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FOREWORD 

1 )  The  I n ternati onal  E lectrotechn i cal  Commission  ( I EC)  i s  a  worl dwide  organ i zation  for standard ization  compris i ng  
a l l  nati onal  e l ectrotechn ical  commi ttees  ( I EC National  Comm i ttees).  The  ob ject  of I EC i s  to  promote  
i n ternati ona l  co-operation  on  a l l  questions  concern i ng  standard i zati on  i n  the  e l ectri cal  and  e l ectron ic  fi e l ds .  To  
th i s  end  and  i n  add i ti on  to  other acti vi ti es,  I EC publ i shes  I n ternational  S tandards,  Techn ical  Speci fi cations,  
Techn ical  Reports,  Publ i cl y  Avai l abl e  Speci fi cati ons  (PAS)  and  Gu i des  (hereafter referred  to  as  “ I EC 
Publ i cation(s )” ) .  Thei r preparation  i s  en trusted  to  techn ical  commi ttees;  any I EC National  Commi ttee  i n terested  
i n  the  subj ect  deal t  wi th  may parti cipate  i n  th i s  preparatory work.  I n ternational ,  governmental  and  non-
governmental  organ i zations  l i a i s i ng  wi th  the  I EC al so  parti ci pate  i n  th i s  preparati on .  I EC col l aborates  cl osel y 
wi th  the  I n ternational  Organ ization  for Standard ization  ( I SO)  i n  accordance  wi th  cond i t i ons  determ ined  by 
agreement  between  the  two organ i zati ons.  

2)  The  formal  decis ions  or ag reements  of I EC on  techn ical  matters  express,  as  nearl y as  poss i b le,  an  i n ternational  
consensus  of opi n ion  on  the  rel evant sub jects  s i nce  each  techn ical  comm i ttee  has  representati on  from  al l  
i n terested  I EC National  Committees.   

3)  I EC Publ i cati ons  have  the  form  of recommendations  for i n ternational  use  and  are  accepted  by  I EC National  
Commi ttees  i n  that  sense.  Whi l e  a l l  reasonable  efforts  are  made  to  ensure  that  the  techn ical  conten t of I EC  
Publ i cations  i s  accurate,  I EC  cannot be  he l d  responsibl e  for the  way i n  wh ich  they are  used  or for any 
m is i n terpretation  by any end  u ser.  

4)  I n  order to  promote  i n ternati onal  u n i form i ty,  I EC National  Commi ttees  undertake  to  appl y I EC Publ i cations  
transparen tl y to  the  maximum  extent  poss ibl e  i n  thei r national  and  reg i ona l  publ i cati ons.  Any d i vergence  
between  any I EC Publ i cation  and  the  correspond i ng  national  or reg i onal  publ i cati on  sha l l  be  cl earl y i n d icated  i n  
the  l atter.  

5)  I EC i tsel f d oes  not  provide  any attestati on  of conform i ty.  I n dependent  certi fi cati on  bod ies  provi de  conform i ty 
assessment services  and ,  i n  some  areas,  access  to  I EC marks  of conform i ty.  I EC i s  not  respons i ble  for any 
services  carri ed  ou t  by i ndependent certi fi cation  bod i es.  

6)  Al l  u sers  shou ld  ensure  that  they have  the  l atest  ed i ti on  of th i s  publ i cati on .  

7)  No  l i abi l i ty shal l  attach  to  I EC or i ts  d i rectors,  employees,  servants  or agen ts  i ncl ud ing  i n d ivi dual  experts  and  
members  of i ts  techn ical  comm i ttees  and  I EC Nati onal  Commi ttees  for any personal  i n j u ry,  property damage  or 
other damage  of any nature  whatsoever,  whether d i rect  or i nd i rect,  or for costs  ( i ncl ud i ng  l egal  fees)  and  
expenses  ari s i ng  ou t  of the  publ i cation ,  use  of,  or rel i ance  upon ,  th i s  I EC Publ i cati on  or any other I EC  
Publ i cations.   

8)  Atten tion  i s  d rawn  to  the  Normative  references  ci ted  i n  th i s  publ i cation .  Use  of the  referenced  publ i cations  i s  
i nd i spensable  for the  correct appl i cati on  of th i s  publ i cation .  

9)  Atten tion  i s  d rawn  to  the  possib i l i ty that  some of the  e l ements  of th i s  I EC Publ i cation  may be  the  subject  of 
patent  ri gh ts.  I EC shal l  not  be  hel d  responsibl e  for i denti fyi ng  any or a l l  such  paten t ri gh ts .  

The  main  task of I EC  techn ical  committees  i s  to  prepare  I n ternational  Standards.  I n  
exceptional  ci rcumstances,  a  techn ica l  comm ittee  may propose  the  publ ication  of a  techn ical  
speci fication  when  

•  the  requ ired  support  cannot be  obtained  for the  publ ication  of an  I n ternational  Standard ,  
despi te  repeated  efforts,  or 

•  the  subject  i s  sti l l  under techn ical  development or where,  for any other reason ,  there  i s  the 
fu ture  bu t no  immed iate  poss ib i l i ty of an  agreement on  an  I n ternational  Standard .  

Techn ical  speci fications  are  subj ect to  review wi th in  three  years  of publ ication  to  decide 
whether they can  be  transformed  in to  I n ternational  Standards.  

I EC  TS  62788-2,  wh ich  is  a  techn ical  speci fication ,  has  been  prepared  by I EC  techn ical  
comm ittee  82 :  Solar photovol ta ic  energy systems.  
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The  text of th is  techn ical  speci fication  i s  based  on  the  fol l owing  documents:  

Enqu i ry d raft  Report  on  voti ng  

82/1 1 89/DTS  82/1 243A/RVDTS  

 
Fu l l  i n formation  on  the  voti ng  for the  approval  of th is  techn ica l  speci fication  can  be  found  in  
the  report  on  voting  i nd icated  i n  the  above  tab le.  

A l i s t of a l l  parts  i n  the  I EC  62788  series,  publ i shed  under the  general  t i t l e  Measurement 
procedures for materials used in  photovoltaic modules ,  can  be  found  on  the  I EC  websi te.  

Th is  document has  been  drafted  i n  accordance  wi th  the  I SO/I EC  D i recti ves,  Part 2 .  

The  committee  has  decided  that the  con ten ts  of th is  publ ication  wi l l  remain  unchanged  un ti l  
the  stabi l i ty date  i nd icated  on  the  I EC  websi te  under "h ttp: //webstore. iec.ch"  i n  the  data  
re lated  to  the  speci fic  publ ication .  At  th is  date,  the  publ ication  wi l l  be  

•   transformed  in to  an  I n ternational  s tandard ,  

•  reconfi rmed ,  

•  wi thdrawn ,  

•  replaced  by a  revised  ed i ti on ,  or 

•  amended .  

 

A b i l ingual  vers ion  of th is  publ ication  may be  i ssued  at  a  l ater date.  

 

IM PORTAN T – Th e 'col ou r in si de'  l ogo on  th e  cover page  of th i s  pu bl i cati on  in d i cates  
th at  i t  con tai n s  colou rs  wh i ch  are  con si dered  to  be  u sefu l  for th e  correct 
u n derstan d in g  of i ts  con ten ts.  U sers  sh ou l d  th erefore prin t th i s  d ocu men t u si n g  a  
col ou r prin ter.  
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I NTRODUCTION  

Backsheets  provide  the  e lectrica l  i nsu lation  at  the  backside  of a  PV modu le  under the  
envi ronmental  stress  factors  and  use  cond i ti ons  encountered  during  the  i n tended  l i fetime of 
the  modu le.  Fron tsheets  have  the  same function  at  the  front s i de  of the  modu le  facing  
towards  the  sun .  Both  can  be  made from  g lass  or pol ymeric materia l .  

Pol ymeric  backsheets  and  frontsheets  are  typical l y composi tions  of l ayered  materia ls,  such  as  
fi lms,  adhesives  or coatings,  i n  wh ich  at l east  one  materi a l  layer de l i vers  the  re l ied -upon  
i nsu lation  (RU I )  for e lectrical  safety.  Other layers  may provide  extended  protection  of the  RU I  
against the  envi ronmental  factors  or adhesive  functional i ty.   As  an  i n tegral  part  of the  PV 
modu le,  backsheet and  fron tsheet sha l l  provide  thei r du rable  e lectrical  i n su lating  function  i n  
presence  of the  other components  of the  PV modu le,  such  as  l i ght-to-curren t  conversion  
e lement (the  “cel l ” ) ,  e lectrical  ci rcu i ts  and  connectors,  fron tsheet and  encapsu lant,  sea l ing  
materia l ,  j u nction  boxes,  etc.  These  e lements  may in troduce add i ti onal  s tresses  on  the  
backsheet or fron tsheet (e. g .  by chem ical  in teractions  or i n troducing  thermal  l oad  or 
mechan ica l  stress)  or a l ter envi ronmenta l  stresses  (e. g .  fi l teri ng  of UV rad iation  reach ing  the  
sun-facing  s i de  of the  backsheet).  

I t  i s  impractical  to  conduct a l l  endurance  tests  for frontsheet or backsheet component on  
modu le  l evel .  I nstead ,  testi ng  i s  performed  d i rectl y on  these  components  for pre-qual i fication  
of the  materials  as  such ,  as  e . g .  g i ven  by the  thermal  endurance test  requ i red  for materia l  
i n tended  for use  as  re l ied -upon- insu lation ,  that  i s  qual i fi ed  by I EC 6021 6  (see  
IEC 61 730-1 : 201 6,  5. 5. 1 . 3 . 3)  and  resu l ts  i n  RTE/RTI /TI  ratings  of ≥  90  °C  or maximum  
operati ng  temperature  (wh ichever i s  greater) .  I n  the  case  of thermal  pre-qual i fication  of 
backsheet and  frontsheet on l y d ie lectric and  mechan ical  materia l  tests  appl y for RTE/RTI /TI  
assessment.  

I n  analogy to  RTE/RTI /TI ,  i t  i s  des i rable  to  a lso  obtain  pre-qual i fication  of backsheet and  
frontsheet fi lms  to  provide  durable  electrical  insu lation  after exposure  to  add i ti onal  
envi ronmenta l  factors,  such  as:  

a)  E levated  moisture  and  temperature  (damp heat) ,  or 

b)  UV-weathering  i n  a  manner represen tati ve  of the  fie ld  cond i ti ons.  These  tests  can  e i ther 
be  conducted  d i rect on  the  backsheet or fron tsheet fi lms  or on  ded icated  test  coupons  as  
eng ineering  type  specimens,  wh ich  are  prepared  from  the  same material s  and  produced  
under comparable  processing  cond i tions  ( i . e.  l am ination)  as  the  PV modu les.  

•  The  portion  of the  backsheet that  con tributes  to  the  re l ied  upon  insu lation  shou ld  be  
evaluated  for d . c.  vol tage  (V)  breakdown  strength  accord ing  to  I EC 60243-1  and  
I EC 60243-2,  and  meet the  requ irements  as  described  in  5. 6. 4. 3  of I EC 61 730-1 : 201 6.  
I n  th is  document a  su i table  choice  of test parameters  for the  assessment of pol ymeric 
frontsheet and  backsheet i s  defined .  

•  The  re l i ed  upon  i nsu lation  materia l  shal l  have  a  m in imum  th ickness,  a lso  known  as  
d istance  through  insu lation  (d ti )  defi ned  in  the  “th ickness  i n  th in  l ayers”  rows  of 
Tables  3  and  4  i n  5 . 6  of I EC  61 730-1 : 201 6.  

•  Materia ls  re l ied  upon  for i nsu lation  are  further categorized  in to  Materia ls  Groups  I ,  I I ,  
or I I I ,  accord ing  to  CTI  va lues  describ ing  poten tia l  tracking  a long  i n terfaces  that may 
get i n  contact  wi th  l i ve  parts.  

•  Durable  adhes ion  between  components  of the  backsheet or fron tsheet i s  needed  to  
preserve  the  i n tegri ty of the  sheet materia l  i n  fi e ld  cond i ti ons.  Also,  preservation  of 
adhes ion  to  other components  of the  modu le  such  as  encapsu lan t and  edge  seal  or 
adhes ion  to  the  j unction  box adhesive  are  important.  D i fferen t test  geometries  may 
appl y depend ing  on  the  i n terface  under test  and  construction  of the  sheet materia l .  

Other characteristics  of frontsheet or backsheet m igh t  be  re levant  for the  e lectrica l  yie l d  
(e. g .  optica l  transm i ttance  or reflectance)  or modu le  producibi l i ty (e. g .  l am ination  process).  
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Th is  document defines  test methods  requ i red  for reporting  of properties  of pol ymeric  
frontsheet and  backsheet in  a  datasheet.  Those  properties  are  re lated  to  safety and  yie l d  of 
the  assembled  PV modu le  and  may be  appl ied  to  backsheet/frontsheet before  and  after 
speci fic ageing  tests  as  mentioned  before.  

I n  analogy to  RTE/RTI /TI  testi ng ,  the  test  methods  in  th is  document are  i n tended  to  be  used  
i n  procedures  for pre-qual i fication  and/or qual i ty assurance  of frontsheet and  backsheet 
components  wi th  respect  to  the ir endurance under damp-heat and  UV weathering  stresses  – 
once  these  pre-qual i fication  procedures  are  agreed  on  and  implemented  i n  a l i gnment wi th  the  
pertinent s tandards  I EC  61 730  and  I EC 61 21 5,  in  wh ich  the  safety requ irements  on  PV 
modu le  level  are  defined .  

NOTE  At  the  time  of wri ti ng  th i s  TS,  an  amendment  proj ect  for I EC 61 730-1  i s  i n  preparati on ,  i n  wh ich  
requ i rements  for measurement  of d ti  (d i stance  th rough  i nsu l ation )  and  res i stance  agai nst  weathering  are  pl anned  
based  on  methods  defi ned  i n  th i s  document I EC TS  62788-2  as  wel l  as  I EC TS  62788-7-2.  

The  test methods  in  these  TS  provide  add i ti onal  in formation  on  material  properties  and  
endurance  of backsheet and  frontsheet components  that cannot be  assessed  i n  the  tests  on  
PV modu le  a lone.  

Furthermore,  optional  characterization  test methods  are  defined ,  addressing  properties  of 
backsheet and  frontsheet that are  of i n formative  natu re,  e . g .  i n  the  context of PV modu le  
des ign ,  bu t  wh ich  are  not d i rectl y safety,  yie l d  or processing  re lated .  

Test methods  for characterization  of components  of backsheet and  frontsheet are  described ,  
wh ich  are  usefu l  i n  R&D  con text.  

Al l  of these  test  methods  are  set  i n to  perspective  by i nd icating  thei r use  and  l im i tations.  
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Part 2:  Pol ymeric m aterials  – Frontsheets  an d  backsheets  

 
 
 

1  Scope  

This  part  of I EC  62788  defines  test methods  and  datasheet reporting  requ i rements  for safety 
and  performance  re lated  properties  (mechan ical ,  e lectrical ,  thermal ,  optical  and  chem ical )  of 
non-ri g id  pol ymeric  materials  i n tended  for use  i n  terrestrial  photovol ta ic modu les  as  pol ymeric 
frontsheets  and  backsheets .  

The  test  methods  i n  th i s  document define  how to  characterize  backsheet and  fron tsheet 
materia ls  and  the ir componen ts  i n  a  manner representati ve  of how they wi l l  be  used  in  the  
modu le,  wh ich  eventual l y i ncl udes  combination  wi th  other matched  components  such  as  
encapsu lant or adhes ives.  The  methods  described  i n  th is  document  support the  safety and  
performance re lated  tests  defined  on  PV modu le  l evel  as  defined  i n  the  series  I EC  61 730  and  
IEC 61 21 5.  

Th is  document a lso  defines  test methods  for assessment of i nheren t materia l  characteristics  
of pol ymeric backsheets  and  fron tsheets  or the i r componen ts,  wh ich  may be  requ i red  in  
datasheet reporting  or may be  usefu l  i n  the  con text of product development or des ign  of PV 
modu les.  

Rig id  pol ymeric sheet materia ls  (a lso  provid ing  mechan ical  support)  may requ i re  fu rther 
cons ideration .  

2  N ormati ve referen ces  

The  fol lowing  documents  are  referred  to  in  the  text  i n  such  a  way that some or a l l  of the ir 
con ten t consti tu tes  requ i rements  of th is  document.  For dated  references,  on l y the  ed i tion  
ci ted  appl i es.  For undated  references,  the  l atest ed i ti on  of the  referenced  document ( i nclud ing  
any amendments)  appl ies.  

I EC 60050-581 ,  International Electrotechnical Vocabulary – Part 581 :  Electromechanical 
components for electronic equipment  

I EC  60050-826,  International Electrotechnical Vocabulary – Part 826: Electrical installations  

I EC 60068-1 ,  Environmental testing – Part 1 :  General and guidance  

I EC 601 1 2: 2003,  Method for the determination of the proof and the comparative tracking 
indices of solid insulating materials  

I EC 6021 2,  Standard conditions for use prior to and during the testing of solid electrical 
insulating materials  

I EC 6021 6-1 ,  Electrical insulating materials – Properties of thermal endurance – Part 1 :  
Ageing procedures and evaluation of test results  

I EC  6021 6-2: 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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I EC 6021 6-5,  Electrical insulating materials – Thermal endurance properties – Part 5: 
Determination of relative thermal endurance index (RTE)  of an  insulating material  

I EC  60243-1 : 201 3,  Electrical strength of insulating materials  – Test methods – Part 1 :  Tests 
at power frequencies  

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

I EC  60296,  Fluids for electrotechnical applications – Unused mineral insulating oils for 
transformers and switchgear 

I EC  60664-1 ,  Insulation co-ordination  for equipment within  low-voltage systems – Part 1 :  
Principles,  requirements and tests  

I EC 60904-3: 201 6,  Photovoltaic devices – Part 3:  Measurement principles for terrestrial 
photovoltaic (PV)  solar devices with  reference spectral irradiance data  

I EC  61 1 40,  Protection against electric shock – Common aspects for installation  and 
equipment  

I EC  61 1 89-3,  Test methods for electrical materials,  printed boards and other interconnection 
structures and assemblies – Part 3: Test methods for interconnection structures (printed 
boards)  

I EC  61 21 5-1 : 201 6,  Terrestrial photovoltaic (PV)  modules – Design  qualification  and type 
approval – Part 1 :  Test requirements 

IEC 61 21 5-2: 201 6 ,  Terrestrial photovoltaic (PV)  modules – Design qualification and type 
approval – Part 2: Test procedures 

IEC 61 730-1 : 201 6,  Photovoltaic (PV)  module safety qualification – Part 1 :  Requirements for 
construction  

I EC  61 730-2,  Photovoltaic (PV)  module  safety qualification – Part 2: Requirements for testing  

I EC TS  61 836,  Solar photovoltaic energy systems – Terms,  definitions and symbols  

I EC  62788-1 -2 ,  Measurement procedures for materials used in  photovoltaic modules –  
Part 1 -2: Encapsulants – Measurement of volume resistivity of photovoltaic encapsulants and 
other polymeric materials  

I EC 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  

I EC  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  

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

I EC 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  

I SO  291 ,  Plastics – Standard atmospheres for conditioning and testing  

I SO  527  (a l l  parts):  Plastics 

I SO 527-3,  Plastics – Determination of tensile  properties – Part 3:  Test conditions for films 
and sheets  

I SO  536: 201 2,  Paper and board – Determination of grammage  

I SO  2409: 201 3,  Paints and varnishes – Cross-cut test  

I SO  2808,  Paints and varnishes determination of film thickness  

I SO  281 3,  Paints and varnishes – Determination of gloss value at 20 degrees,  60 degrees and 
85 degrees  

I SO  4587: 2003,  Adhesives – Determination of tensile lap-shear strength of rigid-to-rigid 
bonded assemblies  

I SO  4593:  Plastics – Film and sheeting – Determination  of thickness by mechanical scanning 

ISO 1 1 359-1 ,  Plastics – Thermomechanical analysis (TMA)  – Part 1 :  General principles  

I SO  1 1 359-2 :  Plastics – Thermomechanical analysis (TMA)  – Part 2:  Determination of 
coefficient of linear thermal expansion and glass transition temperature  

ISO  1 1 664-1 ,  Colorimetry – Part 1 :  CIE standard colorimetric observers 

ISO 1 1 664-2 ,  Colorimetry – Part 2:  CIE standard illuminants 

I SO 1 1 664-4,  Colorimetry – Part 4:  CIE 1976 L*a*b* Colour space  

I SO 1 51 05-2 ,  Plastics – Film and sheeting – Determination of gas-transmission rate – Part 2:  
Equal-pressure method  

I SO  1 51 06-1 ,  Plastics – Film and sheeting – Determination of water vapour transmission rate  
– Part 1 :  Humidity detection  sensor method  

I SO  1 51 06-2 ,  Plastics – Film and sheeting – Determination of water vapour transmission rate  
– Part 2: Infrared detection sensor method  

I SO  1 51 06-3,  Plastics – Film and sheeting – Determination of water vapour transmission rate  
– Part 3: Electrolytic detection sensor method  

I SO  1 7223,  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  D374–1 6,  Standard Test Methods for Thickness of Solid Electrical Insulation  
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ASTM  D3487-1 6,  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  D7869-1 7,  Standard Practice for Xenon Arc Exposure Test with  Enhanced Light and 
Water Exposure for Transportation  Coatings 

ASTM  E1 461 ,  Standard Test Method for Thermal Diffusivity by the Flash Method  

UL  746B,  Standard for Polymeric Materials  – Long Term Property Evaluations  

3 Terms an d  defi n i ti ons  

For the  purposes  of th is  document,  the  terms  and  defin i ti ons  g i ven  i n  I EC  60050-581 ,  
I EC 60050-826,  I EC  60664-1 ,  I EC  TS  61 836,  I EC 61 730-1  and  I EC 61 1 40,  together wi th  the  
fol l owing ,  appl y.  

I SO and  I EC main tain  term inolog ica l  databases  for use  i n  s tandard ization  at  the  fol lowing  
addresses:  

•  I EC E lectroped ia:  avai lab le  at  h ttp : //www.electroped ia. org /  

•  I SO  On l ine  browsing  p latform :  avai l able  at h ttp: //www. iso. org/obp  

3. 1   
abrasi on  resi stan ce  
abi l i ty of a  materia l  to  wi thstand  mechan ical  action  such  as  rubbing ,  scraping ,  or erosion ,  that 
tends  progress ivel y to  remove  materia l  from  i ts  su rface  

3. 2   
adh esive  fai l u re  
de-bond ing  occurring  between  the  adhesive  and  the  adherent,  to  be  d i fferen tiated  from  
cohesive  fa i l u re  wi th in  the  adhesive  materia l  

Note  1  to  en try:  See  a l so  Clause  A. 1 .  

3. 3   
ai r-facin g  sid e  
side  of the  frontsheet or backsheet that i s  oriented  towards  the  ou ts ide  of the  PV modu le,  i . e .  
away from  the  ce l ls  

3. 4   
backsh eet 
BS  
outer layer of the  PV modu le,  located  on  the  back of PV modu le  and  provid ing  protection  of 
the  i nner components  of the  modu le  from  external  stresses  and  weather e lements,  as  wel l  as  
e lectrica l  insu lation  

3. 5   
bon d  stren gth  

force  requ i red  to  separate  an  adhes ive  from  an  adherent  

3. 6   
breakd own  vol tag e  

vol tage  at wh ich  e lectric  breakdown  occurs  under prescribed  test cond i ti ons,  or i n  use  

http://www.electropedia.org/
http://www.iso.org/obp
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Note  1  to  en try:  Breakdown  vol tage  depends  on  whether d i rect  or a l ternate  cu rren t (d . c.  or a . c. )  i s  appl i ed .  

[SOURCE:  I EC 60050-21 2 : 201 0,  21 2-1 1 -34]  

3. 7   
coh esive  fai l u re  

crack propagating  wi th in  the  adhes ive  du ring  adhesion  test,  e . g .  peel  test  

Note  1  to  en try:  See  a l so  Clause  A. 1 .  

3. 8   
com parati ve trackin g  i n dex 
CTI  
numerica l  i ndex value  re lated  to  the  maximum  vol tage  wh ich  a  materia l  can  wi thstand  wi thout 
a  permanent e lectrica l l y conductive  carbon  path  tracking  when  eval uated  under speci fi ed  test  
cond i ti ons  defined  i n  I EC  601 1 2  

Note  1  to  en try:  The  mentioned  maximum  test vol tage  i s  not  i n  con junction  wi th  any system  or operational  vol tage,  
bu t  i t  i s  used  for eval uation  of materia l  g roups.  

[SOURCE:  I EC 60050-21 2 : 201 0,  21 2-1 1 -59,  mod i fied :  clari fied  that  CTI  i s  an  i ndex value  to  
evaluate  materia l  g roups]  

3. 9   
d istan ce th rou gh  i n su l ati on  
dti  

th ickness  value  requ i red  for rel ied  upon  i nsu lation  based  on  th i n  l ayers  of in su lating  material  

3. 1 0   
effective  h emi sph erical  reflectan ce  of ph oton  i rrad i an ce  
ratio  of the  tota l  refl ected  photon  i rrad iance  to  the  i nciden t photon  i rrad iance  i n  the  
wavelength  range  of 300  nm  to  1  250  nm ,  weigh ted  wi th  the  solar spectrum .  Reflectance  i s  
col lected  over an  enti re  hem isphere  for detection  

SEE:  I EC 62805.  

3. 1 1   
effecti ve  h emi sph erical  tran sm i ssion  of ph oton  i rrad i an ce  
ratio  of the  tota l  transm itted  photon  i rrad iance  to  the  i ncident photon  i rrad iance  in  the  
wavelength  range  of 300  nm  to  1  250  nm ,  weigh ted  wi th  the  solar spectrum .  Transm ittance  is  
col lected  over an  enti re  hem isphere  for detection  

SEE:  I EC 62805.  

3. 1 2   
elon g ati on  at break 

strain ,  at  wh ich  the  specimen  under test breaks  

3. 1 3   
fron tsh eet 
FS  
outer l ayer of the  PV modu le,  located  on  the  sun -facing  s ide  or front s i de  of PV modu le  and  
provid ing  protection  of the  inner components  of the  modu le  from  external  stresses  and  
weather e lements ,  as  wel l  as  e lectrical  i nsu lation  

3. 1 4  
in n er si d e <of fron tsh eet or backsh eet>  

side  of the  frontsheet or backsheet that i s  l am inated  to  the  encapsu lan t  
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3. 1 5   
ju n cti on  box 
combination  of parts,  such  as  boxes,  covers,  cover-plates,  l i ds ,  box extensions,  accessories,  
etc. ,  provid ing  after assembly and  i nsta l lation  at the  photovol ta ic-modu le  as  i n  normal  use,  an  
appropriate  protection  against  external  i n fl uences,  and  a  defined  protection  against con tact 
wi th  enclosed  l i ve  parts  from  any accessib le  d i rection  

SEE:  I EC 62790.  

3. 1 6   
materi al  g rou p  
category of i nsu lation  materia ls  accord ing  to  I EC 60664-1  as  defined  by the  resu l ts  of the  CTI  
test  

3. 1 7   
option al  test  
test,  wh ich  is  not requ ired  for the  datasheet bu t  may be  performed  i f agreed  upon  between  
parties  

Note  1  to  en try:  I f performed ,  the  test  shal l  be  done  accord i ng  to  the  recommended  procedu res  i n  th i s  d ocument.  

3. 1 8   
pol ym eri c materi al  
materia ls  that  are  e i ther natural  or syn thetic  and  are  primari l y composed  of chained  molecu les  
of monomers,  combinations  of monomers,  combined  pol ymers  and  may con tain  cross- l i nking  
agents ,  fi l l ers,  colorants ,  and  other materia ls  

3. 1 9   
rel ease  materi al  
rm  

fi lm  material  wi th  a  th ickness  of 50  µm  to  250  µm  that i s  i nserted  i n  a  l ayer s tack before  
l am ination  to  render the  adhes ion  between  i n terfaces  i nacti ve  

Note  1  to  en try:  Examples  of su i table  rel ease  materia l s  are  F l uoropol ymer sheets  (e. g .  PTFE,  FEP,  ETFE)  as  wel l  
as  s i l i con  treated  sheets .  

3. 20   
rel i ed  u pon  in su l ati on  
RU I  
i nsu lation  system  that provides  the  protection  against  e l ectric  shock i n  final  appl ication  as  
defined  i n  I EC  61 730-1  

3. 21   
requ i red  test  
test wh ich  is  requ ired  to  be  performed  i n  order for the  backsheet or fron tsheet to  be  
cons idered  in  compl iance  wi th  th is  document and  for modu le  qual i fication  accord ing  to  
I EC 61 730-1  and  I EC 61 21 5-1  

3. 22   
rel ati ve  th erm al  en du ran ce i n d ex 
RTE  
numerical  va lue  of the  Cels ius  temperature  expressed  in  degrees  Celsius  at wh ich  the  
estimated  time  to  endpoint  of an  i nsu lati ng  materia l  i s  the  same as  the  estimated  time  to  
endpoint  of a  con trol  materia l  a t a  temperature  equal  to  i ts  assessed  thermal  endurance  

[SOURCE:  I EC 60050-21 2: 201 0,  21 2-1 2-1 4]  
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3. 23   
rel ative tem peratu re  i n dex 
RTI  
temperature  index of an  i nsu lati ng  materia l  or system  obtained  from  the  time wh ich  
corresponds  to  the  known  temperature  i ndex of a  reference materia l  or system  when  both  are  
subj ected  to  the  same ageing  and  d iagnostic procedures  i n  a  comparative  test  

[SOURCE:  I EC 60050-21 2 : 201 0,  21 2-1 2-1 2]  

3. 24  
su n -facin g  si de  <of fron tsh eet or backsh eet>  
side  of the  fron tsheet or backsheet that  i s  orien ted  i n  d i rection  of the  sun-facing  fron t s i de  of 
the  PV modu le  

3. 25   
temperatu re  i n dex 
TI  
numerical  va lue  of the  Cels ius  temperature  expressed  in  degrees  Cels ius  characterizing  the  
thermal  capabi l i ty of an  i nsu lati ng  materia l  or an  i nsu lation  system  

3. 26   
ten si l e  stren gth  at  break 

stress  at wh ich  a  specimen  starts  to  break under tens i l e  l oad  

Note  1  to  en try:  I t  i s  expressed  i n  Pascal s  (force  per cross-section  area).  

3. 27   
tran sparen t release  m ateri al  
trm  

release  materia l  wi th  a  AM1 . 5G  photon  weighted  tota l  transm iss ion  va lue  of ≥  85  %  i n  the  
range  280  nm  to  2  500  nm  as  wel l  as  i n  the  range  300  nm  to  400  nm  (as  defined  in  8 . 2  of 
I EC 60904-3: 201 6)  

Note  1  to  en try:  Example  of a  su i tabl e  UV transparent  rel ease  materia l  i s  ETFE  (ethyl ene  tetra-fl uoroethyl ene)  
and  perfl uoroinated  ethylene  propyl ene  copol ymer (FEP)  fi lm ,  both  as  pure  formu lations  wi thou t UV absorbers  and  
50   µm  to  1 25   µm  i n  th i ckness.  

3. 28   
water vapou r perm eabi l i ty 
WVTR 
rate  of moisture  vapour transport through  the  materia l  per un i t  area  i nduced  by a  un i t vapour 
pressure  d i fference under speci fi ed  temperature  and  hum id i ty cond i tions  

4 Test proced ures  

4. 1  Gen eral  

The fo l l owing  test procedures  are  used  to  assess  mechan ical ,  e lectrica l ,  thermal ,  optical  and  
chem ical  performance properties  of pol ymeric  materia ls  i n tended  for use  i n  terrestria l  
photovol ta ic modu les  as  pol ymeric fron tsheets  and  backsheets.  

Test methods  may be  categorized  as  fol l ows:  

a)  Tests  i n  I EC TS  62788-2  requ i red  under I EC  61 730-1 ,  I EC 61 730-2  and  I EC  61 21 5-1  and  
I EC 61 21 5-2  for rel i ed  upon  insu lation  in  datasheet reporting  (see  6. 2) .  

b)  Tests  i n  I EC  TS  62788-2  in  the  un i form  characterization  form  (UCF)  of the  material  (as  
defined  in  Table  3  i n  Clause  5) .  I n  add i ti on  to  those  needed  to  comply wi th  I EC  61 730  or 
I EC 61 21 5  in  a)  above,  the  UCF  covers  i nherent materia l  characteristics,  wh ich  may be  of 
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i n terest  for modu le  des igners  or manufacturers  (e. g .  properties  re levant  for modu le  
production  or PV modu le  design).  

c)  Tests  i n  I EC TS  62788-2 ,  or characterization  tests  defined  e lsewhere,  that are  agreed  on  
between  parties  for custom  materia l  characterization .  

Frontsheets  and  backsheets  are  typica l l y composed  of l ayered  materia ls ,  such  as  fi lms,  
adhesives  or coatings,  i n  wh ich  at  least one  materia l  layer del i vers  the  re l ied  upon  
e lectrica l  i nsu lation  and  other layers  may provide  extended  protection  of the  re l ied  upon  
i nsu lation  against the  environment.  

