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2. Theoretical point of view
3. Simulations with different mesh density

4.Discussion and Conclusion




Crash simulation

Use of numerical
simulations (Finite '
Element Analysis) for
physical problems

Biomechanics
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influenced by:

Mesh discretization
Material properties
Numerical dispersion

Spurious wave

B utbm

Precision of the analysis
Stability of the analysis
Validity of the analysis
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the distance traveled by the
fastest wave in the model (c.At,_.. )
should be smaller than the
characteristic element size (Ax) in

the mesh
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numerical errors

y

Mesh size and wave direction lead to different
results for a simulation

(Belytschko et al. 2000, Bazant et al. 1978)
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O = — 0.2 — deal case
C ﬂu = m=0 {lumped mass matrix)
Bazant et al. 1978 s 5 20 s
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For one dimensional simulation : —/—™. —-9090y for — ~16
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Numerical error due to the number of element per wavelength
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different incidence angle of
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Numerical error due to the incident wave
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Boundary Conditions
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shear wave velocity Wavelength of shear wave
=11m/s =23 mm




2D_QUAD 1 0.25 92
2D_QUAD 2 0.5 46
2D _QUAD_3 Width 90 mm 1 4 nodes Quad 23
2D_QUAD 4 Heigth 60 mm > elements 11
2D_QUAD 5 3 8

2D_QUAD 6 Bias /
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3D_SHELL_1 0.25 92
3D_SHELL_2 0.5 46
3D_SHELL_3 Width 90 mm 1 4 nodes Shell 23
3D_SHELL_4 Heigth 60 mm 2 elements 11
3D_SHELL_5 3 8

3D_SHELL_6 Bias |
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Stress XY (MPa)

2111E-04
ELBDGE{H . : .
1102604 2D_QUAD_1(025mm) 2D_QUAD_2(05mm)  2D_QUAD_3 (1 mm)
—5 973E-05
9.273E-06
-4 11B8E-05

distribution (55%
?E?Eﬁ o | diﬁerence)

-1.925E-04
-2.430E-04

2D_QUAD_4 (2mm)  2D_QUAD_5 (3 mm)

2D_QUAD_6 (BIAS)
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Vz (mis)
2 162E-01
[1 BEFE-D1

1.013EM
4 R0 2D_QUAD_1{0.25mm) 2D_QUAD_2(05mm) 2D_QUAD_3 (1 mm)

1 36780 ( 50 % difference)

-7 13E02

-1.286E-01
2D_QUAD_4 (2mm)  2D_QUAD_5 (3 mm) 2D_QUAD_6 (BIAS)

-1.861E-M
-2.435E-01
-3.010E-01
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Displacement
Z axis (mm)

3.217EM
[2.2?5E-D1
1.333E-01

3.805E-02
SA17E02
-1.494E-01
-2.436E-01
-3.378E-01
-4 320E-01
-5.262E-01
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2D_QUAD_1 (025 mm) 2D_QUAD_2 (0.5 mm)

o O

2D_QUAD_4 (2 mm) 2D_QUAD_5 (3 mm)

29 )

2D_QUAD_3 {1 mm)

2D_QUAD_6 (BIAS)

displacement
distribution (30%
difference)



Vz{m/s)
1.443E-01
9.997E-02
5.5R3E-02
1.130E-02
-3.303E-02
-7 FTATE02

-1.217E-01

-1.660E-01

-2.104E-01

-2.847E-01
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3D_SHELL_1 (0.25 mm)

3D_SHELL_4 (2 mm)

3D_SHELL_2 (0.5 mm)

3D_SHELL_5 (3 mm)

3D_SHELL_3 (1 mm)

3D_SHELL_6 (Bias)
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Von Mises stress , ) )
{Mpa) /
2. 260E-D4
[2.009504
1.758E-04

— 1 507E-04 3D_SHELL_1 (0.25 mm) 3D_SHELL_2 (0.5 mm) 3D_SHELL_3 (1 mm)
1.2656E-04
1.004E-04
7 533E05
5.022E-05
2511EDS
1.344E-10

3D_SHELL_4 (2 mm) 3D_SHELL_5 (3 mm) 3D_SHELL_6 (Bias)
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Lateral displacement (mm)

-0,3

Time (ms)
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—— 0,25 mm
——0,5mm
—>—1mm
==2 mm
—+—3mm
= BIAS

24(1 mm)

elements per
wavelength.

For others model
discrepancies
appear
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Models

, : Element size number of element per wave
Plan dimension Element type
mm length
3D_SHELL_1 0.25 184
3D_SHELL_2 0.5 92
3D_SHELL_3 Width 90 mm 1 4 nodes Shell 46
3D SHELL 4 Heigth 60 mm 7 elements 23
3D_SHELL_5 3 16
3D_SHELL_6 Bias /

All the model have more than 16 elements per wavelength
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Equivalence of
results for all
models

Von Mises Stress
{(MPa)

2.708E-04
[2.40?504

2. 105E-04

| i SHELL_FEN1 (0.25 mm) SHELL_FEM2 (0.5 mm) SHELL_FEM3 (1 mm)

1.504E-04

1.204E-04
9.027E-05
SHELL_FEM4 (2 mm) SHELL_FEMS5 {3 mm) SHELL_FEMG6 ({BIAS)

6.015E-05
3.009E-05
0.000E-+10
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Vz (mis)
992 E-02
[?.SBEE-DE
rore Equivalence of
i results for all

1752802 SHELL_FEM1 {0.25 mm) SHELL_FEM2 {0.5 mm) SHELL_FEM3 {1 mm)}

-4 0BBE-I2 models

-6421502 u u I

-8.755E-02
SHELL_FEM4 {2 mm) SHELL_FEM5 (3 mm) SHELL_FEMG (BIAS)
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Element per wave length 15/16 elements (consistent with
previous studies)

For an accurate discretization and a correct propagation of the
wave.

More than 15/16 element per wavelength increase CPU time
with no significant improvement of the results.
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sInvestigation of the propagation angle of the wave

«Simulation with more complex material laws

Conclusion :
Great influence of the mesh on simple models.

For complex model (biomechanical models), a minimum number of
element are necessary according to the loading case (frequency), with
an important care on mesh homogeneity)
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