for
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Numbers in square brackets refer to the Bibliography.


https://iecnorm.com/api/?name=bb3353e40f263f1b0ddcb00eabbda029

IEC TS 62788-6-3:2022 © |IEC 2022 -7-

1 anpn

MEASUREMENT PROCEDURES FOR MATERIALS
USED IN PHOTOVOLTAIC MODULES -

Part 6-3: Adhesion testing for PV module laminates
using the single cantilevered beam (SCB) method
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For fhe purposes of this document, the terms and definitions given in IEC TS 61836 appl

well

Terms and.definitions

part of IEC TS 62788 provides a method for measuring the adhesion energy\of
aces within the photovoltaic (PV) module laminate.

hy, via the critical energy release rate, and so is more useful for comparing adhesi
ent specimen types; e.g. different materials, module or couponf(samples, or mate
e and after stress exposure.

is a “weakest link” test, meaning that the weakest interface is the one most likely to f
en test. Adhesion of a specific layer may be difficult to.jatentionally measure if there
er interface in the system.

Normative references

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

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

'S 61836, Solar photovoltaic ‘energy systems — Terms, definitions and symbols

/500-1, Metallic materials\~ Calibration and verification of static uniaxial testing mach
rt 1: Tension/compression testing machines — Calibration and verification of the f
buring system

bs the)following.

most

ntrast to other adhesion tests in general use, this method provides a measure of adhgsive
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ISO and TEC maintain terminological databases for use in standardization at the following
addresses:

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

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

3.1
cant

ilevered beam

beam supported at only one end such that the slope and deflection of that end is ideally zero


http://www.iso.org/obp
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mechanical compliance
measure of the extent of deformation due to the action of external forces (reciprocal of stiffness)

Note 1 to entry: Unit (preferred): m/N.

3.3

adhesive failure
de-bonding occurring between the adhesive and the adherent, to be differentiated from
cohesive failure within the adhesive material

3.4
coh
crac

3.5

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

adhesive energy

G

specffic energy (in J/m?2) released during separation of two material layers

3.6

critical adhesive energy

G

[

critical strain energy release rate necessary to promote crack growth

3.7

debond length

a

measured length of specimen from the apex.@f the tapered beam to the end of the debo
area

3.8

loadtline displacement

A

displacement measured along:he loading axis of a load frame

3.9

unfixed beam length

Ly

length of the beam between the clamp and the tip, used to determine the compliance calibr
of the beam

3.10

compthtiance—catibrationmethod

hded

ation

method used to calculate the debond length based on the measured compliance at various
crack lengths for a specific beam

3.1

plastic deformation
permanent, non-recoverable deformation

3.12

cohesive zone
trailing area adjacent to the debond edge that may consist of cavitation, voids and ligaments

withi

n the adhesive
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4 Apparatus

4.1 Load frame

A properly calibrated load frame shall be used that can be operated in a displacement control
mode with a constant rate of 10,0 um/s. A load cell with a capacity of 200 N is recommended.
The load frame shall conform to the requirements of ISO 7500-1.

The load frame shall be equipped with the following:

. ts—grip—H ptes—the—toad in—to—the—toading—tab—attaches o-the—spec fmen,
and
the
specimen plane. The clevis pin should be 1,0 mm steel or material of equal or greater elastic

odulus.

» a platen opposite the loading grip to which the test specimen is secured,(Figure 2a); of, the

e 4a displacement indicator capable of monitoring and recording load-line displacement| The
displacement indicator shall indicate the load-line displacemént within an accuragy of

e+ g load-sensing device capable of monitoring and recording~the total load carried by the
specimen. This device shall indicate the load with an aceuracy over the load range(s) of
imterest within 0,1 N.

Dimensions in millimetres

Load train

Clevis grip pin

~&—— Clevis grip link

~&— |oading tab

Specimen <|:

Figure 1 — Diagram of the loading connection using a clevis grip

SIS S

IEC
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\ N . PO
= ‘\\ CIEVIS TITTR U
l I T Platen (\(1/(1/

IEC (b’ IEQ
a) b) %
P

Figure 2 — Schematic of load frame with a) a platen for secﬁﬁng test coupon, and |b)
modified to sit on top of a PV m&t/@)e

;\\
4.2 | Loading tab @)

The |oading tab connects to the beam and to the Io&i@g pin of the Clevis joint. The preferred
matdrial for the loading tab is stainless steel, alth aluminium may also be used. To prgvide

a low friction surface, a sapphire jewel bearing i ommended for the contact with the logding
pin. [This should be inspected for damage pr@r to each test, and cracked bearings shdll be
replgced. Photos of a loading tab are sho@m Figure 3. A reference engineering design is
provided in Annex C. $

R

5 Width-tapered cantilever beam

5.1 General

The beam is usually considered disposable and used only once. After cleaning, it may be reused
if evaluated to ensure no permanent deformation has occurred. Recovering a deformed beam
is not recommended.

