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Air coupled ultrasonic testing method for rail tread
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Abstract In this paper, a non-contact air-coupled ultrasonic Rayleigh wave detection method is proposed for
shallow surface cracks on rail treads. Firstly, the vibration mode of CHNG60 rail head is solved by semi-finite
element method. The vibration mode structure and dispersion curve of the rail head tread are extracted, and
an experimental system is built. The detection parameters are determined according to Snell rule and the sound
field distribution of sound source in the air. Finally, the experimental analysis and numerical calculation of
cracks on the shallow surface of rail tread are carried out from both theoretical and experimental aspects. The
results are in good agreement, which demonstrate the feasibility and reliability of the air-coupled ultrasonic
guided wave detection method.
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Fig. 1 Semi-analytical finite element method in

the rail is divided into small prismatic elements

f I b 1) 2 g A A BR i, xf 3R E CHNGO
RSB AT 70 A, Dy 7 3RAS A 2, R
Wi 2 plrs, BT AT SO 6710 X EEAH 4y Y
T RE AN & DASR ARG ) e, (FU R DU B A5 v 45T
k. FHSRFE IS A AR, S FEAR
AR 2 U311 @ X B 5 AR AR 17 & 2 kAT
T, RV 2 B AR AN S 2 WoA SEBR AR B) -
DRI b, A5 FH 2 3 30 1 &5 ) A s 4 B 1 = S A
Ho XH G| A FE FHAE (Dominant mode value,
DMV) 5] SRR E S

x,y, 2J7 M ) DMV {8
x,y, 27 ) BT R A A E R ME
BT A 1 AL R B 1 e R AE

U 2 W BT AR BTN, S BUES T F 3 58
AN R BT S A A 2, Wl 3. B4 R
Bl 3(a)~(c) 73 Tl & 7535 & 1 s AR i - (KF 5 1D)
y (FEE 7)) M 2 (YAJ7 ) J7 R 3h i A =
THUPSE AT 2%, e R K £ 3 SR 8 SRR B Y DMV




F38% 3

RGN T ) A R A A T

407

iy
vy
RN
e
SR AT,

T
s
o

P

e
ok
5
o)

<1
il

fe T
A

Iy

IAY:
ot
A

HHIHT
B

A
CFAYAN Y,

B2 T B S 4 3 A e 1T

Fig. 2 Segments and selected nodes for master

mode calculation
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Fig. 3 Group velocity dispersion curves of the

main modes of the rail
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sition indicated by the arrow in Fig.3
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Table 1 Amplitude with different depth

defects results
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