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Detection of Laser excited Lamb-wave using Air-coupled Transducer
and Identification of Propagation Mode using Wavelet Transform
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Abstract

This paper proposes a single-mode Lamb-wave generation and detection system using a pulsed laser
as a generator and an air-coupled transducer combined with the wavelet transform analysis, as the
detector. The laser source with arrayed linear slits was used to generate Lamb-wave which is able to
control the wavelength of Lamb-wave to be generated by changing the slits separation. An ari-coupled
transducer was used to receive Lamb-wave, which can selectably receive a single mode of leaky Lamb
wave by changing the oblique angle of transducer, since the leaky Lamb-wave has unique leaky-angle
according to the mode. Also, the received signal was processed by wavelet transform for the analysis
in domain of time-frequency. The theoretical dipersion curve and the experimetal result was compared
to show good agreement.
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Table 1 Type of the generator and detector for
Lamb wave

Lamb-wave Generator

o Air-coupled
EMAT transducer

"~ I Laser (with
Type PZ1 line array slit)

frequency

angle wavelength

Variables wavelength angle

closely
non-contact

Lamb-wave Detector

Contact

or not non-contact

contact non-contact

Laser
Interferometer

I Air-coupled
Type P71 EMAT 1% nsducer

frequency

Variables angle

wavelength angle displacement

Contact
or not
Mode

selection
or not

S/N ratio

closely

non-contact non-contact

contact non-contact

selectable |unselectable unselectable

good good bad

a0

k)

o

30,

o
riet

n %

%rw

=

R

Bl mol
Mo

=8
2
N
rlr
av)
k)
)
%0
oo
2
O,
e
o oo
o o oL
~ S 6%
3
an}

>
2
12
Lo
>
>
o
o
o
o

“
o3t
o

[e)

. A@A kel Agle] FeFe
HREA A5 ol
AelAE 54
| 3h=tl, EMATE S/NH| 7}
=g Haxoz A9
S0 A of w7} 5
dol Qlar, #olA W
ohe RS wael vle) ¥ Aol A
> o A7A B3
i,

m
AFN_N“E

oM,
o2 o T ¢
=
lo
o
z

oy

of
2
ol
)
H

i
12§ il o of

2o

s
=
'

A

av)
2
0]

£

[»
o 1
lo X
o
T ow»
a4z
Y-

AN
wE, T
2 oy
N
N
AC)
=2

»

2
P\l',
2
>
">
po

%0,

i

1 x

o M (o gy AR
<l
=
e

BN
>
i
H

)
ofo
ol oy
=l
&
o
2
oL
1
o
Jo
o
ol
ol
[

o o
o
b
rlr

ol
-

o g
o

&
T
_urott

ool > = oo
ihed
>y
B

£
= o

0 oo o &

o
[>
=l
>
il

852

Digital
°

Nd:YAG Pulsed Laser
(Spectron Laser Inc.)

(Lecroy 9374M)
= ==
—

Pentium Il PC

Ultrasonic Reciever
(Panametrics)

Charge Amplifier
100V bias
Cooknell Inc

Air-coupled
\ Transducer

L ]
Aluminum Plate (Thikness=1mm)

Array Line
Mask

Fig. 1 System configuration for Laser gerneration
of Lamb wave and air-coupled detection.
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Fig. 2 (a) Phase velocity (b) Group velocity
dispersion curves for Imm aluminum plate
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Fig. 3 Consideration of leaky Lamb wave and
angle of air-coupled transducer
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Table
Lamb

2 Caculation of reflection angle of leak
wave into air

4mm

C, [km/sec]
1.821
5.268
8.392
11.528

Zmm

Cp [km/sec]
2.420
So 4.424
A 5.923

Wave length
()

Ao
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Fig. 5 Signal waveform at A =2mm.
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Fig. 6 Signal waveform at A =4mm.
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Fig. 7 Dispersion curve of group velocity and
contour plot of wavelet transform with A =2mm.
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Fig. 8 Dispersion curve of group velocity and
contour plot of wavelet transform with A =4mm.
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