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Abstract For railway safety, it is very important to detect damages of rails at their early stage because any
undetected damage in a rail can break the rail and cause a serious railway accident. In this paper, several NDT
applicable to rail inspections are described. Major damage types in rails are discussed first and the rail inspection
technology using conventional piezoelectric ultrasonic transducers, which is widely adopted for damage detection
of rails, is explained. Other NDT being researched or tested for rail inspection are also discussed as
complementary technologies to the concurrent contact type ultrasonic inspection. Characteristics of -each rail
inspection technologies are evaluated in order to provide requirements for future development of a new rail
inspection method.

Keywonds: Rail Damage, Nondestructive Evaluation, Noncontact Detection
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Fig. 3 Commercial ultrasonic rail inspection devices;

{(a) Measurement principle  (www.ndt-ed.org),

(b) A rail inspection car (www.evs-sm.com),

(c) An example of rail defect detection by a

rail inspection car (www.sperryrail.com) and

{d) Manual ultrasonic  rail scan  device
(www.sperryrail.com)
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Table 3 Defects in a rail detectable by a commercial rail inspection car (case of SPENO US1-3)
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transducers and rail (a) Elastic wheel probe
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Fig. 9 Rail inspection system using laser ultrasonics
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Fig. 10 Example of a structural health monitoring
using ultrasonic phased array system
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Fig. 11 Rail inspection system using EMAT; (a) Rail
inspection car using EMAT (www.tc.gc.ca),
and (b) Schematic diagram of a ralil
inspection using Rayleigh wave generated by
EMAT [52]
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3.9. Xt= 72}l 29t A (Visual Inspection

Using Automated Camera)
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Fig. 12 Rail inspection using high-speed camera;
a) Schematic diagram of high-speed visual
inspection for rail (www.railway-technology.
com) and (b) Rail inspection car IRIS320
(SNCF, France)
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Fig. 13 Laboratory test on detection of ultrasonics

using air-coupled

Z3lH B v BHEyxg= 318k 2= ¢
EO}\_ E‘xﬂ") -5 TX= 7}"\}&6& T )slq' transducers
2%l e 722 ¥, @ F9 AFHA @
4 EE de B2ol 2898 Y PRE W 45+ AoHekes) BT ToplAE A
of @ ke 23 AuiArt Astsigrt 2 F8 B9 B HoHee-68] H HAS 2=
A ONAREEA Adte] EAjshs B9 284 @F ARl F94 D8 sdel Hed
22 R et geEpxisd, oF Iy df 9l Greene 52 oM d3y 7IHE ol
(thermography) 0. 2 AT 48l MHEFoR ARE  f3pod YU A 2L AEIE AT0E
Table 4 Summary of rail inspection technologies
i 5% 9 S5 A% 2%
Mg edE AL A A 0 h
AR 2239 G4 |- AR @l AR ET 98 )
T aag ey Ch a A R
R I BW 4% o=
YA 20 A+ |- AF 0 pug T
A5 02 WA A |- BEas 99 o Bed Ase gxg | 0
WAE B b
- Az _l_"“i" 7V - N
AF G ne ~ #£9 2
SHIF = BCT) | T B e, 72 km/h e 29
LA WS WE
- e s
FAAE Ed oEL | T T S e ~ 35 kmh 2 49
A% g b .
T F A EFAF 4% BRA} ™ Z3E
HRE LA | perg) g 2 pieoft b e Ee w9 A
- AR gl s
FE ST B |- vuA Qs dudes 2 Aol A% Wy 29
s
- Liftoff} & ¥R 24 75 ~ 64 Tk
dold xgst @y |- BAY 2Y B A5 o P2 e A
-8 AR £ v &)
cog S R U ~ 100 kmv/h - .
i & o a’s -9 S = 3
ARG 2509 | de gy vy Asg A8 29 BA g  MFREIAY
Gomm |- AR B LS
A7) & W o . ~ = .
Vg B e mu e gy 29 54 84 s Qimbh | ge 9 5w Ay
MAD w8 AE g W A7 W) )
I e R ol s
g Fhelet g@d ~ A res 60 ~ 320 km/h wd Ag




410 g, 258

FPete] Hd AY AEdY H& S g
Aok 2t Hd Ay 7HE o8
B 499 R 2% 22 s zrt €4od
slev By &5 8 Fol7] Yeve @AF)
= kin=

oldel X d¥ E dHd g§F JHEEY 5AL
Table 49t ol Azl sisirh.

