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Abstract — Using the finite element method and Taguchi's design technique, the displacement in vertical
direction, von Mises stress, and strain energy of the corrugation damper have been analyzed as functions
of the extruded length and the thickness of the corrugation damper, and the upper and lower corner radii
of the damper. The optimized profile design elements of a corrugation damper are very important for
increasing a strain energy absorption capacity of a helmet structure, which is attacked by impulsive external
forces. In this study, the optimized design data based on the Taguchi’s method was computed as a corrugation
damper length of L. =20 mm, a damper thickness of t=2 mm, the upper corner radius of R;=4 mm, and
the lower corner radius of R, =3 mm. The optimized design parameters of a corrugation damper indicated
that the thickness and extruded length of a corrugation damper may affect to increase the strain energy,
which absorbs the impact forces of the helmet.
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Fig. 1. Helmets for a gas worker and fire fighter.
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Fig. 2. Four design parameters for Taguchi’s design method.
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Table 1. Design factors and levels for Taguchi’s design

method.
Level Factor L(mm) | ttmm) | Ry(mm) | Ry(mm)
1 10 2.0 2.0 2.0
2 15 2.5 3.0 3.0
3 20 3.0 4.0 4.0
Table 2. Material property of polycarbonate.

E Poisson’s Tensile strength Density
(GPa) ratio (MPa) (kg/m®)
2.53 0.39 54.3 1,150

Table 3. Orthogonal array table of Lo(3*).
Model no. L t R, R,
1 10 2 1 1
2 10 3 2 2
3 10 4 3 3
4 15 2 2 2
5 15 3 3 3
6 15 4 1 1
7 20 2 3 3
8 20 3 1 1
9 20 4 2 2
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Fig. 3. Finite element model and boundary conditions.
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(c) Strain energy distribution

Fig. 4. FEM computed results of 1st helmet model with

a corrugation damper.
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(c) Strain energy distribution

Fig. 5. FEM computed results of 4th helmet model with
a corrugation damper.
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Fig. 6. FEM computed results of 7th helmet model with Fig. 7. Maximum displacement for nine design models
a corrugation damper. with a corrugation damper.
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Fig. 8. Maximum von Mises stress for nine design models
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Fig. 9. Maximum strain energy for nine design models
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Table 4. SN ratio of nine Taguchi’s design models.

No. | Z Displacement | von Mises stress | Strain energy
1 —4.03 -11.41 103.58
2 -9.35 =1.75 95.01
3 —13.64 -5.93 87.79
4 4.17 -13.97 105.63
5 -1.91 -8.05 101.06
6 -5.56 -5.85 94.41
7 10.12 -15.35 111.71
8 4.77 -10.18 103.49
9 -0.26 -5.34 99.02

Table 5. Affecting ratio of design factors.

Affecting ratio Design factors
(%) L(mm) | t(mm) | R,(mm) | Ry(mm)
Displacement 57.8 41.25 0.84 0.12
von Mises stress | 17.82 | 72.88 5.83 3.47
Strain energy 38.30 | 54.64 1.26 5.80
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