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Structural Optimization of a Control Amm with Consideration of
Durability Criteria

Jong Kyu Kim, Young Chul Park, Young Jun Kim and Kwon-Hee Lee
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Abstract

This study suggests a structural design process for the upper control arm installed at a vehicle. Static
strength and durability are the most important responses in the structural design of a control arm. 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 metamodel technique using the kriging method is adopted to obtain the minimum
weight satisfying the strength constraint. Then, the final design is suggested by considering the
durability criteria. The durability assessment is obtained by the index of fatigue durability called the
SWT (Smith-Watson-Topper) index. The final optimum shape has been proposed by trial and error method.
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Table 1 Material properties of A16061M6

Al6061M6
Yield Stress (MPa) 315
Tensile Strength (A/Pa) 340
Young's Modulus (A/Pa) 72,000
Density (kg/mm?®) 2.71x10°

61508
045
038455 Min

B:630ON - Ta200N

Fig. 1 FE model and loading Fig. 2 Stress contour at the

condition initial design
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Find Mass Distribution
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Fig. 4 Definition of de-
sign variables

Fig. 3 Result of topology op-
timization (« = 0.6)

Equivalent stress
Type: Equivalent (von-ises) Stress
unit

Fig. 5 Initial stress contour for shape optimization
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Fig. 6 Design process
Table 2 Experiment matrix using maximum entropy method
t; (mm) t(mm) t3 (mm) t4 (mm) ts (mm) te (mm) W (g) Omax (MPa)
1 8.2 13.4 18.2 14.5 12.6 19.5 1579.6 338.0
2 8.1 14.9 16.9 15.2 11.4 19.0 1574.0 349.5
49 7.7 15.1 18.6 15.8 12.6 19.3 1614.1 339.8
50 7.7 14.0 17.6 18.0 12.5 18.0 1586.5 350.7
Table 3 Summaries of optimum results
Design variable ti (mm) | ty(mm) | t3 (mm) | t4 (mm) | ts (mm) | tg (mm) W () | Ona(MPa)
Initial design 9.5 15.8 18.7 18.1 14.3 20.8 1946.8 275.4
ANSYS Kriging 8.7 15.8 17.2 15.8 14.2 17.3 1635.9 310.6
Workbench RSM 9.2 14.6 17.5 15.2 14.2 19.8 1639.8 295.8
Kriging optimum 9.1 13.4 15.0 18.1 12.3 20.8 1598.8 315.0
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Table 4 Maximum Von-Mises stress with respect to loading

condition
315.06 Max
26422
248.73
252 Load cases (MPa)
e Stress . - 1 -
108,61 1° bk 31‘ 4
7133
S36353 Hin Omax 97.6 56.4 244.9 315.1
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Fig. 7 Stress contour at the optimum design 7} ol WA Az e FE7] Teoagas
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Fig. 8 Fatigue analysis results for three loading conditions

Table 5 Specifications for durability assessment

kajrg Static Load time histories Assessment

om analysis Amplitude and Signal (Cycle)
casel -1~1 constant or sine

st - Ci

case2 -1~1 constant or sine
casel -1~1 constant or sine

2nd - G
case3 -1~1 constant or sine

3rd case4 -1~1 constant or sine C;

Table 6 Analysis results using trial and error method

Ot | 9% | % | 8% | 81%
e Ist | 1x10% | 1x10% | 1x10% | 42310 | 1.13xI¢°
2nd | 1x10% | 1x10% | 1x10™ | 423407 | 4241
(Cyde) 20 20 20 7

3rd | 1x10% | 1x10% | 1x10% | 494407 | 2681

of | ISt | 756 | 756 | 756 | 131 | 1.05

Faige | 2nd | 741 | 741 | 741 | 129 | 112

Duabilty |34 | 756 | 756 | 756 | 133 | LI

Sefic Aehyss riMR) | 315 | 344 | 379 | 429 | 525

Safety Factor 1 0916 | 0.831 | 0.734 | 06
Wadt() 1598.8 | 15434 | 1487.9 | 1432.4 | 1386.8
H= 157 93] SWT(Smith-Watson-Topper)
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