Frontsheets  and  backsheets  shal l  wi thstand  a l l  mechan ical ,  e lectrical ,  thermal  and  
environmenta l  s tresses  and  meet the  re levant requ irements  of 5. 5. 2  of I EC  61 730-1 : 201 6.  

I f these  pol ymeric  frontsheets  and  backsheets  are  used  as  re l i ed  upon  i nsu lation  they shal l  a t 
a  m in imum  fu l fi l  the  requ irements  of 5 . 6 . 4 . 3  for i nsu lation  i n  th i n  l ayers  as  i n  I EC 61 730-
1 : 201 6  (Table  3)  and  the  requ i rements  i n  5. 5. 1 . 3  of I EC  61 730-1 : 201 6.  The  values  for TI ,  RTI  
or RTE  accord ing  to  5 . 5 . 1 . 3. 3  of I EC 61 730-1 : 201 6  shal l  be  evaluated  under cons ideration  of 
particu lar requ i rements  for fl exib le  mu l ti l ayer sheets  g i ven  i n  I EC  6021 6-2 .  Furthermore,  these  
materia ls  shal l  have  suffi cien t CTI  ratings  to  prevent  tracking  a long  backsheet and  fron tsheet 
i n terfaces  wh i l e  i n  contact  wi th  active  electrica l  conductors  accord ing  to  5 . 6 . 3  of 
IEC 61 730-1 : 201 6.  

Adhesion  of the  fron tsheet and  backsheet,  e. g .  to  the  encapsu lant or g lass,  sha l l  be  adequate  
for the  modu le  to  operate  safel y ou tdoors  for i ts  design  l i fe.  Compl iance  is  checked  on  modu le  
l evel  by vi sual  i nspection  (MST  01  of I EC  61 730-1 )  after precond i ti on ing .  To  s imu late  some 
forms  of long-term  behaviour and  res istivi ty to  environmenta l  s tresses,  some tests  are  
repeated  after speci fic accelerated  ageing  cond i ti ons.  

I n  add i tion ,  th is  document s tipu lates  ageing  tests  on  eng ineering  samples  con tain ing  
frontsheet or backsheet materia l  for the  purpose  of component endurance  characterization .  

There  are  on l y l im i ted  data  avai lable  that correlate  test  resu l ts  from  accelerated  test  wi th  
service  l i fe  fa i l u res  observed  i n  the  fi e ld .  I n  add i ti on ,  ageing  tests  are  often  conducted  on  
representati ve  coupon  samples,  not PV modu les.  Th is  appl i ed  stress  and  therefore  the  resu l ts  
may be  d i fferen t for coupons  and  modu les  aged  in  the  same accelerated  test cond i tions.  One  
example  is  sample  s i ze ,  wh ich  l im i ts  s tra in  and  therefore  mechan ica l  stresses.  Another 
example  i s  l acking  d i rect  contact to  other componen ts  i n  the  PV modu le,  wh ich  may i n troduce 
add i ti onal  chem ical  i n teractions.  

4. 2  M ech an ical  ch aracteri stics  

4. 2. 1  G en eral  

The tests  shal l  be  conducted  under the  standard  atmospheric cond i tions  of I EC  60068-1 ,  
un less  otherwise  speci fi ed .  

4. 2. 2  Th ickn ess  

4. 2. 2 . 1  Pu rpose  

This  test i s  performed  i n  order to  characterize  the  frontsheet or backsheet by i ts  th ickness.  

4. 2. 2 . 2  Sampl in g  

See  Annex E  for sampl i ng  of fi lm .  From  the  fi lm  samples,  cu t the  test specimen ,  about 
1 00  mm  wide,  across  the  whole  wid th  of the  sample.  The  sample  shou ld  consist of 
representative  backsheet or frontsheet i n  i ts  fina l  product form .  When  requ ired ,  take  
specimens  at pos i ti ons  approximatel y 1  m  apart  in  the  l ong i tud inal  d i rection  (mach ine  
extrusion  d i rection  MD)  of the  sample.  The  specimens  shal l  con ta in  no  creases  except those  
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necessary for fo l d ing  the  fi lm  for presentation  or packag ing  purposes.  The  specimens  shal l  
con tain  no  other defects.  

4. 2. 2 .3  Apparatu s  

Thickness  measuring  device,  capable  of measuring  to  the  fol l owing  accuracies:  

•  d  ≤  1 0 0  µ m  wi th  accuracy ±  1  µ m ;   

•  1 00  µ m  <  d  ≤  2 50  µ m  with  accuracy ±  2  µ m ;  

•  d  >  2 50  µ m  wi th  accuracy ±  3  µ m .  

The  measuring  surfaces  of the  device  shal l  comprise  p lane  faces  and  the  surfaces  shal l  be  
pol ished .  

The  d iameter of each  face  shal l  be  between  2 , 5  mm  and  1 0  mm  and  they shal l  be  paral le l  to  
wi th in  5  µ m .  Th e  force  appl i ed  to  th e  m easu r i ng  face  shal l  be  0 , 5  N  to  1 , 0  N .  

4. 2. 2 .4  Procedu re  

Cond i tion  the  specimens  for at l east  1  h  at  23  °C  ±  2  °C  and  50  %  ±  5  %  RH ,  as  i n  I SO  291 .  

Fol low the  procedure  in  ASTM  D374-1 6  that g ives  an  establ ished  method  to  quan ti fy the  
th ickness  of i nsu lator materia ls  

Ensure  that the  specimens  and  the  faces  of the  measuring  device  are  free  from  con tam ination ,  
for example  dust,  by cl ean ing  /  b lowing  the  surfaces  wi th  pressured  a i r or n i trogen .  

Check the  zero  poin t of the  measuring  device  before  starti ng  the  measurements  an d  recheck 
after each  series  of measurements .  

When  determ in ing  the  th ickness,  l ower the  measuring  surface  gen tl y to  avoid  deform ing  the  
materia l .  

Determ ine  the  th ickness  of the  specimens  at  poin ts  equal l y spaced  a long  the  length  of the  
specimen  for the  m in imum  of 1 0  poin ts.  Measurement shal l  not  be  taken  wi th in  50  mm  of the  
edges  of un trimmed  rol l s .  

4. 2. 2 . 5  Reportin g  req u i rem en ts  

Report the  mean  of the  i nd ividual  th ickness  measurements ,  to  the  nearest 1  µ m  or 0 , 00 1  mm  
and  the  standard  deviation  of the  measurement.  

4. 2. 3  Area wei gh t  

4. 2. 3.1  Pu rpose  

This  test i s  performed  i n  order to  characterize  the  frontsheet or backsheet by i ts  area  weigh t.  

4. 2. 3.2  Sampl i n g  

See  Annex E  for sampl ing  of fi lm .  Sample  th ree  test specimens  each  having  square  
d imensions  of 1 00  mm  x 1 00  mm .  When  requ i red ,  take  specimens  at  pos i ti ons  approximatel y 
1 00  mm  apart from  the  transverse  edge.  The  specimens  shal l  con tain  no  creases  except 
those  necessary for fo l d ing  the  fi lm  for presentation  or packag ing  purposes.  The  specimens  
shal l  contain  no  other defects.  
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4. 2. 3.3  Apparatu s  

The balance  shou ld  have  an  accuracy of 1 0 -4  g .  

4. 2. 3. 4  Procedu re  

Conduct the  test  accord ing  to  I SO  536: 201 2.  

Cond i tion  the  specimens  for at l east 1  h  at  23  °C  ±  2  °C  and  50  %  ±  5  %  RH ,  as  i n  I SO 291 .  

4. 2. 3. 5  Reportin g  requ i rem en ts  

Report  the  mean  weight of the  fi lm  i n  g /m 2  and  the  s tandard  deviation .  

4. 2. 4  Ten si l e  stren gth  / e l on g ation  at break 

4. 2. 4.1  Pu rpose  

To determ ine  the  tens i l e  properties  of backsheets  and  frontsheets  less  than  1  mm  th ick,  u nder 
defined  cond i tions.  

Tensi l e  strength  and  e longation  at break testi ng  can  be  appl ied  after ageing  tests  to  check for 
the  mechan ica l  durabi l i ty of the  materia l .  

Cracking  of backsheet in  fi e ld  use  has  been  observed  when  backsheet has  become bri ttl e .  A 
quanti tati ve  correlation  between  tensi l e  strength  and  e longation  at break values  (absolu te  or 
retained)  that  correlate  wi th  mechan ical  fa i l u res  (“cracking”)  i n  fie l ded  modu le  does  not yet 
exist  and  is  under i nvestigation  for use  as  pass/fai l  i n  a  fu ture  amendment of 61 730-1 .  

NOTE  Theoreti cal  i nspection  of re l evant stra in  scenari os  for backsheet and  frontsheet,  such  as  d i fferentia l  
thermal  expansion  or maximum  curvature,  resu l t  i n  estimates  of l ess  than  1 0  %  e longati on  at  break (absolu te,  not  
retai ned )  bei ng  cri ti cal .  However,  s tresses  seen  by backsheet materi a l s  i n  the  fi e l d  a l so  i ncl ude  mechan ical  
s tresses  re l ated  to  backsheets  conform ing  over tabbi ng  wi res,  etc.  Publ i shed  fi e l d  stud ies  have  shown  that  such  
conformational  s tresses  can  i n i ti ate  cracking  fa i l u res  i n  backsheets,  and  th i s  mechan ism  i s  unrel ated  to  j ust 
thermal  expansion  or fl exi ng  of the  modu le  d u ri ng  normal  operation .  

4. 2. 4.2  Sampl i n g  

See  Annex E  for sampl ing  of fi lm .  

For mechan ical  testing  of fi lms  (<  1  mm  th ick)  I SO 527-3  recommends  specimen  type  2 ,  
i . e .  1 0  mm  ±  1  mm  bars,  at l east 1 50  mm  long  wi th  in i tia l  g rip  of 1 00  mm  ±  0 , 5  mm  for a  
50  mm  gauge.   

The  fol l owing  a l ternative  strip  l eng ths  are  a l l owed :   

•  For materia ls  wi th  h igh  e longation  at break of >  200  %,  grip  d istance  may be  reduced  to  
50  mm .  

•  I n  order to  account for the  practica l  l im i tation  of specimen  s i ze  i n  specimen  holders  of 
weathering  test  chambers  (see  4 . 1 0),  the  i n i tial  g rip  d istance  of 50  mm  is  a lso  acceptable  
for evaluation  of mechan ical  strength  of materia l  after weathering  (see  4 . 1 0. 3) .  I n  that 
case  a  tota l  specimen  l eng th  of >  1 00  mm  is  requ i red .  

Al ternative  strip  wid ths  are  1 2, 5  mm  ±  1  mm  and  1 5  mm  ±  1  mm .  

Dumb-bel l  shaped  specimens  are  preferred  for qual i ty control  purpose  due  to  better 
reproducib i l i ty of test  resu l ts .  The  narrow portion  of dumbbel l  specimen  shou ld  then  have  
wid th  b  as  g iven  before  and  in  F igure  1 .  
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Comparison  of resu l ts  before  and  after a  g i ven  ageing  test (see  4. 1 0)  sha l l  be  based  on  the  
same i n i ti a l  g rip  d is tance  and  specimen  d imensions,  both  l ength  and  wid th  of strips.  I t  i s  
recommended  to  use  the  same specimen  d imensions  wi th in  a  test  p l an  i nclud ing  various  
ageing  tests .  

 

 

b  wi d th  1 0  mm  [1 2, 5;  1 5] a  ±  1  mm  

h  th i ckness  ≤  1  mm  

L  i n i t i a l  g ri p  d i s tance  1 00  [50]b  mm  ±  0 , 5  mm  

L ’  total  l eng th  >  1 50  [>  1 00] b  mm  

 

a  a l ternati ve  wid ths  i n  square  brackets  [  ] .  

b  a l ternati ve  l eng th  i n  square  brackets  [  ] .  

Figu re 1  – Speci m en  type  

For each  measurement (before  or after an  ageing  test)  prepare  at l east 5  specimens  i n  
mach ine  extrus ion  d i rection  (MD)  and  5  specimens  i n  transverse  mach ine  d i rection  (TD)  by 
cu tting  or punch ing  so  that the  edges  are  smooth  and  free  from  notches.  I n  case  of 
weathering ,  on l y 5  specimen  in  MD  d i rection  are  requ i red  for measurement after ageing ,  
whereas  measurement of 5  specimen  i n  TD  d i rection  are  optional .  See  add i ti onal  
requ irements  of sample  preparation  for materia ls  from  weathering  tests  i n  4 . 1 0 . 3 .  

Razor b lades,  su i table  paper cu tters  or other devices  capable  of cu tting  the  specimens  to  the  
proper wid th  and  producing  stra igh t,  cl ean ,  paral le l  edges  wi th  no  vis ib le  imperfections  shal l  
be  used .  Punch  d ies  and/or cu tti ng  equ ipment shal l  be  kept  sharp  by regu lar hon ing ,  and  a  
su i table  backing  materia l  shal l  be  used  wi th  punch  d ies  to  ensure  a  cl ean-cut  edge.  

4. 2. 4.3  Con d i ti on i n g  

Cond i tion  the  specimens  prior to  the  test at  23  °C  ±  2  °C  and  50  %  ±  5  %  re lative  hum id i ty as  
i n  I SO  291  for at least  24  h  immed iatel y before  the  test.  Th is  i s  especial l y re levan t after 
materia ls  have  been  previousl y subjected  to  a  damp-heat or other weathering  test,  as  excess  
l evels  of res idual  moisture  may otherwise  affect  test resu l ts.  

4. 2. 4. 4  Apparatu s  

A mechan ical  load  frame as  i n  I SO  527  shal l  be  used ,  capable  of provid ing  the  fol l owing  
cond i tions:  

•  The  l oad  cel l  and  d isp lacement range  shal l  be  selected  such  that the  maximum  load  on  
the  specimen  fa l ls  between  1 5  %  and  85  %  of the  upper l im i t  of the  l oad ing  range.  

•  The  rate  of the  d isp lacement for the  crosshead  remains  essential l y constan t under 
fluctuating  l oads.  

•  The  mach ine  equ ipped  wi th  su i table  grips  capable  of cl amping  the  specimens  fi rm ly and  
wi thout s l ipping  throughout the  test.  
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•  The  mach ine  shal l  be  au tograph ic,  i . e.  g ivi ng  a  chart that can  be  read  i n  terms  of 
cen timetres  of crosshead  d isp lacement as  one  coord inate  and  appl ied  l oad  as  the  other 
coord inate.  

D i rection  reg istration  of sample  d isp lacement by a  mechan ical ,  l aser or vi deo  faci l i tated  
gauge  i s  recommended .  The  use  of an  extensometer i s  recommended  for more  accuracy.  

The  appl ied  tens ion  is  measured  and  recorded  accurate  to  ±  1  %  of any read ing  when  
ca l i brated .  

4. 2. 4. 5  Procedu re  

Conduct the  test  i n  the  same atmosphere  used  for cond i tion ing  the  test specimen.  

Measure  the  wid th  to  the  nearest  0 , 1 0  mm  and  the  th ickness  to  the  nearest 0 , 02  mm  based  on  
the  average  of 5  measurements  even l y d is tributed  across  the  cen tra l  reg ion  of each  specimen ,  
i . e .  no  measurements  are  taken  i n  parts  that wi l l  be  clamped  by the  grips .  

Calcu late  the  ari thmetic  means  for the  wid th  and  th ickness  of each  specimen,  wh ich  shal l  be  
used  for calcu lation  purposes.  

Place  the  test specimen  i n  the  grips,  taking  care  to  a l ign  the  l ong i tud inal  axis  of the  specimen  
wi th  the  motion  axis  of the  l oad  frame.  The  configuration  of the  grips  shou ld  prevent breaking  
of the  fi lm  at the  edges  of the  grips.  

Set an  i n i tia l  g rip  d istance  of 1 00  mm.  Optional l y 50  mm  grip  d istance  may be  used  i f the  
e longation  at  break i s  >  200  %  or for post  evaluation  of weathered  specimen ,  where  m in imum  
length  of specimen  may be  l im i ted  to  >  1 00  mm  to  accoun t for restricted  s i ze  of specimen  
holder.  

The  testing  speed  i s  50  mm/m in .  

NOTE  Vari ation  of test  resu l ts  i s  i ncreased  at  h i gher speed .  

Record  the  force  and  the  correspond ing  values  of the  i ncrease  of the  gauge  l ength  and  of the  
d istance  between  grips  during  the  test.  

Determ ine  a l l  re levant s tresses  and  s tra ins  from  the  s tress-stra in  curve.  Data  from  specimens  
where  grip  s l ippage  occurs,  or where  fa i l u re  occurs  wi th in  1 0  mm  of ei ther g rip,  or where  an  
obvious  fau l t  has  resu l ted  i n  premature  fa i l u re,  shal l  not be  i ncluded  i n  the  anal ys is .  Repeat 
tests  shal l  be  carried  ou t on  new specimens.  

4. 2. 4. 6  Fi n al  m easu rem en ts  

a)  Tensi l e  s trength  at break,  σB :  The  tens i le  strength  is  the  s tress  at wh ich  the  test specimen  
ruptures.  I t  sha l l  be  expressed  in  Mega  Pascals  (MPa)  and  ca lcu lated  based  on  the  
orig inal  cross-sectional  area  of the  specimen .  

b)  E longation  at break ,  εB :  The stra in  value,  i . e .  i ncrease  i n  l ength  per un i t orig inal  length  of 
the  gauge,  at  the  tensi l e  stress  at break.  

4. 2. 4.7  Reporti n g  requi rem en ts  

Report the  med ian  va lues  and  s tandard  deviation ,  for MD  and  TD  specimens,  of  

•  tens i le  strength  at  break σB  

•  e longation  at break εB  

Report  specimen  l eng th ,  specimen  wid th ,  specimen  shape and  in i tia l  g rip  d i stance.  
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Trace  the  context of testi ng ,  i . e .  whether resu l ts  have  been  obtained  from  “fresh”  specimens,  
after some pre-processing  ( l am ination )  or after particu lar ageing  tests  (see  4. 1 0).  

4.2.5 Cu rl i n g  

4.2.5.1  Pu rpose  

Curl i ng  of frontsheet or backsheet during  modu le  l am ination  may underm ine  the  re l i abi l i ty of 
the  modu le,  for example  by i n troducing  bubbles,  wrinkles  and  so  on .  

NOTE  The  presence  of cu rl i ng  may i nd icate  that  i n ternal  s tress  i n  a  mu l ti l ayer construction  i s  not  balanced ,  
i . e .  s tress-free.  Degree  of cu rl  may depend  on  pos i ti on  of sample  on  the  rol l .  

4.2.5.2 Proced u re  

The degree  of curl ing  i s  to  be  measured  and  reported  accord ing  to  I EC  61 1 89-3.  See  
9. 4  Test 3  M04  (bow).  

4. 2. 5. 3  Reportin g  requ i rem en ts  

Report degree  of curl  accord ing  to  test  method  defined  by aforementioned  procedure.  

4. 3  Adh esion  testi n g  

4. 3. 1  Pu rpose  

Adhesion  between  materials  used  i n  construction  of mu l ti l ayer backsheet or frontsheet i s  
requ i red  to  ensure  the ir i n tegri ty and  endurance during  service  l i fe.  Lasti ng  adhes ion  of 
backsheet or frontsheet to  other components  of the  PV modu le,  such  as  adhes ion  to  
encapsu lant,  edge  seal  or j unction  box adhesive,  i s  a lso  needed .  

I t  i s  therefore  needed  to  exam ine  adhesion  strength  before  and  after envi ronmental  s tress  
tests  i n  order to  assess  i ts  re lati ve  change for the  i n terlayer adhes ion  of the  mu l ti l ayer 
frontsheet or backsheet composi te  as  wel l  as  the  fron tsheet and  backsheet adhes ion  to  other 
materia ls  i n  a  PV modu le.  

Resu l ts  from  adhesion  tests  can  be  s trong l y dependent on  test parameters  (rate,  temperature) ,  
test geometry,  sample  preparation  procedure  and  materia l  properties ,  wh ich  may change 
during  ageing .  I t  i s  therefore  important to  corre late  the  s tresses  appl ied  i n  the  ageing  test to  
those  found  in  fie ld  appl ication ;  quanti tati ve  comparison  of absolu te  adhesion  strength  
between  d i fferen t materia ls  or sheet constructions  may be  l im i ted .   The  test method  se lection  
shou ld  be  cons isten t wi th  the  purpose  of the  test,  e. g .  product  cons istency,  or product 
se lection  for use  i n  a  targeted  appl ication .  

NOTE  The  adhes ion  test  methods  descri bed  below and  thei r recommended  use  are  descri bed  i n  the  i n formative  
Annex A.  

4.3.2 Gen eral  

Adhesion  testi ng  of a  mu l ti layer stack wi l l  i n  general  resu l t i n  fa i l u re  at the  “weakest  l i nk”  of 
the  stack.  Th is  provides  a  quanti tati ve  va lue  of the  bond  strength  at a  s i ng le  i n terface  (or 
a l ternativel y,  the  cohesive  strength  of one  materia l ) ,  and  a lso  provides  a  m in imum  va lue  for 
a l l  other i n terfaces  and  materia ls  in  the  s tack.  

Mu l ti l ayer s tack may refer to:  

a)  the  mu l ti layer construction  of the  backsheet or fron tsheet,  wh ich  contains  l ayers  serving  
as  re l ied -upon  e lectrica l  i nsu lation  and  eventual l y other l ayers  provid ing  extended  
protection  against envi ronmental  s tresses  or adhes ive  function  between  the  composi te  
l ayers ,  or 



I EC TS  62788-2 :201 7  © I EC  201 7  – 23  –  

b)  the  material  construction  consisting  of the  components  of a  PV modu le,  such  as  for 
example  a  l am inate  of g l ass,  encapsu lan t and  backsheet.  

Testing  of adhes ion  of backsheet or fron tsheet to  encapsu lan t,  edge  seal  or j unction  box 
adhesive  requ i res  selection  of another material  to  wh ich  adhesion  strength  shal l  be  
evaluated :  the  measured  adhesion  streng th  may depend  on  the  other materia l (s)  as  wel l  
as  the  process ing  or curing  cond i ti ons  for the  d i fferen t componen ts.  

Characterization  of the  “ i n terface  of i n terest”  can  be  made  wi th  proper selection  of adhes ives 
and  adheren ts,  so  that  these  i n terfaces  have  bond  s trength  h i gher than  the  “ i n terface  of 
i n terest” ,  or – i n  the  case  of very h igh  bond  streng ths  – h i gh  enough  to  demonstrate  bond  
strength  sufficien t for the  appl ication  (wi th  appropriate  safety marg ins).  

Another approach  is  the  production  of eng ineering  samples  cons isting  on l y of the  materia l  
l ayers  of in terest,  i n  order to  speci fical l y exam ine  in terfaces  or materia ls  that may otherwise  
not be  queried  during  “weakest l i nk”  testing .  

I n  order to  appl y th is  method  to  backsheet or frontsheet mu l ti - l ayer constructions,  one  needs  
access  to  the  ‘components  of construction ’ ,  wh ich  i s  typica l l y poss ib le  on l y for the  producer of 
the  sheet.  Otherwise  testi ng  adhesion  of a  frontsheet or backsheet as  such  has  to  be  
performed  on  the  complete  sheet.  

Depend ing  on  the  various  adhesive  in terfaces  involved ,  d i fferen t adhes ion  tests  are  su i table.  
The  choice  depends  on  the  construction  of the  backsheet or frontsheet,  se lecting  from  
d i fferent test geometries  designed  for assessment of adhes ion  between  ri g id  or flexib le  
materia ls .  

•  Adhes ion  between  one  rig id  and  one  fl exib le  l ayer (e. g .  a l um in ium  rai l  to  backsheet or 
g lass/encapsu lan t to  backsheet):  e . g .  1 80°  peel  or T-pluck test  

•  Adhes ion  between  two  flexib le  adhering  layers:  e . g .  90°  peel  test (performed  as  T-peel )  
and  1 80°  peel  test (wi th  or wi thou t a  ri g id  substrate  as  backing)  

These  tests  typical l y requ ire  a  test  apparatus  by wh ich  a  mechan ica l  l oad  can  be  appl i ed  to  
the  layer stack,  and  wh ich  a lso  has  provis ions  to  record  the  force  and  d isp lacement during  the  
test (see  4. 2 . 4 . 4) .  The  portions  of the  s tack compris ing  the  “materia ls  of i n terest”  shal l  be  
prepared  in  accordance  wi th  manufacturer’s  i nstructions,  and  those  preparation  cond i ti ons  
reported .  For T-p luck and  lap  shear test,  other auxi l i ary materia ls  (“hand les”)  shal l  be  
selected  as  to  have  h i gh  adhesion ,  such  that  the  strength  of the  weakest l i nk,  representing  a  
m in imum  va lue,  i s  suffi cien t for the  appl ication .  For 1 80°  peel  and  T-peel  samples  are  
prepared  as  to  i n troduce  the  adhesion  test force  at  the  i n terface  of i n terest,  e . g .  by l im i ti ng  
the  adhes ion  l ocal l y (e. g .  i nsertion  of a  re lease  l i ner or adhesive  l ayer s i zed  d i fferentl y than  
other l ayers) .  

NOTE  Vari an ts  of 90°  peel  tests  other than  T-peel ,  such  as  90°  wheel ,  90°  wi th  s l edge  or 90°  stati c  peel  tests  are  
acknowledged ,  bu t  not  add ressed  i n  th i s  document.  

Final l y,  the  cross-hatch  tape  test I SO 2409  represen ts  a  manual  test  to  assess  adhesion  of 
coatings  and  th i n  fi lm  l ayers,  that are  too  th in  or bri ttl e  to  conduct  peel  testi ng  ( i . e .  cohes ive  
strength  of th i n  fi lm  turns  out  to  be  the  weakest l i nk).  

4.3.3 Sampl e  preparation  

Specimen  preparation  covers  the  fo l l owing  aspects:  

a)  Sampl ing  of the  fron tsheet or backsheet fi lms  from  the  production  process  (see  Annex E) ,  
especial l y i ncl ud ing  samples  from  d i fferent pos i ti ons  across  the  mach ine  d i rection .  

b)  Samples  shal l  be  prepared  for ei ther MD  or TD  d i rection  of the  sheet materia l ,  and  the  
orien tation  of the  sample  tracked  and  reported ,  as  th is  may i n fl uence  resu l ts .  
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c)  Preparation  of a  specimen  construction  that fu l fi l s  the  d i fferen t requ irements  of a  certa in  
adhes ion  test  method ,  such  as  i nsertion  of re lease  l i ners  and  construction  of test samples  
wi th  auxi l i ary materia ls  (g lass,  a lum in ium ,  etc. ) .  

d )  For l am ination  of backsheet or frontsheet to  an  encapsu lant  the  requ i rements  for the 
l am ination  procedure  g i ven  for the  d ti  test  (4 . 5. 2)  appl y.  

e)  I n  a  preparatory step,  i denti fication  of a  su i table  generic g lue  (epoxy)  and  surface  
preparation  procedures  for auxi l i ary material s  may be  requ i red .  

f)  Also  the  choice  for su i table  “partner”  (hand le  or substrate)  materia ls  shal l  be  considered ,  
as  wel l  as  the  rea l i zation  of process ing  cond i ti ons  for the  eng ineering  samples  that shou ld  
m im ic as  close  as  possib le  the  envisaged  PV modu le  processing  parameters  wi th  respect 
to  lam ination .  See  Annex B  for detai ls  of sample  preparation  speci fic for each  method .  

Carefu l l y i nspect the  specimens  prior to  measurement fo l l owing  the  procedure  for visual  
assessment defined  in  4 . 6. 2 .  

4.3.4 Sample  con d i ti on i n g  

I n  a l l  cases,  for fresh  and  weathered  specimens,  the  samples  shal l  be  cond i ti oned  to  room  
temperature  and  hum id i ty cond i ti ons,  i . e.  23  °C  ±  3  °C,  50  %  ± 3  %  RH ,  for a  m in imum  of 24  h  
prior to  testi ng  as  recommended  in  I SO  291 .  

4.3.5 Apparatu s  an d  procedu re  

A mechan ical  load  frame as  i n  I SO  527  shal l  be  used ,  capable  of provid ing  the  cond i tions  
defined  i n  4 . 2 . 4 .4 .  

Sel f-a l i gn ing  g rips  or thei r connections  ( i nclud ing  un iversal  swivel  j oi n ts)  shou ld  be  used  when  
possib le.  

The  samples  shou ld  be  mounted  i n  the  apparatus  us ing  the  appropriate  fixtures,  wh ich  are  
speci fic for the  test geometry chosen  (see  4. 3. 6  and  Annex B) .  

Separate  specimens  shal l  be  tested  at  the  crosshead  separation  rate  of 50  mm/m in ,  
proceed ing  unti l  bond  rupture  or cohesive  fai l u re  i s  observed .  

The  test shal l  be  conducted  at  ambient  cond i tions  (23  °C  ±  3  °C,  50  %  ±  3  %  RH).  

A tota l  of a t l east  fi ve  repl icate  specimens  shal l  be  tested  and  used  for fi nal  ca lcu lations.  

4. 3. 6  Adh esion  tests  for in terfaces  of backsh eet an d  fron tsh eet 

4.3.6.1  Gen eral  

An  overview of requ ired  and  optional  adhes ion  tests  for the  various  in terfaces  of frontsheet 
and  backsheet i s  shown  i n  Table  1 .  Detai l s  of sample  preparation  and  speci fic procedure  
detai ls  of the  various  test methods  defined  below are  defined  i n  normative  Annex B .  
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Table  1  – Overview of adh esi on  tests  

I n terface u n d er test  

Ad h esi on  test  

1 80°  peel  test  
wi th  backing  

T-peel  test  T-pl uck test  l ap  shear test  cross-hatch  
tape  test  

Clause  B . 1  Clause  B . 2  Clause  B . 3  Cl ause  B . 4  Clause  B . 5  

     

1 )  adhes ion  between  
i nd i vi dual  components  
of a  fron tsheet or a  
backsheet  (4 . 3. 6. 2)  

requ i reda  
not  

appl i cabl e  
not  appl i cable  not  appl i cable  not  appl i cable  

2)  test  of weakest 
adhes ion  l i nk wi th i n  a  
fi n i shed  frontsheet or 
backsheet  (4 . 3. 6. 2)  

optional a  
not  

appl i cabl e  
requ i red  not  appl i cable  not  appl i cable  

3)  adhes ion  test  of l ayers  
too  th i n  or bri ttl e  to  
peel  (4 . 3. 6 . 2 )  

not  
appl i cabl e  

 secondaryd  secondaryd  not  appl i cable  requ i redb  

4 )  adhesion  of a  
backsheet  or 
fron tsheet to  an  
encapsu lant  or edge  
sealan t  (4 . 3 . 6. 3)  

or requ i redc  or requ i red c  opti onal  not  appl i cable  not  appl i cable  

5)  adhes ion  of backsheet 
to  a  j unction  box 
adhes ive  (4. 3 . 6 . 4)  

not  
appl i cabl e  

optional  requ i red  optional  not  appl i cable  

a  for l ayers  that  can  be  peel ed .  

b  for coati ngs  or th i n  l ayers  too  th i n  or bri ttl e  to  peel .  

c  at  l east  one  of the  two  test  methods  “or requ i red ”  has  to  be  appl i ed  and  reported .  

d  secondary test,  i f su i table  tape  provid i ng  su ffi cien t  adhesi ve  s trength  i s  not  ava i l able.  

 

4.3.6.2 Ad h esi on  between  layers  of composi ti on  

4. 3. 6. 2 .1  Pu rpose  

The adhesion  s trength  shal l  be  determ ined  between  speci fic  l ayers  of composi tion  of a  
backsheet or fron tsheet construction .  Use  of the  test may be  l im i ted  to  the  producer of sheet 
materia l ,  as  components  and  adhesives  may not  be  access ib le  for test specimen  construction  
by 3rd  parties.  

4. 3. 6.2 .2  M eth od  

For assessment of adhes ion  of speci fic  i n terface  between  speci fic  l ayers  of composi ti ons,  1 80°  
peel  wi th  a  backing  p late  and  partia l  pu rposefu l  i nsertion  of re leaser l i ner shal l  be  appl ied  
(see  Clause  B . 1 ) .  Th is  test procedure  requ ires  speci fic sample  preparation  that may on l y be  

IEC  

1 80°  

Tensi l e  s tress  

IEC  

Effecti ve  peel  
ang l e  

( 1 40° -1 80° )  
IEC  IEC  IEC  
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appl ied  by the  producer of the  materia l (s) .  I f speci fic i n terface  cannot be  tested ,  then  
“weakest l i nk”  sha l l  be  appl i ed .  

The  m in imum  adhesion  strength  between  any layers  of a  backsheet or frontsheet construction  
shal l  be  determ ined .  

a)  For assessment of the  “weakest l i nk”  a  p l uck test (see  Clause  B . 3)  sha l l  be  appl ied .  The  
p luck test  may a lso  be  appl ied  to  extruded  sheets .  

b)  Optional l y,  a  1 80°  peel  test  (see  Clause  B . 1 )  can  be  used .  The  l atter can  on l y be  
performed  to  determ ine  the  adhesion  streng th  between  l ayers  of the  sheet,  i f the  sheet 
construction  can  be  spl i t  by manual  man ipu lation  (kn i fe ,  fi ngernai ls  or other su i table  
i nstruments)  such  that  separate  specimen  l ayers  can  be  gripped .  

