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Abstract

. Thisstudy proposes a structural design method for the upper control arm installed at the rear side of aSUV.

The weight of control arm can be reduced by applying the design and material technologies. In this research, the former
includes optimization technology, and the latter the technologies for selecting aluminum as a steel-substitute material.
Strength assessment is the most important design criterion in the structural design of a control arm. At the proto design
stage of anew control arm, FE (finite element) analysisis often utilized to predict its strength. This study considers the
static strength in the optimization process. The inertia relief method for FE analysis is utilized to simulate the static
loading conditions. According to the classification of structural optimization, the structural design of a control arm is
included in the category of shape optimization. In this study, the kriging interpolation method is adopted to obtain the
minimum weight satisfying the strength constraint. Optimum designs are obtained by ANSY S WORKBENCH and the
in-house program, EX CEL-kriging program. The optimum results determined from the in-house program are compared

with those of ANSYS WORKBENCH.
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Fig. 1 Microstructure of duminum aloy
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Table 1 Comparison between Al6061 and AI6061M6

Al6061 Al6061M 6
Yield Stress (MPa) 270 315
Tensile Strength (1 /Pa) 310 345
Y oung's Modulus (A/Pa) 72,000 72,000

Density (kg/mm?®)
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Fig. 2 FE model and
loading condition

Fig. 3 Stress contour at the
initial design

o Hh. TR AANA & BA L5 s gl T
2% S|4 G ) 0] Wy ozA, 92jo] A4
o] ot FALES THT W FAz0] F
o1 A4 e 7 g-olutd &) Alatrle] o} 8%
70l gk FEa)A A3hE Fig. 30 EA S

o] wj A4S AlB06IM6EC. = et gith 27|l
ol Ao HEHE S8l =
Mises stress)< 275.43MPa2 WERN a2 9o
£ 1946.85g°] T}
o] tF x| Z Al A E Fr|ES A=
o] g o M= o] At} wheha] Al6061IME
o el Al= 2714 A7) o] & WFA AL Qe
3] AEste A1 = e X7 dvkar dhd
slo] B Ao A HEE o] F+2H A5 53

=

32 ETMH HAS U X
B AT E Fol7l T2 dold TS
HAehe BA717) Slste] AR AN E S

<
T [€)
A A st FgaIZE )] YFEo] 9=

7% % olgatslrt. ole] A sk thgat 2ol &
NE 4 el
Find Mass Distribution
Maximize Siffness )
. w= W)rziginal ><O(%
Subject to

a,; (i=10,20,...60)
oA7IM W= AEE o] T, 7,

[e]
01'igirml“j gl “E‘%
el 27 T=elth

1l



Structural Design of an Upper Control Arm, Considering Static Strength

Fig. 4 Result of topology
optimization (o = 60)

Fig. 5 Definition of design
variables
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Complete FE modeling .

Perform the topology o})timization and remesh
FE model .

Define the design variables .
Generate sample points .

Perform the FE analysis using ANSYS
WORKBENCH.

Construct the metamodels for the responses .

Solve the optimization 5roblems and verify the
calculated optimum .

Fig. 7 Design process
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Table 2 Experiment matrix using maximum entropy method

HES 2ol nxaH

t (mm) to(mm) t3 (mm) ts (Mm) ts (mm) ts (Mm) (g) O nax (MP2)
1 8.23 13.47 18.22 14.57 12.61 19.51 1579.6 338.07
2 8.11 14.93 16.91 15.23 11.47 19.09 1574.0 349.58
49 7.73 15.12 18.60 15.88 12.67 19.34 1614.1 339.82
50 7.77 14.04 17.60 18.06 12.56 18.01 1586.5 350.71
Table 3 Summaries of optimum results
Design variable ty(mm) | t(mm) | ts(mm) | ts(mm) | ts(mm) | ts(mm) w(g) Orax (MPa)
Initial design 9.50 15.85 18.78 18.17 14.30 20.80 1946.85 275.43
ANSYS Kriging 8.79 15.83 17.25 15.85 14.26 17.35 1635.90 310.60
WORKBENCH RSM 9.25 14.61 17.51 15.21 14.20 19.89 1639.80 295.80
Kriging optimum 9.14 13.47 15.07 18.17 12.38 20.80 1598.80 315.06
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