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Abstract : In the present study, the low speed (4 km/h) crash behaviour of an aluminium bumper system was charac-
terised by FE analyses based on the FMVSS 581, which regulates automotive bumpers. Two types of cross-sectional
designs, i.e., Model 1, which contains a single rib and Model 2, double ribs, have been considered along with A17021,
6082 and 6060 for the aluminium bumper back beam. Variations in thickness starting from 2 to 4 mm of the bumper
system cross-section in the FE model was implemented in order to investigate the thickness effect on the bumper’s
crash behaviour.. Three kinds of design variables, namely, number of ribs, material and thickness, are considered. The
FE analysis results are summarised with the maximum load and the Specific Energy Absorption (SEA) since they are
the key factors in determining the crashworthiness of automotive structures. The results may also be able to indicate
how to achieve lightweight structure of the automotive bumper system either directly or indirectly.
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Fig. 1 Bumper system geometry: (a) Model 1, (b) Model 2
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Fig. 2 FE model for crash behaviour analysis: (a) Model 1,
(b) Model 2
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Fig. 3 Boundary condition and configuration of crash beha-
viour analysis
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Table 1 Materials

Case Bumper b/beam

Crash box Plate
A Al7021-T7
Al7021-T7 Al6082-T6
Al16060-T6
Al7021-T7
Al6082-T6
Al6060-T6

Al6060-T6

Al6082-T6

o im | 0|w

Table 2 Thickness matrix

No. | Bumper b/beam [mm] | Crash box [mm] | Plate [mm]
1 2
2 2 3
3 4
4 2
5 3 3 4
6 4
7 2
8 4 3
9 4

Table 3 Total mass of Al bumper models

No. Model 1 [kg] Model 2 [kg]

1 1.87 2.14

2 2.06 2.33

3 2.25 2.52

4 2.62 2.97

5 2.81 3.16

6 3.0 3.35

7 3.37 3.77

8 3.56 3.96

9 3.75 4.15
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Fig. 4 True stress-strain curves of extruded aluminium
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Fig. 5 Comparison with analysis result of model 1: (a) Effect
of bumper back beam thickness, (b) Effect of crash
box thickness
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Fig. 6 Results of model 2 from FE analysis: (a) Effect of

bumper back beam thickness, (b) Effect of crash box
thickness
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