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Modeling and analysis of the diffusion mechanism of impact force on digital forearm
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Abstract: Objective To analyze the damage effect inside human arm when suffering from explosion impact and lateral
instantaneous toppling. Methods Taking the 727 images from the shoulder to the fingertip of the Chinese Digital Human as
the data basis, the geometric entity of the tissues was obtained through tissue segmentation, 3D modeling, and reverse
engineering. Subsequently, the injury mechanism model of stress on human forearm was established using the finite element
simulation software COMSOL Multiphysics 5.5. The diffusion mechanism of impact force on human forearm was analyzed
by loading the impact force of 1.4x10° N/m? on the surface, with the response time of 2x107 s. Results Through modeling
and analysis, it was found that because of the viscoelastic properties of skin, fat and muscle, when the body was subjected to
stress impact, the generated energy could be released by deformation, so that the body would not be seriously damaged, and
that the damage of stress impact to these tissues was not obvious. However, the bone is a kind of rigid tissue, and the energy
exerted externally could not be converted into displacement and dissipated here, which caused a large amount of energy
accumulated at the bone, so that the stress tensor at the bone was the largest. When the stress tensor exceeded the maximum
bearing value of the bone, it would lead to fractures for energy transfer. Conclusion Under stress impact, the viscoelastic
tissue can convert stress energy into displacement for energy dissipation, while rigid tissue cannot. Therefore, the damage of
stress impact to the bone is very obvious.

Keywords: human forearm; stress damage; finite element model; viscoelastic tissue; rigid tissue
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Table 1 Material parameters of different tissues
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Figure 1 Geometric modeling of the arm
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Figure 2 Calculation boundary setting
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Figure 3 Mesh generation
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Figure 4 Deformation after loading force on the arm for 2x107° s
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Figure 5 Instantaneous stress tensor diagrams
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Figure 6 Instantaneous stress tensor distributions inside the body
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Figure 7 Rotation tensor distribution of instantaneous deformation
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