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Effect of flexural properties of shell material on shock absorption performance of helmet for baseball
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Ryohei TOMIOKA, Keisuke HASHIMOTO, Yuta GOTO, Kazuyoshi ARAI,
Mitsuo IWAHARA and Akio NAGAMATSU,Hosei University, Kajino3-7-2, Koganei-shi, Tokyo

A serious injury on being struck by a baseball pitch was reported recently. A baseball helmet is an integral part of the protective gear that
prevents any head injuries upon being struck by a baseball. To improve the safety offered by the helmet, it is necessary to minimize the
acceleration of the head. An appropriate choice of shell and liner materials would enhance the shock absorption capabilities of the helmet. In
this study, the materials and thickness of the shell were varied, and an impact test was performed using a baseball launcher. The effect of the
flexural properties of the shell materials on the acceleration of the dummy head, the pressure on its surface, and the energy absorbed by the
shell were considered. Shell materials with high flexural modulus distributed the impact load, and reduced the acceleration and pressure that

acted on the dummy head.
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Fig.1 Structure of a ball Fig.2 Head model

Shell : ABS

Liner :
Expanded polystyrene
Vinyl isoprene

Ear flap :
Expanded Polystyrene
Expanded Polyurethane

Fig.3 Structure of a helmet
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Fig.8 Acceleration responses of various shell materials
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Fig.9 Pressure indicating film
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Table 1 Flexural properties in static test (t=2mm)

Flexural Flexural
Shell material strength modulus
o, [MPa] E [GPa]
UHMWPE 20.04 0.45
PE 27.06 1.15
PP 54.76 1.74
ABS 62.44 2.04
PET 75.68 2.23
PC 95.27 2.29
PVC 94.28 3.41
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Fig.11 Relation between acceleration and flexural modulus
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