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Rail damage detection method based on acoustic emission and wavelet singularity
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Abstract:  Many major derail accidents are closely related to the rail damage so the study on the rail flaw detection
technology is particularly important nowadays. The study is aiming at analyzing and comparing the characteristics of signals
data before and after destruction collected by a damage detection system. The damage and defect were judged by the
differences between the processed data of destructive signals and nondestructive ones in time and frequency domain and
according to the energy spectrum features. What’s more the locations of defects and damages were obtained by virtue of
the singularities of destructive signals using three wavelet singularity analysis methods including continuous wavelet
transform Mallat algorithm and & Trous algorithm. It is found that & Trous algorithm can give quite accurate information
about real damage locations which shows that this method can be used in the real damage detection for rails and provide
us more precise defect location information.

Key words: rail; nondestructive test ( NDT) ; accoustic emission ( AE) ; singularity detection

( AE—Acoustic Emission) o

(51278300; 61227011) ;
( CXZZ20140508140740862)
1 2015 -07 -14 12015 -09 -25 T
1990 10
1963 6 8



2 197
o HESSE ° o
1.2
; CHONG " .
;coccia M o
Lipschitz
( Mallat ) (CWT)
(& Trous ) o
: a Trous
12 Mallat o
. 13
. 14
Lipschitz
; a Trous
a
: Trous
N a Trous
2
1
PZT
1.1 o
PZT 0
( AE)
( AE) 0
15
o NI9223 10
20 kHz ~1 MHz MHz; Labview 0
16 . 2013 2 .
AE 7-18 ( PZT) 1 PZT
o 3.9m 3.3 m.
50 Hz X 1 3
3.9 m : 2 4
AE 3.3 m ;
AE ( PSD) 600 kHz ~1 MHz. 6



198 2017 36

4 Al
( 2)-
100 ~300 kHz
( 100 ~ 300 kHz)
AE o
AE PSD
1 2 4
Fig. 1 Sensor arrangement Fig. 2 Damage in rails 4.1
( CWT) a Trous
° CWT
1 .
3(a) (b) o o 5 6 CWT
3(b)  AE o
3(a) a Trous
AE
3 1
Fig.3 Waveform of sensor 1
0 1
( PSD)
Al 4
1 2
a Trous
4 1
1

Fig.4 PSD of data with and without damage of sensor 1



7 1 cdl vcd2
cd3

Fig. 7 Dyadic wavelet transform coefficients of the
original data and the frequency band data

of cdl cd2 and cd3 from sensor 1

; cdl . cd2 cd3

199
2 o
2 a Trous
Tal. 2 Calculated damage distance and its error of
the data with damage processed by a Trous algorithm
cdl cd2 cd3
! 4.60 4.50 4.30 4.42 4.40

/m

17.9% 15.4% 10.2% 13.3% 12.8%

3.49 3.38 3.50 3.53 3.48

/m

5.78% 2.42% 6.06% 6.97% 5.30%

o 2
4.2
a Trous
1 o
1 a Trous
Tal. 1 Singularity time of the data with damage
processed by & Trous algorithm S
cdl cd2 cd3
! 0.000912  0.000447 0.000215 0.00176
2 0.000718  0.000 349 0.000 18  0.001 45
T=2"xT, -L/V (1)
n T,
L 0.6
m V PSD
150 ~200 kHz
9
WS2( 2)

150 ~200 kHz
m/s 2 850 m/s.

2 840 ~2 900

3.9 m 3.3 m

2
3.9 m 1 3.3 m
2 o
(1)
AE
AE

100 ~ 300 kHz

(2)
a Trous

a Trous

(3) & Trous



200 2017 36
o a Trous 10 CHONG M L JOSEPH L R YOUNHO C. A guided wave
approach to defect detection under shelling in rail J . NDT
& E International 2009 42:174 —180.

