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Abstract : In this study, Crash box is optimized by bead optimization to minimize the force that transfers to the
front-side member during a low-speed crash accident. The objective function is set to minimize the buckling eigenvalue
to lead compression. The first design variable is the number of bead pattern and the constraints are bead parameters. The
second design variable is width which is the one of the bead parameters and the constraints are bead pattern number and
other bead parameters. Finally, we perform a crash analysis and choose the best crash box model, also we confirm the
correlation between the buckling eigenvalue and the force.
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Fig. 1 2010 Toyota Yaris crash box
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Fig. 2 Base model

Fig. 3 Non - design area and the rigid points

Table 1 Material Properties of Crash Box

Properties Values
Density (kg/mm?*) 7.85E-6
Young’s modulus (GPa) 200
Poisson ratio 03
Yield stress (GPa) 0.206
Hardening parameter (GPa) 0.450
Hardening exponent 0.5
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Fig. 7 Crash simulation
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Fig. 4 Bead parameters

(Case 1) pattern:1 A; = 0.787

(Case 3) pattern:3 A; = 0.644 (Case 4) pattern:4 1. = 0.987

Fig. 5 Bead optimization according to the number of
pattern

(Case 2) width = 20mm 2 A, = 0644 (Case 5) width = 10mm A, = 0.648

(Case 6) width = 30mm A = 0.704

Fig. 6 Bead optimization according to width
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(Case 2) pattern :2 A; = 0.644
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Table 2 Buckling eigenvalue and maximum load

Ao Maximum load (kN)
Case 1 0.787 98.75
Case 2 0.644 85.66
Case 3 0.644 72.77
Case 4 0.987 126.06
Case 5 0.648 90.85
Case 6 0.704 99.78
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Graph depends on the number of Bead Pattern
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Fig. 8 Force-Displacement result : pattern number

Graph depends on width ( 2 Bead Pattern)
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Fig. 9 Force-Displacement result : width

Comparing Yaris crashbox and 3 Bead Patterns crashbox
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Fig. 10 Force-Displacement result : Toyota Yaris crash
box and 3 pattern crash box
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