
Similarities	
  to	
  the	
  Aerospace	
  Industry
• Components	
  to	
  be	
  inspected	
  have	
  high	
  surface	
  area	
  and	
  are	
  thin.
• Inspection	
  necessarily	
  cannot	
  introduce	
  additional	
  damage.
• Increasingly,	
  fuselages	
  are	
  made	
  of	
  inhomogeneous	
  composite	
  

materials.
• Considerable	
  investment	
  has	
  been	
  made	
  in	
  developing	
  Non-­‐

Destructive	
  Testing	
  (NDT)	
  techniques	
  that	
  are	
  rapid,	
  accurate	
  and	
  
portable.	
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Example	
  Capabilities
Abstract

The	
  size	
  and	
  construction	
  of	
  modern	
  PV	
  modules	
  present	
  challenges	
  to	
  
the	
  identification	
  and	
  characterization	
  of	
  manufacturing	
  defects	
  and	
  field	
  
failures.	
  These	
  challenges	
  are	
  similar	
  to	
  those	
  presented	
  to	
  the	
  aerospace	
  
industry. The	
  NDT	
  group	
  at	
  Sandia	
  specializes	
  in	
  these	
  types	
  of	
  
measurements.	
  	
  Relevant	
  capabilities	
  include	
  Computed	
  Tomography,	
  
Ultrasonic	
  Diagnostics	
  and	
  Pulsed	
  Thermography.	
  

Challenges
• Full	
  size	
  PV	
  modules	
  are	
  too	
  large	
  to	
  fit	
  in	
  most	
  common	
  laboratory	
  

inspection	
  instruments.	
  
• Packaging	
  of	
  PV	
  modules	
  – inherently	
  designed	
  to	
  withstand	
  25	
  years	
  

or	
  more	
  of	
  field	
  deployment	
  – make	
  extraction	
  of	
  smaller	
  samples	
  
difficult	
  or	
  impossible	
  without	
  creating	
  additional	
  damage.	
  

• Sectioning	
  of	
  PV	
  modules	
  to	
  find	
  failures	
  becomes	
  a	
  “needle	
  in	
  a	
  
haystack”	
  exercise	
  if	
  the	
  location	
  of	
  the	
  failure	
  is	
  not	
  known	
  a	
  priori.	
  

• Techniques	
  such	
  as	
  Electroluminescence	
  and	
  Lock-­‐in	
  Infrared	
  
Thermography	
  are	
  commonly	
  used,	
  but	
  these	
  techniques	
  rely	
  on	
  
current	
  injection	
  into	
  the	
  module	
  and	
  are	
  best	
  suited	
  to	
  the	
  
identification	
  of	
  cell	
  failures.

Proposed	
  Approach
• Evaluate	
  	
  each	
  capability	
  to	
  the	
  investigation	
  of	
  defects/failures	
  within	
  

PV	
  modules.	
  	
  
• Candidate	
  inspection	
  techniques	
  will	
  be	
  evaluated	
  for	
  their	
  

effectiveness	
  and	
  where	
  necessary,	
  adapted	
  with	
  new	
  
software/analysis	
  techniques.	
  	
  

• Known	
  failed	
  modules	
  will	
  be	
  compared	
  to	
  known	
  good	
  modules	
  to	
  
establish	
  Probability	
  of	
  Detection	
  guidelines.	
  	
  

• Modules	
  will	
  be	
  sourced	
  from	
  existing	
  DOE	
  funded	
  projects	
  such	
  as	
  
Predicts	
  II	
  and	
  partnerships	
  with	
  commercial	
  and	
  utility	
  scale	
  system	
  
owners/operators.	
  	
  

• Once	
  established,	
  characterization	
  techniques	
  will	
  be	
  made	
  available	
  
to	
  other	
  DuraMat capability	
  areas	
  and	
  industry	
  stakeholders.	
  

Thermography
• A	
  brief	
  pulse	
  of	
  light	
  is	
  applied	
  to	
  the	
  target
• High	
  frequency	
  IR	
  imaging	
  allows	
  the	
  thermal	
  wave	
  to	
  

be	
  observed	
  as	
  it	
  moves	
  through	
  the	
  target
• Internal	
  flaws	
  such	
  as	
  debonding,	
  voids	
  or	
  

inhomogeneous	
  materials	
  impede	
  the	
  thermal	
  wave,	
  
creating	
  thermal	
  contrast.

• Can	
  be	
  applied	
  in	
  the	
  field

Computed	
  Tomography
• Computerized	
  reconstruction	
  of	
  2D	
  X-­‐Ray	
  

images	
  to	
  create	
  a	
  3D	
  representation	
  of	
  an	
  
object.	
  

Ultrasonic	
  Diagnostics
• Ultrasonic	
  sound	
  waves	
  are	
  injected	
  into	
  a	
  

sample	
  via	
  a	
  transducer	
  and	
  a	
  coupling	
  agent	
  
(often	
  water	
  or	
  a	
  gel)

• When	
  the	
  sound	
  hits	
  a	
  boundary,	
  it	
  will	
  either	
  
be	
  reflected	
  back	
  toward	
  the	
  source	
  or	
  
scattered.	
  

• Strong	
  bonds	
  at	
  material	
  interfaces	
  allow	
  the	
  
wave	
  to	
  continue	
  to	
  propagate.

• Defects	
  within	
  a	
  material	
  are	
  detected	
  by	
  the	
  
change	
  in	
  wave	
  propagation	
  (reflected	
  or	
  
transmitted).	
  

• Various	
  methods	
  are	
  available,	
  including	
  
direct	
  contact,	
  immersion	
  and	
  array.

• Some	
  methods	
  can	
  be	
  applied	
  in	
  the	
  field.