Design parameters for the beam include both physical dimensions and material properties.
Annex A describes a range of beams which may be used in the context of this document. Two
specific designs are included in this specification, with the selection to be made based on the

maximum expected adhesion energy, G, ., of the system to be measured.
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5.2 Beam design

A variety of materials and beam designs can be used according to theory as described in
Annex A. For simplicity, this document specifies a single material, Grade 5 Ti-6Al04V, and
specific design parameters as given in Figure 4. Thickness shall be either 0,8 mm or 1,6 mm,
as appropriate for different adhesion strengths (5.3).

A reference engineering diagram is provided in Figure C.1.

NOTE Annex A describes considerations for other materials, in particular for situations where very low adhesion
energy measurements are targeted, or when adhesion to both beam and specimen is problematic with a titanium
beam

Dimensions ip~milinpetres

{00 (B)

65 ()

IEC
Figure 4 — Width-tapered beam

5.3 Beam/selection

The pptilmum beam thickness is based on the expected adhesion strength value, with typical
adhgsiofy strengths for some PV interfaces shown in Table 1. The 0,8 mm titanium bean] has
beenfound Usefut for a range from =20 J/m=z to 200 J/m2, and the ;6 mn beam for a range
from 100 J/m2 to 2 500 J/m2. For measurement of very low adhesion energies, a different beam
material should be used; see Annex A.

Adhesion energy of an interface after environmental exposures can vary significantly, to near
zero. For comparison of adhesion energy before and after environmental exposures, the same
beam is recommended to be used for both, even for very low adhesion energies.

Highest sensitivity will be obtained with the most compliant beam which does not permanently
deform during the measurement, so the titanium beam with thickness of 0,8 mm is a useful
starting point. If the thin beam is used and visibly deformed after the test, the thicker beam
should be used. If the thick beam is pulled off the substrate without elastically bending, this
indicates a lower adhesion energy, and the thinner beam should be used.
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6.1

A ggneral procedure is provided below, with examples for specific usg{cases providg
Anngx B.

a)

b)

d)

e)

6.2
a)

-12 - IEC TS 62788-6-3:2022 © |[EC 2022

Table 1 — Typical adhesion strengths

Interface Gpax
J/m?
Backsheet — encapsulant (initial) 200 to 800
Backsheet interlayers (initial) 200 to 2 300
Encapsulant glass (initial) 1200 to 2 500
Encapsulant — cell (initial) 1200 to 2 000

Test method

Specimen preparation

Hrepare the test material

1)) If the interface of interest is in the form of two different™materials, laminate them
manner which replicates the bonding in the application.

2) If a flexible substrate is used (e.g. for backsheet interlayer, or backshee

(e.g. thick glass).

e The size shall be large enough to completely hold the beam, with width greater
h, and length greater than 5.

e It may improve beam-specimen adhesion if the surface to be attached to the §
is abraded. Then, clean the surface with isopropyl alcohol and allow to dry.

Abrade the surface of the selected.b€am to be bonded with a 150 grit sandpaper or sir
aind clean with isopropyl alcohol.

Adhere the tapered-width portion of beam to the top layer of the test specimen using 4

recommended, using manufacturer’s instructions for mixing and shelf life. A weight
5 kg) should be placed on top of each beam specimen to ensure even adhesive cove
nd a thin bond linexCare should be taken to ensure uniform weight distribution alon
Igngth of the bgam. Use of silica spheres in the epoxy can help to assure a mini
thickness across the interface. Remove any excess adhesive from around the beam

tacky but before it is fully cured.

