WEE - BHEEE(L

FEATURE : Automotive weight reduction

HITEREST3ILFTUT7IL (MM) EEE—L

N % Hr&E{bERET

Multi-objective Optimization Design of Multi-material (MM) Vehicle Beam

under Bending Load

Qa@’
=

\ NP2
= FREY
Dongyong SHI

EnE—"
Kenichi WATANABE

A numerical simulation was conducted on the impact characteristics of a multi-material (MM) beam
consisting of aluminum extrusion and high strength steel sheet and receiving a bending load simulating
a pole collision. A comparison was made on the double hat beams of similar materials (high strength
steel sheets) and dissimilar materials (aluminum sheet/high strength steel sheet), both beams having
the same weight so as to clarify the advantage of the MM beam. In order to obtain a structure with
even better performance, the non-dominated sorting genetic algorithm II (NSGA-II), which uses the
shapes and thicknesses of three beams as the design variables and has the radial basis function
(RBF) model, was adapted to carry out a multi-objective optimization design to improve the specific
energy absorption (SEA) and reduce the maximum load. Design guidelines have been clarified for the
weight reduction and collision safety of the three types of beams. The MM beam has been found to be
superior to the double-hat beam in terms of collision performance and design freedom.
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Fig. 1 Simulation result of automobile side pole crash
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Table 1 Mechanical properties of materials of MM beam

Material Density | Young's modulus Poisson's ratio Yield stress | Tensile strength
(glem’y (GPa) e (MPa) (MPa)
7000 series Al alloy 2.7 70.0 0.33 | 341 415
DP1180 7.8 205.8 0.30 950 1.230
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Fig. 4 Concept of basic crashworthiness indicators
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Table 2 Crashworthiness criteria of each beam

Four Beams SEA (kVkg) | Fmax (kN) Favg (kN) CLE
steel hat-steel hat 0.720 52.516 37.203 0.708
Al hat-steel hat 0.795 54.126 41.055 0.759
Al extrusion-steel hat] 1.284 82.635 66.258 0.802
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Table 3 Relative error and determination coefficient of metamodels
for each beam

SEA F max
Beam RE%) | R® |RE@®)| R?
Steel hat-Steel hat 0.997 0.996 0.705 0.999
Al hat-Steel hat 0.580 0.997 0.863 1.000
Al extrusion-Steel hat 1.980 0.986 2.910 0.990
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Table 4 Optimal design of MM beam with F, . of less than or equal 90 kN

MM beam Design variables Crashworthiness criteria
. ‘ ‘ SEA (kJ/kg) F max(KN)
Odptlrlnum fot(mm) | fow(mm) | fob(mm) | fi(mm) | ko(mm) REF FEM RE (%) REF FEM RE (%)
SN ™66 2.18 1.60 120 | 5066 | 1.754 | 1.713 | 2393 | 89.623 | 88300 | 1.498
%5 SEAH20 k]/kg DL LOZi6 D MM ¥ — 2 Ok
Table 5 Optimal design of MM beam with SE4 of more than or equal 2.0 k]/kg
MM beam Design variables Crashworthiness criteria
) SEA (KI7kg) T max(KN)
Og:sTl:]m for(mm) | fow(mm) | fob(mm) | fi(mm) | ho(mm) REF FEM RE (%) RBF FEM RE (%)
& 1.64 2.45 1.60 1.30 43.51 2.015 1.979 1.819 112.487 | 111.597 0.798
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