The  adhesion  of coatings  or th in  layers ,  where  aforementioned  methods  cannot be  appl i ed ,  
shal l  be  determ ined  wi th  the  cross-hatch  tape  test (see  Clause  B. 5 ) .   

EXAMPLE  1  Manual  peel i ng  for creation  of separate  l ayers  for g ri ppi ng  i s  not  possib le,  wh ich  appl i es  for coated  
l ayers,  bu t  a l so  for th i n  fi lms  wi th  th i ckness  below about  1 5  µm.  

EXAMPLE  2  Yie l d  strength  of i nd ivi dual  l ayers  i n  the  stack i s  l im i ted ,  wh ich  may e. g .  resu l t  i n  e l ongation  of >200  %  
or cohesive  fractu re  of that  compl ian t  l ayer,  rather than  havi ng  the  force  appl i ed  to  the  adhesive  i n terface  under 
i n terest.  

I n  case  of a  mu l ti l ayer sheet construction ,  the  weakest l i nk between  a l l  l ayers  on  the  scored  
face  of the  backsheet or frontsheet i s  tested ,  as  cross-hatch  cu tting  wi l l  penetrate  down  to  the  
substrate  of the  sheet.  

I f a  su i table  tape  wi th  the  requ i red  in i tia l  adhes ion  for the  i n terface  under test i s  not avai lable,  
then  a  T-peel  test or a  T-pluck test can  be  used  as  secondary method  to  assess  the  adhesion  
strength  of the  i nner l ayer or the  ou ter (=  a i r s i de)  l ayer of the  frontsheet or  backsheet,  
respective l y.  I n  that case  the  adhesion  test fo l l ows  the  T-peel  and  T-pluck procedure  wi thout 
appl ying  the  cross-hatch ing .  

NOTE  Resu l ts  from  adhesion  tests  based  on  1 80°  peel  and  cross-hatch  tape  adhesion  test  cannot  be  compared  
quanti tati vel y.  See  Annex A.  

4.3.6.3 Ad h esi on  between  sh eet an d  en capsu l an t  or ed g e seal an t  

4. 3. 6. 3.1  Pu rpose  

To assess  the  adhesion  strength  between  a  frontsheet or backsheet and  another match ing  
materia l ,  such  as  an  encapsu lant or a  se lected  edge  sealan t.  The  adhesion  values  are  
dependent on  the  type  of encapsu lan t or edge  sealan t and  lam ination  parameters.  

4. 3. 6. 3.2  M eth ods  

a)  1 80°  peel  wi th  ri g i d  backing  (see  Clause  B . 1 )  or T-peel  (Clause  B. 2)  are  requ i red  for 
datasheet reporti ng .  

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

Depend ing  on  the  type  of fron t-  or backsheet sheet T-peel  may resu l t  i n  smal l er to  equal  peel  
strength  values  i n  comparison  to  1 80°  peel ,  bu t  i n  many cases  sti l l  a l l ows  to  evaluate  
adhes ion  of aged  materia ls,  i n  wh ich  the  sheet materia l  may have  a l ready become too  bri ttle  
to  be  anal ysed  by 1 80°  peel  test.  Appl ying  and  reporti ng  resu l ts  of both  methods,  1 80°  peel  
and  T-peel ,  may therefore  provide  add i tional  i n formation  about  the  evolu tion  of adhes ion  
strength  after ageing .  
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4. 3. 6.4  Ad h esion  between  backsh eet  an d  j u n ction  box adh esive  

4. 3. 6.4.1  Pu rpose  

The adhesion  strength  of the  adhesive  used  for mounting  of the  j unction  box to  the  ou ter l ayer 
(a i r s ide)  of a  backsheet shal l  be  determ ined .  The  adhesion  s trength  values  are  dependent on  
the  type  of j unction  box adhesive  and  may a lso  depend  on  the  sample  preparation .  

4. 3. 6.4.2  M eth ods  

a)  P luck test (see  Clause  B. 3)  i s  requ i red  for datasheet reporti ng .  

b)  Lap  shear test (see  Clause  B .4)  i s  an  add i ti onal  optional  test.  

c)  T-peel  (see  Clause  B. 2)  or 1 80°  peel  (see  Clause  B. 1 )  are  recommended  for “screen ing”  
on l y (e . g .  sheet manufacturer’s  in ternal  tests  or R&D  testi ng).  

NOTE  Pluck test  and  l ap  shear test  can  be  appl i ed  for “screen ing” ,  too.  

4. 3. 7  Reporti n g  requ i rem en ts  

4.3.7.1  Reportin g  req u i rem en ts  for adh esion  tests  

Report   the  fol lowing :  

a)  mean  of the  stress  i n  (N /cm)  as  described  for each  test,  and  the  standard  deviation .   

b)  test method :   

•  1 80°  peel  test  (Clause  B. 1 )  

•  90°  T-peel  test (Clause  B .2)  

•  T-pl uck test (Clause  B . 3)  

•  Lap  shear test (Clause  B .4)  

•  X-hatch  tape  test (Clause  B .5)  

c)  d i rection  MD or CD  of the  specimen  

d )  fai l u re  mode and  type  of fai l u re  (cohesive  /  adhesive)  

NOTE   I n  case  cohes ive  fa i l u re,  peak l oad  (N /cm 2)  does  not  represent the  bond  s trength  between  (components  of)  
frontsheet /  backsheet and  adhesi ve,  bu t  represents  a  l ower l im i t  of the  bond  strength  of a l l  other adhesive  
i n terfaces  i n  the  sample  u nder test.  

e)  i n terface  that  has  been  tested  and  materia ls  used :  

•  Components  of backsheet (name / type)  

•  Backsheet to  encapsu lan t (name / type)  

•  Backsheet to  j unction  box adhesive  (name /  type)  

f)  detai l s  of sample  construction  and  preparation :   

•  Lam ination  cond i tions  (encapsu lant)  

•  Curing  cond i ti ons  ( j unction  box adhesive)  

•  Release  l ayer material  ( i f used)  

•  Auxi l i ary g l ues  and  hand les  (g lass,  a l um in ium ,  etc. )  

g )  sample  pre-cond i ti on ing   

h )  temperature  of test (requ i red  i s  23  °C  /  50  %  RH ,  optional  70  °C).  

Trace  the  context of the  adhes ion  test,  such  as:  fresh ,  after ageing  (DH  testi ng ,  weathering).  

4.3.7.2 Reportin g  requ i rem en ts  for cross-h atch  tape  test  

•  report class  of area  loss  after cross-hatch  test  by comparison  to  the  visual  ru ler in  Table  1  
of I SO  2409: 201 3  (see  Clause  B . 5).  



 – 28  – I EC TS  62788-2 :201 7  © I EC  201 7  

•  report the  i n i ti a l  adhesive  s trength  of the  tape  for the  materia l  u nder test:  ageing  of the  
materia l  under test  (e. g  by DH  testing  or weathering)  may resu l t  i n  d i fferent adhes ive  
strength  of the  tape  and  i n i tial  val ue  has  to  be  reported .   

4. 4 Th erm al  ch aracteristi cs  

4. 4. 1  Th erm al  en du ran ce  

4. 4. 1 . 1  Pu rpose  

To ensure  that the  pol ymeric materia ls  can  wi thstand  the  thermal  stresses,  wh ich  are  l i kel y to  
be  appl ied  during  service  l i fetime of the  PV modu le.  

NOTE  Thermal  endu rance  i s  obtained  from  measured  changes  i n  mechan ical  and  e l ectri cal  properties  that  are  
assessed  i n  accelerated  thermal  ageing  tests  and  make  use  of the  Arrhen ius  scheme for extrapol ation .  

4. 4. 1 .2  Proced u re  

The  thermal  ratings  shal l  be  acqu i red  accord i ng  to  I EC  6021 6-5  (RTE),  UL  746B  (RTI )  or 
I EC 6021 6-1  (TI ) .  

I n  I EC 6021 6-2  the  recommended  properties  for fl exible  materia l  combinations  ( l ike  
mu l ti - layer backsheets)  are  tensi le  strength  and  d . c.  d ie lectric  breakdown  strength ,  both  wi th  
a  recommendation  of reta in ing  at l east  50  %.  Typica l l y,  a  mechan ical - impact rati ng  is  not 
requ ired .  

I n  h istorica l  tests  of RTE/RTI /TI ,  a . c.  breakdown  vol tage  test may have  been  appl ied ,  whereas  
d . c.  mode  i s  preferred  for envisaged  use  case  in  PV modu les  as  sti pu lated  i n  4 . 5. 1 .  
Depend ing  on  materia l  a . c.  breakdown  values  are  typ ical l y 3  to  5  t imes  smal l er than  d . c.  
breakdown  va lues.  Impact on  RTE/RTI /TI  rati ng  may be  l im i ted ,  s ince  anal ysis  i s  based  on  
re lative  reten tion .  

The  requ irements  for re l i ed  upon  i nsu lation  are  defined  i n  I EC 61 730-1 : 201 6,  5. 5. 1 . 3 .  and  the  
evaluation  of mu l ti l ayer constructions  is  defi ned  i n  I EC  61 730-1 : 201 6,  5. 6 . 4 .3 .  

4. 4. 1 .3  Reporti n g  requ i rem en ts  

Report the  method  (RTE,  RTI  or TI )  and  the  thermal  endurance  or i ndex value  measured  in  °C.   

Report  whether test was  performed  on  components  of backsheet separate l y or a  mu l ti layer 
backsheet as  a  whole.  

4. 4. 2  Dimensional  stability 

4. 4. 2 . 1  Pu rpose  

To determ ine  the  i rreversible  deformation  of fron tsheet or backsheet sheets  due  to  thermal  
exposure  that may occur during  processing  of a  modu le.  I t  describes  d imensional  changes  
before  and  after exposure  to  speci fied  temperature  for speci fied  time and  i den ti fi es  the  
re laxation  of the  fi lm  from  i ts  fabrication  state.  

The  procedure  fo l l ows  I EC  62788-1 -5,  i n  wh ich  a  s im i l ar test method  for encapsu lan ts  i s  
described .  The  procedure  i s  adopted  for l arger sample  s i ze,  s ince  backsheet and  frontsheet 
have  typical l y h igher d imensional  s tabi l i ty than  encapsu lan ts.  Furthermore,  many backsheets  
and  fron tsheets  have  at l east one  s ide  that i s  bare l y s ticky.  Therefore,  a l ternatives  for sand  
are  al l owed  to  provide  free  movement of materia l  u nder d imensional  change.  

4. 4. 2 . 2  Sampl in g  

The test specimen  shal l  be  a  square  of 200  mm  x 200  mm.  Two sheets  shal l  be  tested  across  
the  wid th  of a  rol l  (see  Annex E) .  The  specimen  i s  measured  from  edge  to  edge  before  and  
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after the  d imensional  stabi l i ty test (see  F igure  2)  i n  mach ine  d i rection  (MD)  and  in  transverse  
mach ine  d i rection  (TD).  

Dimensions  i n  m i l l imetres  

 

Fig u re 2  – Speci m en  before  an d  after sh ri n kag e  

4. 4. 2 . 3  Apparatu s  

Use  an  oven  (e. g .  d rying  chamber)  wi th  a i r ci rcu lation  as  described  in  I EC 62788-1 -5.  

For measuring  use  an  appropriate  measuring  equ ipment to  guarantee  the  requ ired  resolu tion .  

4. 4. 2 .4  Proced u re  

Measure  the  l eng th  (MD,  TD)  of the  sample  on  both  edges  from  corner to  corner to  the  
nearest 0 , 01  mm .  P lace  the  samples  horizon tal l y i n  the  preheated  (1 50  °C)  oven  wi thou t 
con tact  to  the  wal ls  for 30  m in  at  1 50  °C  (±  2  °C).  

P lace  the  samples  i n  an  appropriate  way to  ensure:  

– Homogeneous  temperature  on  both  s ides  of the  fi lm  samples.  

– There  i s  no  in fluence  of the  weigh t of the  samples  on  the  resu l ts ,  i . e.  hang ing  of fi lms  i s  
not an  option .  

– For mu l ti - l ayer backsheets  and  fron tsheets  the  materia l  designed  to  be  on  the  outs ide  of 
the  package shou ld  be  tested  face  down  on  the  sample  support.  

– Free  movement of material  on  i ts  support during  d imensional  change,  i . e .  sticking  has  to  
be  avoided .  Examples  of i n terleave  materia l  to  avoid  s ticking  of test material  and  sample  
support are  craft paper,  fl uorinated  pol ymer,  ta lc dusted  paper and  sand .  

– No  con tact to  the  wal ls  of the  oven .  

4. 4. 2 .5  Fin al  m easu rem en ts  

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

Calcu late  the  change  i n  l ength  and  wid th  i n  re lation  to  the  ori g ina l  measurement i n  percent.  
The  d imensional  stabi l i ty of both  d i rections  i s  the  average  of the  two measurements .  
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where  

lengthafter  i s  the  length  after heating ;  

lengthbefore   i s  the  length  before  heating .  

4.4.2.6 Reportin g  requ i rem en ts  

Report  change  of re lati ve  d imension  ∆L  [% ]  for both ,  MD  and  TD  d i rection .  

4. 4. 3  Relative  th erm al  expan sion  (CTE)  

4. 4. 3.1  Pu rpose  

The  CTE  (Coefficien t of Thermal  Expansion)  g i ves  i n formation  abou t the  reversib le  
deformation  due  to  d iurnal  thermal  cycles  that may occur during  operation  of a  PV modu le.  
Th is  i n formation  may be  helpfu l  to  identi fy match ing  materia ls  i n  des ign  of a  PV modu le.  The  
method  here  shal l  be  appl i ed  to  measure  the  CTE  of backsheet or frontsheet product  (or i ts  
components) .  

I n  order to  measure  the  reversible  thermal  expansion  coefficien t of the  materia l ,  the  fi lm  
needs  to  be  re laxed  from  i ts  production  s i te  by thermal  cycl i ng .  CTE  may be  d i fferent  for MD  
and  TD  d i rection .  

4. 4. 3.2  Apparatu s  

Use  a  TMA device  accord ing  to  I SO  1 1 359-1  and  ISO 1 1 359-2 .  

4. 4. 3.3  Procedu re  

The test i s  performed  accord ing  to  I SO  1 1 359-2 .  Repeat the  test  on  3  samples.  

For re laxation  of eventual  i n ternal  stresses  aris i ng  from  the  production  process  of pol ymer 
fi lms  i t  i s  requ ired  to  run  two thermal  cycles  and  to  determ ine  thermal  expansion  from  the  2nd  
thermal  cycle  on l y.  The  fi rst temperature  cycle  shal l  s imu late  a  l am ination  cycle  wi th  heating  
of the  specimen  up  the  1 60  °C  or the  maximum  lam ination  temperature  recommended  by the  
sheet manufacturer,  whatever i s  smal ler.  Apply a  hold ing  time of 5  m in  at maximum  
temperature  to  m im ic the  l am ination  process.  

NOTE  1  The  resu l ts  from  th i s  1 st  cycle  g i ve  i n formati on  abou t  d imensional  change  i n  add i ti on  to  4 . 4. 2 .  

I n  the  2nd  cycle,  the  temperature  shal l  be  cycled  between  ambient temperature  and  1 60  °C  or 
RTE/RTI /TI ,  whatever i s  smal l er.  

NOTE  2  The  upper temperatu re  l im i t  has  been  defi ned  to  prevent mel ti ng  of the  materi al .  

Perform  the  test i n  both ,  mach ine  and  transverse  mach ine  d i rection .  Use  at l east 3  repl icates  
per orientation  i n  order to  assess  d ispers ion  of resu l ts .  

4. 4. 3.4  F in al  m easu rem en ts  

Select the  2nd  measured  curve  and  determ ine  the  re lative  thermal  expansion  α  i n  K-1  at  23  °C .  

Give  reference  to  the  ca lcu lation  wi thout (=  method  A)  or wi th  (=  method   B)  reference  
specimen .  

I n  case  of a  test  specimen  exh ibi ting  a  g l ass  trans i tion ,  ca lcu late  the  coefficient  add i tional l y 
before  and  after the  g lass  trans i tion .  
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4. 4. 3.5  Reportin g  requ i rem en ts  

Report  the  mean  CTE  value  and  the  standard  deviation  of 3  measurements  at  23  °C  ind icati ng  
the  method  used  (A or B).  I nd icate  the  presence of a  g lass  trans i tion .  Report the  maximum  
temperature  of 1 st  and  2 n d  test cycle  and  the  hold ing  time  at maximum  temperature.  Optional l y 
the  curve  of CTE  between  ambient and  maximum  test temperature  may be  reported .  

4. 4. 4  Th erm al  con d u ctivi ty  

4. 4. 4.1  Pu rpose  

The  thermal  conductivi ty of the  pol ymeric  fron tsheet or backsheet may be  needed  for 
ca lcu lations  and  s imu lations  regard ing  the  temperature  management of a  PV modu le.  The  
method  here  shal l  be  appl i ed  to  measure  the  thermal  conductivi ty of backsheet or frontsheet 
product.  

4. 4. 4.2  Proced u re  

Accord ing  to  EN  821 -2  and  ASTM  E1 461 .  

4. 4. 4. 3  Reportin g  requ i rem en ts  

Report  the  value  of thermal  conductivi ty of the  mu l ti layer frontsheet or backsheet.  

4. 5  El ectri cal  ch aracteri sti cs  

4. 5. 1  Breakdown  vol tag e  

4. 5. 1 . 1  Pu rpose  

This  test  method  provides  the  measurement of the  d ielectric s trength  of a  fron tsheet or 
backsheet des igned  for use  i n  photovol ta ic  (PV)  modu les,  us ing  d i rect  cu rren t (d . c. )  vol tages.  
I t  shou ld  be  noted  that  for most materials  the  d . c.  breakdown  value  i s  h i gher than  the  peak 
value  of the  power frequency breakdown  vol tage;  for many materials ,  the  d . c.  breakdown  
vol tage  wi l l  be  three  or even  more  times  h i gher than  the  a l ternating  curren t breakdown  
vol tage [1 ] 1 .  

The  d ielectric breakdown  shal l  be  determ ined  for the  part  of the  backsheet that i s  qual i fied  as  
re l i ed  upon  insu lation  (see  the  evaluation  of mu l ti layer constructions  as  defined  i n  
I EC 61 730-1 : 201 6,  5 . 6. 4. 3. ) .  I f l ayers  are  present,  that do  not contribu te  to  RU I ,  choose  e i ther 
of the  fol l owing  methods:  

Method  A:  Measure  the  re l ied  upon  component as  such  or remove  the  part  of a  mu l ti layer 
sheet construction  that i s  not qual i fi ed  as  re l i ed  upon  insu lation ,  e . g .  peel  of a  soft  i nner l ayer 
that may be  d isplaced  i n  the  d ti  test (see  4. 5. 2) .  

Method  B:  Determ ine  the  ratio  of th ickness  of l ayers  i n  the  sheet  construction  that  con tribute  
to  RU I  (tRUI )  to  the  overal l  th ickness  ( ttota l )  of the  sheet as  veri fi ed  by d ti  test (see  4 . 5. 2) .  

I n  case  of method  B  the  d . c.  breakdown  vol tage  value,  that i s  measured  on  the  complete  
mu l ti l ayer sheet  i ncl ud ing  parts  not contribu ti ng  to  RU I ,  i s  mu l ti p l ied  by the  ratio  tRUI  /  ttota l  to  
provide  a  l i near correction ,  wh ich  is  va l id  on l y for pol ymeric,  non -conductive  materia ls .  

____________ 

1  Numbers  i n  square  brackets  refer to  the  B i b l i ography.  
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4. 5. 1 .2  Speci m en s  

Prepare  1 0  samples  of at  l east  50  mm  x 50  mm  size  from  sheets  of fron tsheets  or backsheets  
fi lms  or a  component that i s  i n tended  to  be  used  as  re l i ed  upon  i nsu lation .  Sample  surfaces  
shou ld  be  smooth  wh i l e  be ing  held  between  flat,  p lanar surfaces.  Samples  shal l  be  free  of 
vo lumetric  defects,  e . g . ,  bubbles  or voids .  

I n  case  of Method  A remove  the  part  of the  mu l ti l ayer sheet that does  not provide  rel i ed  upon  
i nsu lation .  

Measure  average  th ickness  of the  test  specimen  as  defined  in  4 . 2. 2 .  

4. 5. 1 . 3  Precon di tion in g  

The d . c.  breakdown  vol tage  of backsheets  and  fron tsheets  may vary wi th  temperature  and  
water absorption .  Therefore,  specimens  are  pre-cond i ti oned  for at l east 24  h  at 23  °C  ±  2  °C  
and  50  %  ±  5  %  re lati ve  hum id i ty,  as  speci fied  by standard  ambient atmosphere  i n  I EC  6021 2.  

4. 5. 1 .4  N u mber of specim en s  

Ten  specimens  shal l  be  tested  and  the  d . c.  breakdown  vol tage  determ ined  from  the  med ian  of 
the  resu l ts.  I f any poin t i n  the  ca lcu lation  of the  med ian  is  larger than  the  l im i t of the  vol tage  
generator,  the  med ian  shou ld  be  reported  as  larger than  (>)  the  med ian .   

EXAMPLE  Assume use  of a  1 00  000  V generator and  the  med ian  i s  ca l cu lated  as  95  000  V,  bu t  for some  of the  
samples  no  breakdown  occu rred  tel l i ng  that  the  breakdown  strength  exceeded  1 00  000  V.  I n  such  cases  the  
med ian  breakdown  shal l  be  reported  as  >95  000  V.  

4. 5. 1 .5  Proced u re  

See  Annex C.   

4. 5. 1 . 6  Reportin g  requ i rem en ts  

Report the  fol lowing :  

a)  Name and  type  of materia l  (backsheet,  frontsheet  or materia l  component) ,  tota l  th ickness  
and  the  th ickness  ratio  tRU I

 /  ttota l  for the  materia l  tested .  

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

•  For Method  A:  report  the  med ian  of the  measured  d . c.  breakdown  vol tage  of the  
materia l (s)  as  measured  for i ts  ( their)  g i ven  th ickness  i n  kV and  the  standard  deviation  
as  measure  of uncerta in ty.  I n  add i ti on ,  report the  d . c.  breakdown  vol tage  per th ickness  
(kV/mm).  

•  For Method  B:  report  the  med ian  of the  measured  d . c.  breakdown  vol tage  va lue  
measured  for the  mu l ti l ayer sheet mu l tip l i ed  wi th  the  th ickness  ratio  tRU I

 /  ttotal .  Also  
report the  standard  deviation  as  measure  of uncerta in ty.  

c)  Report ramping  speed  and  type  of m ineral  o i l  used  as  described  i n  Annex C.  

d )  Report  any deviations  from ,  add i ti ons  to,  or exclus ions  from  the  test method  and  any other 
i n formation  relevant to  a  speci fic  test,  such  as  specimen  precond i tion ing  and  
envi ronmental  cond i tions,  i nclud ing  the  o i l  temperature  during  testi ng ;  the  l ocation  of the  
fai l u re  (e. g .  e lectrode  periphery or center,  etc. )  may be  reported  i f considered  re levant for 
the  speci fic test.  

4. 5. 2  Di stan ce  th rou g h  in su l ati on  (d ti )  

4. 5. 2 .1  Pu rpose  

This  test  i s  conducted  to  ensure  a  m in imum  th ickness  of re l ied  upon  i nsu lation  i n  a  pol ymeric 
frontsheet or backsheet after a  l am ination  process,  i nclud ing  an  arti ficia l  metal l ic  defect to  
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s imu late  a  worst case  scenario.  A sol der wi re  wi th  a  d iameter of 800  µm  has  been  se lected  to  
s imu late  a  reasonabl y worst case,  such  as  e . g .  so lder peaks  or incl i ned  ri bbons  [2 ] .  

NOTE  1  Th i s  method  represents  a  practi cal  pre-qual i fi cati on  of d ti  on  component l evel .  I t  may not  g uarantee  that  
fron tsheets  or backsheets  i n  fi nal  appl i cation  on  modu les  wi l l  comply wi th  I EC  61 730-2 : 201 6  MST 04,  e. g .  because  
of "poor modu le  work craftsmansh ip” .  

NOTE  2  The  i nsu lation  th i ckness  test  MST 04  of I EC 61 370-2 : 201 6  i s  performed  on  modu l es  after they have  been  
cond i ti oned  i n  sequence  B  of I EC 61 370-2: 201 6.  I n  a  Round  Robin  study i t  was  shown  that  d ti  resu l ts  for 
backsheets  tested  for i nsu lation  th i ckness  on  component  l evel  were  i denti cal  when  tested  wi th  and  wi thou t  
appl i cation  of sequence  B  prior to  the  d ti  test.  

4. 5. 2 .2  Sample  preparation  

The  frontsheet or backsheet test  specimen  shou ld  approximatel y be  21 0  mm  x 1 48  mm  
(A5 format)  wi th  to lerances  of ±  20  mm  for both  d i rections.  

Prepare  a  stack of materials  for l am ination  ( l i sted  from  top  to  bottom)  wi th  a l l  sheet materials  
and  PV g lass  having  about  the  same d imensions  as  the  backsheet or fron tsheet:  

•  1  backsheet or frontsheet ( i nner l ayer facing  down)  

•  1  l ayer of encapsu lan t wi th  th i ckn ess  of 4 50  µ m  ±  1 00  µ m  

NOTE  1  Due  to  i ts  thermoplasti c  deformation  du ri ng  l am inati on  cycle,  the  encapsu l ati on  l ayer reduces  the  
pressu re  acti ng  from  the  sol der wi re  on  the  i n ner s i de  of the  sheet.  Cu rrent  encapsu lan t  materia l s  are  ( i )  
ethyl vi nylacetate  (EVA)  type  encapsu l an ts  i ncl ud i ng  fast  and  s l ow types,  ( i i )  thermopl asti c  polyoleph i ne  (TPO)  type  
encapsu lant  and  ( i i i )  s i l i cone  type  encapsu l ants.  

•  A pi ece  of so l d er wi re  80 0  µ m  ±  50  µ m  (e. g .  96  %  Sn  /  4  %  Ag)  having  a  m in imum  length  
of 1 5  cm  is  p l aced  across  the  sheet  area.  The  mel ting  temperature  of the  solder wi re  has  
to  be  at l east  20  K h i g h er th an  th e  en vi sag ed  m axi m u m  l am i n ati on  tem peratu re.  To  l im i t  
environmental  concerns  l ead-free  solder i s  recommended .  

•  Re lease  materia l  (e. g .  fl uoropol ymer fi lm )  wi th  a  th ickness  of ≤  50  µ m .  

•  Surface-structured  PV g lass  3 , 2  mm  ±  1  mm  (bottom),  structure  facing  down.  

See  a lso  coupon  H  i n  Table  F. 1  of F . 2. 2.  

NOTE  2  Th e  d i am eter of 800  µ m  m i m i cs  th e  s i ze  of so l d e r p eaks  i n  case  of manual  so l deri ng  and  a l so  represents  
protrusions  i n troduced  by twi sted  ri bbons  or bend  on  ri bbon ,  for wh ich  s im i l ar s i zed  defects  that  have  been  
observed .  The  cyl i ndri cal  wi re  geometry improves  the  reproducibi l i ty of the  test  i n  compari son  to  us ing  a  t i p  defect:  
i )  a  ti p  i s  hard  to  reproduce  and  i i )  the  pos i ti on  of a  t i p  hard  to  match  i n  a  cross-section ,  wh i ch  i s  requ i red  to  d etect  
the  m in imum  remain ing  th i ckness  after test.  

NOTE  3  Both ,  sol der wi re  wi th  or wi thou t fl u x are  su i tabl e.  I t  has  been  found  i n  a  Round  Robin  test  i ncl ud i ng  PET 
based  backsheets  and  backsheets  wi th  a  tota l l y d i splacing  E-l ayer as  i nner l ayer that  d ti  resu l ts  do  not  d i ffer 
between  us ing  sol der wi res  wi th  fl u x or wi thout,  even  though  some  p lasti c  deformation  of so l der wi re  wi th  fl u x was  
observed .  There  was  a l so  no  d i fference  found  for sol der wi re  wi th  and  wi thout  l ead .  d ti  resu l ts  i n  tests  us ing  copper 
or s teel  wi res  were  a l so  the  same as  for sol der wi re.  

Either,  l am inate  the  stack at cond i ti ons  su i table  for the  encapsu lan t fo l l owing  
recommendations  of manufacturer in  order to  produce  a  coupon  representati ve  for production  
of a  speci fic  PV modu le,  or purposefu l l y defi ne  and  appl y more  severe  l am ination  cond i ti ons  
wi th  maximum  temperature,  l am ination  duration  and  pressure  at maximum  temperature  be ing  
equal  or h igher than  for lam ination  cond i tions  representative  for i n tended  use,  cons idering  
various  modu le  des igns  and  types  of encapsu lan t.  

The  actual  temperature  vs.  t ime  profi le  that i s  effective  at the  i n terface  between  frontsheet or 
backsheet and  the  encapsu lant depends  on  the  l am inator and  therefore  the  nom inal  settings  
are  on l y approximate.  For a  g i ven  lam ination  program ,  the  actual  temperature  vs.  time  profi le  
at  the  i n terface  between  frontsheet / backsheet and  encapsu lan t shal l  therefore  be  measured  
wi th  temperature  sampl i ng  at l east every 5  s ,  e. g .  by i nsertion  of a  thermocouple.  The  
maximum  average  temperature  reached  du ring  a  time  span  of at  l east  1  m in  shal l  be  reported .  
Also  measure  the  l am ination  pressure.  
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NOTE  4  Typical  nom inal  l am ination  cond i ti ons  for EVA type  encapsu l ant  may take  ~1 5  m in  at  1 45  °C  under 
atmospheric  pressure  (via  l ow-pressu re  vacuum).  Example  data  i n  F i gure  3  was  obtai ned  us i ng  a  l am inator wi th  the  
bed  nom inal l y set  for temperatures  between  1 35  °C  and  1 65  °C.  The  sample  cons isted  of a  
30, 5  cm  x 30, 5  cm  x 3 , 1 8  mm  g lass  p iece  wi th  EVA,  a  1 56  mm  cel l ,  EVA and  a  backsheet  wi th  a  soft  i n terl ayer 
(E-l ayer)  wi th  the  thermocoupl e  p l aced  on  the  back s i de  of the  PV cel l .  For a l l  runs,  there  was  an  approximate  5  °K 
d i fference  between  the  fi nal  temperatu re  measured  wi th  the  thermocouple  and  the  nom inal  chamber bed  
temperatu re.  

 

Figu re 3  – Exampl es  of l amin ation  cycl es  

Remove  the  g lass  and  re lease  fi lm  from  the  stack after the  l am ination ,  see  F igure  4 .  

 

Fi gu re 4 – Sch em atics  of test  specim en  for d istan ce  
for in su l ation  before  an d  after l am in ation  

4. 5. 2 .3  Apparatu s  

Cross-section ing  and  l ayer th ickness  measurement shou ld  be  performed  accord ing  to  
I SO  2808.  The  tools  shal l  a l l ow a  combined  accuracy of ≤  5  % .  

IEC  

Encapsu lant   

Sol der wi re   
(800  µm)  

G lass  

Removal  of g l ass  
and  re l ease  
materia l  after 
l am ination  

Release  
material  

Backsheet  (or fron tsheet)  

IEC  
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Tools  su i table  for cross-section ing  i nclude  (rotary or s l edge)  m icrotome.  A h igh-qual i ty 
measurement wou ld  be  obtained  from  m icrographs  of a  pol ished  cross-section  of samples  
embedded  i n  res in .  

Su i table  measurement tools  i ncl ude  cal i brated  l i gh t m icroscopes,  l aser m icroscopes  or SEM.  

To  veri fy the  accuracy of the  section ing  method ,  a  comparison  between  measurement resu l ts  
wi th  a  ca l i brated  cal l i per (gauge)  and  a  cross-section  assessment shou ld  be  conducted  on  the  
same spot  of a  non- lam inated  part of a  backsheet.  Th is  i s  to  ensure  that  there  are  no  
deformations  ( l ike  ri dges)  a long  the  sectioned  edge,  wh ich  wou ld  i ncrease  the  measured  
th ickness.  The  l evel  of accuracy may depend  on  the  materia l  construction ,  as  artefacts  
i n troduced  by cross-section ing  may depend  on  the  mechan ical  properties  of the  i nd ividual  
l ayers  i n  the  stack.  Therefore,  accuracy shal l  be  checked  for the  l ayer s tack designs  
representative  for the  type  of frontsheet or backsheet,  for wh ich  d ti  shal l  be  determ ined .  