I
i
t

OTE 1.0©ne example is 3M DP4M epoxy adhesive. This information is provided for the convenience of
of thisgddoeument and does not constitute an endorsement by IEC of this products.

d in

na

to-

encapsulant), or a weak rigid substrate (e.g. a silicon cell) fix it to a strong rigid substrate

than

eam

hilar,

thin

ayer of adhesive, leaving the’rectangular portion unattached. A two-part structural adhgsive

1 kg
rage
h the
mum
while

users

nce’the adhesive is fully cured, cut through the material around the beam down to the

g p
diamond scribe (e.g. for a silicon cell). A Ieadmg edge laser cuttlng device may als
useful.

rigid

o be

Condition the specimen at 23 °C + 2 °C and 50 % + 10 % RH for at least 24 h prior to test.

NOTE 2 Achieving equilibrium at standard conditions may take longer and can affect the results.

NOTE 3 Adhesive curing and sample conditioning can take place at the same time.

Measurement procedure
Attach the loading tab to the beam.

b) Attach the clevis link to the loading tab and clamp the sample to the platen. Orient the
sample so that the clevis link is vertical and in-line with the loading direction, and the centre

of the beam is aligned with the loading direction.
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c) With zero applied load on the sample, initiate the test at a constant displacement rate of
10 ym/s and continue until the debond has propagated approximately 1/3 to 1/2 of the

sample length.

NOTE 1 With a constant displacement rate of 10 ym/s, test time may range between 5 min and 15 min depending

on the amount of deflection required to achieve an adequate debond length.

d) Check the beam and sample; the following conditions shall be met to result in a valid

measurement:

o The width-tapered beam shall not show any indication that it has plastically deformed
during the measurement. If the beam demonstrates any indication of permanent
deformation following the measurement, e.g. does not lie flat, the measurement is not

simultaneously, the measurement is not valid.

utomatically.

valid. If this occurs, repeat the measurement with a stiffer or thicker beam.

o In the sample, debonding shall exist at only one interface. If the debond swit
interfaces during the measurement or propagates at more than aone

OTE 2 Analysis for mixed mode debonding is beyond the current scope of this document.

N
e) Define the portion of the curve where the load, P, is reasonably stable,as shown in Figu
:Ind note the average and standard deviation over that range. Some” software will dg

Inset figures demonstrate the increasing debond length throughout th

froarn

150 f ¢ %‘L .
= ‘
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< 100}
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o
—
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f) I{ using Method 2 (6.3) to calculate the critical adhesion energy G..

200
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Figure’5 — Typical width-tapered cantilever beam load/displacement curve

inte

ches

face

re 5,
this

e test

* Note the final load line displacement, 4; as shown in Figure 5.

e Measure the final debond length a; from the centre of the loading tab’s pin axis to the
debond edge (Figure 6). Tips for measurement of opaque samples are provided in

Annex E.
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6.3

6.3.

6.3.

Two [different methods may be used to calculate G, with both providing similar results. Me
2 mgy be easier for initial or occasional use. Method 1 will take more ¢ime initially to gen;s

the

repepted studies.

For gpaque samples, the location of the crack tip may be difficult to define and user-depen
(see|Annex B); Method 1 will be easier and more repeatable:

6.3.

b)

c)

- 14 - IEC TS 62788-6-3:2022 © |[EC 2022

i i

A
\
A
Y

IEC

Figure 6 — Example of an a; measurement on glass/encapsulant/cell specimens

Analysis

1 Critical adhesion energy, G

1.1 General

reference compliance curve and set up the calculation spreadsheet, but may be easie

1.2 Method 1

Galculate the debond length q; for every data peint as in Formula (D.3), using the param
stablished for the reference compliance curve for that beam type as in Annex D.

sing the pull force and displacementhat each of N measurement points (P;, 4;, a
pspectively), calculate G 5, as in Formula (1).

_ Z c Z Pi A;
C ave N ci N l2

-1 Ztan

pn B el

Galculate og. as'in"Formula (2).

_c (ap >2+ 2 ﬁ:(l,Smm)z
0Gc = Ucave Pave N — 12 a;

thod

brate
r for

dent

bters

hd NV

(1)

(2)

NOTE The uncertainty of Method 1 is largely due to variability in the method (compression of the polymer behind
the crack tip, expansion under the head deviation of up to 10 % can occur due to effects of the polymeric materials),
and in part from the measurement. To simplify error propagation, a constant value of 1,5 mm is used for the
uncertainty in all the individual debond length estimates, o,;.

6.3.1.3 Method 2

a)

Calculate G, as in Formula (3).

Pave Af
Ge = 5——"7<
2tan (0/2) a?

