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Lamb Wave Technique for Ultrasonic Nonlinear Characterization
in Elastic Plates
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Abstract Since the acoustic nonlinearity is sensitive to the minute variation of material properties, the nonlinear
ultrasonic technique(NUT) has been considered as a promising method to evaluate the material degradation or
fatigue. However, there are certain limitations to apply the conventional NUT using the bulk wave to thin plates.
In case of plates, the use of Lamb wave can be considered, however, the propagation characteristics of Lamb wave
are completely different with the bulk wave, and thus the separate study for the nonlinearity of Lamb wave is
required. For this work, this paper analyzed first the conditions of mode pair suitable for the practical application
as well as for the cumulative propagation of quadratic harmonic frequency and summarized the result in for
conditions; (1) phase matching, (2) non-zero power flux, (3) group velocity matching, and (4) non-zero out-of-plane
displacement. Experimental results in aluminum plates showed that the amplitude of the secondary Lamb wave and
nonlinear parameter growed up with increasing propagation distance at the mode pair satisfying the above all
conditions and that the ration of nonlinear parameters measured in Al6061-T6 and Al1100-H15 was closed to the
ratio of the absolute nonlinear parameters.
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Fig. 1 Dispersion curve in an aluminum 6061-T6
plate
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Table 1 Operating conditions for the selected mode
pair in two different aluminum plates with
thickness of 2 mm

Fundamental Freq.
221 2.19
(MHz)
Al-A2 :
Phase velocit
mode pair e v g3 | a8
{mm/ys)
Wedge angle(®) 37.84 38.30
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Fig. 2 Block diagram of experimental
construction for nonlinear Lamb wave

system
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Fig. 3 Received signal at distance of 200 mm
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Fig. 4 STFT result overlapped on the dispersion
curve of group velocity for AIBOB1-T6 plate

ol#3 A3 Aol s, MIALE
22 ;) g
ol Aol G 8

A8 Lamb wave A RS

F7HAA7
948 el ey Z20se o
A8 weelg vng 8 w9

golstuzl gk
4. ME Ao

Al60601-T6 TAol thdld Az
Lamb wave® 4418 45 Fg 33 2t} o
AlMzo) dgte B BAZ 98 —T"\‘l/\‘li
STFT(short time fourier transform) #¥ ¥ <
T BANCE FHAZC STFTY window size®
8ps, time step 02pse]™ hanning windowE
ARGtk o1 A= Fig. 49} o A1 B=7)
A BAEE AL AT 5 UL, EIF A2 BE
of A 23} 11

200 mm ol A

q
P
4
=
=
=
=
.

z5 4¥o] FAHE AL FAY 5
STk EY ol T ARl ge FEES MHE R
g g & Yk

A2 modedi A A E 23 1Zzd Aol WA
8 23 Exo] 9% RIS &y 9
A8 E 100 mmF-E 350 mmAA] 50 mm¥ S}
ANA7 e J1Es, iz R AV olER
B Aol WAy debvele WsE wlast
g} 712ast nxae AVE Fig 444 R
o] 7By AR nxs HRAAM HAQpe 7
7 A, A2 ARRRT, ANFY wAg st
vE(8,)e 2F A%
3t AAHAD o) W 8= ARAL} AR
o] Bl AE A Ao w# @A ok

A
5= -T—iocékﬂﬁz @

<71



462 olel ¥, 1A

Magnitude of A1
o
by
5

e
8

S . ;
50 100 150 200 280 300 350 400
Distance [mm}

{a) Magnitude of the fundamental component

8l
T
i
o« 7 3
B
§ 6.5 E
&
T 6
= E
55| i
5 I i
\’
N . . ]
50 100 150 200 250 300 350 400

Distance [mm]}
{b) Magnitude of the second harmonic component
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distance in AIG061-T6 plate
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Fig. 6 Normalized relative nonlinear parameter vs.
propagation distance in two aluminum plates
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