4. 2

]

B =idAe @A 9d €42 A8 AHEE
AAY H&g A8 dF FY vigy g4
o d&f ARt d4 HAHe=ze ¢
259 E&FA9 Jigkg F U9 24 71y
L# 717 Apgso] gtoud, g4 A ddd
2 79 B84 FE 2 AE W2 AR 5
o A% FAY = AEIFn Utk 99
2 AR A £ AFVREL o8 A
Al HE ofd Al g dE AAAY,
HAECE Yd EFW Ex YR A¥S HE
g 4 e o8 vgy g s1gel dis] A&7)
o A7 AHAE AA3Y AgAAY EF F
44E H7rsia Utk olE e AAES F3 7
& dYd B9 Z2EHe £AEL sdsn 9
d 2d £58 HARY n&sse] g 5S
€ FINE & gleE HYgsa itk a2 F
AME AA71F 2 oA 7hdke] vFE4 7
d g JIEE HE AR ax 9 @4 7y
A&H dde) wEt g4 dEY Nz Fu,
l”élfﬂ 42%3 2 235 Ao 1438 Fo] 7}
AT L HAEAE HE AR ¥
g, 14 FideE o]&3 dY 29 2§
AzHE 0 g8l 57} Eold Zoz B
o, 2 257 5& o)§% FAD #Y &
1 EE gt ﬁ-ﬁ-/‘é S8 SHNA A
£Foz #A4E 7€y dert g 2o
A 23] =7 Bde Fx oA #R9 2
FAY 84 F toltt. A4 I AR V)
FEL IEFE A2HE ExFog Jdst

PN

=

1 AR 71e9 Y JEE EFH0R F4%
= uA

9

a&:lzrzi.\l_ld

t‘

l>'}:1

ox M e FF" O{F
(o}

o cl2gloy, dd g FAE 3

o 71€ R AHE =Y4ste] Apgstn flen
AAAHL A7 Ado] vlFE 2o Yotk 1
Ay = 5% U, &8 # HE F4

dde 4 2 sheAdol sdisty,
Sl wet dd &9 §740 A=
242§ 3UFE nEEd AAHY Ad 2
7S $2E Favt glokn deEnh old g
£ @4 A FolAY iEHI e WHe
ZAE B4 d4A ¥& RECE S0 Hd
AR 5o 2%E HEE 5 A dd 4 7]
Fol s A&H FTe] dasin

BZ*.'

cas
88

[1] Office of Rail Regulator, "Trail derailment at
Hatfield,"” Report of the
Investigation Board of UK (2006)

[2] Homeland Security, "Amtrack Train Derailment,"
US Fire Administration/Technical Report (2001)

[3] National Transportation Safety  Board,
"Railroad  Accident Brief: Accident No.
DCA-06-FR-003," NTSB report (2006)

[4] cs.trains.com

[51 98 o, Az A 7Adg F99 A
EAR B4, gsiA ey, AsH 1
3, pp. 23-29 (2008)

[6] safetydata.fra.dot.gov

[7] ole3, "5 Y A& #3739 dE
g2 A2F] dFNd qF, dF5IEe,
A19%, pp. 76-79 (2009)

[8] Department of Transportation, "49C.F.R.
§213.113, Defective Rails,” Code of Federal
Regulations, (2011)

[9] International Union of Railways, "UIC Code
712R - Rail Defect,” (2002)

[10] Australian Rail Track Coorporation Ltd., "Rail
Defect Standards," (2009)

[11] FEHFE, P28 A" (2007)

[12] NDT Resource Center website; www.ndt-ed.org

Independent

[13] Sperry Rail Services website;
www.sperryrail.com

[14] Tokyo Keiki Inc website;
www tokyo-keiki.co jp

[15] Speno International Sa.website; www.speno.ch

(161 Eurailscout Co. website; www.eurailscout.com

[17] ScanMaster Systems Ltd.

WWw.scanmaster-irt.com

website;



W o2 G AEES A A31E A4E 0113 8Y)

411

[18]

[19]

[20]

[21]

[22]

(23]

[24]

(23]

[26]

[27]

[29]

{301

R. Clark, "Rail flaw detection: overview and
future NDT&E
International, Vol. 37, pp. 111-118 (2004)

needs for developments,"

o], "SHRB|AFAAN, F2F, pp. 38-38, A
AL A€ (2001)

Krautkramer Australia website;
www krautkramer.com.au

R. Pohl, A. Erhard, H.-J. Montag, H.-M.,
Thomas and H. Wustenberg, "NDT techniques
for railroad wheel and gauge corner
inspection," NDT&E International, Vol. 37,

pp. 89-94 (2004)

J. Blitz, "Electrical and Magnetic Methods of
Nondestructive Testing," pp. 44-78, Adam
Hilger, Bristol (1991)

R. Clark, J. L. Boyle, D. T. Main and B. W.
LaMacchia, "Hi-Rail Vehicle Based Rail
Inspection System,” US Patent No. 6600999,
(2003)

