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Outline of this presentation

• Review of Results from Survey
• Goal of Break Out Session 2
• Review of Accelerated Stress Tests 

used for PV
• Specific Tasks for Break Out Session 2 
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Stress Pass/Fail Multi-level No Opinion No Rating
System 
Voltage

36% 42% 19% 3%

Temperature 17% 70% 11% 2%
Temperature
Cycling

24% 62% 12% 2%

Humidity 23% 63% 11% 2%
UV 25% 61% 11% 2%

3

Survey Results
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Stress Pass/Fail Multi-level No Opinion No Rating
Snow Load 49% 33% 15% 4%
Salt Spray 49% 32% 15% 4%
Hail 58% 24% 13% 4%
Wind 45% 37% 15% 2%
Transportation 52% 26% 16% 7%
Farmland 46% 21% 24% 9%
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Survey Results
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• Highest % votes for multi-level tests for:
o Temperature
o Temperature Cycling
o Humidity
o UV

• Majority favored qualitative tests (pass/fail) for those 
tests that already have quantitative levels available:
o Hail 
o Mechanical Load
o Salt Spray

I will interpret this to mean that most are happy with the 
choice of levels now available for these 3 tests.
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Survey Observations
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• For voltage, where you can now qualify for any 
voltage level, the survey results are confusing:
• 42% for quantitative (multi-level) which it now offers
• 36% for qualitative (pass/fail) 

Which leaves me wondering who  the 36% think should 
set the voltage level that you run the pass/fail test 
on?
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Survey Observations
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Goal of Breakout Session #2
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• Select a limited set of the accelerated stress tests that:
o Stress important failure and degradation mechanisms.
o Can be evaluated to determine an acceleration factor versus 

field deployment in various climate categories.
o Is likely to provide a useful service life prediction once the 

relevant acceleration factors are know.
Wear-out mechanisms versus infant mortality/design issues

• Limitations
o It is not possible to test for every possible failure mechanism.
o The first round will be limited to crystalline silicon modules. 

Other technologies will follow later.
• Lets start with my list from yesterday.

• Red = Wear out issues
• Green = Design/Process Issues or infant mortality
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Accelerated Stress Tests for PV
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Accelerated Stress Test Failure Mode

Thermal Cycles Broken interconnect
Broken cell
Solder bond failure
Junction box adhesion
Module open circuit – potential for arcing

Damp Heat
(Humidity & Temperature)

Corrosion
Delamination
Encapsulant loss of adhesion & elasticity
Junction box adhesion
Electrochemical corrosion of TCO
Inadequate edge deletion

Humidity Freeze Delamination
Junction box adhesion
Inadequate edge deletion
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Accelerated Stress Tests for PV (cont)
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Accelerated Stress Test Failure Mode

UV & Temperature Delamination
Encapsulant loss of adhesion & elasticity
Encapsulant  & backsheet discoloration
Ground fault due to backsheet degradation

Static Mechanical Load
(Simulation of wind and snow load)

Structural failures
Broken glass
Broken interconnect ribbons
Broken Cells
Solder bond failures

Dynamic Mechanical Load
(Simulation of wind load and 
transportation stress)

Broken glass
Broken interconnect ribbons
Broken Cells
Solder bond failures
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Accelerated Stress Tests for PV (cont)
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Accelerated Stress Test Failure Mode

Hot spot test Hot spots
Shunts in cells or at scribe lines
Inadequate by-pass diode protection

Hail Test Broken glass
Broken cells

By-pass Diode Thermal Test By-pass diode failures
Overheating of diode causing degradation 
of encapsulant, backsheet or junction box

Salt Spray Corrosion due to salt water & salt mist
Corrosion due to salt used for snow and 
ice removal

Ammonia Test Exposure to farm waste
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Six rooms:  All will have same topic – each person has 
opportunity to express opinion

Given set of questions to discuss (next slides)

Polls will be taken to judge the consensus of the group

Leaders will summarize and present results
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Break-out sessions
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Instructions to all

1. Discuss List of Stress Tests
– Is the list complete?
– What about just Temperature?
– Are there other combinations of stresses that we 

should be testing for (ie. Voltage, humidity and 
temperature)

2. Are the criteria for selection correct? 
Accelerated tests that:
– Stress important failure and degradation mechanisms.
– Can be evaluated to determine an acceleration factor 

versus field deployment in various climate categories.
– Are likely to provide a useful service life prediction once 

the relevant acceleration factors are know.
3. Prioritize the list of accelerated stress tests.

– Discussion
– Select top 4 or 5 via vote

4. Prepare summary presentation back to main group
12
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Results
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• Results of this process will be used to establish 
committees chartered with the development of the 
next generation of quantitative test standards that 
stress wear out mechanisms and can predict the 
service life for crystalline Si PV modules. 