(3)
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b)

Calculate o5 as in Formula (4).

_c ( op )2 o (0,002 m)z
0g = Gcave Pave as

(4)

where

P,,e __is the average load from point a to b [N];
0 is the included beam angle (20°);

Ay is the final load line displacement [m];

ag is the final debond length [m].

NOTH The uncertainty of a; comes from the physical measurement, a qualitative determjnation of the fractur

and the size of the cohesive zone. To simplify error propagation, a constant value of 2, mm is used for thg
debor|d length uncertainty, o ;.

EacH test report should include at least the following information:

a)
b)

Report

al title;

the name and address of the laboratory, and the tocation where the tests were carried
fl different from the address of the laboratory\(such as on-site location);

b line,
final

out,

unique identification of the test report (su¢h as the serial number), and on each page an

identification to ensure that the page is recognized as a part of the test report, and a
igentification of the end of the test report;

name and address of the client, where appropriate;

description and identification of'the item tested;

characterization and condition of the test item;

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

reference to sampling procedure, where relevant;

whether the test.is performed on fresh material, or after a specified stress exposure;
ethod andyduration of sample conditioning;

characterization of the beam used, including material, thickness;
ny, deviations from, additions to, or exclusions from the test method, and any

Clear

bther
ental

information relevant for a specific test, such as sample temperature and environm

comnditions;
the method used to calculate G,
the adhesion energy, and one standard deviation of the measurement as G. + og;

the debond interface;

failure mode (cohesive or adhesive) at interface and indicate if significant slip/stick

behaviour is observed;
for Method 2, the manner of measuring the final debond length, a;.

if the beam deforms during the measurement, report the beam thickness used, and
valid — beam deformation”.

“not
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Annex A
(informative)

Summary of background theory, and how this method can be generalized

A.1 Background theory

Adhesion energy is defined as the energy required to create a unit of area of fracture surface,
G [J/m2], and can be quantified by a critical value of the energy release rate, G, given by
Formula (A.1).

=P;Z_2 A1)
wherte
P |s the applied force [N];

C |s the mechanical compliance of the cantilever beam [1/N];
a s the debond length [m].

In the cantilever beam method of measuring this quantity, the cantilever beam is an elastic
beam, adhered to the laminate structure of interest, which stores strain energy when|it is
defldcted. Once the stored strain energy overcomes the adhesion energy of the system, a
debgnd will propagate. In the width-tapered emhodiment of this specimen configuration under
the gssumptions of simple beam theory, the geometry of the beam dictates that the change in
compliance per unit area of debond growth (d€fda) is constant, which permits a direct evalugation
of G [from measurement of the applied force,”given by Formula (A.2).

G~ P? A.2)
In tefms of geometric properties of the beam, the critical value of Formula (A.1) becomes:

Ge =—); A.3)

where

P, |ische critical load [N];

0 is the included beam angle;

A is the load line displacement [m];

a is the debond length [m].

However, the assumptions of small deflections in simple beam theory are not always valid. For

an elastic beam, the radius of curvature, R, is related to the bending moment, M, as a function
of the distance along the beam from the tip, a’, by Formula (A.4).

1_M(a’)_ Pxad _P 12
E_El(a')_ (AP 3_E (AP A.4
E2tan (z)a Xt 2tan (Z)t ( )

12


https://iecnorm.com/api/?name=bb3353e40f263f1b0ddcb00eabbda029

IEC TS 62788-6-3:2022 © |IEC 2022 -17 -

Here, it is assumed that the component of P parallel to the beam surface causes negligible
elongation of the beam, and that it is normal to the surface at the beam tip. The bending
moment, M(a’) is the product of the component of force, P, multiplied by the distance from the
point of application, M = P x a’. For the tapered beam, the bending moment of inertia, I(a’), is
given by the product of the beam width, w, multiplied by the beam thickness, ¢, to the third
power: I = w3 /12. Noting that the beam width, w, varies with the wedge angle (0) as
w = 2tan(6/2) a’, yields the result that the curvature of the beam, K, is constant, independent of
distance from the end of the beam. However, this ignores the fact that that the free end does
not come to a point, the applied force is not normal to the surface, the fixed is not a true
cantilever, and no strain is occurring in the direction of the plane of the beam. Nonetheless, if
simple beam theory is taken to be valid then, Formula (A.5) holds true:

dx? a? A.9)

where
A i the displacement of the beam tip in the y direction normalto the plate [m];
a ig the crack length as measured along the surface of the b€am in the direction x [m].

Compination and rearrangement of Formulae (A.2) and (A3) yield Formula (A.6):

A 12

Pa? E X 2tan (g) t3 A-6)

Herd|, the factor % is predicted, in thevcontext of simple beam theory, to be a condtant,

depgndent only on geometric and material parameters of the beam. In practice, however, >
decreases as a function of displacement, A, and increases as a function of crack length, 4| For
the gample beam configuration »the nonlinearities in the response curve have been shoyn to

3
vary|as AP%, [5]. This allows ;for variations in beam design, including material and physical
parameters to be used to scale the relationships for the calculation of crack tip length as shown

in Annex D.

A.2| Beam materials

Basgd on<the ratio of Young’s modulus to yield strength and compatibility with backsheet-
compatible’ adhesive systems [1], [2], [5], acrylic and titanium have been found useful.|This
documént has been developed with a focus on titanium beams, and care should be taken if
generalizing for other materials.

For some applications, resistance to corrosion or transparency may be important, and other
materials may be useful. Titanium has high resistance to corrosion, acrylic and other polymers
are transparent, allowing for a simple visual measurement of «;.

Polymethylmethacrylate (PMMA) may be useful for systems with very low adhesion energy, or
where finding an adhesive with good adhesion to both the substrate and a titanium beam is
difficult. As a warning, PMMA beams are more susceptible to deformation, so should be
carefully checked after the test. A thickness of 6,4 mm has been found useful for 10 J/m? to
1 600 J/m2,

Changing the beam (materials, thickness, etc.) may impact the results, so comparative tests
should only be done with the same beam design.
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Annex B
(informative)

Guidance for specific use cases

General

This Annex provides additional details beyond 6.1 for specific use cases. As this is a “weakest
link test”, when testing coupons with more than two layers the adhesion strength of the weakest

inter ;
layerl in the multilayer coupon, e.g., for purposes of comparing before and after @ s
expdsure.

B.2 | Adhesion test coupons

B.2.1

Backsheet / encapsulant adhesion

cific
ress

This|model coupon structure consists of a rigid substrate such as thick glass, plus encapsplant

and

sub

eva

backsheet as in Figure B.1a and Figure B.2a. One layer of encapsulant is sufficient.

(Qut the materials to be larger than the beam and, laminate the stack accordin
anufacturer’s recommendations.

g to

hen laying up the sample prior to lamination, a~1‘cm wide strip of release liner can be

laced between the encapsulant and backsheetdayers at the edge of the sample. The
am can be placed with the handle over this fion-adhered area providing a crack initi
this interface.

dhere the tapered-width portion of beani\to the air side (environment facing surface g
cksheet using a thin layer of adhesive, leaving the rectangular portion unattached). A

rt epoxy-based structural adhesive’is recommended. A weight should be placed on t
the beam to ensure even adhesivelCoverage and a thin bond line. Care should be tak

h the
ation

f the
two-
bp of
en to

nsure uniform weight distribution along the length of the beam. Remove any excess
hesive from around the beam before it is fully cured.
Once the adhesive is fully cured, cut through the material around the beam, down t¢ the
rigid substrate using a sharp razor blade or scalpel. A rough cut is sufficient.
Often the 3,175 mm dlass typically used in the PV industry will break during the test. To fix this
problem, use a thicker piece of glass to build the sample or adhere the glass to another|rigid
strate prior te-testing.
If thg epoxy~fails during test, alternative epoxy formulations and/or beam materials should be
Ihated.
.2 Backsheet interlayer adhesion

B.2

This model coupon structure consists of a rigid substrate such as thick glass, plus backsheet

asi

n Figure B.1a and Figure B.2b.

Cut the backsheet sample to be larger than the beam. Adhere the backsheet directly to the

glass using an epoxy adhesive,

Heat-treat the sample according to the backsheet manufacturer’s recommended lamination

conditions.
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o Adhere the tapered-width portion of beam to the top layer of the backsheet using a thin layer
of adhesive, leaving the rectangular portion unattached. A two-part epoxy-based structural
adhesive is recommended. A weight should be placed on top of the beam to ensure even
adhesive coverage and a thin bond line. Care should be taken to ensure uniform weight
distribution along the length of the beam. Remove any excess adhesive from around the
beam before it is fully cured.

e Once the adhesive is fully cured, cut through the material around the beam, down to the
rigid substrate using a sharp razor blade or scalpel. A rough cut is sufficient.

e A debond at the interface of interest can be started prior to adhering the beam. To
i

separated. Once cool, tape this peeled tab back down to the backsheet and adher
am so that the handle is over this debonded portion.

ften the 3,175 mm glass typically used in the PV industry will break during the-test. To fix
is problem, use a thicker piece of glass to build the sample or adhere the (@lass to angther
gid substrate prior to testing.

