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Abstract The outer tie rod is one of the part of steering system, the optimization process was executed to find the
lightweight design. The inner tie rod was considered in the optimum design of an outer tie rod. it could be closer
to the test condition than in the case of considering outer tie rod only. The aluminum forging material was considered
as a weight reduction proposal. The target of optimization was the shape of the minimum weight to resist at the
load of buckling. RSM and Kriging interpolation method were applied as a optimization method to consider the
nonlinear shape optimization problem. Then, 16.3%, 16.6% of weight reduction was obtained from the result
comparing with that of the initial model. The results of meta model optimization was compared with that of finite
element method. The error values of buckling load estimation were 2.6%, 2.04%. and those of weight estimation were
0.17%, 0.13%. Therefore, it seemed that the result of Kriging model could be obtained closer to optimum value than
that of RSM model.

Keywords : Buckling, Kriging Interpolation Method, Lightweight Design, OTR(Outer Tie Rod), RSM(Response
Surface Method)
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Fig. 1. Position of the OTR in Steering System
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Fig. 2. CAD and FEM of OTR and ITR
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Fig. 3. Load and Boundary Conditions for Buckling
Analysis
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Fig. 4. Buckling Analysis Result of OTR
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Fig. 5. Force-Displacement Curve Of Initial Design
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Fig. 6. Definition of Design variables

Table 1. Latin Hypercube Design Experiments

No. Xj(mm) Xz(mm) FB(kN) W(g)
1 6.24 13.73 21643.5 361.76
2 6.33 13.99 22032.9 364.47
3 7.95 12.72 20878.9 365.86
4 7.57 13.81 22384.5 371.82
5 6.55 13.70 21775.8 363.72
6 7.82 14.49 23471 378.98
7 7.42 13.18 21416.3 365.75
8 6.41 12.61 20200.2 354.08
9 6.89 12.99 21528 360.49
10 6.10 12.78 20278.2 353.23
1 6.98 14.21 22726.1 370.81
12 745 14.03 22689.6 372.71
13 6.76 13.57 20811.6 360.94
14 7.11 12.85 20811.6 360.94
15 6.06 1331 20950.5 357.15
16 7.69 14.14 22930.9 375.29
17 6.71 14.32 22611.9 369.06
18 6.81 13.28 21307 362.23
19 7.16 13.88 22328 369.47
20 6.64 13.10 20976.6 359.6
21 7.86 12.94 21195.3 366.96
22 725 13.51 21859.9 367.17
23 7.62 13.38 21732.8 368.76
24 733 14.37 23093.4 374.56
25 6.16 12.50 19936.8 351.43
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217, 21744 (Neural Network) W, RBF(Radial Basis Table 2. Parameters in 3rd Order RSM Model
Function) ¥ So] 9t} 2 Ao vk musa) B Fy(kN) W(g)
A& ol&3te] A=gE vl Frhskeh 0 20.009 -0.023

SR A HE o) gai] flaAE WA ! 0134 0318
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Table 3. R* and Rfdj for Buckling Load and weight

2 EAE T fE o A3 go] BAE =0 e
R2 0.96 0.99
f=Xp8 3) Radj 0.93 0.99
o71A B FAAE TS A 93 stEHU. Table 4. Responses at the optimum solution (RSM)
Fy(kN) Weight(g)
p=(XX)Xf “4) Predicted Value 2.0 376.25
Analysis Value 22.4 375.6
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Fig. 7. Load-Displacement Curve Of RSM
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Table 5. Optimum Parameters of ¢ and 0

Fy(kN) W(g)
0, 7.65 5.17
0, 2.36 1.98
3 21.6 364.9
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Table 6. Responses at the optimum solution (Kriging)

Fg(kN) W(g)
Predict Value 23.03 374.51
Analysis Value 235 374.1
Enor{ %] 2.04 0.13
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Fig. 8. Load-Displacement Curve Of Kriging
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