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Investigation of Intracranial Responses Based on Child
Head Finite Element Model

CUI Shihai, CHEN Yue, RUAN Shijie, LI Haiyan
(College of Mechanical Engineering, Tianjin University of Science & Technology, Tianjin 300222, China)

Abstract: Head impact simulation experiments were carried out by using the 3-year-old child head FE model based on CT
data according to adult cadaver head impact experiment. The simulation results of intracranial responses were compared with
those of the real cadaver experiments and 6-year-old child simulation experiments. The results showed that the increase of
skull stiffness would result in the decrease of coup pressure, von Mises stress and the maximum shear stress of brain tissues,
and the skull with less stiffness has a greater contrecoup pressure. Therefore, under the same impact conditions, the increase

of skull stiffness would result in the decrease of the risk of brain contusion. This investigation suggests that the head injury

criteria should be different for people of different age.

Key words: finite element model of child head; head impact; skull stiffness; intracranial responses
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Fig.1 Finite element model of 3-year-old child head
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Tab.1 Material mechanical properties used in the head model

WRE MPERE TR HAETY NULE IR
PN el FhipE 1060 — — 2190 12.5 25 80
PN R 1060 — — 2190 10.0 2.0 80
N Fhgk 1060 — — 2190 10.0 2.0 80
i+ Zh 1060 — — 2190 225 45 80
PV /T /B R i 2150 4700 0.22 — — — —
fiE B A P 2150 1100 0.22 — — — —
I 5 i 5 9 LTI 1040 — — 2190 — — —
I PN i TN Pk 1140 31.5 0.45 — — — —
B Imifse s 1140 11.5 0.45 — — — —
KBz ik 1200 16.7 0.42 — — — —
Tk i 2 500 20 000 0.30 — — — _
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AT LE SR A S Ho 37 S5 B A
KA RAT e d il , BAR RSS2 800% 2. Bk,
FCHRI10TAY Tk, % 37 5 RS 25 H i S350 R
i il f ki) 2k (B 2 () VR R E AT inak 2] L #E
SKERAT FROTHY (i 40 I, (B 2 (b)) . i F3CHER[10]
P SZIG TR AR A AR SE np RS AL, BT LA ELARE
B ICH T LA R, Um0 S5 3Gk

F2 3FI)LELIMERE 37 STWAIBALEBR I
Tab.2 Head size comparison of the 3-year-old child
model and that of the adult in 37th experiment

SRS SLK/mm o kTE/mm SkE/mm SkEl/mm
NSRBI 167 145 136 560
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Fig. 2 Impact simulation setup of the child FE head
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Fig.3 Coup pressure curves
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Tab.3 Properties of materials used in the head model

[itei vl JE J1 W6 {E/MPa i FTIEAE /K Pa
MPa i XHEM  von Mises b J1 BIR Sy
2350 0.65 -0.13 2.59 1.41
4700 0.42 -0.16 1.21 0.66
7050 0.36 -0.17 0.82 0.43
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Fig. 4 Comparison of intracranial pressure resulted from
different elastic modulus of skull
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Fig. 5 Variation of von Mises stress and maximal shear
stress of brain tissues with different elastic
modulus of skull
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Fig. 6 von Mises stress contours of brain tissues with
different elastic modulus of skull
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