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Lamb wave propagation exited by angle beam transducers
in layered plates

Takahiro HAYASHI, Koichiro KAWASHIMA
Shigehisa ENDOH

Wave motion in a layered plate ,including loading regions, were fomulized using the
semi-analytical finite element method (strip element method) and calculated at every frequency step,
which resulted in the simulations of Lamb wave exitated by angled beam transducers in the time
domain. These calculations required less computational time and memory than the conventional
methods such as FEM and BEM. The numerical results were visualized and the snapshots of Lamb
wave propagation revealed the some phenomena regarding SO mode exitation and stress
distributions of SO and A0 mode. The pure SO mode cannot be exited by angle beam transducers due
to its long wavelength in a low frequency thickness range. The normal stress in the propagation
direction in SO and A0 mode and shear stress in SO mode abruptly varied with the position in the

thickness direction in a crossply plate.

Key Words: Numerical Analysis, Ultrasonic Inspection, Composite Material, Lamb Wave,
Semi-analytical Finite Element Method, Angle Beam Transducer
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Fig.1 Coodinate system for a layered plate.
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Fig.2 Contours for evaluating Eq.(37)

¢>0 and ¢,>0: solid, ¢,>0 and ¢,<0: dashed.
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Table 1 Material constants of CFRP

E1 Ez G12 Vi Va3 p

(GPa) | (GPa) | (GPa) (g/em®)

142.17 9.255 | 4.795 | 0.3340 | 0.4862 | 1.90

— 50 T T '

320 / ]
o, 7V S0 mode ,' ]
230k wedge --? A0 mode ]
g 20 _\ """"" air-coupled
S 10} g

0 1 2
Frequency Thickness [MHz mm]
Fig.4 Dispersion curves for a CFRP
and frequency spectrum used in the calculation.
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Fig.5 The snapshot of a waveform for A0 mode exitation.
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