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Abstract Based on the relationship between the features of laser ultrasonic waveform and the spatial distribution,
temporal distribution of the laser pulse as well as the material physical properties, a model for the thermoelastic
generation of ultrasonic wave in metals and non-metals is established by using finite element method (FEM). The
temperature distributions in metal and non-metallic materials excited by laser pulse are obtained, and the ultrasonic
waveforms at the epicenter caused by thermoelastic expansion are calculated by utilizing the temperature
distributions as ultrasonic force source. The generation reason and rules of precursor are analyzed according to the
waveforms at the epicenter. The results show that, because of the thermal diffusion, a force source is excited on the
metal surface, whereas a body force source with relatively large depth is caused due to the optical penetration in non-
metals. The stresses normal to surface are excited by rapid expansion of material heated by laser pulse, but the
location that the stresses act on is below the surface in the case of non-metals, so the precursor is monopolor in
metals and it becomes dipolar in non-metals. The precursor waveforms include the material physical properties and
parameters, so this research is useful for nondestructive materials test and evaluation by utilizing the characteristic
of precursor.
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Table 1 Properties of aluminum and neutral glass used in the calculation ( T, is the melting point of the material)

Physical properties

Aluminum

Neutral glass

Optical reflectivity R
Absorptivity
Thermal conductive coefficient K

/(Wem™ «K™)

0.79

A(T) =5.2X1072 43X 10°(T— 300 K)
249.45—0.085T, 300 K<< T<<730 K
198.47—0.014T, T <<730 K< T,

1.83 X 107° T+ 0.012, 300 K<< T <800 K
1.2 X107 T+0.021, 800 K< T << Ty

Density p /(kg » m™*) —0.22T+4 2769, 300 K<< T<< Ty, 2400
Thermal capacity C

/(J kg™« K™) 780.3+40.488T, 300 K< T<C T, 840
Poission’s ratio 0. 34 0.23
Young's modulus /Pa 6. 85X 10" 6. 0457 X 10
Thermal expansion coefficient 2.65X107° 0.63X107°
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Fig. 2 Contour plots of transient temperature at 0.5 ps

near the heat affected zone in the aluminum plate

3.2.2 F2BFTHBESSAH
EEEBEHHASHERESANBATIHET A
FBWE RS0 pmit A RHELSBREREAR
2 B IR B 70 . B 3 50, 5 psht ZI41 K 258
MERET FWRESS M. BE 3WUEL, BREF
T DX 7 Bl 1] B R 3T 260 pem, T2 AR 07 16 M1 4 R
WIEREAME, BESLEREH B TA¥EBEHN
NLEERA X B L& BT RBE, EEREN
TR R B Y R R BT A T AT OO, T JE 4
JB& A J B TR BE 3 7 A T Y ORI 6 2 3 S Y 3 [
fER Kb R FEEANREFERN. BEAR
BN B5) 7= R 3 Bk, B G R 42 8 A4 o bl AR ik
FEAE BN T3 (BGRB8 i D D TE T 1R
BRKORE, B—NE — S BREMEBRYEIE.

R/um
0 40 80
0 = | L L L L
i
20 -r/gf /f/
<
40 j 4
b
60 A / 4
e
80 7 /
100
£ 120
N 140 A
160 A T(a)=312.5K,
7(b)=337.6K,
180 T(c)=362.6K
7(d)=387.7K,
200 A T(e)=412.7K,
1(f)=437.7K,
220 4 1(g) =462 8K,
7(h) =487 8K,
240 A (i) =512 9K.
260 -

Bl 3 0.5 ps BY BRI KBRS R ES R
Fig. 3 Contour plots of transient temperature at 0. 5 ps

near the heat affected zone in the neutral glass plate
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