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Extraction of a single mode from multiple modes of Lamb wave
and its application to defect detection

Takahiro HAYASHI, Koichiro KAWASHIMA

Lamb waves generally consist of many dispersive modes, which makes mode
identification difficult. This study discribes the extraction of a single mode from multiple modes.
The single mode extraction is based on two dimensional Fast Fourie Transform (2D FFT) in time
and space, signal filtering and 2D inverse FFT. Air-coupled ultrasonic technique were adopted for
non-contact fast measurements. Using this technique, the A0 and SO modes were clearly detected in
preliminary tests of intact plates. Furthermore, multiple reflections of the A0 mode, which were
shown only in the computer simulation, were experimentally confirmed in reflection tests of plates
with a square notch. In the reflection tests, two reflected waves were extracted in the intervals

corresponding to notch widths.

Key Words: Ultrasonic Inspection, Nondestructive Inspection, Fast Fourier Transform,
Lamb wave, Signal Filtering, Air-coupled Ultrasonic
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Fig.1 Dispersion curves for an aluminum plate.
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Fig.2 Dispersion curves described by critical angles.
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(d) Filtered waveforms
Fig.3 Key concept of single mode extraction.

(c) k-f'image after filtering
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Fig.4 Experimental set-up.
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Fig.5 Waveforms in intact plate tests.
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Fig.6 k-f distribution image for intact-plate tests.
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Fig.7 k-f image after filtering.
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Fig.8 Filtered waveforms in A0 and SO extraction tests.
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Fig.9 Waveforms when Hunning window is applied to the
sequences in the space direction.

Number of___
obsevatior} points
Q N et St Rt
E 100
g 80
= MN
v @
‘C_‘ﬂ N Aﬁl' AR
§ L L 40
Z
IR A R NEET I
100 150 200
Time [us]

Fig.10 Comparison of waveforms
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Figl1 Comparison of waveforms for different widow widths.
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Fig.12 k-f'image after filtering by different window widths.
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Fig.13 Calculation results of A0 mode propagation

around a square notch.
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Fig.15 Sampled and filtered signals
for different notch widths and different observation points.
(Large arrow indicates the reflected wave from the left edge
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Fig.17 Intervals of reflected waves
for different notch widths.



gboboboboooooboobooboboboboooboooon

g g

010 Viktrov I. A, Rayleigh and Lamb Waves, (1967)
Plenum

020 Rose dJ. L., Ultrasonic waves in solid media, (1999)
Cambridge

030 Scruby C.B. and Drain L.E., Laser Ultrasonics
Techniques and Applications, (1990) Adam Hilger

040 Shindel D. W. and Hunchins D. A., Ultrasonics 33-

1(1995), 11
050 000000000 00000000000000
00000000000000000(2000), 7

gen

g7o

oso

oono

0100
0110

Jod0d0ooooooobooooooboooooao
0000000050-2(2001),108
Jod0o0ooooooobooooooono 11oo0o
000000000(©o00ad1

Hayashi T, Kawashima K., J. Acoust Soc. Ame.
Submitted.

000000O0o00Cheid. COOOOODOOOOO
00000 65-630(1999), 210

Hayashi T. Endoh S., Ultrasonics, 38 (2000), 770

Eisenhardt C., Jacobs J. and Qu J., Review of pro-
gress in Quantitative Nondestructive Evaluation
(2000)