To  determ ine  the  repeatabi l i ty of the  procedure  the  standard  deviation  of at l east  
3  measurements  shal l  be  measured ,  wh ich  shal l  be  wi th in  the  combined  accuracy of ≤  5  % .  
The  3  measurements  shal l  be  performed  on  cross-sections  that are  sampled  at  m in imum  
1 0  mm  d istance  from  each  other a long  the  wi re.  Sampl ing  a lso  requ ires  a  m in imum  d istance  
of 1 0  mm  from  ei ther any end  of the  wi re  ( i n  case  the  wi re  ends  wi th in  the  l am inated  stack)  or 
any edge  of the  l am inated  stack ( in  case  wi re  extends  the  s tack).  

NOTE  Due  to  the  transi en t  change  of material  th i ckness,  effects  of deformation  may occur wh ich  are  not  i n tended  
by th i s  method .  

4. 5. 2 .4  Proced u re  

The cross-section  shou ld  be  orthogonal  to  the  wi re  and  obtained  wi th  a  su i table  method .  For 
some cross-section ing  methods  i t  m ight  be  usefu l  to  remove  the  embedded  solder wi re  prior 
to  section ing .  Ensure  not to  damage  the  backsheet when  removing  the  solder wire ,  see  F igure  
5.  

 

Figu re 5  – Di rection s  for section in g  (perpen di cu lar to  
sol der wire  posi ti on )  

The  prepared  cross-section  shou ld  be  mounted  i n  the  m icroscope  i n  such  a  way that  the  
obtained  image is  perpend icu lar to  i t.  I n  the  m icroscope p icture  or m icrograph  image,  i den ti fy 
each  i nd ividual  l ayer,  l abel l ing  each  accord ing  to  the  layers  g iven  by the  backsheet 
manufacturer.  

I n  the  cross-section  measure  the  overal l  m in imum  th ickness.  Th is  i s  typ ical l y found  i n  a  range  
of 1 50  µm  or 300  µm  related  to  the  vol tage  class  of the  PV modu le,  for wh ich  the  fron tsheet or 
backsheet has  been  des igned ,  and  i s  s i tuated  under the  pos i ti on  of the  wi re,  where  the  wire  is  
closest to,  touch ing  or (partia l l y)  penetrating  the  fron tsheet or backsheet.  Measure  at  l east  at 
th ree  pos i tions  wi th in  th i s  range.  I denti fy the  pos i ti on  of the  m in imum  th ickness  from  these  
measurements.  Also  measure  the  th ickness  of each  l ayer of the  mu l ti l ayer sheet at that  
m in imum  posi ti on .  Save  a  copy of the  cross-section  image  ind icating  the  measurement 
pos i tion  and  the  m in imum  th ickness  va lue.  

IEC  
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Calcu late  the  d ti  as  the  sum  of the  th icknesses  of each  l ayer,  wh ich  satisfies  the  re l i ed  upon  
i nsu lation  requ irements  accord ing  to  I EC 61 730-1 : 201 6,  5 . 6 . 4. 2.  Layers  not qual i fied  as  re l ied  
upon  i nsu lation  do  not  con tribu te  to  d ti .  I f the  whole  backsheet stack fu l fi l s  the  requ irements,  
the  overal l  m in imum  th ickness  can  be  reported  as  d ti .  

4. 5. 2 . 5  Reportin g  requ i rem en ts  

Report:  

a)  The  d ti  va l ue.  Th is  i s  the  m in imum  th ickness  value  of the  cross-section  measurement,  
from  wh ich  the  accuracy of the  method  rounded  to  1  µm  is  subtracted  to  satisfy MST04  of 
I EC 61 730-2.  

b)  The  composi tion  of the  solder wi re,  i ts  mel ti ng  temperature  and  i nd icate,  whether solder 
wi re  fl ux or wi thou t has  been  used .  

c)  Th ickness  and  type  of encapsu lan t (e. g .  EVA i nclud ing  fast and  s low cure  type,  TPO  type,  
s i l i cone  type) .  

d )  Lam ination  temperature,  wh ich  is  defi ned  as  average  maximum  temperature  measured  at  
i n terface  of fron tsheet/backsheet and  encapsu lant  during  at  l east 1  m in  of the  lam ination  
cycle.  

NOTE  1  By cal i bration  the  actual  l am inati on  temperatu re  can  be  re lated  to  the  nom inal  l am ination  temperature.  

e)  Overal l  d uration  ( time)  of l am ination  cycle.  

f)  Average  lam ination  pressure  during  period  of time,  when  maximum  temperature  was  
reached .  

g )  The  i n terface  l am ination  temperature  and  pressure  may be  reported  as  function  of t ime  as  
shown  i n  F igure  3 .  

h )  An  image  of the  cross-section  at  wh ich  the  absolu te  m in imum  th ickness  has  been  
measured  and  i n  wh ich  the  measurement pos i ti on  is  i nd icated .  

NOTE  2  The  fol l owing  short  nomenclatu re  i s  proposed  for datasheet  reporti ng :  d ti  (wi re  Ø  [µm]  and  materi al  
[sol der]  /  type  of encapsu lan t  /  maximum  l am ination  temperatu re  [°C]  /  l am ination  pressure  [Pa]  /  du rati on  of 
l am ination  cycl e  [m in ] ).  

EXAMPLE  I n  the  example  of F i gu re  6  a  d ti  val ue  of 1 64  µm  i s  d eterm ined .  Accuracy of the  method  has  been  
determ ined  as  4  % ,  resu l ti ng  i n  7  µm  after round ing .  Lam ination  i s  based  on  cycle  “ 1 45  °C”  of F i gu re  3  and  a  
sol der wi re  wi th  the  composi ti on  96  %  Sn  /  4  %  Ag  and  a  d i ameter of 800  µm  has  been  used .  

Report:  d ti  =  1 57  µm  (800  µm  solder wi re  96Sn4Ag  /  450  µm  fast  cu re  EVA /  Tmax  1 38  °C  /  p  =  98  kPa  /  1 3  m in ).  

4. 5. 2 .6  Pre-qu al i fi cation  

The  reported  d ti  qual i fi es  for other PV des igns  wi th  the  same encapsu lan t  type  when  a l l  of the  
fol l owing  pre-requ is i tes  are  fu l fi l l ed :  

a)  The  encapsu lant i s  of same th ickness  (wi th in  ±  1 00  µm) or th icker,  of the  same base  res in  
type,  wi th  substan tia l l y s im i lar cure  chem istry.  

b)  The  maximum  measured  (or cal i brated-to-measured)  l am ination  temperatu re  i s  the  same 
(wi th in  ±  1  °C)  or l ower.  

c)  The  l am ination  duration  i s  the  same (wi th in  ±  5  %)  or l ower.  

d )  The  l am ination  pressure  at  maximum  temperature  i s  same (wi th in  ±  5  %)  or l ower.  
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4.5.2.7 Exam pl e  

 

NOTE  The  perimeter of the  removed  sol der wi re  i s  i nd icated  by the  dash-dotted  l i ne.  I f the  sol der wi re  wou ld  be  
regarded  as  l i ve  part,  the  cross-section  wou l d  i nd icate  the  contact poin ts  of the  l i ve  part  to  i n terfaces  between  
l ayers  of the  sheet,  at  wh ich  tracking  cou l d  occur (see  4 . 5. 3).  

I n  the  fi gure  these  contact  poi n ts  wi th  materi al  i n terfaces  are  i nd icated  by numbers    and    and  the  correspond ing  
material  i n terfaces  are  i nd icated  by dashed  and  dotted  l i nes,  respecti vely.  

Figu re 6  – Exam pl e  of d ti  cross-secti on  of a  backsh eet  
wi th  an  E-l ayer as  in n er s id e materi al  

4. 5. 3  Comparati ve Trackin g  I n dex (CTI )  

4. 5. 3. 1  Pu rpose  

To classi fy surfaces  of frontsheet,  backsheet or the ir components  on  wh ich  tracking  may 
occur due  to  contact wi th  conductive  parts  as  defined  i n  I EC  61 370-1  and  I EC  601 1 2 .  

4. 5. 3.2  M eth od  

Apply the  test method  g i ven  in  I EC  61 730-1 : 201 6,  B  2 . 2 . 4 .  

4. 5. 3.3  Sampl in g  

Tracking  between  materia ls  faces  or i n terfaces  potential l y i n  contact  wi th  l i ve  parts  needs  to  
be  considered  because  of hori zon ta l  standards.  The  d ti  test  i n  4 . 5 . 2  i s  u sed  to  i den ti fy those  
materia l  l ayers  i n  a  mu l ti l ayer sheet construction  that may be  in  contact  wi th  l i ve  parts .  See  
example  in  F igure  6 .  

Case  1 :  The  most i nner s ide  materia l (s)  of the  frontsheet or backsheet facing  towards  the  
encapsu lant i s  (are)  not d isplaced  and /or perforated  i n  the  d ti  test (4. 5. 2) .  I n  th is  case,  
tracking  needs  on l y to  be  tested  on  the  surface  of the  most i nner materia l  of the  sheet,  facing  
the  encapsu lant.  

NOTE  The  other material  su rface  of the  i n terface  i s  the  encapsu lant  materi a l .  

Case  2 :  The  most i nner s ide  materia l (s)  of the  frontsheet or backsheet facing  towards  the  
encapsu lant i s  (are)  wel l  d isplaced  and /or perforated  in  the  d ti  test (4. 5. 2)  i n  such  a  way that 
l i ve  parts  may come i n to  contact wi th  a  poten tia l l y tracking  material  surface  ins ide  the  
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mu l ti l ayer sheet construction  .  Examples  are  an  adhesive  l ayer (see  "x"  i n  the  mu l ti l ayer 
sketches  i n  F igure  4  of I EC  61 730-1 : 201 6)  or a  RU I - l ayer.  I n  that  case,  the  materia l  surface  of 
such  layer needs  to  be  tested  for tracking  i n  add i ti on  to  those  i den ti fied  i n  case  1 .  

EXAMPLE  I n  the  example  g i ven  i n  F i gure  6 ,  i n terface    i s  between  encapsu lant  and  E-l ayer and  I n terface    i s  
between  E -l ayer and  the  core  material  that  i s  coated  wi th  an  adhesive.  

I n terfaces  between  co-extruded  l ayers  of m iscib le  pol ymer composi ti ons  (e. g .  same base  pol ymer res in )  are  not  
cons idered  as  potential l y tracking  i n terfaces.  I n  the  example  of F i gu re  6 ,  the  E -l ayer i s  a  th ree  l ayers  co-extruded  
fi lm  consisti ng  of a  wh i te  (p i gment l oaded )  core  l ayer sandwiched  by th i n  transparent  l ayer of the  same  pol ymeric 
materia l  that  are  cohesi vel y bond  to  the  core  i n  the  process  of co-extrusion  (due  to  pol ymer en tang lement on  
molecu lar l evel ) .  The  i n terfaces  between  the  transparent  l ayers  and  the  p i gment l oaded  core  l ayer therefore  do  not  
need  to  be  considered  for tracking .  

I n  th i s  example  the  fol l owi ng  sheets  are  to  be  sampled  as  specimens  for CTI  test:  

a)  The  backsheet i ncl ud ing  the  most  i nner E-l ayer that  wi l l  be  i n  contact wi th  the  encapsu lant.  

b)  The  backsheet wi thout  the  d i splaced  /  perforated  i nner E-l ayer,  bu t  wi th  a  representati ve  th i ckness  of the  
adhesive  l ayer.  

Accord ing  to  I EC  601 1 2 ,  3  mm  stacks  of fo i l s  of a l l  aforementioned  i den ti fi ed  sheet  materia ls  
(see  case  1  and  case  2)  are  prepared  wi th  the  materia l  surface,  on  wh ich  tracking  shal l  be  
tested ,  facing  upwards.  

Al ternativel y one  can  choose  to  prepare  3  mm  th ick p lates  of the  materia l s  i denti fied  before,  
i ncl ud ing  the  even tual  presence of a  representati ve  amount of adhesive  on  the  materia ls  
surface,  and  to  determ ine  the  comparative  tracking  i ndex on  those.  

4. 5. 3.4  M eth od  

Comparative  tracking  i ndex i s  determ ined  accord ing  to  I EC 601 1 2: 2003  (Clause  1 1 )  wi thout  
determ ination  of erosion  depth .  

4. 5. 3. 5  Reportin g  req u i rem en ts  

Report  accord ing  to  I EC  601 1 2 :  

a)  the  CTI  va lue  

b)  sample  s tack preparation  (stacked  sheets  or 3  mm  plate  l ike  specimen)  and   

c)  observations  during  test of  

•  the  most  i nner i n terface  and   

•  a l l  add i ti onal  materia l  surfaces  that – per d ti  test  – may be  i n  contact wi th  l i ve  parts .  

Also  report the  resu l ti ng  materia l  g roup  as  defined  i n  B  2 . 1 . 4. 1  of I EC 61 370-1 : 201 6  for 
aforementioned  material (s).  

4. 5. 4  Volu m e resi stivi ty 

4. 5. 4. 1  Pu rpose  

This  test method  provides  the  measurement of the  volume res isti vi ty of materia ls  used  as  
frontsheets  and  backsheets .  The  test  i s  performed  on  separate  d ry and  wet precond i ti oned  
samples.  Th is  test  i s  des igned  for room  temperature  measurement,  bu t can  a lso  be  u ti l i zed  at 
h igher temperatures.  

Even  though  the  concept of volume res isti vi ty i s  more  appl icable  for volumetric i nsu lati ng  
materia ls  such  as  encapsu lants  than  for e l ectri ca l  i nsu lation  of cover sheets  used  as  th i n  
i nsu lators,  volume resistivi ty i s  used  to  i nd icate  the  l evel  of e lectrical  i nsu lation  (or l eakage 
curren ts)  provided  by a  g i ven  materia l  per se.  
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4. 5. 4.2  Sampl in g  

Depend ing  on  the  backsheet construction ,  obtain  fi lms  cons isti ng  of a  complete  backsheet 
fi lm ,  and  as  many of the  other i nd ividual  layers  as  i s  reasonabl y possib le  and  re levant to  the  
final  backsheet l am inate.  Use  fi lm  specimens  of the  th ickness  used  in  the  backsheet product.  
M in imum  sample  sheet s i ze  shal l  be  1 00  mm  x 1 00  mm .  Test samples  at 1  000  V d . c.  us ing  
Method  A accord ing  to  I EC  62788-1 -2  wi th  both  wet and  dry precond i tion ing  at  23  °C ±  2  °C.  
Each  measurement wi l l  use  the  average  and  standard  deviation  of the  measurement on  fi ve  
samples  of each  material .  

I f there  is  a  conductive  layer embedded  in  the  backsheet,  then  the  orientation  of the  sample  is  
important  because  the  two  e lectrodes  are  normal l y of d i fferent d imensions.  I n  th is  case,  one  
shou ld  use  custom  e lectrodes  wi th  the  same area  (for example,  an  unguarded  confi guration  
wi th  both  e lectrode  50  mm  in  d iameter),  or report the  resu l ts  for the  orien tation  wi th  the  h i gher 
res isti vi ty where  the  smal l er e lectrode  i s  the  current  l im i ti ng  one.  

For many backsheet materia ls  using  common  commercia l l y avai lab le  equ ipment,  the  
res isti vi ty wi l l  be  so  great that measurement of vo lume resisti vi ty may not be  poss ib le .  I n  th is  
case,  report  that the  resisti vi ty i s  greater than  the  value  measurable  wi th  the  i nstrument 
i denti fying  the  correspond ing  maximum  resisti vi ty va lue  for the  i nstrument.  

4. 5. 4.3  Procedu re  

Volume res isti vi ty sha l l  be  measured  accord ing  to  I EC 62788-1 -2 .  

4. 5. 4.4  Reportin g  requ i rem en ts  

a)  Description  and  i denti fication  of each  of the  fi lms  tested ,  i nclud ing  specimen  materia l  
composi tion  and  th ickness.  

b)  I denti fication  of the  test method  used  ( i . e .  I EC 62788-1 -2  Method  A,  wet  or d ry) .  

c)  For specimens  composed  of mu l tip le  l ayers,  i nd icate  that the  measured  res isti vi ty i s  an  
effecti ve  bu lk  res isti vi ty.  

d )  The  mean  volume  res isti vi ty of 5  measurements  and  the  standard  deviation  are  reported  i n  
[Ω · cm ]  fo l lowing  reporting  i n  I EC  62788-1 -2.  

4. 6  Opti cal  ch aracteri sti cs  

4. 6. 1  G en eral  

I n  add i ti on  to  visual  i nspection ,  i nstrument characterization  shal l  be  used  to  determ ine  optical  
characteristics  as  wel l  as  appearance  re lated  attribu tes.  

a)  The  characterization  of optical  properties  may he lp  the  PV modu le  des ign  to  select 
su i table  fron tsheets  and  backsheets  wi th  respect  to  photon  capture  efficiency and  thermal  
management.  

•  Optical  transm ittance  of fron tsheet d i rectl y effects  PV modu le  performance.  

•  Modu le  performance fo l l owing  from  the  reflectance  of the  sun-facing  s i de  of backsheet 
depends  on  factors  i nclud ing :  modu le  des ign ,  the  d is tance  between  cel ls ,  modu le  
temperature  and  type  of mounting  (roof or rack),  etc.  For c-S i  modu les  wi th  typ ical  
fi l l -factors  of cel l s ,  the  combined  optical  and  thermal  effects  do  typica l l y i n troduce 
performance reductions  of 3  %  to  5  %  when  us ing  a  b l ack backsheet i n  comparison  to  
the  same PV modu le  constructed  wi th  a  wh i te  backsheet.  Variations  of solar 
reflectance  i n troduced  by d i fferent shades  of wh i te  backsheets  are  in  the  order of 1 0  %  
to  1 5  %  of aforementioned  effects,  i . e.  0 , 3  %  to  0 , 75  %  of the  modu le  ou tpu t power.  

•  Modu le  performance  fol l owing  from  the  reflectance  of the  a i r s ide  of a  backsheet 
depends  on  factors  i nclud ing :  modu le  des ign ,  modu le  i nsta l l ation  (roof/rack and  
i ncl i nation  ang le),  l evel  of a lbedo,  venti l ation ,  and  modu le  temperature ,  etc.  For typica l  
c-S i  PV modu le  des igns  the  resu l ti ng  “ i nd i rect”  effect i s  ca.  ~1 /1 0  of the  effect 
estimated  for d i rect  exposure  of the  front  s ide  (see  I EC  TS  62788-7-2  and  4. 1 0. 3).  
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b)  Appearance characteristi cs  may be  used  to  describe  i n i tia l  colour and  g loss  in  add i ti on  to  
verbal  classi fiers,  such  as  for example  “wh i te ,  g rey,  b lue,  b l ack,  etc. ”  or “g lossy,  matte,  
etc. ”  or thei r changes  in  the  con text of ageing  tests.   

•  ∆YI  (Del ta  Yel l owness  I ndex)  or ∆E  (via  CI E  L*a*b*)  may be  used  to  assess  
d iscoloration .  ∆YI  is  general l y accepted  and  recommended  for characterization  of 
wh i te  and  transparen t frontsheet and  backsheet materia ls ,  whereas  ∆E is  preferred  for 
coloured  and  b lack materials .  

Yel l owing  can  be  i nduced  by smal l  changes  in  a  smal l  number of molecu les  and  
d iscoloration  is  therefore  not necessari l y corre lated  wi th  degradation  of mechan ical  or 
e lectrica l  properties  [1 7] .  For the  same  amoun t of ye l l ow molecu les ,  the  optical l y 
measured  l evel  of ye l l owing  a lso  depends  on  p i gment (e. g . ,  TiO2)  concentration  and  
optical  l ayer des ign  of the  backsheet.  One  shal l  assess  th is  correlation  i nd ividual l y for 
every sheet type.  Yel l owness  is  typica l l y wel l  correlated  to  tota l  reflectance,  bu t i t  may 
requ i re  substanti a l  amounts  of yel lowing ,  to  the  poin t  of the  material  l ooking  brown,  to  
decrease  the  reflectance  by as  much  as  1 0  % .  Thus  i t  i s  expected  that ye l l owing  wi l l  
on l y correlate  to  very smal l  changes  (<<1  % )  i n  power output.  

•  Changes  i n  g l oss  may be  usefu l  as  pre-cursor of chalking  of the  pol ymeric sheet.  

NOTE  The  appl i cabi l i ty of g l oss  measurements  depends  on  the  composi ti on  of the  frontsheet  or backsheet.  
Observati on  of g l oss  change  i n  a  sheet  materi al  that  i s  i n i ti a l l y of matte  appearance  i s  usual l y not  resol vab le.  
Compari son  of g l oss  d i fferences  between  systems  of d i fferent  composi ti ons  may be  m is lead i ng .  Su i tabi l i ty of 
measuring  change  of g l oss  may be  l im i ted  to  R&D  con text  for fol l owi ng  up  agei ng  of speci fi c  systems.  

4.6.2 Speci m en  preparati on  

4.6.2.1  Sampl i n g  of specim en  

For optica l  characterization  a  number of 3  repl icates  i s  requ i red ,  wh ich  are  sampled  accord ing  
Annex E .  

4.6.2.2 Con d iti on i n g  of specim en  

Before  determ ination  of the  optical  characteristics  of the  sheets,  e i ther fresh  or after some 
ageing  test,  samples  shal l  be  pre-cond i ti oned  to  23  °C  ±  3  °C,  50  %  ± 3  %  RH ,  for a  m in imum  
of 24  h  prior to  visual  assessment of i nstrument measurements  as  recommended  in  class  2  of 
I SO 291 .  

4. 6. 3  Vi su al  I n spection  

4. 6. 3.1  Pu rpose  

To identi fy defects  i n  the  sheet or l am inated  sample  that cou ld  confound  testing  or instrument 
anal ys is.  The  natu re  of those  defects  may change as  function  of any pre-treatment,  such  as  a  
l am ination  step  or an  ageing  test.  

4. 6. 3.2  Procedure 

An  observer wi th  normal  or corrected-to-normal  viewing  shal l  i nspect the  specimens  under an  
i l l um ination  of not l ess  than  1  000  l x at 30  cm  to  50  cm  viewing  d istance  for the  fo l l owing  
cond i ti ons:  

a)  bubbles,  

b)  de- lam ination ,  

c)  wrinkles,  

d )  cracks  i n  the  backsheet,  

e)  any other conspicuous  cond i ti ons  ( i nclus ions,  etc. ) .  
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4. 6. 3.3  Reportin g  requ i rem en ts  

Make note  of and  report presence  or absence of any of aforementioned  cond i tions  
(see  4. 6. 3. 2)  and  the ir nature  on  3  repl icates  of the  sheet under i nvestigation .  

A photograph  i s  recommended  for documentation .  

4. 6. 4  Opti cal  tran sm i ttan ce  of fron tsh eets  an d  backsh eets  

4. 6. 4.1  Pu rpose  

The optica l  transm i ttance  of a  frontsheet or backsheet i s  re levant to  estimate  i ts  effect on  PV 
modu le  performance  (see  4 . 6 . 1 )  i n  the  case  the  sheet i s  essentia l l y cl ear or h i gh l y trans lucent.  
Optical  transm ittance  is  measured ,  i f the  main  function  of the  sheet i s  to  provide  transm ission  
of solar rad iation  (as  opposed  to  reflection) .  I f optica l  refl ection  needs  to  be  characterized  i n  
add i tion ,  refer to  4 . 6. 5.  

NOTE  Examples  of cl ear backsheet  i ncl ude  backsheets  for use  i n  b i facial  PV modu les.  

For optical  calcu lations  i n  the  context  of a  speci fic PV modu le  design ,  the  measured  
transm ission  curve  of the  frontsheet or backsheet shal l  be  provided .  The  solar photon  
weigh ted  transm ittance  can  be  used  as  a  general  one-number comparison  wi th  a l ternative  
materia ls .  

Before  publ ication  of I EC  62805-2  or I EC 62788-1 -4  test  methods   for arch i tectura l  g l ass  were  
h istorica l l y often  employed  i n  reports  of transm i ttance  of frontsheets  and  backsheets:  I n  one  
part,  BS  EN  41 0  makes  use  of the  photopic  response  function  Vλ    that describes  the  
brightness  response  of the  human  eye  (wi th  a  peak sensi ti vi ty at  560  nm).  However,  Vλ  i s  not  
representati ve  for the  sens i ti vi ty spectrum  of PV acti ve  materia l  and  shou ld  therefore  not  be  
used  for yie l d  cons iderations.  BS  EN  41 0  and  I SO 9050  refer to  the  i n tensi ty weighted  solar 
spectrum ,  wh ich  does  not correctl y consider the  e lementary process  of photon  capture  i n  a  
photovol ta ic cel l .   

4. 6. 4.2  Apparatu s,  procedu re an d  sampl in g  

The  hem ispherica l  spectra l  optica l  transm ittance  of the  fron tsheet or backsheet i s  measured  
as  s tipu lated  for so lar g lass  i n  I EC  62805-2.  Detai ls  of the  i n tegrati ng  sphere  based  
spectrophotometer real i zi ng  a  d i rected  /  d i ffuse  geometry,  and  the  measurement procedure  
are  also  defined  in  I EC 62805-2 .  

NOTE  I EC 62788-1 -4  descri bes  solar transm i ttance  measurements  of encapsu lan ts  and  defi nes  the  calcu l ation  of 
UV cu t-off wavelength .  

Sample  sheet free  of visual  defects  shal l  be  prepared  l arge  enough  to  cover the  entrance  port 
of the  i nstrument wi th  an  overlap  of at  l east 1 0  mm  to  every s ide:  for a  25  mm  Ø port the  
m in imum  sample  s ize  i s  thus  45  mm  x 45  mm  or 45  mm  Ø ci rcle .  The  sun-facing  s i de  of the  
frontsheet shal l  be  orien tated  towards  the  d i rected  l i ght  source.  

For yie l d  re lated  calcu lation  the  represen tati ve  solar range  of 300  nm  to  1  250  nm  shal l  be  
measured  wi th  a  maximum  spectra l  resolu tion  of 5  nm .  Optional l y,  the  solar photon  weighted  
transm ittance  of the  fron tsheet i s  ca lcu lated  accord ing  to  I EC 62805-2  to  provide  a  
one-number performance  fi gu re,  even  though  that  number i s  not speci fic  for a  particu lar PV 
des ign .  The  weigh ted  summation  wi th  the  AM1 . 5G  spectrum  shal l  be  based  on  the  1  nm  
parti ti on ,  for wh ich  l i near i n terpolation  of the  transm ission  spectrum  may be  requ i red .  

4. 6. 4. 3  Reportin g  requ i rem en ts  

Report  the  average  (of the  3  repl icates)  of the  spectra l  optical  transm ittance  data  as  graph  or 
data  tab le.  Report  the  i nstrument geometry,  e. g .  8° /d ,  and  the  s i de  of the  sheet that has  been  
measured .  The  representati ve  solar photon  weighted  transm i ttance  as  of I EC 62805-2  may 
a lso  be  reported  (AM1 . 5G  weigh ted  average  transm ission  i n  the  range  300  nm  to  1  250  nm).  
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4. 6. 5  Opti cal  refl ectan ce  of backsh eets  

4. 6. 5.1  Pu rpose  

The optical  reflectance  of a  refl ecti ve  backsheet can  be  used  to  estimate  i ts  contribu tion  to  
the  PV modu le  performance,  i f one  function  of the  backsheet i n  the  PV modu le  des ign  i s  to  
provide  reflection  of so lar rad iation  (as  opposed  to  transm ission) .  The  procedure  appl ies  to  
both  s i des  of the  backsheet,  however the  effects  on  performance for the  a i r s ide  (e. g .  vi a  
con tribu tion  to  albedo  i n  PV u ti l i ty systems)  are  much  smal l er than  those  from  the  sun-facing  
s ide  as  i nd icated  i n  4 . 6 . 1 ,  therefore  on l y the  sun -facing  s ide  is  requ i red  to  be  measured .  The  
measured  spectral  refl ectance  of the  sun-facing  s ide  of the  backsheet may be  provided  for 
optica l  ca lcu lations  i n  the  context  of a  speci fic  PV modu le  des ign .  The  solar photon  weigh ted  
reflectance  can  be  used  as  a  general  comparison  between  a l ternative  materials .  

4. 6. 5.2  Apparatu s,  procedu re an d  sampl in g  

The  hem ispherical  spectral  optical  reflectance  of the  reflecti ve  backsheet i s  measured  as  
stipu lated  for solar g l ass  i n  I EC  62805-2.  Deta i l s  of the  sphere  based  spectrophotometer 
real i zi ng  a  d i rected  / d i ffuse  geometry,  preferabl y 8° /d ,  and  the  measurement procedure  are  
defined  there in .  I n  add i tion  i t  i s  requ i red ,  that  the  i l l um inated  area  of the  sheet material  has  a  
d istance  to  the  edge  of the  measurement port  sufficientl y l arge  to  l im i t  un in tentional  reduction  
of reflected  in tensi ty by l ateral  l igh t transport i n  the  sheet.  

NOTE  Surface  re l ated  specu lar refl ection  i s  practi cal l y absent  i n  opti cal  contact of backsheet  wi th  a  near-to-
i ndex-match ing  encapsu lan t.  When  measured  i n  a i r,  a  rougher i nner s i de  may resu l t  i n  l ess  specu lar refl ection  of 
the  backsheet,  however refl ecti ve  functional i ty of the  backsheet i n  use  i s  based  on  l am inated  state  and  the  
properti es  of the  i n terface  between  encapsu lan t  and  i nner s i de  wi l l  determ ine  the  degree  of specu lar refl ection .  
D i fferenti ati on  of specu lar and  d i ffuse  component based  on  the  a i r i n terface  of i n ner s i de  of backsheet does  not  
provi de  add i ti onal  i n formation  for the  functional  characteri zati on  of backsheet.  

Sample  sheets  free  of vi sual  defects  shal l  be  prepared  l arge  enough  to  cover the  entrance  
port of the  i nstrument wi th  an  overlap  of at l east 1 0  mm  to  every s ide:  for a  25  mm  Ø  port the  
m in imum  sample  s i ze  i s  thus  45  mm  x 45  mm  or 45  mm  Ø ci rcle.  The  i nner s ide  of the  
backsheet shal l  be  orien tated  towards  the  d i rected  l i gh t source.  A sample  backing  wi th  a  
refl ectance  of l ess  than  1  %  (e . g .  l i gh t trap)  shal l  be  used  during  measurement.  

For yie l d  re lated  ca lcu lation  the  representati ve  solar range  of 300  nm  to  1  250  nm  shal l  be  
measured  wi th  a  spectral  resolu tion  of 5  nm  or less.  

Optional l y,  the  solar photon  weighted  reflectance  of the  backsheet i s  calcu lated  accord ing  to  
I EC 62805-2  to  provide  a  one-number performance  fi gure,  even  though  that number i s  not 
speci fic for a  particu lar PV design .  The  weighted  summation  wi th  the  AM1 .5G  spectrum  shal l  
be  based  on  the  1  nm  parti tion ,  for wh ich  l i near i n terpolation  of the  reflectance  spectrum  may 
be  requ i red .  

Wh i te  encapsu lant fi lms  may also  be  measured  as  i n  4 . 6 . 4. 2.  

4. 6. 5.3  Reporti n g  requ i rem en ts  

Report the  average  (of the  3  repl icates)  of spectral  optica l  refl ectance  data  as  graph  or data  
table.  Report  the  i nstrument geometry,  e. g .  8° /d ,  and  the  s i de  of the  sheet that has  been  
measured .  Optional l y,  report  the  representati ve  solar photon  weigh ted  reflectance  as  of 
IEC 62805-2  (AM1 . 5G  weighted  average  transm ission  in  the  range  300  nm  to  1  250  nm).  

4. 6. 6  Yel lown ess  i n dex (YI )  

4. 6. 6.1  Pu rpose  

This  procedure  quan ti fi es  the  degree  of yel l owness  of a  test  sample,  and  serves  as  a  means  
to  compare  changes  to  materia ls  resu l ti ng  from  weathering  exposure  wi th  a  report of de l ta  YI .   
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The  choice  of the  measurement geometry for ye l lowing  fol lows  the  i n tended  function  of the  
sheet i n  the  PV modu le.  For essentia l l y cl ear and  l ow scattering  materia l s  wi th  transm i tti ve  
function  i n  the  PV modu le  (e . g .  frontsheets  and  clear backsheets)  YI  i s  evaluated  based  on  
transm ission  measurements.  For essential l y opaque  sheets  wi th  reflecti ve  function  i n  the  PV 
modu le,  change of YI  of the  sun-facing  s i de  of the  backsheet i s  evaluated  i n  refl ection  
geometry.  Changes  in  YI  may corre late  to  degradation  of mechan ical  or e l ectrical  properties,  
depend ing  on  the  composi tion  of the  material ,  but because  the  mechan isms for degradation  
modes  may not be  the  same,  correlation  i s  not guaran teed .  

The  characterization  of d iscoloration  via  ∆L*∆a*∆b*  or ∆Eab  ( 1 976)  i s  a  su i table  a l ternative,  
wi th  ∆b* being  d i rectl y associated  wi th  ∆YI .  

NOTE  A change  of 1  ∆b*  represents  approximatel y a  change  of 2  ∆YI  un i ts .  

For coloured  backsheet,  measurement of co lour changes  via  CIE  ∆E based  on  reflectance  
measurements  is  preferred .  

