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Effects from different head models on dynamic responses of the
head impact using material point method

ZHOU Shuang-zhen'*, ZHANG Xiong', MA Hong-lei*(1. School of Aerospace, Tsinghua Univer-
sity, Beijing 100084, China; 2. China Astronaut Research and Training Center, Beijing 100094, China)

Abstract; Objective To investigate the effects of muscles and boundary conditions on head impact response.
Methods Three different 3D material point impact models of human head were constructed from the CT scanned
images. The first model was the simple head model ( SHFr) including skull, membrane and brain, in which the
head was free. The second model was the simple head model with muscle (MHFr) including skull, membrane,
brain and muscle of the head, in which the head was free. The third model was the MHFr model with shoulder, in
which the bottom edge of the shoulder was fixed (MHSFi). The three models were under the impact of a cylindri-
cal lead hammer projected at a speed of 6.4 m/s to simulate the dynamic response of the three models using 3D
explicit material point method code. Results The peak values of acceleration of the head centroid for the SHFr,
MHFr and MHSFi model were 6.018 x10°, 4.69 x 10’ and 4.76 x 10’ m/s*, respectively. Conclusions The mus-
cle of the head can disperse distributions of the contact force, enlarge the damage area and relieve the damage of
the head. In case of short-time impact, whether the boundary of the head is free or the shoulder is fixed does not
affect the dynamic response of the head impact.
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Fig.2 Three-dimensional material point model of the head impact
(a) SHFr model, (b) MHFr model, (¢) MHSFi model
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