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ObjecLves	
  
Develop	
  a	
  wayside	
  system	
  for	
  the	
  measurement	
  
of	
  Rail	
  Neutral	
  Temperature	
  (NT)	
  with	
  following	
  
features:	
  

(1) NT	
  measurement	
  accuracy	
  to	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
within	
  ±	
  5	
  °F.	
  

(2) No	
  need	
  for	
  reference	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
value	
  stress.	
  

(3) No	
  sensiQvity	
  to	
  rail	
  supports	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
or	
  Qe-­‐to-­‐Qe	
  variaQons.	
  

(4) No	
  need	
  for	
  calibraQon	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
for	
  different	
  rail	
  sizes/manufacturers.	
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MoLvaLons	
  for	
  project	
  
§  ConQnuos	
  Welded	
  Rail	
  (CWR)	
  can	
  break	
  in	
  cold	
  weather	
  and	
  buckle	
  in	
  hot	
  

weather.	
  
§  Current	
  difficulty	
  to	
  determine	
  the	
  rail	
  NT	
  in-­‐situ	
  leads	
  to	
  inefficient	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  

blanket-­‐type	
  slow-­‐order	
  mandates.	
  
§  Railroads	
  need	
  the	
  ability	
  to	
  measure	
  rail	
  NT	
  and	
  detect	
  Imminent	
  Buckling	
  of	
  

CWR.	
  
§  Buckling	
  prevenQon	
  will	
  be	
  parQcularly	
  relevant	
  to	
  the	
  safety	
  of	
  	
  high-­‐speed	
  rail.	
  

FRA	
  rail	
  buckling	
  video	
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Previous	
  Methods	
  
§  VERSE:	
  Measurement	
  of	
  staQc	
  rail	
  sQffness	
  

–  Requires	
  unfastening	
  of	
  ~100	
  a	
  of	
  rail	
  
–  Requires	
  service	
  interrupQon	
  

§  D’STRESEN:	
  Measurement	
  of	
  dynamic	
  resonance	
  of	
  torsional	
  mode	
  of	
  vibraQon	
  at	
  
frequencies	
  <	
  90	
  Hz	
  
–  Can	
  be	
  sensiQve	
  to	
  rail	
  fastening/support	
  condiQons	
  	
  
–  Problem	
  of	
  Qe-­‐to-­‐Qe	
  variaQon	
  
–  Difficulty	
  of	
  measuring	
  compression	
  forces	
  in	
  tangent	
  track	
  with	
  elasQc	
  fasteners	
  

§  MAPS-­‐SFT:	
  Measurement	
  of	
  magneQc	
  permeability	
  of	
  steel	
  
–  Requires	
  calibraQon	
  
–  Stress	
  determinaQon	
  requires	
  8	
  scans,	
  or	
  at	
  least	
  30	
  minutes	
  
–  Slow,	
  cannot	
  be	
  used	
  in	
  moQon	
  

§  OTHERS:	
  Ultrasonic	
  Backscaeering	
  (University	
  of	
  Nebraska),	
  Rayleigh	
  Wave	
  
PolarizaQon	
  (Texas	
  A&M	
  University)	
  
–  SQll	
  unproven	
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Benefits	
  &	
  Disadvantages	
  

Benefits	
  	
  
§  NT	
  measurement	
  accuracy	
  to	
  

within	
  ±	
  5	
  °F.	
  

§  No	
  need	
  for	
  reference	
  value	
  of	
  
stress.	
  

§  No	
  sensiQvity	
  to	
  rail	
  supports	
  
or	
  Qe-­‐to-­‐Qe	
  variaQons.	
  

§  No	
  need	
  for	
  calibraQon	
  for	
  
different	
  rail	
  sizes/
manufacturers	
  (potenQal).	
  

Disadvantages/LimitaLons	
  
§  Current	
  UCSD	
  wayside	
  

prototype	
  requires	
  mulQple	
  
measurements	
  at	
  different	
  rail	
  
temperatures	
  to	
  determine	
  
Neutral	
  Temperature	
  (NT).	
  

§  Measurement	
  of	
  rail	
  NT	
  in	
  real	
  
Qme	
  and	
  in-­‐moQon	
  will	
  require	
  
addiQonal	
  development.	
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Modeling	
  of	
  Ultrasonic	
  Guided	
  Waves	
  in	
  Rails	
  

These	
  simulaQons	
  have	
  helped	
  idenQfying	
  the	
  correct	
  guided	
  wave	
  
mode	
  and	
  guided	
  wave	
  frequency	
  for	
  the	
  rail	
  NT	
  measurement	
  

Movie	
  Web1	
  

Movie	
  Web2	
  

Movie	
  Rail1	
  



The	
  Large-­‐scale	
  Rail	
  NT/Buckling	
  Test-­‐bed	
  

§  BNSF	
  donated	
  materials	
  and	
  know-­‐how	
  for	
  design	
  and	
  construcQon	
  of	
  test-­‐bed	
  
§  Volpe	
  parQcipated	
  with	
  technical	
  advice	
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The	
  Large-­‐scale	
  Rail	
  NT/Buckling	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
Test-­‐bed	
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UCSD	
  Results	
  from	
  Large-­‐scale	
  Test-­‐bed	
  
	
  Transducer	
  installaQon	
  in	
  the	
  rail	
  web	
  (wayside	
  measurement	
  system)	
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UCSD	
  Results	
  from	
  Large-­‐scale	
  Test-­‐bed	
  	
  

Same	
  behavior	
  consistently	
  measured	
  at	
  different	
  locaQons	
  of	
  the	
  
large-­‐scale	
  track	
  test-­‐bed	
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UCSD	
  Results	
  from	
  Large-­‐scale	
  Test-­‐bed	
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Summary	
  of	
  Results-­‐to-­‐Date	
  
§  The	
  University	
  of	
  California,	
  San	
  Diego	
  (UCSD)	
  is	
  developing	
  a	
  new	
  technique	
  for	
  Rail	
  

Neutral	
  Temperature	
  (NT)	
  	
  measurement	
  based	
  on	
  Nonlinear	
  Ultrasonic	
  Guided	
  
Waves.	
  

§  Unique	
  Large-­‐Scale	
  Rail	
  NT/Buckling	
  Test-­‐bed	
  designed	
  and	
  constructed	
  for	
  
development	
  of	
  rail	
  NT	
  measurement	
  technology	
  under	
  highly	
  controlled	
  laboratory	
  
condiQons.	
  

§  SimulaQons	
  have	
  idenQfied	
  appropriate	
  guided	
  mode	
  &	
  frequency	
  for	
  accurate	
  NT	
  
measurement	
  without	
  Qe-­‐to-­‐Qe	
  variaQon	
  effects.	
  

§  Tests	
  on	
  the	
  Large-­‐Scale	
  Test-­‐bed	
  indicate	
  NT	
  measurement	
  accuracy	
  of	
  ±2	
  °F.	
  	
  

§  Currently	
  tesQng	
  a	
  prototype	
  and	
  planning	
  demonstraQons	
  to	
  FRA	
  and	
  railroads	
  
(BNSF,	
  UP,...)	
  before	
  Summer	
  2012.	
  	
  

§  UCSD	
  filed	
  a	
  Provisional	
  Patent	
  ApplicaQon	
  on	
  this	
  technology	
  (USPTO	
  #61/558353,	
  
filed	
  11/10/2011)	
  for	
  planned	
  commercializaQon	
  in	
  2013.	
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