4. 6. 6. 2  Apparatu s,  sampl in g  an d  procedu re  

Determ ine  the  YI  as  in  I SO  1 7223,  s tarti ng  from  spectra l  transm ittance  or reflectance  data  
measured  on  sample  sheets.  Detai l s  of the  sphere  based  spectrophotometer and  the  
measurement procedure  are  defined  there  i n  I SO  1 7223.  A spectra l  measurement range  of 
360  nm  to  830  nm  wi th  a  spectral  resolu tion  of 5  nm  or less  shal l  be  used .  For report  of 
changes  after ageing  tests,  an  i nstrument wi th  a  measurement range  of 380  nm  to  780  nm  
wi th  a  spectral  resolu tion  of 1 0  nm  is  a lso  su i table .  

NOTE  1  Detai l s  of i nstrument confi gurati on  may i n fl uence  the  ‘absolu te’  YI  va l ues  measured .  Such  effects  cancel  
ou t  to  fi rst  order when  changes  i n  Yel l owness  I ndex ( “Del ta  YI ” )  are  calcu lated   Examples  of i nstrument  
confi gu rati ons  are  i l l um ination  /  detection  geometry bei ng  d i ffuse  /  d i rected  or d i rected  /  d i ffuse  and  d i s tance  of the  
borders  of i l l um inated  to  d etected  specimen  area  i n  vi ew of l a teral  l i gh t  transport  i n  the  sheets.  Capabi l i ty of l ateral  
l i gh t  transport  d epends  on  mu l ti l ayer s tack design  of the  sheet.  

Sample  sheets  free  of vi sual  defects  shal l  be  prepared  l arge  enough  to  cover the  entrance  
port  of the  i nstrument wi th  an  overlap  of at  least 1 0  mm  to  every s ide:  for a  25  mm  Ø port  the  
m in imum  sample  s i ze  i s  thus  45  mm  x 45  mm  or 45  mm  Ø ci rcle.  

The  s ide  of the  sheet that sha l l  be  measured  shal l  be  orien tated  towards  the  l i ght  source.  For 
reflectance  measurements  the  ha l f space beh ind  the  sample  sheet  sha l l  provide  less  than  1  %  
reflectance  (e. g .  by u sing  a  l i gh t  trap).  

The  three  tristimu lus  coefficien ts  shal l  be  determ ined  us ing  the  CIE  Standard  D65  i l l um inan t 
spectrum  (as  i n  I SO  1 1 664-2) ,  and  the  CIE  1 964  XYZ colour space  (for a  human  observer 
wi th  a  1 0°  fi e ld  of view,  as  i n  I SO  1 1 664-1 ).  YI  shal l  be  ca lcu lated  accord ing  to  I SO 1 7223.  

NOTE  2  Add i ti ona l  detai l s  rel ated  to  the  YI  may be  found  i n  ASTM  E31 3-1 0  and  ASTM  E308-08.  

4. 6. 6.3  Reportin g  requ i rem en ts  

Report the  average  (of the  3  repl icates)  of YI  va lues  accord ing  purpose  (e. g .  i n i ti al  va l ues  or 
post weathering  evaluation) .  I n  the  context  of post weathering  evaluation ,  Del ta  yel l owness 
i ndex ∆YI  can  be  reported .  

Report the  measurement mode  (reflection  or transm ission  and  the  i nstrument geometry)  and  
the  s i de  of sheet  measured .  

4. 6. 7  Colou r m easu remen t (L*,  a*,  b*)  

4. 6. 7.1  Pu rpose  

Colour measurements  are  su i table  for appearance  characterization  of cl ear and  opaque  
sheets,  especia l l y i f coloured  (e. g .  b l ack or b lue).  Th is  procedure  a lso  quan ti fi es  changes  of 
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colour of a  test  sample,  and  serves  as  a  means  to  compare  changes  to  materia ls  resu l ti ng  
from  weathering  exposure  wi th  a  report  of co lour change.   

NOTE  The  coord inate  b*  correl ates  wi th  Yel l owness  i ndex (see  4 . 6. 6).  

4. 6. 7.2  Apparatu s  an d  sampl i n g  

Determ ination  of  CIE  L*a*b*  fol l ows  procedure  i n  I SO  1 1 664-4  and  s tarts  from  spectral  
transm i ttance  or reflectance  data  measured  on  sample  sheets .  Detai l s  of the  sphere  based  
spectrophotometer and  the  measurement procedure  are  defined  i n  I SO  1 1 664-1 .  A spectral  
measurement range  of 360  nm  to  830  nm  wi th  a  spectral  resolu tion  of 5  nm  or l ess  shal l  be  
used .  For report of changes  after ageing ,  an  i nstrument wi th  a  measurement range  of 
380  nm  to  780  nm  wi th  a  spectral  resolu tion  of 1 0  nm  is  a lso  su i table.  

NOTE  Deta i l s  of i nstrument  confi gu rati on  may i n fl uence  the  absol u te  val ues  of col our coord inates  L*a*b*  
measured .  Such  effects  cancel  ou t  to  fi rst  order when  changes  i n  colour coord i nates  (“Del ta  E”)  are  calcu lated .  
Examples  of i nstrument confi gurati ons  are  i l l um ination  /  d etection  geometry bei ng  d i ffuse  /  d i rected  or d i rected  /  
d i ffuse  and  d i s tance  of the  borders  of i l l um inated  to  detected  specimen  area  i n  vi ew of l ateral  l i gh t  transport  i n  the  
sheets .  Capabi l i ty of l ateral  l i g h t  transport  d epends  on  mu l ti l ayer s tack design  of the  sheet.  

The  choice  of the  measurement geometry for d iscoloration  fo l l ows  the  i n tended  function  of the  
sheet i n  the  PV modu le.  For essentia l l y clear and  l ow scattering  materia l s  wi th  transm itti ve  
function  i n  the  PV modu le  (e. g .  frontsheets  and  clear backsheets) ,  ∆E  is  evaluated  based  on  
a  transm ission  measurement.  For essential l y opaque sheets  wi th  reflecti ve  function  in  the  PV 
modu le,  ∆E of the  sun-facing  s ide  of the  backsheet i s  evaluated  in  reflection .  

Sample  sheets  of free  of visual  defects  shal l  be  prepared  large  enough  to  cover the  en trance  
port  of the  i nstrument wi th  an  overlap  of at  l east 1 0  mm  to  every s ide:  for a  25  mm  Ø port  the  
m in imum  sample  s i ze  i s  thus  45  mm  x 45  mm  or 45  mm  Ø ci rcle .  

The  s ide  of the  sheet that sha l l  be  measured  shal l  be  orientated  towards  the  l ight  source.  For 
reflectance  measurements  the  hal f space beh ind  the  sample  sheet  sha l l  provide  less  than  1  %  
reflectance  (e. g .  l i ght  trap).  

From  the  reflection  or transm ission  spectra,  respectivel y,  the  three  tris timu lus  coefficients  
shal l  be  determ ined  us ing  the  CIE  Standard  D65 i l l um inan t spectrum  (as  in  I SO 1 1 664-2),  and  
the  CIE  1 964  XYZ colour space (for a  human  observer wi th  a  1 0°  fi e ld  of view,  as  in  
I SO 1 1 664-1 ) .  From  X,  Y and  Z  the  CIE  L*a*b*  coord inates  are  calcu lated  and  from  these  the  
pairwise  d i fferences  CIE  ∆L*∆a*∆b*,  e. g .  after vs.  before  an  ageing  treatment.  From  the  l atter 
the  colour d is tance  CIE  ∆Eab  ( 1 976)  i s  determ ined  fo l l owing  I SO 1 1 664-4.  

4. 6. 7. 3  Reportin g  req u i rem en ts  

Report  the  average  (of the  3  repl icates)  of absolu te  L*a*b*  values  (D65/1 0°)  accord ing  to  
purpose  (e. g .  i n i tia l  va l ues  or post weathering  evaluation).  I n  the  context  of post  weathering  
evaluation ,  a lso  colour changes  ∆L*,  ∆a*,  ∆b*  or ∆Eab  can  be  reported .  

Report the  measurement mode  (reflection  or transm ission ,  the  i nstrument geometry)  and  the  
s ide  of sheet measured .  

4. 6. 8  Su rface  g l oss  

4. 6. 8.1  Pu rpose  

To characterize  the  i n i ti a l  appearance of the  ai r s i de  of the  backsheet,  acknowledg ing  that  
l am ination  cond i ti on  may i n fl uence  g lossiness.  

Change  i n  g loss  may be  correlated  to  retention  of mechan ica l  or e l ectrica l  properties,  
depend ing  on  the  composi tion  of the  materia l  and  i ts  weathering  behaviour.  I n  some cases,  
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changes  in  g loss  can  be  used  as  precursor of chalking ;  however,  such  assessment may not 
be  eas i l y resolved  for materia ls  that  are  matte  on  the  ou tset.  

4. 6. 8.2  Procedu re  

Measure  g loss  accord ing  to  procedure  and  us ing  instruments  stipu lated  i n  I SO  281 3  on  
3  repl icates.  

The  i n i ti a l  measurement resu l t  on  60°  g l oss  determ ines  whether g loss  va lues  at  20° ,  60°  or 85°  
shal l  be  col lected ,  as  g loss  scale  is  l ess  sens i ti ve  below 1 0  g loss  un i ts  (GU)  or above  70  GU .  

I f change of g loss  va lues  shal l  be  characterized ,  e. g .  i n  the  course  of an  ageing  test,  the  
same ang le  as  for the  i n i ti a l  g l oss  measurement shal l  be  used  for the  complete  measurement 
set.  

4. 6. 8.3  Reporti n g  requ i rem en ts  

Report  mean  and  standard  deviation  of g loss  va lues  and  the  measurement ang le  20° /60°/85° ,  
depend ing  on  i n i ti a l  g loss iness  of material .  

I n  the  con text  of post weathering  evaluation ,  a lso  g loss  changes  can  be  reported ,  wi th  g loss  
ang le  for a l l  measurements  determ ined  by the  ang le  of the  i n i ti al  read ing .  

4. 7  Diffu sion  ch aracteri stics  

4. 7. 1  Permeabi l i ty of water vapou r 

4. 7. 1 . 1  Pu rpose  

Water vapour permeabi l i ty of the  frontsheet or backsheet may be  usefu l  for the  des ign  of the  
PV modu le  and  is  expressed  as  water vapour transm ission  rate  (WVTR)  [3 ] .  

The  range  of su i table  WVTR rates  for pol ymeric frontsheet and  backsheet materia ls  depend  
on  PV modu le  des ign .  I n  some i nstances  the  pol ymeric sheet has  the  function  to  provide  a  
barrier function  for l i qu id  water wh i l e  s ti l l  l etti ng  water vapour,  and  by-products  such  as  acetic 
acid ,  pass.  I n  other i nstances  again  the  pol ymeric sheet i s  regarded  as  an  impermeable  
membrane  wi th  permeation  rates  4  or 5  orders  of magn i tudes  l ower than  common  backsheet 
materia ls .  WVTR relevan t to  cel l s  wi l l  a l so  depend  on  the  encapsu lan t.  

NOTE  A speci fi c  standard  for measurement of WVTR of sheet material  for use  i n  PV con text  i s  i n  preparation  
(desi gnated  as  fu tu re  I EC 62788-6-2).  

4. 7. 1 .2  Proced u re  

I n  a l l  cases,  for i n i tia l  va lue  and  after exposure  to  a  s tress  cond i tion ,  the  samples  shal l  be  
pre-cond i tioned  to  room  temperature  and  hum id i ty cond i ti ons  ( i . e .  23  °C  ±  3  °C,  50  ±  3  %  RH)  
for a  m in imum  of 24  h  prior to  testi ng  as  recommended  i n  I SO  291 .  

Measurements  shal l  be  done  accord ing  to  I SO  1 51 06-1 ,  I SO  1 51 06-2  or I SO  1 51 06-3.  Use  
the  test cond i ti ons  of 38  °C  and  90  %  RH .  I nstruments  that can  d i rectl y measure  at 38  °C  and  
90  %  RH  are  preferred .  Al ternativel y,  i nstruments  des igned  for s table  measurements  at 
condensing  cond i tions  38  °C  and  1 00  %  RH  can  be  used .  I n  the  l atter case,  the  WVTR va lue  
obtained  at  1 00  %  shal l  be  mu l tip l i ed  by the  factor 90  %  represen ting  the  ratio  of targeted  and  
measured  hum id i ty l evel .  

NOTE  The  resu l ts  from  any of the  th ree  methods  may d i ffer due  to  d i fferent  detecti on .  I t  has  not  been  proven  
wh ich  method  i s  preferred .  One  s tudy has  reported  an  i ncrease  of 1 2  %  WVTR on  i ncreasi ng  test  temperatu re  from  
38  °C  to  40  °C  (both  at  90  %  RH).  
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Temperatu re  sensi ti vi ty of WVTR depends  on  the  thermal  acti vation  energy for d i ffus ion  and  moistu re  sorpti on ,  
wh ich  i s  speci fi c  for the  polymeric materia l s  employed .  I n  that  context  temperatu re  dependence  of WVTR m igh t  be  
of i n terest  for PV modu le  design .  

4. 7. 1 .3  Reportin g  requ i rem en ts  

Report  the  fol l owing :  

a)  The  method  used ,  i . e.  I SO  1 51 06-1 ,  I SO  1 51 06-2  or I SO 1 51 06-3.  

b)  The  test cond i ti ons  ( temperature  T  /  °C  and  relati ve  hum id i ty %  RH).  

c)  The  WVTR value  i n  g  /  (m 2 · d )  for cond i ti ons  of 38  °C  and  90  %  RH .  I n  case  of 
measurement at  38  °C  and  1 00  %  RH  the  measured  value  shal l  be  mu l tip l i ed  by 90  %  and  
the  remark (“90  %  of va lue  measured  at  1 00  %  RH ”)  sha l l  be  added .  

4. 7. 2  Permeabi l i ty of oxygen  

4. 7. 2 . 1  Pu rpose  

Permeabi l i ty of backsheet and  frontsheet to  oxygen  i s  expressed  as  Oxygen  Transm iss ion  
rate  (OTR)  and  affects  the  trans ient concen tration  of Oxygen  i n  the  PV modu le,  wh ich  i n  turn  
may contribu te  to  degradation  of materia ls  or structures  in  the  PV modu le  or improve 
performance via  oxygen  b leach ing  of chromophores  depend ing  of the  modu le’s  des ign  and  
the  materials  u ti l i zed .  

NOTE  I n  a  comparati ve  study of vari ous  type  of backsheet,  OTR was  found  to  correlate  wi th  the  transm ission  rate  
of aceti c  acid  (AATR).  Accumu lation  of aceti c  aci d  i n  EVA based  modu les  has  been  associated  i n  some PV modu le  
designs  wi th  i ncreased  l evel s  of corrosi on  observed  on  e l ectrodes.  

4. 7. 2 .2  Proced u re  

Oxygen  transm ission  rate  (OTR)  shal l  be  measured  accord ing  to  I SO  1 51 05-2 .  

4. 7. 2 . 3  Reportin g  req u i rem en ts  

Report  the  fol l owing :  

a)  the  method  used ,  i . e.  I SO  1 51 05-2,  

b)  the test conditions (temperature  T  i n  °C  and  re lati ve  hum id i ty %  RH);  

c) the  OTR value in  g  /  (m 2 · d ).  

4. 8  Ch emi cal  ch aracteri stics  

4. 8. 1  Resi stan ce  to  solven ts  

4. 8. 1 . 1  Pu rpose  

This  procedure  describes  a  solven t rub  techn ique  for assessing  the  solven t res istance  of a  
frontsheet or backsheet.  The  fi nal  cl ean ing  of PV modu les  may requ ire  solven t clean ing  and  
by th is  method  the  manufacturer can  qual i fy a  clean ing  solven t as  h is  recommendation .  

4. 8. 1 . 2  Apparatu s  

4. 8. 1 . 2 .1  Gen eral  

A solven t accord ing  to  fi lm  manufacturer recommendation  and  a  1 00  %  cotton  cloth .  

NOTE  I sopropyl  a l cohol  ( I PA)  and  ethanol  are  examples  of sol vents  recommended  for cl ean ing  of vari ous  
backsheets.  

4. 8. 1 .2 . 2  Defin i tion  

Double  rub:  The  act  of rubbing  a  cloth  i n  one  complete  forward  and  back motion  over the  
i nvestigated  sheet surface.  
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4. 8. 1 .2 .3  Safety 

Proper safety equ ipment:  As  detai led  i n  the  solven t safety datasheet (SDS),  i . e.  use  of solvent  
res istan t g loves  and  respi rator.  

4. 8. 1 .3  Procedu re  

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

b)  I f the  testi ng  is  being  performed  i n  a  l aboratory setting ,  before  actual l y testing  the  
specimens,  perform  a  su fficient number of double  rubs  wi th  the  index finger covered  wi th  a  
cotton  cloth  on  a  l aboratory ba lance  such  that 1  000  g  to  2  000  g  of force  i s  constan tl y 
be ing  appl ied .  Th is  i s  the  amount of pressure  the  operator shal l  appl y when  testi ng  the  
specimens,  and  wi l l  be  cons idered  as  being  moderate  pressure.  

c)  Select areas  on  the  coated  surface  at  l east  1 50  mm  long  on  wh ich  to  perform  the  tests.  
Clean  the  surface  wi th  tap  water to  clean  and  remove  any l oose  material  and  then  a l l ow 
the  surface  to  d ry.  

d )  Measure  the  d ry-fi lm  th ickness  of the  coating  i n  the  selected  areas  in  accordance wi th  the  
test method  of I SO 4593.  Mark a  1 50  mm  by 25  mm  rectangu lar test area  on  the  
undamaged ,  cleaned  surface  using  a  penci l  or other su i table  solvent  res istan t marker.  

e)  Fold  the  cotton  cloth  i n to  a  pad  of double  th ickness  and  saturate  i t  (d ripping  wet cond i tion)  
wi th  the  speci fi ed  solvent.  Do  not a l l ow more  than  1 0  s  to  e l apse  before  proceed ing  to  the  
next s teps.  

f)  P lace  the  properl y protected  i ndex fi nger i n to  the  centre  of the  pad  wh i le  hold ing  excess  
cloth  wi th  the  thumb and  remain ing  fi ngers  of the  same hand .  Wi th  the  index fi nger at  an  
ang le  of 45°  to  the  test surface,  rub  the  rectangu lar test area  wi th  moderate  pressure  fi rst 
away from  the  operator and  then  back towards  the  operator at the  rate  of approximatel y 
1 /s .  

g )  Continue  rubbing  the  test area  for a  tota l  of such  25  double  rubs.  Take  care  to  a lways  
appl y wi th in  the  des ignated  test  area.  I f add i tional  solven t rubs  are  speci fi ed ,  reposi ti on  
the  fi nger on  an  unused  clean  portion  of the  cloth  and  re-saturate  the  cloth  wi th  the  
selected  solven t to  a  d ripping  wet cond i tion .  Do  not  a l l ow more  than  1 0  s  to  e lapse  before  
con tinu ing  the  double  rub  procedure  on  the  designated  test area  for an  add i ti onal  25 
double  rubs.  Repeat th is  step  un ti l  reach ing  the  speci fied  test cri teria,  such  as,  un ti l  the  
substrate  becomes  vis ib le,  or un ti l  a l l  double  rubs  have  been  completed .  I f mu l tip le  
specimens  are  being  tested  in  a  l aboratory,  i t  may be  usefu l  to  occas ional l y check the  
pressure  exerted  on  a  ba lance  wi th  a  d ry cotton  cloth  between  specimens.  

I f mu l tip le  specimens  are  be ing  tested  and  fati gue  sets  i n  making  i t  d i fficu l t to  main tain  the  
1  000  g  to  2  000  g  force,  stop  testi ng  (after completi ng  a  specimen)  unti l  fati gue  i s  gone.  

4. 8. 1 .4  Fin al  m easu rem en ts  

Examine  the  test area  by visual  inspection .  I den ti fy,  i f  the  fi lm  has  not been  removed  down  to  
the  substrate.  Immed iatel y i nspect the  m idd le  1 25  mm  of the  rubbed  area,  d isregard ing  
1 3  mm  at each  end ,  for fi ngernai l  hardness  and  vi sual  changes  i n  appearance,  comparing  the  
rubbed  area  wi th  an  ad jacent non  rubbed  area.  

4. 8. 1 .5  Reporti n g  requ i rem en ts  

Describe  cloth  and  solven t used .  Report the  number of double  rubs  as  wel l  as  the  visual  
qual i ty before  and  after rubbing  

Add i tional  i n formation ,  such  as  temperature  and  hum id i ty.  E lapsed  time  between  coating  
appl ications  and  conducting  the  test can  affect test resu l ts  and  shou ld  be  reported  whenever 
poss ib le .  
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4. 9  Oth er ch aracteri sti cs  

4. 9. 1  Ign i tabi l i ty – Pu rpose  

Fire  safety assessment as  defined  i n  I SO  1 1 925-2  is  not recommended  on  component l evel ,  
because  test resu l ts  obtained  wi thou t the  thermal  mass  of the  modu le  be ing  present are  l i ke l y 
to  cause  m islead ing  resu l ts .  I nstead  I EC 61 730-1 : 201 6  covers  th is  i ssue  wi th  a  fu l l  modu le  or 
representati ve  coupon  test.  

Therefore,  a  speci fic test  for i gn i tabi l i ty of backsheet or fron tsheet on  componen t l evel  i s  not 
covered  i n  th is  document.  

4. 9. 2  Flamm abi l i ty – Pu rpose  

Fire  safety assessment as  defined  i n  I SO  1 1 925-2  is  not recommended  on  component l evel ,  
because  test resu l ts  obtained  wi thou t the  thermal  mass  of the  modu le  be ing  present are  l i kel y 
to  cause  m islead ing  resu l ts .  I nstead  I EC 61 730-1 : 201 6  covers  th is  i ssue  wi th  a  fu l l  modu le  or 
representative  coupon  test.  

Therefore,  a  speci fic test  for flammabi l i ty of backsheet or fron tsheet on  componen t level  i s  not 
covered  i n  th is  document.  

4. 1 0  Accel erated  agei n g  tests  

4. 1 0. 1  Pu rpose  

Accelerated  ageing  i s  used  to  veri fy the  abi l i ty of the  frontsheet or backsheet to  wi thstand  
simu lated  envi ronmental  stresses,  incl ud ing  heat,  moistu re  and  UV rad iation .  

Ageing  tests  are  typ ical l y combined  wi th  visual  i nspection  as  wel l  as  materia l  tests  before  and  
after exposure,  i n  order to  assess  changes  of materia l  properties  under ageing  cond i ti ons.  
The  corre lation  of accelerated  tests  wi th  fi e l d  fa i l u res  of modu les  is  s ti l l  under i nvestigation ,  
i . e .  the  re lationsh ip  between  materia l  changes  upon  cumu lative  exposure  dose  of stress  
appl ied  i n  the  accelerated  test and  the  same dose  present  i n  th e  fi el d ,  i s  not  known .  The  fact,  
that  the  latter a lso  depends  on  the  mounting  cond i tions  as  wel l  as  the  cl imate  i n  wh ich  the  
modu le  is  i nsta l led ,  adds  to  th is  variabi l i ty.  However,  there  is  general  agreement on  the  order 
of stress  to  represent  an  end-of-l i fe ,  i n termed iate  or i n fant  morta l i ty test.  

•  For an  end-of- l i fe  test,  a  l i fetime cumu lati ve  dose  or stress  l evel  has  been  appl ied .  I n  the 
post evaluation  test the  absolu te  ( i . e.  m in imum)  reta ined  value  of mechan ica l  and  
e lectrical  properties  i s  assessed .  No  extrapolation  i s  necessary.  

•  For i n termed iate  or in fan t  mortal i ty tests  on l y a  portion  of the  service  l i fe  dose  / cumu lative  
stress  has  been  appl ied .  I n  the  post  evaluation  test  the  changes  in  mechan ical  and  
e lectrical  properties  are  measured  and  extrapolation  i s  appl i ed .  I n  case  of deviation  from  
l inear (1 st  order)  degradation ,  add i ti onal  measurements  as  function  of the  importan t stress  
variables  (temperature,  hum id i ty,  UV)  are  needed  to  characterize  the  non- l i near 
degradation  mode  for a  mean ingfu l  extrapolation .  

Materia l  changes  may be  observed  i n  safety re lated  materia l  properties ,  such  as  mechan ica l  
and  e lectrical  characteri stics.  Materia ls  that become bri ttle  may for example  corre late  to  
cracking  observed  on  veteran  PV modu les.  

I f adhesion  i s  affected ,  the  physical  in tegri ty of the  backsheet composi tion  or i ts  in tegration  i n  
the  PV modu le  may be  j eopard ized ,  eventual l y g i ving  rise  to  safety hazards.  Ageing  may a lso  
i n troduce d iscoloration  or other changes  in  appearance,  wh ich  are  not necessari l y correlated  
to  l oss  of mechan ica l  and  e lectrica l  properties,  bu t  may affect solar reflectance,  resu l ting  i n  
degradation  of PV modu le  power output performance.  
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Thermal  endurance  of backsheet and  frontsheet fi lm  materia l  i s  assessed  by RTE/RTI /TI  
measurement,  based  on  50  %  retained  mechan ical  strength  and  breakdown  vol tage  as  
recommended  by I EC 6021 6-2: 2005,  Table  1  and  4. 4. 1 .  

NOTE  The  retention  l eve l s  of 50  %  i n  RTE/RTI /TI  testi ng  have  sol e l y  been  defi ned  for the  pu rpose  of 
extrapolati on  of fa i l u re  times  i n  an  Arrhen i us  analys i s  ( re l ati ve  to  a  reference  materi a l ) .  H owever,  these  retention  
val ues  do  not  predeterm ine  any correl ation  wi th  materi a l  fa i l u re  representi ng  service  l i fe  t ime.  

This  subclause  describes  accelerated  damp heat testi ng  and  UV weathering  for pol ymeric  
frontsheets  and  backsheets  for use  i n  terrestria l  PV modu les.  

4. 1 0. 2  Damp H eat  (DH )  testin g  at  e l evated  h eat  an d  m oi stu re  

4. 1 0. 2. 1  Pu rpose  

The damp heat (DH)  test assesses  the  abi l i ty of the  backsheet or frontsheet materia l  to  
wi thstand  extreme levels  of temperature  and  moisture  wh ich  is  usefu l  for h igh l igh ting  l i kel y 
fai l u re  modes.  The  damp heat test was  orig inal l y developed  to  exam ine  corros ion  wi th in  
modu les,  and  may sometimes  be  appl ied  to  exam ine  general  materia l  robustness;  the  test 
does  not  s imu late  the  cond i tions  encountered  in  a  modu le  during  fie l d  use.  

I n  order to  assess  the  endurance of thei r i nsu lati ng  function  of backsheets  or frontsheets,  
mechan ical  strength  and  d . c.  breakdown  vol tage  of fi lms  are  assessed  before  and  after DH  
testing .  

4. 1 0. 2. 2  Sampl es  

Refer to  Table  F . 1  for sample  preparation .  Choose coupon  A or coupon  B1  for DH  i ncubation  
fol l owed  by tens i le  strength  test or d . c.  breakdown  vol tage  test.  

See  4 . 3  for sample  preparation  i n tended  for adhesion  testing  after DH .  I n  case  of adhes ion  
wi th  encapsu lant the  l am ination  shou ld  be  done  wi th  fresh  backsheet /  frontsheet for 
l am ination  of coupon  B2 .  For p luck and  shear tests,  the  hand les  shal l  be  g lued  to  the  sheets  
after ageing  i n  order to  avoid  un in tended  i n teractions  of g lue  wi th  sheet  materia l  d uring  l ong  
term  DH  exposure.  

Number of specimen  depends  on  test p lan  for DH  testing ,  i . e.  requ i red  and  optional  post 
evaluation  methods.   

For ageing  procedures  and  post evaluation  of j unction  box adhesives  refer to  I EC  62790.  

4. 1 0. 2. 3  Procedu re  

Apply the  test procedure  MQT 1 3  of I EC  61 21 5-2  wi th  cond i ti ons:  

•  chamber a i r temperature:  (85  ±  2)  °C  

•  re lati ve  hum id i ty:  (85  ±  5)  %  RH  

•  test d uration :  1  000  h  

Place  the  samples  in  an  appropriate  way i n  the  chamber to  ensure  homogeneous  temperature  
on  each  su rface  of the  samples.  Th is  i s  e. g .  g i ven  when  samples  are  p laced  free  hang ing  in  
the  chamber.  

4. 1 0. 2. 4  Req u i rem en ts  for testin g  th e  reten ti on  of properti es  by post eval u ati on  tests  

During  a  DH  test,  pol ymeric materia ls  are  exposed  to  moisture  levels  far above  any use  case  
cond i ti ons.  Therefore  materia l  needs  to  be  pre-cond i tioned  accord ing  to  requ irements  of the  
post evaluation  test.  

a)  Requ ired  material  characterization  i ncludes:  
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•  samples  shal l  be  visual l y evaluated  before  and  after DH  accord ing  to  4 . 6 . 3 .  

•  mechan ical  s trength  (tens i l e  strength  and  e longation  at break,  both  MD  and  TD)  of 
repl icate  specimen  shal l  be  measured  before  and  after DH  (see  4 . 2 . 4) .  

•  adhesion  of components  of the  mu l ti l ayer sheet (see  4 . 3 . 6. 2)  i s  measured  on  repl icate  
specimens  before  and  after DH .   

NOTE  For agei ng  procedu res  and  post  evaluation  of j unction  box adhesi ves,  see  I EC 62790.  

b)  Optional  materia l  characterization  i ncludes:  

•  d . c.  breakdown  vol tage  of repl icate  specimen  shal l  be  measured  before  and  after DH  
(see  4. 5. 1 ) .  

•   i nstrument based  optica l  characterization  can  be  carried  ou t,  see  4 . 6. 4  ( transm iss ion) ,  
4 . 6. 5  (reflection),  4 . 6. 6  (yel l owness) ,  4 . 6. 7  (colour)  and /or 4 . 6. 8  (surface  g loss) .  No  
extra  repl icates  are  requ ired :  optica l  measurements  are   non-destructi ve  and  can  be  
performed  on  samples  foreseen  for mechan ical  or e l ectrica l  testing  before  conducting  
those  tests.  

•  adhesion  to  a  matched  materia l ,  such  as  encapsu lant  or edge  seal  (see  4 . 3 . 6. 3)  i s  
measured  on  repl icate  specimens  before  and  after DH .   

4. 1 0. 2. 5  Reporti n g  requ i rem en ts  

Report the  fol lowing :  

a)  the  ageing  parameters  (cl imate  parameters  T/RH  %  and  duration  i n  hours) ;  

b)  the  resu l ts  from  the  requ i red  post evaluation  tests  as  l i sted  i n  4 . 1 0. 2. 4 .  a);  

c)  optional l y,  the  resu l ts  from  post  evaluation  tests  as  defined  in  clause  4 . 1 0. 2. 4.  b) .   

I n  b)  and  c)  report absolu te  resu l ts  from  the  materia l  eva luation  tests  after DH  i n  comparison  
to  values  before.  Reporting  of %  retention  together wi th  the  i n i tia l  va l ue  i s  an  a l ternate  
reporting  option .  

4. 1 0. 3  Weath erin g  at  el evated  level s  of temperatu re  an d  m oi stu re  

4. 1 0. 3. 1  Pu rpose  

The purpose  of the  weathering  test i s  to  characterize  the  abi l i ty of fron tsheets  and  backsheets  
to  wi thstand  s imu lated  natural  dayl igh t i n  combination  wi th  e levated  temperature  and  moisture,  
at  typica l  modu le  operation  temperature  and  hum id i ty l evels  observed  i n  the  fie ld .  

I n  order to  assess  the  endurance  of the  fi lms,  thei r mechan ical  s trength  and  d . c.  breakdown  
vol tage  shou ld  be  measured  before  and  after weathering .  

Whereas  the  fron tsheet i s  main l y exposed  d i rectl y on  i ts  sun-facing  surface  to  the  solar 
spectrum ,  the  backsheet may be  exposed  by:   

a)  rad iation  i ncident on  the  s ide  of the  backsheet that faces  towards  the  sun ,  wi th  fl ux  and  
spectral  d is tribu tion  depend ing  on  the  PV modu le  des ign ;   

b)  rad iation  may a lso  reach  the  a i r-s ide  of the  backsheet via  d i ffuse  reflections  from  the  
environment (so-cal led :  a lbedo).  I n  both  cases,  fl ux and  spectral  d is tribution  depend  on  the  
environment and  the  moun ting  configuration  (roof,  rack,  etc. )  [4 ]  [5] .  Th is  test  method  
therefore  provides  two  orien tations  of testing  backsheet,  namely sun-facing  s ide  or a i r s i de  
oriented  towards  test l i gh t source.  

Some backsheet fi lms,  typica l l y those  having  an  asymmetric layer s tack,  are  purposefu l l y 
des igned  for durabi l i ty wi th in  a  l am inated  combination  of g l ass  and  encapsu lant,  cons idering  
that  those  l ayers  may a l ready act  as  a  (partia l )  UV fi l ter during  use.  For other types  of 
backsheet fi lms,  typica l l y sheets  wi th  a  symmetric  l ayer des ign ,  UV fi l teri ng  provided  by other 
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modu le  componen ts  may not be  requ i red .  Th is  test method  therefore  provides  a  choice  for 
testing  backsheet or backsheet fi lms  i n  sun-facing  orientation ,  wi th  and  wi thou t UV fi l ter 
accord ing  to  their i n tended  use.  E i ther option  requ i res  a  speci fi c choice  of sample  preparation .  

