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Design of an Aluminum Bumper Beam Based on
Hybrid Cellular Automata

GAO Yunkai , ZHANG Yuting , FANG Jionguang
(School of Automotive Studies, Tongji University, Shanghai 201804,
China)

Abstract; In order to improve the crashworthiness and
simultaneously achieve the lightweight goal, a design method
was proposed for an aluminum bumper. A crashworthiness
simulation model was established first and topology
optimization was conducted based on hybrid cellular automata
(HCA). The material distribution from topology optimization
was used to generate H-shaped cross-section. Base on the
Kriging modeling technique, size optimization was executed to
acquire the optimal sectional dimension. The final result
demonstrates that the proposed method is able to provide a
reasonable cross-sectional shape and size of the bumper, and
to improve the crashworthiness of the bumper beam and to
achieve a lightweight design.
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Fig.1 Outside dimensions of steel bumper(unit; mm)
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Fig.2 Finite element model of rectangular cross-

section of bumper beam
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Tab.1 Strain hardening data of aluminum alloy
LRI/ Y SBYERT S /MPal| $BM:RIAE/ % ¥ F/MPa
0 80 9.9 158
2.4 115 12. 4 167
4.9 139 14.9 171
7.4 150 17.4 173
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Fig.3 Flowchart of crashworthiness optimization
design using HCA method
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Fig.5 Topology optimization model
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Fig.6 Final result of topology optimization
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Fig.7 Iteration history of topology optimization
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Fig.8 Convergence of mass redistribution
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Fig.9 Design variables of cross section of

bumper(unit:mm)
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Tab.2 Design variable information of aluminum
bumper mm
szl z1 2 z3
ESIpY -] 10 10 10
LR 10 10 15
TR 5 5 8

#3 RMANTHRKETEMMmEE
Tab.3 Variables and responses of optimal Latin

hypercube design

AR xm/mm  z;/mm zz/mm /N y/(J+ kg 1)
1 5.00 8. 33 13. 44 37 811 59.5
2 5. 56 6. 67 9. 56 36 216 74.2
3 6.11 5. 56 11. 89 37 525 86.4
4 6. 67 6. 67 11. 11 36 944 82.9
5 7.22 8. 89 15. 00 39 653 77.6
6 7.78 6.11 8. 00 34 391 63.5
7 8. 33 8. 89 8. 78 37 101 81.4
8 8. 89 7.22 12. 67 38 221 68.8
9 9.44 8.33 12. 67 39 236 66.1
30 10. 00 5.00 11. 89 37 587 70.3
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Tab.4 Parameters of multi-island genetic algorithm

ZEBIEERSH Bl
5% 10
FEER/N 10
IR E 32

L E: 1.0

RAHR 0.01

FHR 0.5
75 i Bt 1 5




38

Rzl % ETR AT A SIS & SRR 461

R5 RUERRERBIE

Tab.5 Optimization result and its verification
£E W s it
Kriging LSDYNA iR/% /%
z1 10. 00 5.04 5.04 0 0
Z2 10. 00 5.40 5.40 0 0
x3 10. 00 8.22 8.22 0 0
»n/N 39 254 35 851 35 304 1.55 —10.06
y2/(J+kg™1) 59.5 99.9 99.5 0. 40 40. 20
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2. TE, SHIMULE RGO L, AL
BB R T BRI

R ER T ORI S AL AL 55 SRR L (E 5 TR 4
AR ATHEAT UL, BRI 6. tisR AT, SR PR
AR ST S 7 e B LU ARG R B 32 55 16. 7520, (BARF & it
THEER 5 T HL LU R B LLAR R B384 i T 31. 09%4.
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Tab.6 Comparison of optimization result and
conventional steel design

MR »n/N yo/(J kg™
Ml 30 238 75.9
Al 35 304 99.5
AR/ % 16. 75 31.09
5 4%ig

TR R B, 32 F fF M o G AT
MR AT R T, 7T LA B KB A R A1
M. RERIMLEE R H RS AREEAR, URK
FLELI BB B AR, b1 2 (B R A RO R Rt
TR, RILEE R B , Lo RE B KB BT X Bz B 4R
B & PERRTAREE R 5. 05 mm, [FHRIEEER 5. 40
mm, P AR ERE K 8. 22 mm. RN, ZE{RIERIR R
HERMATIRT, R AT PR LR BRI T
31.09%.
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