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_ Crash simulation
Use of numerical

simulations (Finite Biomechanics
Element Analysis) for
physical problems
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influenced by: ~

el CLs Ll BlzElICy Precision of the analysis
Material properties >~ | Stability of the analysis
Numerical dispersion Validity of the analysis
Spurious waves =,
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=

the distance traveled by the

CAt . fastest wave in the model (c.At,__.)
C= A— <1 should be smaller than the
2 characteristic element size (Ax) in
the mesh
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valid, there are
numerical errors

y

Mesh size and resulting wave propagation lead to
different results for the same simulation

(Belytschko et al. 2000, Bazant et al. 1978)
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WAX 27T AX
O = — 0.2 — deal case
C ﬂ« = m=0 {lumped mass matrix)
Bazant et al. 1978 % = 10 15 20 25 10
A X

- . . . . CFEM ﬂ/
For one dimensional simulation : =000y for — ~16

C AX

Numerical error due to the number of element per wavelength
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Ratio between theoretical and
numerical wave velocity for sl
different incidence angle of
a4
the wave |
°‘°°°a.u£ 280 500 ) o0
wdix

Numerical error due to the incident wave
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Elasticity

*One single loading frequency

Density (kg/dm?)

=
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Density (kg/dm3)

V, =
3p A, =—

v

shear wave velocity Wavelength of shear wave

=1,1m/s = 23 mm
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Models

Mechanical properties

Geometry of the mesh

Young’s
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Modulus Poisson Plan dimension £l 621 Element type
ratio mm
kPa
3D _SHELL_1 0.25
3D _SHELL_2 0.5
Width 70 mm 4-node Shell
A _SiRlaLL o 4 Ui Heigth 70 mm ! elements
3D_SHELL_4 2
3D_SHELL_5 4
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Discrepancies in
terms of stress
distribution (45%
difference)
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Lateral displacerment (X) (rmm)

06 4

time (ms)

24(1 mm)

elements per
wavelength.

For others model
discrepancies
appear
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smaller than 1 mm.

Same results for
the 2 different mesh
orientation if the
element size is
smaller than 1 mm
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Amplitude (mm)
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Only 4 mm model have less than 16
elements per wavelength




Discrepancies appears

for 4 mm size models

(less than 16 element
per wavelength)
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Discussion and Conclusion

\ 4

Discretization of the field

\ 4

FE modelling Mesh density ??

The study investigates the influence of mesh density with an
explicit FE code (Radioss Altair© ) : more than 15-16 elements
per wavelength for accurate results.

Elements per wave length: confirmation of a minimum of
15/16 elements (consistent with previous studies)

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

More than 15/16 elements per wavelength increase CPU time
with no significant improvement of the results.
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Discussion and Conclusion

Future work :

*Influence of element formulation (Number of integration points, anti
hourglass formulation)

Investigation of multi frequency loading (crash simulation)
Investigation 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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