4. 1 0. 3. 2  Sample  preparation  

Backsheet and  fron tsheet fi lms  shal l  be  sampled  from  a  rol l  accord ing  to  Annex E .  

Sample  preparation  for weathering  depends  on  s i ze  of specimen  holders  and  the  materia l  test  
methods  to  be  evaluated  after weathering .  Refer to  Table  F . 1 ,  for sample  preparation .  I n  
add i ti on ,  Table  2  g i ves  an  overview of sample  preparation  for exposure  of sun-facing  s i de  of 
backsheet i n  view of i n tended  post-evaluation .  

Method  A:  Frontsheet shal l  be  tested  on l y wi th  i ts  sun -facing  s i de  orien ted  towards  the  
l i gh t source.  

Method  B:  The  a i r s ide  of backsheet fi lms  shal l  be  exposed  d i rectl y to  the  test l i gh t source.   

Method  C:  The  sun-facing  s ide  of backsheet fi lm  wi l l  be  exposed  cons isti ng  of one  of the  
two  options  C1  or C2:  

Method  C1  (exposure  wi th  UV-fi l ter) :  Th is  method  is  i n tended  to  s imu late  the  presence  
of UV fi l tering  provided  by a  combination  of PV g lass  and  encapsu lan t,  when  the  des ign  
of the  backsheet requ i res  such  optical  fi l tering  function  for long -term  fie ld  use.  A typical  
UV cut-off wavelength  for PV g lass  and  encapsu lan ts  i s  i n  the  range  340  nm  to  360  nm .  
See  requ i rements  i n  4 . 1 0 . 3. 3  for qual i fication  of UV fi l ters  and  transparen t re lease  
materia l  ( trm).  There  are  two possib le  real i zations  C1 a  and  C1 b:  

•  Method  C1 a:  One  rea l i zation  of a  representati ve  UV fi l ter i s  obtained  by l am ination  
of a  design  speci fic l am inate  contain ing  a  transparent re lease  materia l  ( trm ),  so  
that  fi lms  can  be  sampled  after weathering  for subsequent materia l  tests.  For 
optica l  measurement,  mechan ical  streng th  testi ng  and  e lectrica l  s trength  testi ng ,  
coupon  type  B1  as  defined  i n  Table  F. 1  i s  selected .  For adhes ion  peel  testing ,  
coupon  B2  i s  su i ted .  For p luck test,  l ap  shear test  and  fracture  mechan ics  test,  
coupon  type  D  appl ies.  

•  Method  C1 b:  An  a l ternate  rea l i zation  i s  the  use  of a  separate  optica l  fi l ter wi th  the  
i n tended  UV cu t-off characteristics.  During  weathering  the  fi l ter i s  l ocated  between  
the  l i gh t source  and  the  test specimens.  Th is  represents  coupon  type  C  as  defined  
i n  Table  F. 1 .  Th is  method  can  be  selected  for weathering  of sheet  materia l  
i n tended  for optical  characterization ,  mechan ical  streng th  testing  and  d ielectric  
strength  testing .  

Method  C2 :  (d i rect  exposure  wi thou t UV-fi l ter) :  I n  th is  optional  method ,  the  sun  facing  
s ide  of backsheets  is  exposed  wi thout a  UV-fi l ter.  See  specimen  A in  Table  F. 1 .  Th is  
method  can  be  selected  for weathering  of sheet material  i n tended  for optical  
characterization ,  mechan ical  strength  testing  and  d ie lectric  streng th  testing .  

NOTE  1  I n  method  C1 a,  the  sun-faci ng  s i de  of the  backsheet i s  protected  aga inst  even tual  oxygen  related  
deg radation  processes  i n  a  manner comparabl e  to  use  i n  a  l am inated  PV modu le,  whereas  i n  methods  C1 b  and  C2  
i t  i s  not.  
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Table  2  – Overview of sampl e  preparation  for exposu re of 
su n -faci n g  si d e  of backsh eet  d epen d i n g  on  i n ten d ed  

post  eval u ation  (see  Table  F . 1 )  

 Speci m en  con s tru cti on  u si n g  backsh eet  

Post eval u ati on  Separate  sh eet (or 
l am i n ated  s h eet 

wi th  fu l l  rel eas e)  

Lam i n ated  
sh eet wi th  

parti al  rel ease  

Lam i n ated  
sh eet wi th ou t 

rel ease  

M ech an i cal  stren g th  (see  4. 2 . 4)  

E l ectri cal  s tren g th  (see  4. 5. 1 )  

Opti cal  ch aracteri zati on  (see  4. 6)  

Coupon  A 

OR coupon  B1  

OR coupon  C  

Not appl i cable  Not appl i cable  

A
d

h
e

s
io

n
 

1 80°  peel  (See  Cl au se  B. 1 )  Not appl i cable  Coupon  B2  Not  appl i cable  

t-pl u ck (see  Cl au se  B. 3)  

Lap-s h ear (s ee  Cl au s e B. 4)  

Fractu re  m ech an i cs  (u n d er d evel opm en t 
i n  [1 8] )  

Not appl i cable  Not appl i cable  

Coupon  D  and  E  
wi th  speci fi c  
hand les  (see  
Table  F . 1 )  

 

NOTE  2  Coupon  type  G1  for adhesion  T-peel  test  (see  Tab l e  F . 1 )  i s  not  su i ted  to  obtain  exposure  on  sun -facing  
s i de  of backsheet.  To  overcome that  l im i tation ,  a  polymeric fron tsheet cou l d  be  used  as  counterpart  of the  
backsheet  i n  order to  create  a  quasi -symmetri c  specimen  for T-peel .  Detai l s  of specimen  construction  are  not  
covered  by th i s  document.  

For mechan ical  strength  test as  post-evaluation ,  the  fol lowing  requ irements  for sample  
preparation  appl y i n  add i ti on  to  those  s tipu lated  in  4 . 2. 4 .  

Number of specimen  depends  on  test p lan  for weathering  testing ,  i . e.  requ i red  and  optional  
post evaluation  tests.  

Cu tti ng  and  trimm ing  of sheet materia l  i n tended  for mechan ical  s trength  testi ng  shal l  be  done  
after weathering  i n  order to  avoid  edge  effects  by i ngress  of moisture  and  UV.  Portions  of the 
sheet that were  covered  du ring  weathering  or fa l l  wi th in  5  mm  d istance  to  the  covered  area  
shal l  be  trimmed,  so  that these  are  not present i n  the  portion  of specimen  mounted  wi th in  the  
i n i tia l  g rip  d is tance.  

For p luck test,  l ap  shear tests  and  fracture  mechan ics  test,  the  correspond ing  hand les  (see  
F1 ,  F2  and  F3,  respectivel y as  defined  in  Table  F . 1 )  shal l  be  moun ted  to  the  sheets  after 
ageing  in  order to  avoid  un in tended  ageing  of the  g l ue  or i n teractions  of g l ue  wi th  sheet 
materia l  during  long  term  UV exposure.  

NOTE  3  J unction  box adhes ives  i n  actual  fi e l d  use  are  h i dden  i n  between  backsheet  and  j u nction  box and  
therefore  barel y exposed  to  UV,  nei ther d i rect  th rough  the  PV modu le  nei ther vi a  a l bedo.  Refer to  I EC  62790  for 
agei ng  tests  of j uncti on  box adhesives.  

4. 1 0. 3. 3  Ch aracterization  of U V fi l ters  an d  tran sparen t rel ease m ateri al  (trm)  

The  d i ffuse  transm iss ion  spectrum  of the  UV fi l ter,  for wh ich  e. g .  a  l am inated  coupon   
“G  /  E  /  E  /  ( trm)“  or optical  fi l ter g lass  are  su i table  examples ,  has  to  be  measured  i n  the  
range  300  nm  to  1  250  nm  fol lowing  the  procedure  in  4 . 6 . 4.  From  the  spectra  the  1 0  %  UV 
cu t-off va lue  has  to  be  determ ined  accord ing  to  I EC  62788-1 -4  for reporting .  F i l ter materia l  i s  
qual i fied  for the  test,  i f the  cu t-off waveleng th  i s  s table  wi th i n  ±3  nm  comparing  i ts  
measurement before  and  after UV exposure.  For long  exposure  times  i t  m ight  therefore  be  
requ ired  to  replace  UV fi l ters  by fresh  fi l ters  of the  same type.  Stable  fi l ter material  may be  
re-used  i n  subsequen t tests.   

Transparent  re lease  materia l  ( trm ,  see  Table  F. 1 )  sha l l  have  a  solar photon  weigh ted  
transm i ttance  >  85  %  transm i ttance  in  both  ranges:  
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a)  280  nm  to  2  500  nm ,  and  
b)  300  nm  to  400  nm  based  on  the  calcu lation  defined  i n  8 . 2  of I EC  60904-3: 201 6  and  a  
th ickness  between  50  µm  to  1 25  µm.  

Su i table  materials  incl ude:  

a)  perfl uoroinated  ethylene  propylene  copol ymer (FEP)  fi lm ,  and   
b)  ethylene  tetrafluoroethylene  (ETFE)  fi lm ,  as  pure  formu lations  wi thou t UV absorbers.   

NOTE  1  Foi l s  th i nner than  50  µ  may i n troduce  wri nkl i ng  d u ri ng  l am ination ,  whereas  foi l s  th i cker than  1 25  µm  may 
i n troduce  an  u nnecessari l y s trong  d i ffus ion  barri er,  making  the  test  l ess  representati ve  for actual  use.  

NOTE  2  D i rect  contact between  trm  foi l  and  nei ghboring  l ayers  may get  l ost  l ocal l y d uri ng  weathering  exposu re.  I f 
the  materia l  at  the  sun-facing  s i de  of the  backsheet  i s  susceptib l e  to  oxygen  i nduced  degradati on ,  th i s  may 
i n troduce  e. g .  non -homogenous  d i scolorati on ,  even  though  on  a  l evel  much  smal l er than  perform ing  the  weathering  
test  wi thou t the  frame-l am inated  trm /E/G  fi l ter stack.   

NOTE  3  I t  h as  been  observed  that  up  to  0 , 5  %  and  0 , 8  %  l arger transm i ttance  values  are  obtained  for 1 25  µm  
th ick foi l s  of FEP and  ETFE,  when  measured  i n  the  l im i ted  spectral  range  of 300  nm  to  1  000  nm  i nstead  of 280  nm  
to  2  500  nm .  

4. 1 0.3.4  Apparatus  

A weathering  apparatus  accord ing  I EC  TS  62788-7-2  method  A that provides  a  spectral  power 
d istribu tion  that s imu lates  natura l  dayl i gh t as  defined  i n  ASTM  D7869.  

NOTE  At  the  time  of wri ti ng  th i s  document,  on l y UV fi l tered  Xenon  can  provide  th i s  spectral  power d i s tri bu tion .  
See  4 . 1 0 . 3. 8  for UVA tests.  

4. 1 0.3.5  Procedure  

For wh i te  and  clear fron tsheet and  backsheet materia ls ,  the  test sha l l  be  carried  ou t accord ing  
to  cond i tion  A3  i n  Table  1  of I EC TS  62788-7-2: 201 7  wi thou t backing  materia l .  For wh i te  and  
clear backsheet these  test cond i tions  resu l t i n  a  specimen  temperatu re  of about 70  °C.  For 
b lack or coloured  backsheet having  s i gn i ficant  absorption  i n  the  VI S  and  I R spectral  range,  
test cycles  A2  or A1  are  recommended  to  provide  a  sheet temperature  of 70  °C  ±  5  °C  (see  
IEC TS  62788-7-2  for gu idance).  I f cycle  A3  is  se lected  for b lack backsheets ,  a  cons iderabl y 
h igher sheet temperatu re  is  l i kel y to  resu l t,  wh ich  may be  above the  g lass  transi tion  
temperature  Tg  of the  pol ymeric materia l  under test and  therefore  not necessari l y 
representative  for use.  

NOTE  1  Cond i ti ons  A3  i n  I EC  TS  62788-7-2  are  as  fol l ows:  

a)  I rrad iance  of (0 , 8  ±  0 , 08)  W/m
2
/nm  at 340  nm ,  wh ich  i s  equ i va len t  to  (81  ±  8 )  W/m

2
 measured  between  300  nm  

and  400  nm ,  us ing  a  xenon  arc source  wi th  fi l ters  complyi ng  wi th  the  l atest  vers i on  of ASTM  D7869  dayl i gh t  
fi l ter.  

b)  Chamber control l ed  to  the  b l ack panel  (u n -i nsu lated)  temperature  of 90  °C  ±  3  °C.  

c)  Chamber control l ed  to  ambien t  temperatu re  of 65  °C  ±  3  °C.  

d )  Ambient  a i r re lati ve  hum id i ty of 20  %  ±  5  % .  

e)  No  water spray.  

f)  The  exposure  may be  i n term i tten tl y i n terrupted  for system  main tenance.  

Standard  test duration  for un i form  characterization  form  and  datasheet reporti ng  i s  2  000  h .  
Optional  test  durations  are  1  000  h  and  4  000  h .  

NOTE  2  I EC TS  62788-7-2  provi des  context  for the  choice  of test  cycles  for cl ear,  wh i te  and  coloured  backsheet 
and  the  choice  of test  duration  of 1  000  h ,  2  000  h  and  4  000  h .  

I f optional  sun-facing  s ide  exposure  of backsheet fi lm  through  UV fi l ter has  been  chosen ,  the  
UV fi l ter needs  to  be  p laced  between  backsheet and  l i ght  source.  
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4. 1 0. 3. 6  Req u i rem en ts  for testin g  reten tion  of properti es  by post evalu ati on  tests   

After sampl ing  from  weathering  test,  pre-cond i tion  materia l  accord ing  to  requ i rements  of the  
post evaluation  test.  

a)  Requ ired  material  characterization  i ncludes:  

•  vi sual  evaluation  of the  exposed  s i de  of samples  before  and  after weathering  
accord ing  to  4 . 6 . 3.  

•  mechan ical  strength  testi ng  (tensi l e  strength  and  e longation  at break,  MD  on l y)  of 
repl icate  specimen  shal l  be  measured  before  and  after weathering  (see  4 . 2 . 4) .  

b)  Optional  materia l  characterization  i ncludes:  

•  mechan ical  strength  testi ng  ( tensi l e  s trength  and  e longation  at  break,  TD  on l y)  of 
repl icate  specimen  can  be  measured  before  and  after weathering  (see  4 . 2. 4).  

•  d . c.  breakdown  vol tage  of repl icate  specimen  can  be  measured  before  and  after 
weathering  (see  4 . 5. 1 ).  

•  i nstrument based  optica l  characterization  can  be  carried  ou t,  see  4 . 6 . 4   ( transm ission),  
4 . 6. 5  (reflection),  4 . 6. 6  (ye l l owness) ,  4 . 6. 7  (colour)  and /or 4 . 6. 8  (surface  g loss) .  No  
extra  repl icates  are  requ i red :  non-destructi ve  optical  measurements  can  be  performed  
on  samples  foreseen  for mechan ical  testi ng  before  conducting  those  tests.  

•  adhesion  i s  measured  on  repl icate  specimens  before  and  after weathering .  Specimen  
preparation  depends  on  the  type  of adhesion  test envisaged :  

– adhes ion  of components  of the  mu l ti l ayer sheet (see  4. 3. 6. 2) .  

– adhes ion  to  a  matched  materia l ,  such  as  encapsu lan t or edge  seal  (see  4 . 3 .6 . 3) .  

NOTE  Junction  box adhes i ves  i n  actual  fi e l d  use  are  i n  between  backsheet  and  j unction  box and  therefore  barel y 
exposed  to  UV,  ne i ther d i rect  th rough  the  PV modu le  nei ther vi a  a l bedo.  Refer to  I EC 62790  for age ing  tests  of 
j unction  box adhesi ves.  

4. 1 0. 3. 7  Reporti n g  requ i rem en ts  

Report the  fol l owing :  

a)  test parameters  for the  xenon-based  weathering  (method ,  parameters,  duration  
cumu lati ve  rad ian t exposure)  accord ing  to  I EC  TS  62788-7-2  method   A3  for wh i te/clear or 
se lection  of A1 ,  A2  OR A3  for bl ack /  colou red  backsheet.   

b)  the  specimen  configuration  (fi lm  or coupon  accord ing  to  Table  F. 1 )  

c)  the  UV fi l ter configuration  by reference  to  Method  A,  B ,  C1 a,  C1 b  or C2.  

d )  resu l ts  from  the  requ ired  post evaluation  tests  l i sted  i n  4 . 1 0. 3. 6  a)  

e)  optional l y,  report  resu l ts  from  post  evaluation  tests  i n  4 . 1 0 . 3.6  b).   

I n  d )  and  e)  report  the  absolu te  resu l ts  from  the  evaluation  tests  after weathering  i n  
comparison  to  measured  va lues  before.  Reporti ng  of %  retention  of i n i tial  va lues  together wi th  
the  i n i ti a l  va lue  i s  an  a l ternate  reporting  option .  

4. 1 0. 3. 8  U VA testi n g  

I EC TS  62788-7-2  method  B  a lso  defines  a  UVA test us ing  UVA-340  fl uorescen t sources  for 
assessment of UV durabi l i ty of fron tsheet or backsheet materia ls.  UVA-340  testing  i s  however 
not  regarded  as  equal  a l ternate  to  Xenon-arc based  testing  because  of the  d i fference  in  
spectral  power d istribution ,  wh ich  may resu l t  i n  d i fferent material  fa i lu re  modes,  depend ing  on  
the  action  spectrum  of the  materia ls  under test.  

F i l tered  Xenon  is  curren tl y accepted  as  the  best spectral  match  to  natura l  dayl ight and  UV 
i nduced  fa i l u re  can  be  tested  wi thout  previous  knowledge  of the  action  spectrum  of the  
specimen .  Therefore  Xenon  weathering  i s  requ ired  for datasheet reporting ,  whereas  UVA-340  
l amp testi ng  may s ti l l  provide  usefu l  i n formation  for other pu rposes  during  product 
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development and  modu le  testing ,  an  auxi l iary test may be  performed  accord ing  to  cond i ti on  
B3  of Table  2  i n  I EC  TS  62788-7-2: 201 7  for a  duration  of 1  000  h ,  2  000  h  or 4  000  h .  

I f th is  test  i s  performed,  post-exposure  tests  and  data  reporting  shal l  comply wi th  the  
requ irements  of 4 . 1 0. 3. 5  and  4 . 1 0. 3. 6 ,  referri ng  to  cond i tion  B3  i n  Table  2  (UVA)  of 
IEC TS  62788-7-2: 201 7  i nstead  of cond i tion  A3  of Table  1  (Xenon) .   

Sample  preparation  for UVA testi ng  i s  i dentical  to  that  for UV Xenon  testi ng  (4 . 1 0 .3 .2).  

5 U ni form  characteri zati on  form  (U CF)  

5.1  Gen eral  

The  un i form  characterization  form  for backsheet and  fron tsheet provides  an  extens ive  
overview of mechan ical ,  e lectrical ,  optical  and  chem ical  characteristics ,  that are  re lated  to  
safety,  performance and  processing  of the  frontsheet or backsheet.  For some safety and  
performance re lated  properties  reporting  of test resu l ts  after ageing  i s  requ i red .  

The  UCF  shal l  be  prepared  by a  test  agency having  competence  of testi ng  and  ca l i bration .  
The  UCF  shal l  con ta in  at  l east the  requ ired  resu l ts  of materia l  characteri zation  tests ,  and  may 
con tain  resu l ts  of optional  characterization  tests  in  add i tion .  Fu rthermore,  an  UCF  shal l  
i ncl ude  at  l east  the  fol l owing  in formation :  

a)  a  ti tl e;  

b)  name and  address  of the  test l aboratory and  l ocation  where  the  tests  were  carried  ou t;  

c)  un ique  identi fication  of the  report and  each  of i ts  pages;  

d )  name and  address  of cl i ent,  where  appropriate;  

e)  description  and  i denti fication  of the  i tem  tested ;  

f)  characterization  and  cond i ti on  of the  test  i tem ;  

g )  date  of receipt  of test i tem  and  date(s)  of test,  where  appropriate;   

h )  i denti fication  of test method  used ;   

i )  reference  to  sampl ing  procedure,  where  re levant;  

j )  any deviations  from ,  add i ti ons  to,  or exclus ions  from ,  the  test method  and  any other 
i n formation  re levant to  a  speci fic test;   

k)  measurements ,  exam inations  and  derived  resu l ts  supported  by tables,  g raphs,  sketches  
and  photographs  as  appropriate;  

l )  statement of the  estimated  uncertain ty of the  test resu l ts  (where  re levant);  

m )  a  s ignature  and  ti tle ,  or equ ivalent i denti fication  of the  person(s)  accepting  responsib i l i ty 
for the  con ten t of the  report,  and  the  date  of i ssue;  

n )  where  re levant,  a  s tatement to  the  effect  that the  resu l ts  re late  on l y to  the  i tems  tested ;  

o)  a  statement that the  report  shal l  not  be  reproduced  except i n  fu l l ,  wi thou t  the  wri tten  
approval  of the  laboratory.  

5. 2  Layer stack d escri ption  

The UCF  shal l  con ta in  a  d rawing ,  wh ich  shows  the  construction  ( l ayer stack)  of the  front  sheet 
or backsheet,  i n  wh ich  the  i nd ividual  l ayers  are  label led  and  named  and  the ir nom inal  
th ickness  i s  g i ven .  

I nd icate  the  function  of the  l ayers  i n  the  l ayer s tack,  especial l y:   

•  Materia ls  i n  l ayer s tack that are  re l ied-upon  for i nsu lation .  

•  Adhes ive  l ayers.  
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5.3 M ateri al  test resu l ts  an d  reporti n g  requ i rem en ts  

The  UCF  shal l  be  g i ven  as  tabu lar overview of resu l ts  accord ing  to  Table  3 .  I n  the  fu l l  
document the  tab le  i s  fo l lowed  by detai ls  of the  test cond i ti ons  as  defined  by the  reporti ng  
requ irements  per test i tem ,  referencing  i tems  via  the  UCF  number i n  the  fi rst column  of the  
table .  Table  3  defi nes  the  un i form  characterization  form  for requ i red  ()  or optional  (O)  
materia l  evaluation  and  ageing  tests  for pol ymeric  frontsheets  and  backsheets.  Reported  data  
shal l  i nclude  to lerances  as  g i ven  by reporti ng  requ irements  of each  test method  i nd icated  i n  
co lumn  “reference” .  
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Tabl e  3  – U n iform  ch aracterization  form  (U CF)  for pol ym eric  
PV fron tsh eet  or backsh eet  

 Test  

UCF  
No.  

test  name  reference  fresh  
1  000  h  DH  
test  (4. 1 0 .2 )  

2  000  h  UV (Xenon )  test  
(4. 1 0 .3)  wi th  exposure  of 

a i r s i dea  sun -facing  
s ideb  

1  d imens ions  and  tolerances  [µm]   4. 2. 2    −  −  −  

2  area  weigh t and  to lerances  [g /m ² ]  4. 2. 3    −  −  −  

3  a)  tens i le  s trength  [MPa]  (MD)  

b)  tens i le  s trength  [MPa]  (TD)  

4. 2. 4  

4. 2 . 4  

4. 2 . 4  

4. 2 . 4  

        

        

4 a)  e longation  at  break [%]  (MD)  

b)  e longation  at  break [% ]  (TD)  

        

        

5 bond  s trength  between  l ayers  of 
composi tion  –  or weakest l i nk  [N /mm]  
(for peelable  l ayers )  

4. 3. 6. 2  
        

6 bond  s trength  between  coatings  or 
th in  l ayers  and  fi lm  [rating  scale]   
(for l ayers  too  th in  or bri ttl e  to  peel )  

4. 3. 6. 2  
      −  

7  bond  s trength  between  a  speci fic  
encapsu lan t and  sheet [N /mm]  

4. 3. 6. 3  
        

8  bond  s trength  between  a  speci fic   
j unction  box adhes ive  and  sheet 
[N /mm]  

4. 3. 6. 4  
  

see   
IEC  62790  

−  −  

9  RTE/RTI /TI  [°C]  4. 4. 1    −  −  −  

1 0  d imensional  s tabi l i ty  i n  MD  and  TD  
[%]  

4. 4. 2  
  −  −  −  

1 1  re lative  thermal  expansion  [K-1 ]  4. 4. 3    −  −  −  

1 2  d .c.  breakdown  vol tage  [kV]  4. 5. 1          

1 3  d istance  th rough  i nsu lation  [µm]  4. 5. 2    −  −  −  

1 4  comparative  tracking  i ndex (CTI )  4. 5. 3    −  −  −  

1 5  visual  i n spection  4. 6. 3          

1 6  solar transmi ttance   
(for transmi ttive  sheets  on ly)  

4. 6. 4  
        

1 7  solar reflectance  c  
( for reflective  sheets  on ly)  

4. 6. 5    
(sun -facing )  

  
(sun -facing )  

−  
   

(sun -facing )  

1 8  yel lowness  i ndex DYI  c  
4. 6. 6        

  
(a i r  s ide)  

   
(sun -facing )  

1 9  CIE  L*a*b*  (D65/1 0° )  c  4. 6. 7  
      

  
(a i r s ide)  

   
(sun -facing )  

20  specu lar g loss  c  4. 6. 8  
      

  
(a i r s ide)  

   
(sun -facing )  

21  water vapour transmiss ion  rate  
[g /m ²d ]  

4. 7. 1  
  −  −  −  

22  res istance  to  recommended  clean ing  
so lven t  

4. 8. 1  
  −  −  −  

a   Ai r-s i de  exposure  on l y for backsheet.  
b   Exposu re  of sun-facing  s i de  of backsheet  wi th  choice  of UV fi l ter:   

i )  C1 A:  G /E/E/(trm),  i i )  C1 b:  F i l ter G lass  or i i i )  C2:  no  UV fi l ter.  
c   for opti cal  characteri zation  of backsheet  (UCF  No.  1 7  to  20)  the  s i de  of the  sheet  for opti cal  measurement  i s  

i nd icated :  i )  a i r s i de  or i i )  sun -facing  s i de.  

  :  requ i red  material  characteri zati on  

O  :  optional  materia l  characteri zation  

−  :  materia l  characteri zati on  not  requ i red  
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6 Data sh eet  

6.1  Pu rpose  

The  data  sheet shal l  provide  an  overview of materia l  data  from  the  un i form  characterization  
form  for a  wider publ ic.  

6.2  Reporti n g  requ i rem en ts  

At least those  i n formation  and  measurement values  from  Table  3  sha l l  be  g i ven  i n  the  
datasheet,  that  are  requ i red  by I EC 61 730-1 ,  as  these  data  are  needed  for modu le  
qual i fication .  Requ irements  of I EC 61 730-1  and  even tual  amendments  shal l  supersede  
reporting  requ i rements  g i ven  below.  

UCF  No.  01  th ickness  of mu l ti l ayer sheet (fresh)  and  detai led  l ayer structure  (see  5. 2 )  

UCF  No.  03/04  tens i le  strength  and  e longation  at break  

•  fresh  

•  after 1  000  h  DH  testi ng   

•  after 2  000  h  xenon  weathering *  

UCF  No.  09  RTE,  RTI  or TI  

UCF  No.  1 2  d . c.  breakdown  vol tage  (fresh )   

UCF  No.  1 3  d ti  (fresh)  

UCF  No.  1 4  CTI  (fresh)  

UCF  No.  1 5  visual  i nspection  

•  fresh  

•  after 1  000  h  DH  testi ng   

•  after 2  000  h  xenon  weathering *  

Reporti ng  of UCF  Nos  marked  wi th  *  i s  p l anned  to  be  requ i red  by a  fu ture  amendment to   
I EC 61 730-1 ,  wh ich  is  cu rrentl y i n  preparation  at  the  time of wri ting  th is  document.  

NOTE  Manufacturers  are  free  to  report  add i ti onal  data  as  defi ned  i n  the  UCF  (see  Table  3)  a l so  i n  the  datasheet.  

For un ique  i den ti fication  of the  materia l ,  the  product i n formation  accord ing  to  a)  and  b)  of 
Clause  7  shal l  a lso  be  reported  in  the  datasheet.  

7 Produ ct i denti fi cati on  sheet ( l abel )  

The  fo l lowing  in formation  is  requ i red  on  the  product i denti fication  sheet:  

a)  Type  des ignation  of fron tsheet or backsheet  

b)  Name,  address  and  contact  in formation  of the  manufacturers  or importers  

c)  Shel f age  and  s torage  cond i tions  

d )  Transport cond i tions  and  thei r maximum  duration ,  i f deviating  from  storage  cond i tions  

e)  I denti fication  of the  i nner s ide  of the  fron tsheet or backsheet that  sha l l  be  l am inated  to  the  
encapsu lant i n  the  PV modu le.  
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An nex A 
(informative)  

 
Overview of adhesi on  testi ng  of frontsheet an d  backsheet 

A. 1  Type of adhesi on  fai l ure  

The  geometry of the  adhes ion  test determ ines  how force  i s  appl i ed  to  the  i n terfaces  i n  a  
mu l ti l ayer sample.  Any of the  i n terfaces  involved  i n  a  mu l ti - layered  composi ti on  cou ld  be  the  
weakest l i nk in  the  s tack.  Cohesive  fa i lu re  wi th in  a  l ayer may occur rather than  fa i lu re  at an  
i n terface.  I n  case  of adhes ive  fai l u re,  the  correspond ing  i n terface(s)  needs  to  be  i denti fi ed .  
The  presence  of compl ian t or bri ttle  l ayers  i n  the  mu l ti layer s tack may actual l y prevent  
assessment of i n terfacial  adhes ion .  See  F igure  A. 1 .  

 

   

(A)  i n i ti al  s etu p  (B)  ad h esi ve  fai l u re  (C)  coh esi ve  fai l u re  

 

   

( A)  i n i ti al  s etu p  (B)  ad h esi ve  fai l u re  (C)  coh esi ve  fai l u re  

Figu re A. 1  – Ad h esive  an d  coh esi ve  fai lu re  type sch em ati cs  
for l ap-sh ear (top)  an d  T-plu ck (bottom)  
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A. 2  Characteri sti cs  of adhesi on  peel  tests  

I n  adhesion  peel  tests,  the  peeled  l ayer acts  as  a  ki nd  of lever by wh ich  the  peel  force  is  
exerted  to  the  in terfaces  of the  stacks.  Therefore,  i nclud ing  other factors,  the  measured  
adhesion  strength  value  depends  on  th ickness,  e lastici ty and  the  curvature  of the  peeled  lever.  
The  measured  peel  strength  i s  a lso  function  of the  test  geometry such  as  90°  or 1 80°  peel  
and  – depend ing  on  the  geometric border cond i ti ons  – may vary through  the  test,  l im i ti ng  
reproducibi l i ty and  the  abi l i ty to  compare  between  d i fferent  backsheet and  fron tsheet products .  

I n  T-peel ,  two  90°  peels  are  s imu l taneously performed  in  oppos i te  d i rections,  wi th  ang les  
90°  +  α°  and  90°  – α° .  I n  T-peel  of an  asymmetric  specimen  the  deviati ng  ang le  α°  may 
become qu i te  l arge  (>  5° ) ,  whereas  i n  case  of symmetric l ayer s tacks,  the  α°  may approach  0°  
on  average  but  varying  during  the  test.  I n  the  l atter case,  T-peel  i s  recommended  to  quanti fy 
changes  of adhesion  s trength  e. g .  resu l ti ng  from  ageing ,  provided  suffi cien t repl icates  are  
tested  i n  view of requ i red  s ign i ficance  of resu l ts.  

I n  1 80°  peel ,  the  curvature  of the  hand le  l ayer i s  s ign i ficant wh ich  may cause  tensi le  fai l u re  of 
the  l ayer,  making  assessment of in terface  adhesion  imposs ib le .  

Aforementioned  dependence  of resu l ti ng  adhes ion  streng th  on  layer characteristics  ( th ickness,  
e lastici ty,  etc. )  l im i ts  the  comparabi l i ty of peel  tests  to  a  qu i te  narrow scope,  such  as  
comparing  d i fferent adhesives  wi th in  the  same  set of materia l  l ayers  (of the  same th ickness).  
Even tual l y,  a lso  the  re lati ve  degradation  of adhes ion  s trength  upon  agei ng  can  be  evaluated ,  
provided  other l ayer characteristics  have  not changed  during  ageing ,  such  as  l ayer elastici ty.  

I n  order to  assess  a  speci fic i n terface,  the  adhes ive  function  i s  partia l l y om i tted  or rendered  
i nactive  by i nsertion  of su i table  re lease  materia ls  at  a  speci fi c posi tion  i n  the  layer stack,  thus  
d ivid ing  the  l ayer stack i n to  two sub-stacks  and  defin ing  their i n terface  as  starting  poin t of the  
peel  test.  However,  th is  does  not guarantee  that fa i lu re  wi l l  propagate  a long  i n i tia l  i n terface.  

