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Abstract Herein, the effect of temperature on the frequency of the zero-group-velocity (ZGV) Lamb wave of an
aluminum alloy sheet is studied. Further, an experimental system is established for the all-optical detection and
excitation of the S;-ZGV mode in an aluminum alloy sheet under different temperatures using a pulsed laser based
on Doppler vibrometer. The S;-ZGV mode frequency is observed to vary with the temperature in an aluminum alloy
sheet. Subsequently, the experimental results denote that the frequency of the S;-ZGV mode decreases by 10.4%
when the temperature increases from 20 ‘C to 370 “C, whereas the theoretical results denote that the frequency of
the S1-ZGV mode decreases by 10.9%. Therefore, the experimental results are observed to be consistent with the
theoretical results. In addition, when the temperature increases from 20 C to 370 “C, the effects of the sheet
thickness and shear wave velocity on the frequency of the S;-ZGV mode are observed to be the smallest and largest,
respectively, by considering the influences of the sheet thickness, Poisson ratio, and shear wave velocity of the
aluminum alloy sheet on the frequency of the S;-ZGV mode.
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Table 1

Physical parameters of aluminum alloy material®*'

Formula

Parameter Temperature /°C
Young modulus /GPa 20-370
Poisson ratio 20-370
Density /(kgem ) 20-370
] 20-337
Thermal expansion coefficient /°C !
337-370

77.7+2.04X107° T—1.89X107"' T*

0.324-+3.75X107°T+2.21 X107"T*

2737—6.012X10*T—7.012X 10" *T*
5.76 X107 °+1.71X107"T—6.55 X107 1°T*
1.95X10 °+9.63X10 *T+9.46X10 ¥ T*
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Fig. 6 Variation of frequency of ZGV Lamb wave in aluminum alloy sheet caused by Poisson ratio with temperature.

(a) Variation of frequency of S;-ZGV mode with temperature; (b) variation of frequency of S;-ZGV mode with temperature
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