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Abstract — This paper presents the numerical study on the strength safety and displacement behaviors
of a helmet, which is to protect impact forces and to absorb the impact energy. Four different helmet models
including a bead frame and a corrugation damper have been analyzed for the stress and the displacement
characteristics by using the finite element method. The computed FEM results show that the bead frame
on the summit area of the helmet is very useful to increase the strength safety of the helmet, and the
corrugation damper on the lower part of the helmet may increase the energy absorption capacity. Thus,
this paper recommends the bead frame and the corrugation damper as new design elements of the helmets.
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Table 1. Material properties.
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Property E Poisson’s :;re:r?;l;l Density

: 3

Material (GPa) ratio (MPa) (ke/m)
PC 2.53 0.39 543 1,150

(a) Model I
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(b) Model II
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(c) Model III

Fig. 2. Finite element analysis models with and without a

(d) Model IV

bead frame and a corrugation damper.
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Fig. 3. Finite element meshes and boundary conditions.
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(b) Y-displacement

Fig. 4. von Mises stress and vertical displacement distri-
butions of a helmet model I.
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(b) Y-displacement

Fig. 5. von Mises stress and vertical displacement distri-
butions of a helmet model II.
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(b) Y-displacement

Fig. 6. von Mises stress and vertical displacement distri-
butions of a helmet model III.
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(b) Y-displacement

Fig. 7. von Mises stress and vertical displacement distri-
butions of a helmet model V.
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Fig. 8. Maximum von Mises stress as functions of contact
loads for various helmet models.
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Fig. 9. Maximum displacement in vertical direction as func-
tions of contact loads for various helmet models.
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