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A new ultrasonic nondestructive testing that utilizes nonlinear ultrasonic waves generated in crack
or at bi-material interface has attracted attention in recent years. In general, the nonlinear ultrasonic
waves are classified into higher harmonics and subharmonics. However, the generation mechanism
of the nonlinear ultrasonic waves has not been completely cleared yet. Therefore, in this research,
in order to simulate the nonlinear ultrasonic waves, the MPS method, which is one of the particle
methods, has been developed for 2-D elastodynamics. As numerical examples, the higher harmonics
generated at the crack with contact boundary conditions are demonstrated by using the developed

MPS method. The MPS method has a potential to reveal the generation mechanism of not only the
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higher harmonics but also subharmonics.
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Fig.1 Relative displacement between i-th and j-th particle.
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Fig.2 Crack modeling by particles.
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Table 1 Numerical parameters.

Dimension d[-] 2
Initial particle spacing lolm] | 5.0 x 107°
Initial particle number density ngl-1 6.53
Time step size At[s] | 2.0x107?
Number of time steps n™Max[-] 10000
Radius of influence re[m] 2.1l

Table 2 Material constants of steel and CFRP.

Steel | CFRP

Density plkg/m3] || 7850 | 1600

C11[GPa] || 282.7 | 125.5
C13[GPa] || 121.1 8.0
Elastic constants | C31[GPa] || 121.1 8.0

Cs3[GPa] || 282.7 15.1

Cs5[GPa] 80.8 6.5
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