—

If thg epoxy fails during test, alternative epoxy formulations and/or beam 'materials should be
evallated.

B.2.3 Glass/encapsulant adhesion

This|model coupon structure consists of a rigid substrate suchas thick glass, plus encapsplant
and a thin glass slide as in Figure B.1b and Figure B.2c- One layer of encapsulant is suffigient.

e Llaminate the thick glass, encapsulant, and thin” glass according to the encapsplant
:l:anufacturer’s recommended conditions. Forithe thin glass slide, use a cover slip for

icroscopy (typically 1 mm thick) or thinner<glass if available. The encapsulant/thin glass
slide shall be larger than the beam.

NOTH Corning® Eagle XT® Glass and PrecisiontGlass and Optics D263 are two examples of suppliers of|glass
with thickness less than 1 mm. Reference to these materials is given for the convenience of users of this docyiment
and dpes not constitute an endorsement by IEG of these products.

e Adhere the tapered-width portion of the beam to the glass slide using a thin layer of
hesive, leaving the rectangular portion unattached. A two-part epoxy structural adhgsive
recommended. A weightvshould be placed on top of the beam to ensure even adhgsive
cpverage and a thin bond’line. Care should be taken to ensure uniform weight distribption
long the length of the beam. Remove any excess adhesive from around the beam be¢fore

(enc ; ;
and a thin glass slide as in Figure B.1b and Figure B.2e.

e Laminate the thick glass, encapsulant, and thin glass according to the encapsulant
manufacturer’s recommended conditions. For the thin glass slide, use a cover slip for
microscopy (typically 1 mm thick) or thinner glass if available. The encapsulant/thin glass
slide shall be larger than the beam.

NOTE Corning® Willow® Glass and Precision Glass and Optics D263 are two examples of suppliers of glass with
thickness less than 1 mm. Reference to these materials is given for the convenience of users of this document and
does not constitute an endorsement by IEC of these products.

e A removable release layer may be inserted at the edge of the specimen between the
encapsulant layers to provide an initial separation between the two encapsulant layers to
aid the test. The release layer would be inserted prior to specimen lamination and removed
prior to weathering (in the case of aging) or testing (in the case of unaged specimens).
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Adhere the tapered-width portion of beam to the glass slide using a thin layer of adhesive,
leaving the rectangular portion unattached. A two-part epoxy structural adhesive is
recommended. A weight should be placed on top of the beam to ensure even adhesive
coverage and a thin bond line. Care should be taken to ensure uniform weight distribution
along the length of the beam. Remove any excess adhesive from around the beam before
it is fully cured.

Once the adhesive is fully cured, cut through the material around the beam, down to the
rigid substrate using a sharp carbide or diamond scribe. A rough cut is sufficient.

B.2.5 Cell/encapsulant (coupons)

This[model coupon structure consists of a rigid substrate, such a thick glass, plus encapshlant

and
be tgsted in this way. One layer of encapsulant is sufficient.

B.3| Modules

B.3.1 General

portion of a cell as in Figure B.1c and Figure B.2d. Either the front or back of theccelllmay

gentify the “A” and “B” sides of the cell, with the intended test defined as the“A” side.

(ut the materials (including the cell) to be larger than the beam, and-laminate the gtack
gdccording to manufacturer’s recommendations.
A

dhere the tapered-width portion of beam to the “B” side of the cell using a thin layger of
hesive, leaving the rectangular portion unattached. A two-part’@poxy structural athsive
i$ recommended. A weight should be placed on top of the beam to ensure even adhgsive
cpverage and a thin bond line. Care should be taken to ensure uniform weight distribption
long the length of the beam. Remove any excess adhesive from around the beam before
flis fully cured.

A =

nce the adhesive is fully cured, cut around the beam, through the cell and encapsulant, to
he glass using a sharp carbide or diamond scribe. A rough cut is sufficient.

