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Research	  ObjecOves	  of	  Project	  

Develop	  the	  technique	  of	  Ultrasonic	  Tomography	  
for	  3-‐D	  imaging	  of	  internal	  rail	  flaws.	  

	  
§  Phase	  I:	  demonstrate	  Ultrasonic	  Tomography	  by	  
Finite	  Element	  Analysis	  simula%ons	  

§  Phases	  II/III:	  design	  and	  develop	  a	  Tomographic	  
prototype	  and	  transi%on	  to	  railroads	  
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MoOvaOon	  for	  project	  
§  Current	  rail	  flaw	  detec%on	  systems	  provide	  qualita%ve	  

indica%on	  of	  flaws,	  not	  quan%ta%ve	  informa%on	  on	  flaw	  size.	  
§  Stop-‐and-‐confirm	  ultrasonic	  hand	  verifica%ons	  result	  in	  highly	  

subjec%ve	  flaw	  sizing.	  
§  High-‐speed	  rail	  requires	  accurate	  flaw	  sizing	  for	  well-‐targeted	  

ac%ons	  with	  short	  maintenance	  windows.	  
§  “Systems	  to	  perform	  3-‐D	  imaging	  of	  internal	  rail	  flaws”	  

specifically	  listed	  as	  a	  topic	  under	  Track	  and	  Structures	  in	  
High-‐Speed	  BAA-‐2010-‐1.	  	  	  
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Technology	  EvoluOon	  
Ultrasonic	  Tomography	  already	  
successfully	  used	  for	  3-‐D	  imaging	  
in	  other	  fields:	  
§ Medical	  imaging	  (ultrasonic	  
waves,	  electromagne%c	  RF	  
waves,	  etc..)	  

§  Sonar	  imaging	  (acous%c	  waves)	  
§ Radar	  imaging	  (electromagne%c	  
RF	  waves)	  

§ Civil	  structures	  (ultrasonic	  
waves)	  
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Approach	  
Four	  key	  steps	  developed	  in	  this	  project	  for	  successful	  
implementa%on	  of	  Ultrasonic	  Tomography	  for	  3-‐D	  rail	  flaw	  
imaging:	  
	  

1.   SyntheOc	  Aperture	  Focusing	  (from	  Medical,	  Sonar	  and	  Radar	  Imaging)	  
2.   Matched	  Filtering	  (from	  Radar	  imaging)	  
3.   Baseline	  SubtracOon	  (from	  Ultrasonic	  Tes%ng)	  
4.   MulO-‐mode	  DetecOon	  (from	  Ultrasonic	  Tes%ng)	  
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Benefits	  &	  Disadvantages	  

Benefits	  
§  Allows	  3-‐D	  imaging	  by	  

minimizing	  number	  of	  
ultrasonic	  transmiKers	  

§  Low	  power	  and	  reduced	  
mul%plexing	  complexity	  will	  
allow	  development	  of	  	  	  
field-‐deployable	  prototype	  

§  3-‐D	  images	  generated	  
automa%cally	  with	  liKle	  or	  
no	  operator	  interven%on	  

Disadvantages	  
§  Requires	  mul%ple	  ultrasonic	  

transmiKers	  and	  receivers	  
(ultrasonic	  array)	  

§  Imaging	  algorithm	  must	  be	  
efficiently	  designed	  for	  fast	  
results	  (less	  than	  3	  minutes	  
total	  inspec%on	  %me	  
desired)	  

8	  



2-‐D	  Rail	  Flaw	  Imaging	  

Movie 2-D imaging 

	  	  
2-‐D	  imaging	  results	  
with	  25	  dB	  ar%ficial	  
noise	  added	  to	  
synthe%c	  signals	  	  



3-‐D	  Rail	  Flaw	  Imaging	  
§  Developed	  3-‐D	  FEA	  model	  of	  136-‐lb	  rail	  with	  5%H.A.	  Transverse	  

Defect	  inclined	  at	  20-‐deg	  from	  ver%cal	  direc%on	  (realis%c	  orienta%on).	  
	  
§  Implemented	  “Infinite	  Elements”	  at	  model	  boundaries	  to	  avoid	  

ar%ficial	  wave	  reflec%ons	  not	  existent	  in	  the	  field.	  	  

Movie	  3-‐D	  imaging	  



3-‐D	  Rail	  Flaw	  Imaging	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
SyntheOc	  Aperture	  Focusing	  (SAF)	  Array	  
§  Simulated	  planar	  array	  of	  525	  transducers	  at	  2mm	  spacing	  for	  Tomographic	  SAF	  
§  TransmiKers:	  used	  “sparse”	  configura%on	  (5)	  to	  minimize	  #	  excita%on	  channels	  
§  Receivers:	  considered	  “Full	  Array”	  (all	  525)	  and	  “Reduced	  Array”	  (only	  140)	  
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3-‐D	  Rail	  Flaw	  Imaging	  Results	  
Sparse	  Transmi`er	  Array	  (5)	  	  -‐	  Full	  

Receiver	  Array	  (525)	  
Longitudinal	  Mode	  and	  Shear	  Mode	  

Envelope	  baseline	  subtracOon	  	  

ACCURATE TRANSVERSE 
DEFECT SIZING 

 
Actual defect size: 

5.0% H.A. 
 

Defect size from imaging with full 
array: 

5.3% H.A. 
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3-‐D	  Rail	  Flaw	  Imaging	  Results:	  New	  
Rail	  Vs.	  Worn	  Rail	  

Sparse	  Transmi`er	  Array	  (5)	  	  with	  Full	  Receiver	  Array	  (525)	  
Longitudinal	  Mode	  and	  Shear	  Mode.	  Envelope	  baseline	  subtracOon.	  	  	  

(BNSF	  Tangent	  Track)	  



Summary	  of	  Results-‐to-‐Date	  
§  Ultrasonic	  Tomography	  technology	  developed	  for	  3-‐D	  imaging	  of	  internal	  

rail	  flaws.	  	  
§  Phase	  I	  work	  consisted	  of	  Finite	  Element	  Analyses	  simula%ng	  Ultrasonic	  

Tomographic	  array	  on	  rail	  model,	  followed	  by	  Matlab©	  processing	  for	  
defect	  imaging.	  

§  Demonstrated	  successful	  2-‐D	  and	  3-‐D	  imaging	  of	  5%	  H.A.	  Transverse	  
Defect	  in	  136-‐lb	  rail	  with	  excellent	  defect	  sizing	  es%ma%on.	  

§  3-‐D	  imaging	  results	  obtained	  with	  only	  5	  transmiKers	  and	  as	  few	  as	  140	  
receivers	  without	  need	  for	  moving	  the	  array	  (further	  reduc%ons	  possible).	  	  

§  “New	  rail”	  vs.	  “Worn	  rail”	  results:	  	  
•  Full	  receiver	  array	  (525)	  shows	  no	  degrada%on	  of	  5%	  H.A.	  TD	  image.	  
•  Reduced	  receiver	  array	  (140)	  shows	  some	  degrada%on	  of	  5%	  H.A.	  TD	  image;	  

results	  could	  be	  improved	  by	  beKer	  selec%on	  of	  transducer	  posi%ons	  in	  
reduced	  array.	  

•  Theore%cally,	  	  any	  effect	  of	  wear	  would	  be	  eliminated	  if	  actual	  transducer	  
posi%ons	  on	  worn	  rail	  were	  considered	  in	  image	  reconstruc%on	  algorithm.	  
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