A. M. Lewis, D. H. Michael, M. C. Lugg and
R. Collins, "Thin-skin electromagnetic fields
around surface-breaking cracks in metals," J
Appl. Phys., Vol. 64, No. 8, pp. 3777-3784
(1988)

D. Topp and M. Smith, "Application of the
ACFM inspection method to rail and rail
vehicles,” Insight, Vol. 47, No. 6, pp. 354-357
(2005)

M. Ph. Papaelias, "High-speed inspection of
using ACFM NDT&E
International, Vol. 42, pp. 328-335 (2009)

H. Kwun and K. A. Bartels, "Magnetostrictive

rails techniques,”

sensor  technology and its applications,”
Ultrasonics, Vol. 36, pp. 171-178 (1997)
AP, F47, 5 2S9E 0843 o
W] FH A @A, s=Hl g ALt
3], Vol. 20, No. 1, pp. 1-9 (2000)

ZH5, " 2&To) g oldlel 54,
gt=rH] 3 7 HAF8ES] X, Vol 21, No. 4, pp.
446-460 (2001)

J. L. Rose, "A Dbaseline and vision of
ultrasonic guided wave inspection potential," J.
of Pressure Vessel Tech., Vol. 124, pp.

273-282 (2002)

[31]

[32]

[33]

[34]

[35]

(371

(38]

[39]

[40]

[41]

[42] C. B.

T. Kang, D. H. Lee, S. J. Song, H. K. Kim,
Y. D. Jo and H. J. Cho, "Enhancement of
detecting defects in pipes with focusing
techniques," NDT& E International, Vol. 44,
No. 2, pp. 178-187 (2011}

Y. Cho, "Estimation of ultrasonic guided wave
mode conversion in a plate with thickness
variation," IEEE Transactions on Ultrasonics,
Ferroelectrics and  Frequency Control, Vol.
47, No. 3, pp. 591-603 (2000)

J. L. Rose, M. J. Avioli, P. Mudge and R.
Sanderson, "Guided wave inspection potential
of defects in rail," NDT&E International, Vol.
37, pp. 153-161 (2004)

J. L. Rose, C. M. Lee and Y. Cho "A
feasibility study of guided wave technique for
rail monitoring," Journal of the Korean
Society for Nondestructive Testing, Vol. 26,
No. 6, pp. 411-416 (2006)

D. Hesse and P. Cawley, "Defect detection in
rails using ultrasonic surface waves," Insight,
Vol. 49, No.6, pp. 318-326 (2007)

C. M. Lee, J. L. Rose and Y. Cho "A guided
approach to defect
shelling in rail, NDT&E International, Vol. 42,
pp. 174-180 (2009)
Solids
www.wavesinsolids.com
J. L. Rose, "Ultrasonic Waves in Solid Media,"
Cambridge University Press, Cambridge, (1999)
S. Coccia, I. Bartoli, A. Marzani, F. L. di
and M. Fateh,

"Numerical and experimental study of guided

wave detection under

Waves in LLC. website;

Scalea, S.  Salamone

waves for detection of defects in the rail
head," NDT&E International, Vol
93-100 (2011)

59, Y 25 B4 B4 A, o
71483 =24 A", A 94, 201D
Y. H. Cho, Y. K. Kim and I. K. Park, "Time
frequency domain analysis of the dispersion of
of ASME/JSME
2004 Pressure Vessels and Piping Conference,
pp. 7-11 (2004)

Scruby and L. E. Drain,

44, pp.

guided wave modes,” Proc.

"Laser



412

ok

20 A
Tt 258

{43}

[45]

[46]

(47]

(48]

[49]

[50]

[51]

[52]

(53]

Ulrasonics  Techniques and  Applications,"
Adam Hilger, Bristol, (1990)

R. J. Dewhurst and Q. Shan, "Optical remote
measurement of ultrasound," Meas. Sci. Tech.,
Vol. 10, No. 11, pp. R139-168 (1999) ‘
Federal Railroad Administration, "Research
results RRO5-07: On-line high-speed rail
defect detection-Phase II1," Research Report of
FRA, (2005)

Federal Railroad Administration, "Research
results RR08-25: On-line high-speed rail defect
detection,” Research Report of FRA, (2008)

S. Coccia, R. Philips, 1. Bartoli, S. Salamone,
F. L. di Scalea, M, Fateh and G. Carm,
"UCSD/FRA  npon-contact ultrasonic  guided
wave system for rail defect detection: an
update,” Sensors and Smart  Structures
Mechanical and
Aecrospace Systems 2011, Proc. of SPIE, Vol.
7981, pp. 798113-798116 (2011)

