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Abstract :

Increasing the fuel economy has been an inevitable issue for the development of new cars, and one of the

important measures to improve the fuel economy is to decrease the vehicle weight. In order to obtain this goal, the

researches about lighter, stronger and the well impact absorbing bumper impact beam have been studied without

sacrificing bumper safety. In this study, the overall weight reduction possibility of rear bumper impact beam could be
examined based on the variation of frontal, offset and corner impact crash capability by substituting a ultra high strength
steel material (boron steel ) having tensile strength of 1.5 GPa grade instead of conventional steels. In addition, the

section variations (open section, closed section, open section with 5 stays) of the bumper impact beam structure were
examined carefully. It could be reached that this analysis could be well established and be contributed for design guide
and the optimum design conditions of the automotive rear bumper impact beam development.
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Fig. 1 Rear bumper assembly
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Fig. 2 Model and boundary conditions of bumper impact
beam

Table 1 Mechanical properties of beam materials

Materials Yield strength | Tensile strength | Elongation
(MPa) (MPa) (%)

SPFC780 534.6 816.6 15.4

Boron steel 1,048.1 1467.8 7.9

Subcase 1
Displacements

>1.80e-01
<1.80e-01
<1.58e-01
<1.35e-01
<1.13e-01
<9.02e-02
<6.77e-02
<451e-02
<2.26e-02
<0.00e+00

Max = 2.03e-01
Min = 0.00e+00

Fig. 3 Deformed shape of bumper impact beam
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Fig. 4 Design change example from open section bumper
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Fig. 5 Effect of stay portions on torsional stiffness[3]
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Fig. 6 FE-model for rear crash simulation

BL =300
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(a) Longitudinal impact case

(b) Corner impact case

Fig. 7 Impact conditions (speed and loading regions)
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(b) With Boron steel material (open section)
Fig. 8 Models of rear bumper with SPFC780 and boron steels
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Fig. 9 Impact Intrusion of SPFC780 (™), (Max: 26.3 mm)
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Fig. 10 Impact Intrusion of boron steel(Sstays), (Max: 31.7 mm)

Fig. 11 Modified bumper impact beam as including 5 stays
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Fig. 12 Impact Intrusion of boron steel(5stays), (Max: 35.3
mm)
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Table 2 Summary of analysis results (BL=0)

Materials Weight Maximum intrusion
(section) (kg) (mm)
SPFC780 (™) 9.4 (100%) 26.2 (100%)
SPFC780 (&) 5.5 (58.5%) 49.8 (190%)
Boron Steel () 5.5 (58.5%) 38.3 (146%)

Boron Steel (5 stays) 6.3 (67.0) 31.7 (121%)

Table 3 Summary of analysis results (BL=300, Corner)

Materials (section) BL=300 Corner
SPFC780 (=) 33.6 (100%) 19.7 (100%)
SPFC780 (&) - -

Boron steel (T5) 42.9 (128%) 16.3 (83%)
Boron steel (5 stays) 35.3 (105%) 16.0 (81%)
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