Also  temperature  and  hum id i ty during  the  peel  test or the  pre-cond i ti on ing  phase,  as  wel l  as  
peel ing  speed  may affect  the  measured  resu l ts  [6 ]  [7] .  

A. 3  Characteri sti cs  of pl u ck and  l ap-shear tests  

I n  p l uck and  lap-shear tests ,  the  geometry of the  appl ied  force  is  defi ned  as  90°  p luck or 
shear,  i deal l y being  un i form ly d istributed  through  the  test  through  use  of ri g i d  auxi l iary 
materia ls  as  hand les,  e . g .  su i table  constructed  a lum in ium  bars,  to  wh ich  the  loadframe 
appl ies  a  l oad .  These  hand les,  however shal l  be  attached  to  the  mu l ti layer stack by another 
adhes ive,  often  epoxy poss ib l y i n  combination  wi th  some surface  etch ing  procedure.  An  
adhesive  wi th  i nsufficien t s trength  l im i ts  the  maximum  measurable  adhes ion  strength  i n  the  
mu l ti l ayer stack under test.  Regard ing  the  hand les,  premature  fa i l u re  of the  hand le  layers  may 
comprom ise  the  test,  whereas  mechan ical  compl iance  of the  hand les  may a lso  affect the  test.  

G lue  may affect resu l ts,  i f i t  penetrates  the  typica l l y th i n  l ayers  of backsheet or fron tsheet 
constructions,  eventual l y chem ical l y i n fluencing  the  adhesion .  When  assessing  the  adhes ion  
strength  after ageing ,  i t  i s  recommended  to  attach  the  g l ue  to  the  materia l  after samples  have  
been  aged ,  s ince  e levated  temperature,  hum id i ty or exposure  to  UV may i n troduce  arti ficia l  
i n teractions  between  g lue  and  materia l  under test.  I denti fication  of su i table  g lue,  pre-clean ing  
or etch ing  procedures  of the  i n terfaces  and  i ts  cu ring  cond i ti on  may requ i re  a  pre-study for a  
particu lar materia l  under test.  

NOTE  Adhesion  tests  based  on  the  pri ncip l e  of fractu re  mechan ics  [8]  are  presentl y bei ng  devel oped  i n  fu tu re  
I EC TS  62788-6-3  [1 8] .  These  have  the  poten ti a l  to  overcome some  of the  l im i tations  of the  aforementioned  
methods.  These  methods  a l so  rel y on  the  attachment  (g l ue,  epoxy res in )  of a  ri g i d  auxi l i ary p l ate  or bar that  acts  
as  a  can ti l ever of pre-defi ned  geometry.  



I EC TS  62788-2 :201 7  © I EC  201 7  – 61  –  

A. 4  Cross-hatch  tape testi ng  

The  cross-hatch  test d i ffers  from  the  other tests  methods,  i n  that i t  i s  a  manual  test  wi th  visual  
evaluation  accord ing  to  a  p ictoria l  ru ler as  opposed  to  an  i nstrument based  test  i n  wh ich  
l oad/d isplacement is  measured  and  anal ysed .  For cross-hatch ,  the  adhesion  test force  
depends  on  the  operator ski l l  and  also  on  the  adhesion  strength  of the  tape,  for wh ich  a  
m in imum  strength  is  requ ired  (see  Clause  B. 5).  However,  d i fferences  i n  tape  products  are  not 
d i fferentiated ,  wh ich  may i n troduce  variations  that l im i t  comparabi l i ty of resu l ts  between  
specimens.  

A. 5  Other caveats  

The  in terface  in  the  l ayer stack at wh ich  de-lam ination  occurs  may j ump between  d i fferen t 
i n terfaces  during  the  test,  via  cohesive  fa i l u res,  even  though  adhesion  test was  i n tended  to  
exam ine  a  speci fic  in terface.  Releaser l i ners  can  a lso  be  purposefu l l y i n troduced  during  
sample  preparation  to  test adhes ion  of a  whole  fron tsheet or backsheet to  another materia l .  A 
l am ination  s tep  ( i . e .  a  s tandard  time,  temperature,  pressure  episode  wi th  or wi thou t actual  
l am ination  to  an  encapsu lant)  shou ld  be  i ncluded  i n  the  sample  preparation  to  m im ic the  
process ing  cond i ti ons  du ring  production  of PV modu le  as  close  as  possib le.  

Sample  preparation  by 3 rd  parties  by cu tting  through  to  some more  or l ess  defined  depth  of 
the  l ayer stack or manual  peel ing  wi l l  most probabl y resu l ts  in  a  weakest  l i nk approach .  The  
same holds  for the  cross-cutting  / tape  test.  

Reducing  the  number of d i fferent  materia ls  and  correspond ing  i n terfaces  may help  to  l im i t  
testing  to  speci fic i n terfaces,  for R&D  purposes  and  b i l ateral  qual i fication  testi ng ,  even  though  
the  test geometry may no  l onger m im ic the  PV appl ication .  

Adhesion  test resu l ts  may be  l im i ted  to  the  adhes ive  force  provided  by the  adhes ion  or 
cohesion  of an  auxi l i ary materia l  (g lass,  a l um in ium ,  or tape  hand le)  that i s  needed  to  perform  
the  test.  

Adhesion  tests  at  e l evated  temperature  may be  cons idered  to  i nvestigate  the  effect  of h igh  
temperature  of a  backsheet in  an  operating  PV modu le.  For th is  purpose,  the  l oadframe  
mach ine  shou ld  be  equ ipped  for operation  at e l evated  temperatures  through  the  use  of an  
envi ronmental  chamber or by other means.  I f an  envi ronmental  chamber is  used ,  the  samples  
shal l  be  a l l owed  to  equ i l i brate  to  the  test temperature  before  testing .  At  l east 5  m in  shou ld  
e lapse  between  when  the  chamber door i s  cl osed  (after the  sample  is  moun ted)  and  the  start  
of the  test.  

A. 6  Overvi ew 

Table  A. 1  g ives  an  overview of adhes ion  test methods,  described  i n  th is  document that  were  
adapted  for testi ng  component adhesion  in  the  PV modu le  con text.  Al l  of the  methods  have  
their preferred  appl ication  and  correspond ing  i nheren t l im i tations,  as  described  before.  Test 
procedures  are  described  i n  the  correspond ing  clauses  of normative  Annex B .   

A p l aceholder for a  tapered  beam  adhesion  test i s  l i s ted  i n  the  tab le,  wh ich  is  based  on  
princip les  of fracture  mechan ics  and  curren tl y under development i n  fu ture  I EC 62788-6-3.  
The  tapered  beam  method  poten tia l l y overcomes  shortcom ings  of conventional  peel  tests  as  
both  tapered  form  of the  beam  as  wel l  as  choice  of beam  materia l  resu l t  i n  reproducible  
defin i tion  of the  l ever i n  the  adhesion  test geometry.   
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Tabl e  A. 1  – Overview of variou s  adh esion  tests  an d  th eir g en eral  capabi l i ty of 
testin g  pol ym eri c fron tsh eet  an d  backsh eet  

  

Con text i n form ati on  1 80°  peel  T-peel  T-pl u ck l ap  sh ear  cros s-h atch  tape   fractu re  m ech an i cs  

a)  Reference  Clause  B . 1  Clause  B . 2  Clause  B . 3  Clause  B . 4  
Clause  B . 5   

Fu ture  I EC 62788-6-3  
[1 8]  

b)  schematics  

      

c)  capabi l i ty for test  of 
adhes ion  between  
i nd i vi dual  
components  of a  
FS/BS  

su i tabl e  i n  general ,  
bu t   

may be  l im i ted  by 
tensi l e  break due  to  

cu rvatu re  and  
materia l  compl iance  

very l im i ted  
reproducib i l i ty for 
asymmetric  l ayer 

stacks  

not appl i cable  not  appl i cable  

appl i cabl e  for test  of 
coati ngs  or th i n  
l ayers  too  th i n  or 
bri ttl e  to  test  vi a  T-

peel  or 1 80°  

quanti tati ve  
measurement of a l l  

i n terl am inate  i n terfaces  
i s  possib le  vi a  sample  

preparati on  

d )  capabi l i ty for test  of 
weakest (adhes ion)  
l i nk wi th i n  a  fi n i shed  
FS/BS  

appl i cabl e  i f mu l ti -
l ayer sheet can  be  
separated  manual l y 
to  mount  free  ends  

i n  g ri ppers  

not  appl i cable  

possib le  i n fl uence  
of epoxy on  i nner 

backsheet 
i n terfaces  

possib le  i n fl uence  of 
epoxy on  i nner 

backsheet  materia l ;  
geometry atypical  for 

fi e l d  fai l u res  

not  appl i cable  
quanti tati ve  

measurement possib le  

e)  capabi l i ty for test  of 
adhes ion  of a  FS/BS  
to  an  encapsu l an t  

su i tabl e  i n  general ,  
bu t   

may be  l im i ted  by 
tensi l e  break due  to  

cu rvatu re  and  
materia l  compl iance  

fa i r reproducibi l i ty  not  appl i cable  not  appl i cable  not  appl i cable  
quanti tati ve  

measurement possib le  

f)  capabi l i ty for test  of 
adhesion  of FS/BS  
to  a  j unction  box 
adhesi ve  or edge  
sealant  

geometry atypical  
for fi e l d  fa i l u re  

fa i r reproducibi l i ty,  
even  though  

geometry atypical  
for fi e l d  fai l u re  

geometry atypical  
for fi e l d  fai l u re  and  
possible  i n fl uence  

of epoxy on  
i n terface  

geometry atypical  for 
fi e l d  fai l u re  and  

poss ible  i n fl uence  of 
epoxy on  i n terface  

not  appl i cable  
quan ti tati ve  

measurement  poss ible  

IEC  

1 80°  

Tensi l e  s tress  

IEC  

Effecti ve  peel  
ang l e  

( 1 40° -1 80° )  
IEC  IEC  IEC  IEC  
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Con text i n form ati on  1 80°  peel  T-peel  T-pl u ck l ap  sh ear  cros s-h atch  tape   fractu re  m ech an i cs  

g)  test  mode  speci fi c  i n terface  speci fi c  i n terface  weakest  l i nk   weakest l i nk  test  

h )  auxi l i ary mounti ng  no  no  yes  (epoxy)  yes  (epoxy)  yes  (tape)  
yes  (epoxy /  
cyanoacryl i c)  

i )  sample  preparation  

prepare  fl aps  for 
g ri ppers ,  e . g .  l im i t  
adhesive  l ayer to  2/3  
of l ength  of sheets  
or  i nsert  rel ease  

materia l  

prepare  fl aps  for 
g ri ppers ,  e . g .  l im i t  
adhesive  l ayer to  2 /3  
of l eng th  of sheets  
or i nsert  release  

materia l  

mount  (epoxy)  T-
pl uck hand le;  

mount  sample  on  
ri g i d  support,  i f n ot  
se l f-supporti ng  

mount (epoxy)  l ap  
shear hand l e  on  

sample;  mount  sheet   
on  ri g i d  support  
(coupon  D)  

cu t  th rough  th i n  
l ayer or coati ng  

down  i n to  substrate  
of sheet  

adhere  appropriate  
e l asti c  beam  to  su rface  
and  section  through  
l am inate  around  the  

beam  
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An nex B  
(normative)  

 
Adhesi ve bond  strength  test procedures  in  PV context 

B. 1  1 80°peel  adh esi on  test 

B. 1 . 1  Specim en s  

Test appl ies  to  three  types  of specimens:  

a)  Test specimens  can  be  constructed  from  sheets  of at  l east two  ad j oin ing  layers  of the  
components  used  i n  the  fron tsheet or backsheet.  These  may be  prepared  and  bonded  
together wi th  the  same adhesive  as  used  i n  serial  production  of frontsheet or backsheet.  
The  samples  may be  created  using  the  same vacuum  l am ination  process  used  i n  the  PV 
modu le  fabrication .  

b)  Samples  for weakest l i nk test of backsheet or fron tsheet are  prepared  from  fin ished  sheet  
materia l .  I n troduce  a  separation  i n  the  sheet by su i table  means  (kn i fe,  fi ngernai ls ,  etc. ) ,  
such  that  the  free  ends  can  be  used  as  hand les  i nserted  i n to  the  grips  of the  l oadframe 
mach ine.  

c)  Samples  for the  test  of adhesion  of backsheet or fron tsheet to  other materia l  are  produced  
by lam inating  fron tsheet,  encapsu lant and  a  rig i d  substrate  or backsheet,  encapsu lant  to  a  
ri g id  superstrate  (g lass)  i n  representati ve  production  lam ination  process.  

Cu t the  bonded  test  sheets  i n to  1 0  mm  wide  test  specimens,  d iscard ing  the  edge  cu ts,  by a  
means  that i s  not de leterious  to  the  bond .  

The  1 00  mm  long  unbonded  ends  ben t apart,  perpend icu lar to  the  bond  l i ne,  for cl amping  i n  
the  grips  of the  test mach ine.  See  F igure  B. 1 .  

Dimensions  i n  m i l l imetres  

 

Fi gu re B. 1  – Exampl e test pan el  (70  m m  x 1 50  mm)  an d  test speci m en  

B. 1 . 2  Procedu re  

See  4 . 3. 4  for pre-cond i tion ing  and  4. 3. 5  for general  test procedure.  

  

 

1 0  (7× )  50  

1 00  

Part  wi th  adhesive  

Part  wi thou t adhes ive  or wi th  
adhesive  rendered  i nacti ve  
by use  of re lease  materia l .  

IEC  
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I n  add i ti on :  

a)  For flexib le/fl exib le  samples,  re inforce  the  s ide  of the  th icker fi lm  wi th  a  flat meta l  p late  
(see  F igure  B .2  l eft)  by cl amping  the  fi lm  together wi th  the  fl at  metal  p late   i n  the  lower 
test grip  of the  tens ion  mach ine  ( in i tia l  gauge  l eng th  i s  50  mm).  Optional l y,  the  fi lm  may 
be  g l ued  to  the  p late.  C lamp the  ben t,  unbonded  end  of the  test specimen  in  the  upper 
test g rip.  Appl y the  l oad  at  a  constant  d isplacement speed  of 50  mm/m in .  The  fi lm  wh ich  is  
fixed  to  the  metal  p late  i s  not a l l owed  to  move  i n  any d i rection  duri ng  the  peel  test.   

b)  For fl exib le/ri g id  samples  ( lam inated  coupons  wi th  e . g .  a  g lass  or a l um in ium  base)  the  fl at 
metal  p late  is  om i tted .   

 

Figu re B. 2  – Fi xati on  of th e  sampl e  for 1 80°  peel  (for u se wi th  fl exi bl e/flexi bl e  sampl es)  
an d  cross-secti on  of th e  sample  

B. 1 . 3  M easu rem en t  

Determ ine  from  the  au tograph ic curve  the  average  l oad ,  i n  Newtons  per m i l l imetre  of the  
specimen  wid th  requ ired  to  separate  the  adherents.  

I f the  mode  of fa i l u re  has  not  changed ,  a  p l ateau  l ike  l oad  versus  d isplacement cu rve  i s  
recorded  (see  F igure  B . 3,  l eft) .  I n  that case  average  the  recorded  data  for a l l  specimens  over 
the  en ti re  peel  length  except the  i ncipient tear,  wi th  1 00  mm  marking  the  upper l im i t  of 
d isp lacement range  and  20  mm  the  l ower,  both  measured  from  the  onset of l oad .  I n  the  even t 
of changes  in  fa i l u re  mode,  veri fy by i nspection  of samples  where  the  adhesion  fai l u re  has  
occurred  and  wh ich  data  range  is  actual l y associated  wi th  the  i n terface  under test.  Then ,  the  
average  specimen  peel  s trength  shal l  be  determ ined  us ing  the  portion  of the  data  associated  
wi th  the  fai l u re  of the  i n terface  of i n terest  (see  F igure  B. 3,  ri gh t).  

The  average  value  and  standard  deviation  for the  adhes ion  between  the  peeled  l ayers  shal l  
be  calcu lated .  

Both  d i rections,  MD  and  TD  d i rection  of the  sheet  materia l ,  sha l l  be  tested  and  reported  for 
peel  tests .  

IEC  

Ad justabl e  g ri p  

Peel  d i rection  
Force  d i recti on  

Adhesi ve  

Specimen  
Rest  of materia l  

Flat  metal  p l ate  
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Figu re B. 3  – S in g l e  an d  mu l tipl e  fai l u re  m od es  in  a  peel  test  

B. 2  T-peel  ad hesi on  test  

B. 2. 1  Sample  preparation  

See  4 . 3. 3  for sampl ing  of sheet materia l .  

The  l am inated  test specimen  (see  F igure  B . 4)  sha l l  be  prepared  from  two  fl exib le  sheets  of 
the  same kind  of fron tsheet or backsheet and  the  match ing  materia l  for test as  adheren t.  
Examples  i nclude:  

a)  two sheets  of fi n ished  backsheet (or fi n ished  frontsheet)  wi th  the ir i nner s i des  oriented  
i nside  and  sandwich ing  an  encapsu lan t are  lam inated  i n  accordance  wi th  the  encapsu lan t 
manufacturer’s  recommendations  includ ing  a  re lease  fi lm  for the  incipient  tear or 
foreseeing  the  l eng th  of encapsu lant as  ca.  2 /3  of the  length  of the  pol ymeric sheets;  

b)  two sheets  of fin ished  backsheet wi th  thei r a i r s i de  orien ted  i ns ide  and  sandwich ing  an  
j unction  box adhesive  (e. g .  s i l i cone  or adhesive  tape)  that i s  appl ied  and  cured  i n  
accordance  wi th  the  adhes ive  manufacturer’s  recommendations  i nclud ing  a  re lease  fi lm  
for the  i ncip ien t tear or foreseeing  the  length  of adhes ive  as  ca.  2 /3  of the  length  of 
backsheets.  

Appl y adhesive  tapes  i n  1 0  mm  wide  strips  or appl y an  adhesive  bead  (e.  g .  for s i l i cone  
adhesives)  to  the  sheet.  I n  the  case  of an  adhesive  bead ,  a  mou ld  may be  used  to  create  
an  adhesive  stripe,  wi th  the  d imensions  of 1 0  mm  wid th  and  2  mm  heigh t.  F l atten  the  
stripe  to  a  heigh t of 1  mm  by us ing  d istance  p lates  i n  combination  wi th  the  second  sheet  
and  cure  i t  i n  accordance  to  the  adhesive  manufacturer’s  recommendations.  

Cu t the  bonded  sheet sandwiches  i n to  test  strips  wi th  a  wid th  of preferabl y 1 5  mm ,  bu t at  
l east 1 0  mm.  D iscard  the  cu t edges  cu ts  (F igure  B . 4)  by a  means  that  i s  not de leterious  to  the  
bond .  The  50  mm  long  unbonded  ends  shal l  be  bent  apart,  perpend icu lar to  the  
adheren t/release  fi lm  l i ne,  for clamping  i n  the  g rips  of the  test  mach ine.  

The  choice  of encapsu lant or j unction  box adhesive  may be  made  by the  test requestor or the  
frontsheet or backsheet manufacturer.  
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Dimensions  i n  m i l l imetres  

 

Fi gu re B. 4 – Sh eet  san d wi ch  (above)  from  wh i ch  test  speci m en s  
for T-peel  are  prepared  

B. 2. 2  Procedu re  

See  4 . 3. 4  for pre-cond i tion ing  and  4. 3. 5  for general  test procedure.  

B . 2. 3  M easu rem en t 

See  B. 1 . 3 .  
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B. 3  Dyn ami c tensi l e  (T-pl u ck)  

B. 3. 1  Pu rpose  

The pu rpose  of th is  test i s  to  evaluate  the  i nheren t res istance  of a  bonded  i n terface  (or set of 
i n terfaces)  to  tens i le  forces  to  quan ti fy the  s trength  of attachment for the  weakest i n terface.  
Materia l ,  backsheet,  and  modu les  manufacturers  may use  the  method  to  test  coupon  or 
modu le  specimens.  Whi l e  the  methods  m igh t be  appl ied  to  materia l  specimens,  they are  
i n tended  for use  wi th  fi n i shed  backsheet product.  

B. 3. 2  Pri n ci pl e  

Tensi l e  bond  strength  is  determ ined  by stressing  a  bu tt  j o i n t  created  between  rig i d  adherents  
i n  tens ion  by appl ying  a  d isp lacement perpend icu lar to  the  bond  area  and  to  the  major axis  of 
the  specimen  as  shown  i n  F igure  B. 5.  After su i table  cond i ti on ing ,  the  prepared  assembly i s  
tested  in  a  d isplacement con trol l ed  mechan ical  l oadframe  apparatus  at  a  defi ned  crosshead  
d isplacement speed .  An  extensometer shou ld  be  used  to  accuratel y determ ine  the  
d isplacement at the  specimen .  

 

Fi gu re  B. 5 – Dyn am i c ten si l e  (plu ck)  sch emati c  

B. 3. 3  Speci m en s  

See  4 . 3. 3  for sampl i ng  of sheet  materia l .  

I nd ividual  specimens  shal l  be  prepared  accord ing  to  F igure  B . 6.  Coupons  conta in ing  the  
backsheet wi l l  be  constructed  us ing  25  mm  (or 38  mm)  x 75  mm  pieces  of (5  ±  1 )  mm  g lass,  
encapsu lant,  and  backsheet.  Th is  construction  wi l l  be  cured  in  a  l am inator.  

Tensi le  p luck samples  wi l l  be  prepared  us ing  an  a lum in ium  t-b lock (hand le)  that i s  mach ined  
from  a  profi l e  wi th  at  l east  4  mm  th ickness,  provid ing  a  p late  base  area  of 25  mm  x 25  mm  
wi th in  a  to lerance  of ±  0 , 5  mm  for the  l i near d imensions,  and  a  heigh t  of at  l east 1 2  mm.  The  
hand le  shal l  have  provis ions  for attach ing  i t  to  the  l oad  frame,  so  that no  torque  i s  i n troduced  
during  d isp lacement.  An  example  is  a  central  ho le  i n  the  vertical  part of the  hand le.  
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Dimensions  i n  m i l l imetres  

 

Figu re B. 6  – Sch em ati c  of p lu ck sam pl e  ( i n  cross-section )  
for a  l am in ated  backsh eet test  

Bond  the  hand le  to  the  backsheet us ing  a  su i table  adhes ive  -  one  that i s  strong  enough  to  
determ ine  the  weakest l i nk i n  the  backsheet or a  j unction  box adhesive  of i n terest.  For l iqu id  
adhes ives  g lass  spacer beads  may be  used  to  create  cons isten t bond  th icknesses.  W ipe  the  
edges  of the  bond  l ine  to  remove excess  adhesive  and  mainta in  a  bond  area  s im i lar to  the  
s ize  of the  t-b lock.  Al low the  adhesive  to  cure  per manufacturer’s  recommendations  to  obtain  
the  maximum  bond  strength .  

B. 3. 4  M easu rem en t proced u re  

See  4 . 3. 4  for pre-cond i tion ing  and  4. 3. 5  for general  test procedure.  

Mount the  l am inated  g lass  and  the  t-b lock to  the  grippers  of the  l oadframe us ing  su i table  
adapters.   

B. 3. 5  Fin al  m easu rem en ts  

Calcu late  s train  and  s tress  accord ing  to  the  fol lowing  formu lae,  where  the  variables  are  
described  be low and  i n  F igure  B . 7:  

 

 

Fig u re B. 7  – Dyn am ic  ten si l e  vari abl es  
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The  stress  is  ca lcu lated  as   

 
00
LW

F

⋅
=σ ,   

where  

ε  i s  the  tensi l e  stra in  (%) ;  

t
0
 i s  the  i n i ti a l  overlap  adhesive  th ickness  (mm);  

δ  i s  the  specimen  d isplacement (from  strain  gage  or extensometer)  (mm);  

σ  i s  the  tensi l e  s tress  (MPa);  

L
0
 i s  the  in i tia l  overlap  l eng th  (mm);  

W
0
 i s  the  i n i ti a l  overlap  wid th  (mm);  

F i s  the  h i ghest recorded  force  on  the  s tress-strain  curve  (N ).  

B. 4 Dyn ami c overl ap shear 

B. 4. 1  Pu rpose  

The purpose  of the  shear test i s  to  evaluate  the  i nheren t resistance  of a  bonded  i n terface  to  
shear forces  to  quanti fy the  s trength  of a ttachment for the  weakest  i n terface.  Materia l ,  
backsheet,  and  modu les  manufacturers  may use  the  method  to  test  coupons  or modu le  
specimens.  Whi le  the  methods  m igh t be  appl i ed  to  materia l  specimens,  they are  i n tended  for 
use  wi th  fi n ished  backsheet products.  

B. 4. 2  Pri n ci pl e  

Adhesive  l ap-shear bond  strength  i s  determ ined  by stress ing  a  s i ng le-overlap  j oin t between  
ri g i d  hand les  i n  shear by appl ying  a  force  paral le l  to  the  bond  area  and  to  the  major axis  of 
the  specimen ,  as  shown  in  F igure  B . 8.  After su i table  cond i ti on ing ,  the  prepared  assembly i s  
tested  i n  a  d isplacement control led  mechan ical  l oadframe at a  defi ned  crosshead  
d isplacement speed .  An  extensometer shou ld  be  used  to  accuratel y determ ine  the  
d isplacement at the  specimen .  

 

Figu re B. 8  – Overl ap  sh ear force  sch em ati cs  

B. 4. 3  Specim en s  

A detai led  description  of the  assembly of the  specimens  to  be  prepared  is  i denti fi ed  i n  
Clause  5  of I SO  4587: 2003.  The  specimens  may be  prepared  e i ther i nd ividual l y or from  
panels  as  described  i n  of I SO  4587.  
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I nd ividual  specimens  shal l  conform  to  F igure  B. 9  and  F igure  B . 1 0,  as  in  I SO 4587,  where  the  
overlap  adhesive  bond  area  i s  equal  to  25  mm  x 25  mm,  and  each  al um in ium  substrate  has  a  
th ickness  of 1 , 6  mm ,  and  an  area  of 25  mm  x 1 00  mm .  The  l am inated  back sheet sample  shal l  
be  made  us ing  a  25  mm  x 50  mm  piece  of both  the  encapsu lant and  the  backsheet.  The  
sample  shou ld  be  run  through  a  representati ve  lam ination  cycle  for the  backsheet as  
recommended  by the  materia l  manufacturer(s).  

The  backsheet sample  i s  made  s l i ghtl y l arger than  the  bond  s ize  to  a l l ow for the  flow of 
excess  encapsu lan t from  the  two  ends  of the  sample.  Smal l  p ieces  of s ing le-s ided  tape  can  
be  used  to  mask off the  bond  area.  At  l east  fi ve  repl icate  specimens  shal l  be  exam ined .  

 D imensions  i n  m i l l imetres  

 

Ke y 

1   Metal  coupon  (25  mm   x 1 00  mm) 

2   Adhesi ve  (25  mm  x 25  mm) 

3   Backsheet (25  mm  x 50  mm)  

4   Encapsu lan t  (25  mm  x 50  mm) 

5   Metal  coupon  (25  mm  x 1 00  mm)  

Fi gu re B. 9  – Sch em atic  of overl ap  sh ear speci men  sh own  i n  cross-section ,  
for a  l am in ated  backsh eet cou pon  

Dimensions  i n  m i l l imetres  

 

Fig u re B. 1 0  – Detai l s  of overl ap  sh ear speci men s  
(ISO 4587: 2003,  Fi g u re  1 )  
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B. 4. 4  M easu rem en t proced u re  

See  4 . 3. 4  for pre-cond i tion ing  and  4. 3. 5  for general  test procedure.  

P lace  the  specimens  i n  the  grips  of the  testi ng  mach ine  so  that  the  ou ter 25  mm  of each  end  
of the  hand les  are  i n  con tact  wi th  the  j aws  (see  F igure  B. 1 1 ).  The  long  axis  of the  test  
specimen  shou ld  coincide  wi th  the  d i rection  of appl i ed  d isplacement through  the  cen trel i ne  of 
the  grip  assembly.  I t  may be  necessary to  use  off-setti ng  grips  or other means  to  ensure  
vertical  a l ignment in  the  g rips.  

Dimensions  i n  m i l l imetres  

 

Fi gu re  B. 1 1  – Overview of overlap  sh ear test con di tion s  

B. 4. 5  Fin al  m easu rem en ts  

Calcu late  s train  and  s tress  accord ing  to  the  fol lowing  formu lae,  where  the  variables  are  
described  below and  F igure  B. 1 2.  
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Figu re B. 1 2  – Dyn ami c overl ap  sh ear sch emati c  
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where  

γ  i s  the  shear s train  (%) ;  

t
0
 i s  the  i n i ti a l  overlap  adhesive  th ickness  (mm);  

δ  i s  the  crosshead  d isplacement (from  strain  gage  or extensiometer)  (mm);  

τ  i s  the  shear s tress  (MPa) ;  

L
0
 i s  the  in i tia l  overlap  l eng th  (mm);  

W
0
 i s  the  i n i ti a l  overlap  wid th  (mm);  

F i s  the  h i ghest recorded  force  on  the  s tress-strain  curve  (N ).  

Stress  can  be  calcu lated  at other stra ins  by d i vi d ing  the  force  by the  overlap  area  of the  
specimen  at the  crosshead  d isp lacement.  

B. 5 Cross-hatch  tape test 

B. 5. 1  Apparatu s  

Use  the  mu l ti -b lade  cu tting  tool  accord ing  to  3 . 2 . 3  of I SO  2409: 201 3  wi th  at l east  6  or 1 1  
b lades  and  1  mm  spacing .  The  tool  wi th  1 1  b l ades  i s  preferred .  

Use  the  tape  method  for testi ng  of removal  of l oose  coating  as  described  i n  C lause  A. 2  of 
ISO  2409: 201 3.  

I n  add i ti on  to  provis ions  g i ven  i n  I SO 2409:201 3  the  tape  i s  defi ned  as  fol lows:  

– A pol yester adhes ive  tape  of 0 , 055  mm  th ickness  and  25  mm  wid th .  

– The  tape  provides  a  peel  strength  of at l east (1 0  ±  1 )  N  /  25  mm  when  appl ied  to  the  
surface  of the  material  under test  (see  B. 5. 2) .  The  adhesive  peel  s trength  of the  tape  is  
measured  in  1 80°  peel  geometry.  

– I f no  tape  wi th  the  m in imum  adhesion  streng th  i s  avai l able,  the  T-peel  or T-p luck methods  
(Clauses  B. 2  and  B. 3)  can  be  cons idered  as  secondary replacement for the  tape  test:  for 
testing  of the  i nner l ayer a  T-peel  sample  is  constructed  wi th  2  sheets  of fron tsheet or 
backsheet and  an  encapsu lant and  tested  as  defined  i n  C lause  B. 2.  For cross-hatch  
testing  of the  ou ter (=  a i rs ide)  l ayer of a  frontsheet or backsheet,  the  T-pluck method  in  
Clause  B. 3  can  be  appl ied  us ing  a  j unction -box adhesive.   
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NOTE  Su i tabl e  tapes  are  e . g .  Permacel#99,  E l cometer #99,  TESA 41 29  or N ich i ban  CT-405  AP-24.  

B. 5. 2  Procedu re  

See  Clauses  5  and  6  of I SO  2409: 201 3.  Cond i ti on  the  specimens  prior to  the  test at  
(23  ±  2)  °C  and  (50  ±  5)  %  RH  for at l east 24  h .  Score  a  clean  section  of the  su rface  to  form  a  
create  pattern ,  appl ying  s teady force  sufficien t to  penetrate  the  coating  bu t not the  substrate.  

Remove  any l oose  fl akes  from  the  fi lm  us ing  a  brush  or clean  cloth .  Apply a  ca.  1 0  cm  p iece  
of the  tape  as  defined  i n  B. 5 . 1  to  the  scored  section  of the  surface.  Smooth  the  tape  to  ensure  
good  surface  contact us ing  a  squeegee.  

Let the  tape  rest 1  m in  to  2  m in  to  stabi l i ze  the  adhes ion  of the  tape  to  the  materia l ,  then  
remove  the  tape  by g rasping  the  free  end  and  pu l l i ng  i t  off stead i l y i n  0 , 5  s  to  1 , 0  s  at  an  
ang le  wh ich  is  as  close  as  poss ib le  to  60°  (see  F igure  A. 1  i n  I SO  2409:201 3).  

NOTE  Type  of tape,  pressure  of tape  app l i cation ,  curi ng  t ime,  ang le  and  speed  of tape  re l ease  may i n fl uence  the  
resu l t.  Al so  ageing  of the  material  u nder test  by e . g .  damp  heat test  or UV weathering ,  may affect  the  pee l  s trength ,  
e . g .  due  to  presence  of chalking  or other changes  of the  materia l s  su rface.  

B. 5. 3  Fi n al  m easu rem en ts  

An  observer wi th  normal  viewing ,  or corrected-to-normal  viewing  compares  the  removal  of 
coating  area  wi th  the  i l l u strations  g i ven  in  Table  1  of I SO 2409: 201 3.  See  F igure  B. 1 3 .  