P. Coperet, "FAAST: Fast automated angle
of 17th World
Congress on Nondestructive Testing, (2008)

H. Kwun, S. Y. Kim and G. M. Light, "The

magnetostrictive sensor technology for long

Technologies  for  Civil,
scan  technique," Proc.

range guided wave testing and monitoring of
structures,” Material Evaluation, Vol. 61, pp.
80-84 (2003)

M. Hirao and H. Ogi, "EMATs for Science
and Industry:  Noncontacting  Ulirasonic
Measurements," Kluwer, Boston, (2003)
Z5d, g, AR, FEY, oA,
¥ 7xE F=2E% HAAE A sHE
ANVEE EWALFAM BE MG vagyg
AFEFEA], Vol. 29, No. 2, pp. 122-129 (2009)
P. Wilcox, M. Lowe and P.

"Omnidirectional guided wave inspection of

Cawley,

large metallic plate structures using an EMAT
array," IEEE Transactions on Ultrasonics,
Ferroelectrics and Frequency Control, Vol
52, No. 4, pp. 653-665 (2005)
http://www2.warwick.ac.uk/fac/sci/physics/
research/ultra/research/rail_inspection/

A. Chahbaz, "Mobile inspection system for rail

[58] Bildverarbeitungssysteme

[60] W. A. Grapdia, "NDE

[61]1 A. Gachagan,

integrity  assessment," Proceedings of 15th
World Congress on Non-destructive Testing,
(2000)

[54] R. S. Edwards, S. Dixona and X. Jian,

"Characterization of defects in the railhead
using ultrasonic surface waves," NDT&E
International, Vol. 39, No. 6, pp. 468-475
(2006)

[55] V. P. Sebko, “Ultrasonic testing of railheads

using the electromagnetic acoustic method,”
Russian Journal of Non-Destructive Testing,
Vol. 40, No. 7, pp. 442-448 (2004)

[56] P. De Ruvo, G. De Ruvo, A. Distante, M.

Nitti, E. Stella and F. Marino, "A visuval
inspection system for rail detection and
tracking in real time railway maintenance”,
The Open Cybernetics and Systemics Journal,
Vol. 2, pp. 57-67, (2008)

[57] University of Central Florida, "Final Report of

FDOT Project No. BDS550-08: Automated
Visual Inspection/Detection of Railroad Track,"
Florida Dept. of Transportation, (2010)
GmbH website;

www.bvsys.de

[59] Mermec Group Track Inspection Part website.

www.mermecgroup.com/diagnostics/track-inspect
ion /62/1/track-surface-inspection.php
applications  of
air-coupled ultrasonic transducers,” Proceedings
of 1995 IEEE Ultrésonic Symposium, pp.
697-709 (1995)

G. Hayward, S. P. Kelly and
W. Galbraith, "Characterization of air-coupled
transducers," IEEE transactions on Ultrasonics,
Ferroelectrics and  Freguency Control, Vol.
43, No. 4, pp. 678-689 (2002)

[62] F. L. di Scalea and J. McNamara, "Ultrasonic

NDE  of

cross-sectional

railroad  tracks: air-coupled

inspection and  long-range
inspection,” [Insight, Vol. 45, pp. 394-401

(2003)

[63] =AY, A&4, 4535, A, HeE, "2

&3 ARIIE o AL 2T 2
Zol WP AT, @B FAIH A,



vl AAEE 2] A317 Al4E (2011 8F)

413

[64]

[65]

[66]

[67]

Vol. 26, No. 4, pp. 211-219 (2006)

Huhg, F71¢, A g, 4724, 9
e F-AID dsd V1EE olgd U
RAEF 9% 2 =7 FHrP, Vol 27, No.
4, pp. 321-327 (2007)

HHR, olsA, WAs, ddd, Frlg, "2
- dsd Vel 9% H2gg
A&l ol EE WAYUSE #4", Vol 29,
No. 1, pp. 10-14 (2009)

J. G. Kim, B. C. Goo, S. C. Yoon and S. T.
Kwon, "Thermographic investigation of hot
spots in railway brake discs,” Key Engineering
Materials, Vol. 385-387, pp. 669-672 (2008)

UAZ, EEAF AE AR BA5H A

[68]

[70]

M A3 e, share]gy FArers]
2], Vol. 30, No. 2, pp. 116-120 {2610)
AR, Ao 43t V1€ ol8d Ex
A oz AdQ H@Uy, FgEH g FALS
3/ A Vol. 31, No. 2, pp. 144-149 (2011)

RSSB Research Programme, "Engineering: Rail

Temperature  Study,” Railway Safety and
Standards Board, UK, (2005)

R. I Greene, J. R. Yates and E. A.
Patterson, "Rail crack detection: an infrared

approach to in-service track monitoring,”
Experimental and Applied Mechanics, pp.

246-243 (2006)