° 11 COCCIA' S BARTOLII MARZANI A et al. Numerical and
experimental study of guided waves for detection of defects in
the rail head J . NDT & E International 2011 44:93 —

i 100.
12 .
. . . J. 2007( 1) : 204 -207.
1 LIY WILSON J TIAN G Y. Experiment and simulation HE Haoxiang SUN Li YAN Weiming et al. Singularity
study of 3D magnetic field sensing for magnetic flux leakage L, .

i ] detection for structural damaged signals based on wavelet
defect characterisation J . NDT & E International 2007 analysis ] . Tndustrial Construction 2007 ( Supl) : 204 —
40(2) : 179 —184. 207

2 CHACON MUMOZ ] M GARCIA MARQUEZ J P 13 '
PAPAE.LIAS M. .Rallroad l.nspectlon based on AC.FM 7. 2010 31(2): 151 - 157.
employing a non-uniform B-spline approach J . Mechanical ZHANG Yue DU Shoujun ZHANG Limei. Application of
Systems and Signal Processing 2013 40(2) : 605 —617. . . .
wavelet singularity to steel structural damage detection J .
3 SONGZ YAMADA T SHITARA H et al. Detection of T .
Journal of Heibei University of Science and Technology 2010
damage and crack in railhead by using eddy current testing 31(2) 1151 - 157
J . Journal of Electromagnetic Analysis and Applications 14 . .
2011 3(12) : 546 -550. o T 2005(  1):146 - 151.
4 EDWARDS R S DIXON S JIAN X. Characterisation of QIU Ying REN Qingwen ZHU Jianhua. A beam damage
defects in the railhead using ultrasonic surface waves J . . . . . . .
) ) diagnosis based on wavelet singularity J Engineering
NDT & E International 2006 39(6) : 468 —475. Mechanics 2005( Supl) : 146 — 151.
5 COCCIAS PHILLI.PS R NUCERA € et al. .U(.:SD/FI.{A 15 YAMAGISHI S ICHIKI M  FUJIMOTO S et al.
non-contact ultrasonic guided-wave system for rail inspection Characterization of the piezoelectric power generation of PZT
an update C // Proceedings of SPIE—The International . . .
) ) A ceramics under mechanical force C //2013 Symposium on
Society for Optical Engineering - 2011. Design Test Integration and Packaging of MEMS/MOEMS.
6 KENDERIAN S DJORDJEVIC B B CERNIGLIA D et al. DTIP 2013
Dynam1? raﬂroafl inspection using the ‘]aser—alr' hybrid 16 SAKAMOTO W K MARIN-FRANCH P TUNNICLIFFE D
ultrasonic technique ] Non-Destructive - Testing and et al. Lead zrconate titanate/polyurethane ( PZT/PU)
Condition Monitoring 2006 48(6) : 336 —341. . . .
ST o composite for acoustic emission sensors C //Conference on
7 BRUZFLIUS .K .MBA D- An. mmél .mvestlgétlon on the Electrical Insulation and Dielectric Phenomena ( CEIDP) .
potent.lal applicability of Acoustl(’: Emission to rail track fault Annual Report: 20 —23.
detection J . NDT & E International 2004 37(7) : 507 - 17 SONG G GUH MO Y L etal. Concrete structural health
516. . . . .
monitoring using embedded piezoceramic transducers J .
8 BOLLA_S K_ P.APASAFO[_JROS D KOUROUSIS D e al Smart Materials and Structures 2007 16(4) : 959.
Acoustic emission monitoring of wheel sets on moving trains 18 QIUL YUANSF SHIX L et al. Design of piezoelectric
J . Construction and Building Materials 2013 48: 1266 — . . - .
transducer layer with electromagnetic shielding and high
1272. . L .
connection reliability J . Smart Materials and Structures
9 HESSE D CAWLEY P. Surface wave modes in rails J .

Acoustical Society of America 2006 5( 15) : 733 —740.

2012 21(7): 075032.