 

Figu re B. 1 3  – I l l u stration  of area  removal  by tape in  cross-h atch  test,  
wi th  classi fi cati on  from  0  to  5  (from  l eft  to  righ t)  

NOTE  Other standards  re lated  to  cross-hatch  tape  adhes ion  testi ng  of coati ngs  may use  d i fferen t cl ass  names,  
eventual l y starti ng  at  1 .  
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Annex C 
(normative)  

 
DC  breakdown  vol tage 

C.1  Apparatus  

Use  the  e lectrica l  apparatus  (step-up  transformer presented  as  i n  Clause  8  of 
I EC 60243-1 : 201 3)  equ ipped  wi th  equal  d iameter e lectrodes  (as  i n  5. 2. 1 . 2  of 
I EC 60243-1 : 201 3)  and  appl y the  d . c.  method  g iven  i n  I EC  60243-2.  

The  D .C.  breakdown  strength  of frontsheets  and  backsheets  i s  common l y h i gh  and  may 
cons ist  of several  l ayers,  making  th ickness  ad justment impossib le.  For that  reason  i t  i s  
recommended  to  use  a  power generator ab le  to  generate  m in imum  1 00  000  V.  

To  protect the  vol tage  source  from  damage  i t  shal l  be  equ ipped  wi th  a  device  wh ich  
d isconnects  the  power suppl y on  breakdown  of the  specimen.  I t  may consist  of a  
curren t-sens i ti ve  e lement i n  the  HV suppl y of the  e lectrodes.  

To  restrict  damage by cu rrent or vol tage  surges  at  breakdown ,  a  res istor wi th  a  su i table  value  
may be  used  i n  series  wi th  the  e lectrodes.  The  va lue  of the  res istor wi l l  depend  on  the  
damage  wh ich  can  be  to lerated  at  the  e lectrodes.  The  use  of very h i gh  valued  res istor may 
resu l t  i n  breakdown  vol tages  wh ich  are  h igher than  those  obtained  wi th  l ow vol tage  res istor.  

The  e lectrodes  shal l  cons ist  of two  metal  cyl i nders  preferabl y by sta in less  s teel  wi th  the  
edges  rounded  to  g i ve  a  rad ius  of 3  mm  ±  0 , 2  mm .  A fixture  shou ld  be  employed ,  wh ich  
accurate l y a l i gns  upper and  l ower e lectrode  wi th in  1 , 0  mm.  Both  e lectrodes  shal l  be  25  mm  ±  
1  mm  in  d iameter as  wel l  as  height,  see  F igure  C. 1 .  The  d iameters  of the  two e lectrodes  shal l  
d i ffer by no  more  than  0, 2  mm.  The  metal  e lectrodes  shal l  be  main tained  smooth ,  cl ean  and  
free  from  defects  at a l l  t ime.  

NOTE  I t  has  been  found  that  l arger variabi l i ty of measured  val ues  i s  observed  wi th  asymmetric  e l ectrodes,  wh ich  
therefore  do  not  represent  an  a l ternati ve  e l ectrode  confi gu rati on .  
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 D imensions  i n  m i l l imetres  

 

Fi gu re  C. 1  – Equ al  el ectrod es  for d i electri c stren gth  test  
(taken  from  F igu re 1 b  of I EC  60243-1 : 201 3)  

C. 2  Surrou ndi n g  medi um  

Materia ls  shal l  be  tested  in  a  surround ing  med ium  selected  to  preven t flashover.  The  
surround ing  med ia  shou ld  cons ist  of m ineral  based  transformer o i l  i n  accordance  wi th  
I EC 60296.  I n  some parts  of the  world  I EC  60296  speci fied  m ineral  o i ls  may not be  avai l able .  
I n  such  ci rcumstances  m inera l  o i ls  speci fied  i n  accordance wi th  ASTM  D  3487  Type I I  o i l s  are  
recommended  for use.  Period ic  exchange  of the  o i l  needs  to  be  performed  based  on  visual  
i nspection  e. g .  when  s i gns  of impuri ties  e . g .  ash  generated  by the  breakdown,  foreign  
impuri ti es,  colour changes  caused  by oxidation  of the  o i l ,  e tc. ,  i s  observed .  

Perform  the  test i n  an  o i l  bath  wi th  a  d imension  and  su rround ing  med ium  fi l led  to  a  l evel  i n  
wh ich  flashover is  avoided .  

C. 3  Procedure  

Electrodes  shal l  be  appl ied  to  the  specimen  i n  such  a  manner that i t  does  not  damage 
(puncture)  the  specimen,  bu t us ing  sufficien t pressure  to  ensure  good  con tact between  
e lectrode  and  sample.  A vol tage  is  appl i ed  between  the  two  e lectrodes  and  i s  i ncreased  
accord ing  to  the  fo l lowing  procedure.  

The  test may be  performed  at  e i ther pos i ti ve  or negative  polari ty.  A current l im i t  i n  the  range  
of 1 0  mA may be  used .  

Un less  otherwise  speci fi ed  the  test shou ld  be  performed  at  23°C ±  2°C.  The  samples  shou ld  
have  a  m in imum  d imension  of at l east 50  mm  x 50  mm.  
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The  vol tage  shal l  be  ra ised  from  zero  at a  un i form  rate  of 2  000  V/s  un ti l  breakdown  occurs .  I f 
the  breakdown  occurs  in  l ess  than  1 0  s  the  ramping  rate  shou ld  be  reduced  i n  the  fol l owing  
order 1  000  V/s,  500  V/s ,  200  V/s  or 1 00  V/s  un ti l  the  breakdown  occurs  after at l east 1 0  s ,  
i . e .  the  h ighest ramping  rate  i n  wh ich  the  breakdown  occurs  after 1 0  s  shou ld  be  used .  For 
materia ls  wh ich  d i ffer cons iderabl y i n  the ir breakdown  vol tage,  some samples  may fa i l  ou ts ide  
of the  des ignated  test  time.  I n  th is  case,  i t  i s  satisfactory i f the  majori ty of breakdowns  occur 
after 1 0  s .  

NOTE  For complete  backsheets  a  rate  of 2  000  V/s  i s  often  su i table.  For backsheets  used  i n  l ower vo l tage  
appl i cations,  or for i nd i vi dua l  l ayers  of rel i ed  upon  i nsu lati on ,  a  s l ower ramp  rate  of 1 00  V/s ,  or 500  V/s  i s  su i table.  

C. 4 Cri teri a  of breakdown 

Electric  breakdown  is  accompan ied  by an  i ncrease  of curren t flowing  in  the  ci rcu i t  and  by a  
decrease  of vo l tage  across  the  specimen .  The  i ncreased  curren t may trip  a  ci rcu i t-breaker or 
b low a  fuse.  However,  tripping  of the  ci rcu i t-breaker may sometimes  be  i n fl uenced  by 
flashover,  specimen  charg ing  curren t,  leakage  or partia l  d ischarge  curren ts,  equ ipment 
magnetizing  curren t or equ ipment mal function .  I t  i s  therefore  essentia l  that the  l ocal  ci rcu i t-
breaker is  wel l  coord inated  wi th  the  characteristics  of the  test equ ipment and  the  materi al  
under test,  otherwise  the  ci rcu i t  breaker may operate  wi thout the  instrument ach ieving  
breakdown  of the  specimen,  or fa i l  to  operate  when  breakdown  has  occurred  and  thus  not 
provide  a  pos i ti ve  cri terion  of breakdown .  Even  under the  best cond i ti ons,  premature  
breakdowns  i n  the  ambien t  med ium  may occur,  and  observations  shal l  be  made  to  detect 
spurious  breakdown  of the  ambient med ium  (transformer o i l )  during  tests .  I f spurious  
breakdown  is  observed ,  i t  sha l l  be  reported .  

C. 5 Other characteri zati on  methods  

Two other test methods  have  been  widel y used  i n  the  past to  characterize  the  d ie lectric  
properties  of pol ymeric fron tsheets  and  backsheets  for use  i n  con text of PV modu les,  namely:   

a)  AC  d ie lectric  breakdown ;  

b)  partia l  d ischarge.  

However,  both  methods  have  l im i tations  i n  assess ing  d ielectric  s treng th  of pol ymeric 
materia ls  for use  as  rel i ed  upon  i nsu lation  i n  PV modu les  and  are  therefore  not considered  as  
equal  a l ternate  methods  to  d . c.  d i e lectric breakdown .  

Die lectric  breakdown  vol tage  defines  the  maximum  vol tage  d i fference  that  can  be  appl ied  
across  the  frontsheet or backsheet before  the  i nsu lating  system  col lapses,  fai l s  and  conducts.  
As  a  resu l t  of breakdown  usual l y a  conductive  tracking  path  i s  created  wi th in  the  sheet that 
connects  the  e lectrodes.  

Partia l  d ischarge  (PD)  is  a  l ocal i zed  d ie lectric breakdown  of a  smal l  portion  of the  e lectrica l  
i nsu lation  system  under h igh  vol tage  stress,  wh ich  does  not bridge  the  space  between  two  
conductors.  PD  usual l y beg ins  wi th in  voids ,  cracks,  or i nclus ions  wi th in  a  so l i d  d ie lectric.  

The  d ie lectric breakdown  mechan ism  is  d i fferent for appl i ed  d . c.  cond i ti ons  and  for a. c.  
waveforms.  At d . c.  testi ng ,  the  fa i l u re  is  mostl y dependent of heat generated  in  the  specimen  
during  the  exposure  to  the  d . c.  current.  I n  a. c.  testing ,  on  the  other hand  the  breakdown  is  
l argel y dependen t on  defects  e . g .  vo ids,  impuri ti es ,  poorl y d ispersed  fi l l ers ,  etc.  For most 
materia ls ,  d . c.  breakdown  is  h igher than  a. c.  breakdown,  bu t th i s  i s  not  possible  to  pred ict  and  
is  not a lways  the  case.  

  

https://en.wikipedia.org/wiki/Breakdown_potential
https://en.wikipedia.org/wiki/Dielectric_breakdown
https://en.wikipedia.org/wiki/Electrical_insulation
https://en.wikipedia.org/wiki/Electrical_insulation
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The  d . c.  method  is  designed  to  determ ine  i f back-sheets  wi l l  fu l fi l  the  d . c.  requ i rement of the  
safety standard  I EC  61 730-1 : 201 6,  5 . 6 . 4. 2,  i . e. :  

c)  1  000  V +  2  t imes  of system  vol tage  for BASIC i nsu lation ;  

d )  2  000  V +  4  t imes  system  vol tage  for double  or reinforced  insu lation .  

DC  testi ng  has  to  be  used  for th is  pu rpose  and  a . c.  testi ng  cannot be  regarded  as  equal  
a l ternate.  

AC  testi ng  cou ld ,  however,  be  re levant to  perform  for other reasons ,  e . g .  control  of 
imperfections  during  production .  

 



I EC TS  62788-2 :201 7  © I EC  201 7  – 79  –  

An nex D  
(informative)  

 
Abrasi on  testing  

D. 1  Purpose  

Assessment of abrasion  res istance  of fron tsheet or backsheet fi lms  (rear s i de).  

D. 2  M ethods  

Several  methods  are  used  for assessing  res istance  against abras ion ,  such  as  fa l l i ng  sand  
abrasion  FSA (ASTM  D968)  or blowing  sand  testi ng  BST ( I EC 60068-2-68)  [1 0] ,  as  wel l  as  
several  abrasion  tests  from  other i ndustries  using  d i fferent abrasives  (e. g .  Taber) .  

However,  there  are  no  data  that corre late  resu l ts  from  any of these  lab  tests  wi th  rea l  worl d  
fai l u re  and  therefore  i t  i s  sti l l  u nder d ispu te,  whether d i fferences  seen  i n  one  of the  methods  
can  be  correlated  to  service  l i fe  performance.  

I t  has  been  observed  that i n ter- l aboratory reproducibi l i ty for the  Taber abras ion  method  is  
poor due  to  the  fact that smal l  variations  i n  the  test protocol ,  such  as  batch  to  batch  variations  
of abrasives  and  sample  mounting  do  i n fluence  the  resu l t.  

I n  case  of FSA and  BST,  particle  s i ze  d istribution  (PSD)  and  amoun t of sand  for abras ion  test  
sha l l  be  cons idered  so  as  to  produce  fa i l u res  s im i lar to  those  observed  on  modu les  during  
fie l d  use.  Due  to  d i fferent  operati ng  modes  of FSA and  BST the  PSD’s  of sand  particles  
su i table  for e i ther of these  test methods  m ight  be  d i fferent.  

The  PSD  of sand  i s  re lated  to  data  for wind -b lown  sand .  The  reported  data  [1 1 ]  [1 2]  of sand  
particle  s ize  d is tribu tion  are  shown  i n  F igure  D . 1 ,  F igure  D. 2  and  F igure  D. 3.  These  data  
i nd icate  that the  average  d iameter of wind -blown  sand  is  abou t 70  μ m ,  an d  ran g ed  from  
60  μ m  to  21 0  μ m .  

As  acceleration  of sand  particles  i n  the  fa l l ing  sand  abras ion  i s  g i ven  by g ravi ty,  PSD  is  better 
chosen  to  avoid  s ize  classes  that are  too  smal l ,  thus  creating  dust that s l owly sed iments  
rather than  d i rectl y contribu ting  to  abrasion .  I n  GB/T 31 034: 201 4  the  PSD  range  of 
0 , 25  mm  to  0 , 65  mm  has  been  defined  based  on  the  sti pu lations  of ASTM  D968  (or equ ivalen t 
GB/T 23988-2009).  

I n  the  d rafted  Ch inese  i ndustry standard  of the  SJ /T series  "Backsheet used  for photovol ta ic 
(PV)  modu les"  (FDIS  by August  201 6,  not yet  publ ished) ,  the  I SO  m id- level  g rade  sand  
accord ing  to  GB/T  23988-2009  i s  requ i red  wi th  a  PSD  range  of 0 , 500  mm  to  1 , 000  mm  and  
50  %  in  the  range  0 , 600  mm  to  0 , 850  mm .  

Other parameters  to  consider are  chem ical  nature  of the  abras ive  (e . g .  g iven  by the  ori g in  of 
the  sand) ,  the  maximum  number of cycles  for re-use  of the  abrasive  as  wel l  as  the  re lati ve  of 
hum id i ty during  the  test.  

Furthermore,  visual  i nspection  of abrasion  i s  rather subjective  and  in  case  of fa l l i ng  sand  
abras ion  and  b lowing  sand  testi ng  observations  may be  confounded  by soi l i ng  and  
d iscoloration  of the  surface  of the  specimen,  such  that  vis ib i l i ty of formation  of a  l ayer 
penetration  may depend  on  visual  contrast of the  fi lm  layer stack.  
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Fig u re D. 1  – N u mber si ze  d i stribu tion s  of sal tation  particl es  at th e  d u n e si te,  
30  cm  h ei gh t,  an d  th e  G obi  s i tes,  20  cm  an d  30  cm  h eigh t,  

from  1 223  to  1 320  U T,  5  Apri l  2002  [1 3]  
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Fi gu re D. 2  – Parti cle  s ize  d i stribu tion  of san d  from  d ifferen t h ei gh ts  

 

Figu re D. 3  – Grain  size  d istri bu ti on  of su rface  san d  an d  d ri fti n g  san d  
captu red  at  20  cm  h i gh  above th e  crest  of d u n e  [1 4]  
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An nex E  
(normative)  

 
Sampl in g  of fi lms  

E. 1  Purpose  

To sample  representati ve  fi lm  materia l  for the  materia l  test.  

E. 2  Procedure  

Document the  material  i den ti fication .  

Unwind  at l east  2  wind ings  from  the  rol l  and  ensure  that  fi lm  materia l  i s  representati ve  and  
does  not  exh ib i t  damage  due  to  proxim i ty to  the  ro l l 's  surface,  e . g .  d ue  to  l ocal  mechan ica l  
impact during  transport.  Also  keep at l east 2  wind ings  d istance  to  even tual  fi lm  sp l ices  on  the  
rol l .  Depend ing  on  the  construction  of the  sp l ice,  pressure  marks  or deformations  m ight  be  
present rendering  materia l  to  be ing  non-represen tati ve.  

Cu t a  representati ve  sample  across  the  web  wi th  a  l eng th  of 2  000  mm  ±  1 00  mm  and  mark 
the  manufacturing  d i rection  MD.  Also  mark the  a i r-side  and  the  sun-facing  -s i de  of the  fi lm ,  
such  that subsequentl y smal ler samples  and  test panels  can  be  prepared  wi th  wel l -defined  
orientation  (MD/TD as  wel l  as  wi th  respect to  ai r-side  /  sun-facing  s i de) .  

I n  order to  check production  variabi l i ty,  i t  i s  suggested  to  compare  th ickness  measurement of 
specimens  sampled  systematical l y across  the  web.  Other methods  may be  su i table  as  
requ i red .  

The  re levant tests  shou ld  be  conducted  as  requ i red  and  wi th  samples  taken  at  three  poin ts  
across  the  transverse  (non-drive  d i rections)  web:  1 0  %  to  20  %  from  the  closest edge,  cen tre  
and  1 0  %  to  20  %  from  the  opposi te  edge,  or as  the  speci fic product i nspection  p lan  requ ires.  
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An nex F  
(normative)  

 
Sample  preparation  

F. 1  Purpose  

To prepare  eng ineering  samples  (coupons)  smal l  i n  comparison  to  PV modu les  as  wel l  as  
m in i -modu les,  that are  su i table  for materia l  testi ng  as  wel l  as  for weathering .  Typica l l y,  these  
eng ineering  samples  do  not  con tain  l i ve  parts  (cel ls ,  ci rcu i try,  etc. )  as  the ir purpose  is  
materia l  characterizati on  and  testi ng  on  componen t l evel .  

Lam ination  of eng ineering  samples  shal l  m im ic typ ical  PV modu le  processing  cond i tions  as  
close  as  possib le  (temperature,  duration  and  pressure  of l am ination  s tep) .  

Tests  on  eng ineering  samples  shou ld  not replace  a  system  or modu le  level  test,  bu t  are  
i n tended  for pre-qual i fication  of component materia ls.  

F. 2  Sampl e constru cti on s  

F.2. 1  G en eral  con siderati on s  

Specimen  s i ze  i n  Xenon  chambers  and  UVA testers  vary between  manufacturers  and  model .  
Therefore,  on l y general  gu idel ines  are  g i ven  herein .  

Typica l  specimen  s i zes  su i table  for specimen  holders  in  Weathering  vary from  
50  mm  x 50  mm  to  1 50  mm  x 1 50  mm  for carousel  type  i nstruments  and  up  to  
1 80  mm  x 200  mm  or 400  mm  x 400  mm  for flat-bed  devices.  I n  the  latter,  any obstruction  of 
B lack Panel  Thermometers  (BPT)  or other sensors  i n  sample  p lane  shal l  be  avoided .  

NOTE  Typical  specimen  hol ders  s i ze  used  i n  Xenon  weatheri ng  devices  and  UVA test  i nstruments  are  
e. g .  65  mm  x 1 20  mm  and  70  mm  x 1 50  mm .  Be  aware  that  specimen  area  exposed  can  be  considerab ly smal l er,  
e. g .  65  mm  x 90  mm.  

Net sample  s i ze  shal l  comply wi th  the  m in imum  sample  d imension  requ i rements  of materia l  
eva luation  test method  (1 80°  peel ,  T-peel ,  d . c.  breakdown  vol tage,  optica l ,  tensi l e  strength).  
Th is  i s  especia l l y re levant for sheet materia l  that has  to  be  re leased  from  a  G/E/E/( trm)/BS  
coupon  (see  coupon  B1 ).  One  shou ld  consider that areas  near to  edges  m ight have  been  
covered  at l east  partia l l y (by the  sample  holder)  and  wou ld  not be  representative  of weathered  
sheet.  

Further i n formation  on  specimen  preparation  for weathering  i s  found  i n  I EC TS  62788-7-
2: 201 7,  C lause  5.  

F.2 . 2  M ateri als  an d  proced u res  

For speci fic testing  of backsheet or fron tsheet,  the  eng ineering  sample  shal l  be  constructed  
from  the  same  materia ls  as  i n  the  envisaged  PV modu le  des ign ,  bu t  wi thout active  cel l  or 
ci rcu i try e lements .  Materia l  se lection  shal l  be  reported .  

For generic testing ,  other materia ls  typica l  for PV modu le  des ign  are  used .  These  can  be  
chosen  us ing  the  gu ide l ines  g i ven  here in  and  shal l  be  reported  accord ing l y.  Table  F. 1 .  g i ves  
an  overview of specimen  preparation .  
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For testi ng  of backsheet the  fol lowing  is  recommended :  Un less  backsheet fi lms  are  tested  
speci fica l l y,  a  coupon  is  typ ical l y constructed  us ing  a  PV g lass  superstrate  and  a  fast curing  
EVA type  encapsu lant.  Adhesion  of both ,  g lass  and  backsheet to  encapsu lan t  depend  on  both ,  
encapsu lant  and  l am ination  cond i tions.  Even  i f g l ass-to-encapsu lant adhesion  i s  ou ts ide  the  
scope  of th is  document,  the  un l ikel y presence  of a  weakest  l i nk at  the  g l ass/encapsu lan t 
i n terface  may l im i t resu l ts  obtained  for the  s tack.  Depend ing  on  purpose,  one  or two  l ayers  of 
encapsu lant  may be  used .  I deal l y,  samples  wi th  one  and  two  encapsu lan t l ayers  shou ld  be  
prepared  and  tested ,  to  s imu late  the  material  stack i ns ide  and  outs ide  the  cel l  area  
respective l y.  The  resu l ted  th ickness  of the  encapsu lant l ayer after l am ination  shal l  be  cl earl y 
stated  for each  sample.  

Furthermore,  auxi l i ary materia ls ,  such  as  UV transparent re lease  materia l s  (trm)  may be  used  
during  the  lam ination  process,  to  faci l i tate  access  to  sheet materia l  or i n terfaces  for adhes ion  
testing .  Actual  UV fi l ter function  of the  G/E/E/(trm)  lam inate  i s  characterized  by thei r 
combined  ( i . e.  l am inated )  UV transm ission  characteristics  ( i n  optical  contact and  wi thou t a i r  
l ayers  between  the  components) .  

Alum in ium  serves  as  rig i d  base  materia l  or i s  used  as  hand le  for adhesion  testi ng .  I n  that  
con text,  su i table  epoxy g l ue  i s  needed  that provides  a  strong  l i nk between  a l um in ium  hand le  
and  backsheet.  

Wear su i table  g loves  when  hand l i ng  coupons,  as  they may have  sharp  edges.  G lass  coupons  
may a lso  break during  treatment,  especia l l y i f i n i ti al  flaws  or damage exist.  Encapsu lan t may 
be  d isp laced  (squeezed  out)  under l ong  term  heat testi ng  or become sticky,  such  that 
coupons  stick to  sample  holders.  Avoid  use  of uncontrol led  force  when  loosen ing  such  
coupons.  The  user of th is  s tandard  shou ld  a lso  be  aware  that  g l ass  has  sufficien t heat  
capaci ty,  such  that  hand l i ng  of many heated  samples  may burn  your hands:  burn  may occur i f 
skin  temperature  i s  raised  to  44  °C  or above  for l ong  enough  periods.  
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Table  F . 1  – Overvi ew of sam pl e  preparation  su i tabl e  for materi al  tests  
 Description  S tack Reporting  requ i rements  Sketch  Preparation  

A 
Backsheet or  
fron tsheet fi lm  

F i lm  Lam inator cond i ti ons   
Cond i ti on  sample  i n  a  l am inator 

accord i ng  to  supp l i e rs  
recommendati ons  

B1  

Lam inated  
coupon  wi th  BS  

an d  
fu l l y  re l easab le  
represen tat i ve  

fi l ter  
 

( for ten si l e  and  
opti ca l  testi n g )  

G /E /E/(trm ) /  
BS  

Lam inator cond i ti ons  

Descri p ti on  of s tack 

PV G lass  

Type  of encapsu l an t  

Transparen t re l ease  
materi a l  

Type  of BS  

UV cu t-off o f trm /E /E/G  
stack 

 

Lam inate  a  s tack as  fo l l ows:  backsheet 
sample ,  tran sparen t re l ease  mate ria l  
( trm ) ,  two  l ayers  of encapsu lan t,  PV  

g l ass .  

Make  trm  sma l l e r th an  en capsu l an t,  so  
tha t  an  encapsu l an t  frame  of ca .  5  mm  
to1 0  mm  i s  created  a t  a l l  s i d es.  Th i s  

coupon  reduces  e ffect  o f oxygen  d u ri n g  
test  as  i n  app l i cati on .  

Measu re  UV transm i ssi on  o f 
G /E /E/(trm ) .  

To  re l ease  sheet a fter  age i ng  test:  cu t  
cen tra l  part  o f BS  fi lm  wi th i n  th e  EVA 
frame  and  re l ease  fi lm  from  coupon .  

B2  

Lam ina ted  coupon  
wi th  BS  and  
parti a l l y  

re l easab le  
represen tat i ve  

fi l ter  

 

(for adhesion  pee l  
test i n g )  

G /E /E/(trm ) /BS  

Lam inator cond i ti ons  

Descrip ti on  of s tack 

PV G lass  

Type  of encapsu lan t  

Transparen t re l ease  mate ri a l  

Type  of BS  

UV cu t-off o f trm /E /E/G  s tack 

 

Lam inate  a  s tack as  fo l l ows:  backsheet 
sample ,  tran sparen t re l ease  mate ri a l ,  
two  l aye rs  of encapsu l an t,  PV  g l ass  

Make  trm  sma l l e r th an  encapsu l an t,  so  
th at  an  encapsu l an t  frame  of ca .  5  mm  
to1 0  mm  i s  created  a t  a l l  s i d es  and  l e t  

trm  cover max ½  of l eng th .  Th i s  
constructi on  reduces  e ffect  o f oxygen  

d u ri n g  test  as  i n  app l i cat i on .  

Measu re  UV transm i ssi on  o f G /E /E /(trm ) .  

C  

Backsheet wi th  
separate  

represen tat i ve  
fi l ter   
 

( for ten si l e  and  
opti ca l  testi n g )  

F i l ter/a i r/BS  

Lam inator cond i ti ons  

Descri p t i on  of s tack  

F i l ter wi th  d e fi ned  UV cu t-off 

C  i )  G /E /E  stack 

C  i i )  Opti ca l  fi l te r g l ass  

Cond i ti on  sample  i n  l am inator to  
s imu la te  a  l am inati on  cycle  typ i ca l  fo r 
envi saged  u se  o f th e  backsheet.  

Moun t fi l ter  between  l i g h t  sou rce  and  BS  
fi lm  (sun -faci ng  s i d e  towards  l i g h t  
sou rce ) .  

Measu re  UV transm i ssi on  of UV fi l ter  
an d  con tro l  UV transm i ssi on  o f fi l ter  on  
regu l ar bas i s ,  e sp .  i f UV fi l te r i s  be in g  
reu sed .  

D  

Lam inated  coupon  
wi th  BS  and  
represen tati ve  

fi l ter  

G /E /E /BS  

Lam inator cond i ti ons  

Descri p t i on  of s tack 

PV g l ass  

Type  of encapsu l an t(s )  

Type  of BS  

UV cu t-off o f E /E /G  stack 

 

Lam inate  a  s tack con s is ti n g  o f th e  
fo l l owing :  

backsheet sample  

two  l aye rs  of encapsu lan t  

PV g l ass  

E  
Lam ina ted  

coupon  wi th  FS  
FS/E/E /RS  

Lam ina tor cond i ti ons  

Descri p ti on  of s tack 

Type  of FS  

Type  of encapsu l an t(s )  

Type  o f substrate  

Lam inate  a  s tack cons i s ti n g  o f th e  
fo l l owing :  

fron tsheet sample  

two  l aye rs  of encapsu lan t  

rear s i d e  substrate  ( ri g i d )  

F 1  
Adhesion  p l u ck 
test  coupon  

G /E /E/BS/  
Ad h /H / 
( t  b l ock)  

I n  ad d i t i on  to  D  or E :  

Adhesi ve  =  epoxy for 
weakest l i n k test  o f coupon  

OR 

Adhesi ve  =  j u n cti on  box 
adhesi ve  (on ly  fo r D )  

 

Prepare  coupon  D  or E .  For adhesion  
p l u ck test  a fter age in g  app l y epoxy /  

j u ncti on  box adhesi ve  and  p l u ck t-b l ock 
a fter  age i ng  
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 Description  S tack Reporting  requ i rements  Sketch  Preparation  

F2  
Lap  shear te st   

coupon  

G /E /E/BS/  
Adh /H / 
(p l a te )  

I n  ad d i t i on  to  D  or E :  

Adhesi ve  =  epoxy  for 
weakest l i n k test  o f coupon  

OR 

Adhesi ve  =  j u n cti on  box 
adhesi ve  (on l y  fo r D )  

Prepare  coupon  D  or E .  For l ap  shear 
test  a fter age in g  app l y epoxy /  j u ncti on  
box adhesi ve  and  l ap  shear p l a te  a fter 

age i ng .  

F3  
Fractu re  
mechan i cs  

G /E /E/BS/  
Adh /H  
( tapered  
beam)  

I n  ad d i t i on  to  D  o r E :  

ad hesive  =  epoxy or 
cyanoacryl i c  

Prepare  coupon  D  or E .  I n  case  o f post  
eva l uati on  of aged  coupons  app ly  
epoxy or cyanoacryl i c  to  moun t 

can ti l ever p l a te  (Ti tan i um  or  PMMA)  
a fter age i ng .  

G1  
T-pee l  specimen  

 

( for  encapsu l an t)  

BS/E /BS  
or 

FS/E /FS  

Lam inator cond i ti ons  

Descri p t i on  of s tack 

Type  of BS  OR  FS  

Type  o f encapsu l an t  

Lam inate  an  encapsu l an t  symmetri ca l l y  
sandwiched  wi th  backsheet  o r 

fron tsheet,  wi th  th e i r i n ner s i d es  faci ng  
towards  encapsu l an t.  Prepare  

encapsu lan t  l ayer ca .  1 /3  sho rter th an  
sheets  to  crea te  h and l es  for  g ri pp i ng .  

G2  

T-pee l  specimen  
 

( for ad hesi ves  
u sed  on  the  ou ter 
l ayer o f BS  OR 

FS) ,  

BS/Adh /BS  
or 

FS /Adh /FS  
Adh  =  e . g .  
j u nct ion  box 
adhesi ve  /  
sea l an ts )  

Lam inator cond i ti ons  

Descri p t i on  of s tack 

Type  of BS  OR  FS  

Type  of ad hesi ve  

Sandwich  the  adhesi ve  symmetri ca l l y 
i n  be tween  BS  (OR FS) ,  w i th  th e  ou ter 
l ayers  o f BS  (OR FS)  faci ng  towards  
the  adhesi ve .  App l y adhesi ve  to  on l y  
2 /3  o f th e  l eng th  o f th e  BS  (OR  FS)  to  

create  h and l es  fo r g ri pp i ng .  

Le t  adhesi ve  cu re  accord i ng  
requ i remen ts .  

H  d ti  tes t  
G /(rm ) /so l der 
wi re /E /BS  

Lam inator cond i ti ons  
Descri p ti on  of s tack 

Backsheet 
Encapsu l an t  

So l der wi re  0 , 8  mm  Ø  

50  µm  Re lease  materi a l  
G l ass  

Layer stack fo r d t i  tes t  

After Lam inati on :  Re l ease  BS/E  wi th  
embedded  wi re  from  g l ass .  Remove  

wi re  wi thou t  d amage  of th e  backsheet.  

M  M i n i  modu l e  
G /E/PV-
structu re/  
E /BS  

Lam inator cond i ti ons  and  
Descrip t i on  of s tack 

G l ass  

Ce l l  e l emen ts  

For v i sua l  i n specti on ,  observin g  
even tu a l  ch em ica l  i n teracti on  (u nder 
age i ng  cond i ti ons)  u nder n on  l i ve  

cond i ti on s.  

Adh :   ad hesive  

BS :   backsheet  

FS :   fron tsheet  

G :   g l ass  

H :   h and l e  speci fi c  for an  adhesion  test  

RS :   ri g i d  support  

PV-structu re :  (parts  o f)  PV ce l l s  and /or e l ectri ca l  connecti ons  typ i ca l  for PV modu l e  

trm :   transparen t  re l ease  mate ri a l ;  d imensioned  0 , 5  to  1  cm  l ess  th an  s tack on  a l l  s i d es;  re l ease  ma teri a l  sha l l  h ave   an  AM  1 . 5G  

photon  we i gh ted  to ta l  transm issi on  va l ue  of ≥  85  %  i n  th e  range  280  nm  to  2  500  nm  as  we l l  as  i n  th e  range  300  nm  to  400  nm  
as  d efi ned  i n  8 . 2  of I EC  60904-3 : 201 6 .  Examples  of su i tab le  materi a l s  a re  ETFE  (e th yl ene  te tra- fl u oroeth yl ene)  and  FEP  

(perfl u oro i na ted  e th ylene  propyl ene  copo l ymer)  fi lm ,  both  as  pu re  formu l a ti ons  wi thou t  UV  absorbers  and  50  µm  to  1 25  µm  i n  
th i ckness.  

rm :   re l ease  mate ri a l  
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