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Abstract Consistent efforts have been made to reduce the weight of automotive parts by using lightweight materials.
This has resulted in the replacement of conventional steels in car body structures with high-strength steels, and the
current usage rate has reached 50%. This study examines the structural stiffness and energy absorption capability of
bumper beams made of high-strength steels. New types of bumper beam cross sections are proposed.The structural
stiffness and maximum bending force were computed via finite element analysis as about 25tons and 7.5tons/mm,
and there were no significant differences among the proposedcross sections. Dynamic analysis was also carried out
to investigate the energy absorption capabilities of the bumper beams, and the effects of materials and thickness
reduction were analyzed. High-strength steel can be used to achieve weight reduction with comparable structural
performance to conventional bumper beams.
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Fig. 1. Car body and Bumper Structures: (a) Car body
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Fig. 2. Bumper beam sectional shape (a) Design-Ol:
1EA rail type (b) Design-O2: 2EA rail type (c)
Design-N: New 2EA rail type
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Table 1. Bumper beam sectional shape for the bending
analysis
Bumper Section Shape
Design-N1 Design-N2 Design-N3
37.4mm 37 4mm 37.4mm

104.7mm

104.7mm
104.7mm

Table 2. Material data for Docol 1.2GPa

Material Docol 1.2GPa
Young’s modulus(MPa) 2.1x105
Yield strength(MPa) 895
Ultimate Strength(MPa) 1,388
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Fig. 3. Bumper beam bending analysis condition (a)
Bending analysis schematic diagram (b) Front
view (c) Side view
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Table 3. Bumper beam bending analysis result summary

Bumper Section Shape
Classification
Design-N1 Design-N 2 Design-N3
Area(mm?2) 431.1 405.5 390.2
Bending Force(ton) 253 26.9 242
Structural Stiffness 74 78 71
(ton/mm)
Weight(kg) 4.1 3.8 3.7
Design-N1
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Fig. 4. Bumper beam bending analysis result: (a) Design-

NI (b) Design-N2 (c) Design-N3
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Fig. 5. Bumper beam 3D impact analysis model

Table 4. Material data for Docol 1.5GPa

Material Docol 1.5GPa
Young’s modulus(MPa) 2.1x 105
Yield strength(MPa) 1,497
Ultimate Strength(MPa) 1,631
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Table 5. Bumper beam analysis model

Model
Classification Design- Design- Design-
N2-A N2-B N2-C

Specification 1.2GPa 1.5GPa 1.5GPa
b 1.4t 1.4t 1.2t
Purpose for . .

model Standard Materl.al ngl}t

. Comparison Comparison
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Fig. 6. Typical impact energy curve

Table 6. Bumper beam impact simulation result summary

Model
Classification
A B C
Eabs(kJ) 4,952 4,287 4,454
Weight(kg) 5915 5915 5.070
Eabs(kJ)/Weight(kg) 837 725 879
Displacement Gap(mm) 45.6 29.8 349
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