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Fundamental Study of Side Impact AnalysisUsing the Finite Element Model of the
Human Thorax

Katsuya Furusu, Chiharu Kato
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Abstract

In order to analyze the human properties for impacts, the authors are developing a finite element (FE) model of the whole human
body. Asthe part of this model, the FE model of the human thorax was devel oped and validated by comparison with published cadaver
test data. Some injury data of side impacts were calculated using this thorax model. The results are as follows: 1) The response of this
thorax model agreed well with that of cadavers, and 2) Injury data for side impacts can be adequately calculated using this thorax
model.
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Fig.1 FEM model of whole human body for impact analysis.
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Fig. 2 FEM model of the human thorax.
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Table 1a Materia properties of the thorax model.

Young's Yield

Densit Modulus |Poisson's| Stress |Thickness

[kg/m [Mpg] | Ratio | [MPd] [m]
Cc7 296000/ (rigid)
St
(C%rrr#:)rgct B.) 2000| 11500 0.3| 122.9| 0.001
(Sé%rg#g’g B) 861.5| 40| 045
Ribs 122.9| 0.0007
(Compact B)) 2000 5000 0.3
Constal 1500 245 04
Cartilages
Rib
(SpongyB) | 8615 40| o045
Upper Ribs
(ﬁ)ongy B.) 10700 401 0.45
Diaphragm 8400 10 0.3 0.01
Mg, | 1000 1| 03 001
Viscus 1000| Other Table
Sacrum 190000 (rigid) |

Table 1b Material properties of the homogenous viscus.

Bulk | Short Term | Long Term | Decay
Modulus| Shear Mod. | Shear Mod. | Constant
[MP4] [MPa] [MPa] [1/sec]

Viscus | 0.0575 0.0295 0.002364 100

?

I mpactor

------

Fig. 3 Initial geometry of the thorax for side impact.

Fig. 4  Deformation of thorax at maximum deflection
(22msex).
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Fig. 5a FEM results of thorax deflection vs. time for side
impact with cadaver test corridor.
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Fig. 5b FEM results of impact load vs. thorax deflection for
side impact with cadaver test corridor.

15

goooobbobobobooooooooogoooz200d
goobooooooobooooooboooooon
ogoooooooo

Fig.60Fg. 7000000000000 DODOODODOO
000000o0oo0o0o0ooooooooo0odvemax
0000000000000 0000O0o0o0ooooo
O0VienoOOOOOOOOoOoTTIOOOOO0OO0Ooooo
gooboooooooTrnioTTrCcOODODOOoOoOgg
gooooooooooooooo

Pintar O 0 0 O """0 Heidelber gD DO OO OO O OO
gooooooooovemaxOTTIOOOOOOODOOO
O000o0oooooooooTTiovVemaxOOooono
goboooooobbuoooobbbooooooo
JooodoooovCmaxOOOOOOOOOOFig. 80
VCmaxO OOOTTIODOOODOODOODOOFig. 90 TTI*C
00000000000 0oooooPnartd0oon
O00U0e JIOIODOODOOFg 80Fig. 90 O OTTIO
TT*COO00O000O0O0O0O0O0ooooooooooo
O000ooooooooTTnoTT*TCco00ouoon
gooboooooobobuooooboobobuooooo
000000o0ooOoobooOoOoooOovemaxOood
TTIOOOTT*CO 000000000 Oooooooo
ooooooooooooooo

ooood

googooobobobobboboboooooooooobo

VCmax [m/s]

Impacting Energy [kJ]

Fig. 6 VCmax vs. impact energy. (O :Viano'stest, @ :FEM)
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Fig. 7 Cmax(%) vs. impact energy. (I :Viano'stest, @ :FEM)
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