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Abstract - In this study, the strain energy density, stress and deformation behaviors have been analyzed as
functions of a thickness and a force area of protective helmets with and without an extruder on the top of the
shell structure using the finite element method. The strain energy density in which is related to the absorption
capacity of an impact energy transfer is one of a key element of the helmet safety. The FEM analyzed results
show that when the impulsive force of 4,540N is applied on the top surface of the helmets, the maximum stress
is linearly reduced for an increased area of impact forces. But, the maximum strain energy density has been re-
duced for the increased force area. The reduced strain energy density may increase the impulsive forces trans-
ferred to the head and neck of helmet wearers, which may decrease the impact energy absorption safety of the
helmets. In thus, it is safer design of the helmet in which has an extruded structure on the summit surface, but
the modified helmet may decrease the impact energy absorption capacity.
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Table 1. Material properties of PC/ABS plastics

Material properties Values
Elastic modulus, GPa 253
Yield strength, MPa 54.4

Poisson’s ratio 0.39
Density, kg/cm3 1,150
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Fig. 1. FEM design models with impulsive forces.

(a) Conventional helmet
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(a) Conventional helmets

(b) Modified helmets with a extruder

Fig. 2. Von Mises stress distributions of the hel-
mets with a thickness of 2mm.
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Fig. 5. Strain energy density distributions of con-
ventional helmets.
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Fig. 6. Strain energy density distributions of modi-
fied helmets with a extruder.
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