—

Tlhe cell will break during the test — this will pnot'substantively affect the result.

For modules, the beam is adhered directly to the module with the beam centred on a cell] The

result will give the adhesion enefgy of the “weakest link” in the laminate structure.

B.3.2 Targeting a specific interface in a module

A specific interface ¢an be targeted by initiating a crack between two layers, but it i§ not

guarpnteed that this interface will be the one to debond during the test.

For gvaluation/of the backsheet interlayer, backsheet / encapsulant, or backside / encapsfplant
/ cell, cut-a~~3 cm long, open strip in the backsheet and peel back the layer of interest. Uge of
a heptqgun is often required to soften a thermoplastic backsheet adhesive such that it mgy be

easil]/ pnnlnd

To target the cell / encapsulant (front side) of a module with a polymeric backsheet, the
backsheet and back encapsulant shall be removed to expose the back of the cell, and then
grind off the back metallization of the cell to optimize bonding of the beam to the cell and avoid
unwanted debonding of the metallization. This may be accomplished via wet polishing with
metallography paper and isopropyl alcohol.
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====eee refers to the interface under test

Beam
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IEC
a) Backsheet/encapsulant/glass test coupon
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Epoxy

IEC
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-
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\Q/ e) Encapsulant/encapsulant test coupon

Figure B.2 — Cross-sectional view of backsheet and encapsulant beam coupons
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Annex C
(informative)

Reference engineering diagrams for loading tab and beam

A reference schematic for the loading tab dimensions is shown in Figure C.1. The bearing here
is an olive hole ring jewel, OD: (3,040 £ 0,006) mm, ID: (1,270 + 0,003) mm and (0,902 + 0,013)
mm thick. The base of the loading tab is threaded for a flathead screw to affix the tab to the
beam.
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Dimensions in millimetres

[
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TAP M1,6 or UNF 0-80 thread
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t 1
\\__//
©
N
y—’
3 6
IEC
Key

5N

Press fit for jewel bearing, OD 3 mm
2 ID defined by separate purchased component

3 Option to grind or file to approximately R 1 mm or chamfer similarly to prevent contact between loading tab and
clevis grip link

4 Centre mounting screw in middle of loading tab

Figure C.1 — Schematics of loading tab
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A reference engineering diagram and dimensions for a beam is provided in Figure C.2.

e Arectangular handle portion shall provide a hole for mounting the loading tab positioned at
the apex of the beam’s included angle, 6:

— width = 5,0 mm £ 0,5 mm with distance from centre of hole to end of tab ~2,5 mm;
— hole is sized for M2 flat head screw (or similar).

e Beam material: Grade 5 Ti-6Al04V

e Beam thickness:

»
‘

IEC

dimension mm
a 103
b 100
c 85,6
d(iameter) 1,6
e 15,1
f 17,6
g 20,2
h 35,6

Figure C.2 — Schematics of beam
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Annex D
(normative)

Using a reference compliance curve to calculate G,

D.1 General

The crack length, a, can be calculated from the load and displacement values in the experiment
on a point-by-point basis by generating a beam specific compliance curve and fitting an
. . e . . . and

thickhess if using the same load frame and clevis joint. As explained in Annex A, the resppnse

curvé has been shown to vary as %, [5] which can aid in the application to different begams

using the same experimental setup. Because titanium grades and machining practices can yary,
each| “lot” of beams shall be validated prior to use.

The set of ¢; values is calculated according to Formula (D.3) after empirical, parameters o, [} and

v haye been determined. These parameters shall be derived for each(pecific combinatipn of
appdratus and beam type. A set of reference parameters are provided in Table D.1 and cgdn be
used if validated. If they cannot be validated, they may prove-useful as a starting point for
iden{ifying a new set of parameters based on an empirical fit gf'the beam compliance curVe.

D.2 | Procedure

D.2.1 Beam compliance measurement

a) Clamp a holding bar over the beam with the.front edge at distance of about (60 £ 5) mm
om loading tab at the point of the beam~This is the unfixed beam length, L, (Figure D.1).

=

Figure D.1 — Photo of a beam prior to start of the calibration measurement

b) Initiate the test and pull to a displacement of 20 mm to 25 mm as in Figure D.2 for a 0,8 mm
beam and 15 mm to 18 mm for a 1,6 mm beam. Record the pull force and displacement
during the pull.
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