• Probably one committee will be set up for each of 
the selected accelerated stress tests.


	Introduction of Break-out Session 2
	Outline of this presentation
	Survey Results
	Survey Results
	Survey Observations
	Survey Observations
	Goal of Breakout Session #2
	Accelerated Stress Tests for PV
	Accelerated Stress Tests for PV (cont)
	Accelerated Stress Tests for PV (cont)
	Break-out sessions
	Instructions to all
	Results


<<
  /ASCII85EncodePages false
  /AllowPSXObjects true
  /AllowTransparency false
  /AlwaysEmbed [
    true
  ]
  /AntiAliasColorImages false
  /AntiAliasGrayImages false
  /AntiAliasMonoImages false
  /AutoFilterColorImages true
  /AutoFilterGrayImages true
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CheckCompliance [
    /None
  ]
  /ColorACSImageDict <<
    /HSamples [
      2
      1
      1
      2
    ]
    /QFactor 0.76000
    /VSamples [
      2
      1
      1
      2
    ]
  >>
  /ColorConversionStrategy /LeaveColorUnchanged
  /ColorImageAutoFilterStrategy /JPEG
  /ColorImageDepth -1
  /ColorImageDict <<
    /HSamples [
      2
      1
      1
      2
    ]
    /QFactor 0.76000
    /VSamples [
      2
      1
      1
      2
    ]
  >>
  /ColorImageDownsampleThreshold 1.50000
  /ColorImageDownsampleType /Bicubic
  /ColorImageFilter /DCTEncode
  /ColorImageMinDownsampleDepth 1
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /ColorImageResolution 120
  /ColorSettingsFile ()
  /CompatibilityLevel 1.7
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /CreateJDFFile false
  /CreateJobTicket false
  /CropColorImages false
  /CropGrayImages false
  /CropMonoImages false
  /DSCReportingLevel 0
  /DefaultRenderingIntent /Default
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
  >>
  /DetectBlends true
  /DetectCurves 0.10000
  /DoThumbnails false
  /DownsampleColorImages true
  /DownsampleGrayImages true
  /DownsampleMonoImages true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /EmbedOpenType false
  /EmitDSCWarnings false
  /EncodeColorImages true
  /EncodeGrayImages true
  /EncodeMonoImages true
  /EndPage -1
  /GrayACSImageDict <<
    /HSamples [
      2
      1
      1
      2
    ]
    /QFactor 0.76000
    /VSamples [
      2
      1
      1
      2
    ]
  >>
  /GrayImageAutoFilterStrategy /JPEG
  /GrayImageDepth -1
  /GrayImageDict <<
    /HSamples [
      2
      1
      1
      2
    ]
    /QFactor 0.76000
    /VSamples [
      2
      1
      1
      2
    ]
  >>
  /GrayImageDownsampleThreshold 1.50000
  /GrayImageDownsampleType /Bicubic
  /GrayImageFilter /DCTEncode
  /GrayImageMinDownsampleDepth 2
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /GrayImageResolution 120
  /ImageMemory 1048576
  /JPEG2000ColorACSImageDict <<
    /Quality 15
    /TileHeight 256
    /TileWidth 256
  >>
  /JPEG2000ColorImageDict <<
    /Quality 15
    /TileHeight 256
    /TileWidth 256
  >>
  /JPEG2000GrayACSImageDict <<
    /Quality 15
    /TileHeight 256
    /TileWidth 256
  >>
  /JPEG2000GrayImageDict <<
    /Quality 15
    /TileHeight 256
    /TileWidth 256
  >>
  /LockDistillerParams false
  /MaxSubsetPct 100
  /MonoImageDepth -1
  /MonoImageDict <<
    /K -1
  >>
  /MonoImageDownsampleThreshold 1.50000
  /MonoImageDownsampleType /Bicubic
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /MonoImageResolution 600
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /NeverEmbed [
    true
  ]
  /OPM 1
  /Optimize true
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName (U.S. Web Coated \050SWOP\051 v2)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements true
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 6
      /MarksWeight 0.25000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /UseName
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXBleedBoxToTrimBoxOffset [
    0
    0
    0
    0
  ]
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXOutputCondition ()
  /PDFXOutputConditionIdentifier (CGATS TR 001)
  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)
  /PDFXRegistryName (http://www.color.org)
  /PDFXSetBleedBoxToMediaBox true
  /PDFXTrapped /False
  /PDFXTrimBoxToMediaBoxOffset [
    0
    0
    0
    0
  ]
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /ParseICCProfilesInComments true
  /PassThroughJPEGImages true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /sRGBProfile (sRGB IEC61966-2.1)
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice




