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Structural Optimization of an Outer Tie Rod Using RSM and Kriging
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Abstract It is known that the severest loading condition is the buckling case in the structural design of an outer
tie rod. The optimum design of the OTR was suggested considering the buckling performance. The aluminum alloy
was investigated as a steel substitute. Then, the structural optimization based on the response surface method and the
kriging interpolation method were performed.

Key Words : Buckling, Finite Element Method, Kriging Interpolation Method, OTR(Outer tie rod), RSM(Response
Surface Method)
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[Fig. 1] CAD and FEM of Outer Tie Rod.
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[Fig. 2] Boundary Condition and Load Condition for
Buckling Analysis.
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[Fig. 3] Buckling Shape of S45C OTR.
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[Fig. 5] Buckling Shape of AL6082 OTR.
(a) Initial Shape (b) Deformed Shape
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[Fig. 6] Load-Displacement Curve of AL6082 OTR.
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[Fig. 7] Definition of Configuration Design Variable.

[Table 1] Sensitivity Analysis for OTR of the Buckling
Load to Design Variables.

Vv H
OTR Cross O Q
Section
Result | 1 o= | | "
Buckling _ -
Load [KN] 50.46 45.72
Sensitivity 10.39 5.65
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[Table 2] Generated Latinhyper Cube Sample points
and Analysis result.

No. V[mm] Hlmm] F kNI Wigl
1 10.35 10.35 2177 310.88
2 10.35 10925 29.32 325.65
3 10.35 11.5 30.83 340.39
4 10.35 12.075 32.36 355.19
5 10.35 1265 33.28 366.04
6 10.925 10.35 32.06 32565
7 10925 10.925 337 34115
8 10.925 115 3543 356.75
9 10.925 12.075 37.03 372.28
10 10.925 12.65 3814 383.78
11 115 10.35 36.23 340.39
12 115 10.925 38.33 356.75
13 115 115 40.07 37317
14 115 12.075 41.73 38942
15 115 1265 4292 401.54
16 12.075 10.35 40.81 355.13
17 12.075 10.925 42.89 372.25
18 12.075 115 44.68 389.42
19 12.075 12.075 46.39 406.57
20 12.075 12.65 4782 419.28
21 12.65 10.35 45.32 369.79
22 12.65 10925 4711 387.77
23 12.65 11.5 4940 401.54
24 12.65 12.075 51.19 419.28
25 12.65 12.65 53.06 441.75

[Table 3] Z’and R(;Zdj for Buckling Load and Weight.
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[Fig. 9] Graphical Method Optimal Solution is applied
to the RSM

[Table 4] Comparison of RSM based on the Optimal
Solution Value of the Predict value and
Analysis value.

FlkN] Wigl
Predict Value 35.28 335.93
Analysis Value 36.34 337.04
Error%] 0.17 0.34
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[Fig. 10] Load-Displacement Curve of RSM
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[Table 5] Optimum Parameters of © and 3

W Fy
Optimum0, 10.11 448
Optimum6, 5.13 436
¢} 371.98 39.90
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[Fig. 111 Graphical Method Optimal Solution is applied
to the Kriging

[Table 6] Comparison of Kriging based on the Optimal
solution value of the Predict value and
Analysis Value.

FylkN] Wig]
Predict Value 35.32 337.01
Analysis Value 3493 337.01
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