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Dynamic explicit analysis

Imposed displacement on the top 
of the plate, amplitude ~0.1 μm
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Objectives
In this study, we develop a simulation tool, in the framework of finite element method, to provide additional support of the ultrasonic wave
characterization technic. In this technic, the speed and attenuation of an ultrasound pulse are correlated to the microstructure parameters such as
grain size, phase fraction or recrystallized fraction.
Experimentally, the geometry and/or the correlated effects of different microstructural features evolution make the analysis tricky. The model
developed here help to decorrelate these effects thanks to the independent control of each parameter. It is also used to study the effect of damage
evolution or fraction of particles in a matrix on the speed and attenuation of a pulse.
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2D plate, 2 mm thick, 10 mm wide, 
Infinite in out of plane direction (plane strain conditions)
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𝑭 𝑖 : external applied forces
𝑰 𝑖 : internal element forces

At each node: Dynamic equilibrium

Explicit integration
Constitutive laws

+ boundary conditions and 
loads

Stability limit:
∆𝑡 = 𝑚𝑖𝑛
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: element dimension

: dilatational wave speed

Mesh and geometry

ABAQUS

• Minimum requested for an isotropic material: 𝜌, 𝐸, 𝜐

• Up to a fully anisotropic material, 21 elastic coefficients:

• Example of properties spatial distribution:

Material definition

Element type: 
CPE4R

- continuous
- plane strain
- 4 nodes 
- reduced integration

Average grain size 50 μm, voronoi tesselation:

Pulse Outputs

Spatial distribution:
Gaussian

Temporal distribution
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Contour 
plot Contour plot of amplitude displacement
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Geometrical effects: 
measure on a cylinder

Simulated 
signal

Experimental 
signal

Geometrical artefacts 
are caught
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Pulse inversion

Interference echoes

Effect of damage on wave speed

Circular voids, radius 20 μm, 1% surface fraction

y = -95.704x + 6007.3
R² = 0.9995
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