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Abstract Outer tie rod is lighter than other, but there is the trend item weight and the number is increasing
due to vehicle performance improvement. Thus, to improve vehicle fuel efficiency, weight lightening is essential.
Therefore, this research performed the finite element analysis to investigate the structural performance of the
outer tie rod for an electrical vehicle. This study was performed as the preliminary study for a lightweight
design of the outer tie rod. The weight of outer tie rod was optimized by adopting the steel material and
applying the trial and error method. The strengths due to durability and buckling should be considered in the
structural design of an outer tie rod. Furthermore, the meta model-based optimization was applied to obtain its
lightweight design, leading to 9 % weigh reduction.
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[Fig. 1] The link structure of Steering System and Outer
Tie Rod
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[Fig. 2] The base model
(a)Initial Model (b)Modified Model
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[Table 11 Material properties of S45C

Material S45C
Yield Stress (MPa) 490
Tensile Strength (MPa) 569
Young’’s Modulus (MPa) 210000
Poisson’s Ratio 0.29
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C : Fixed degree of freedom

=

B : Load direction

A : Displacement load

[Fig. 3] Boundary and loading conditions for buckling
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[Fig. 4] Buckling analysis result of base model
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[Fig. 5] Design Variable

[Table 2] Design Variable

Design variable Form Unit
x1 OTR length mm
x2 Socket/rod angle Deg.
x3 Thickness mm
x4 Socket round Deg.

3.3 DiIEfE“*'° o|gst +x4A

6ol ehiole)

Definition of
Design variables

DOE(LHD)
50 sample points

Buckling
Analysis
¥
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¥

Determination of

Fatigue Analysis Optimum design

[Fig. 6] Design process
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[Table 3] Design of experiments using LHD

Reaction
Force(N)

21071 408.4
21833.5 414.5

Exp. X1 X2 X3 Weight(g)

1 11.12 022 149 1.79
2 192 539 013 2.02

3 579 7.07 021 097 243857 413.34
48 12.69 840 1.53 043 243857 411.41
49 1399 346 017 225 21071 412.5
50 525 140 094 1.83 218335 406.18
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[Table 4] Optimum parameters for Eq. (2)

[Table 5] Load cases for fatigue analysis

Response ©; (x)) ©; (x)) O3 (x3) Os (xs) B
Weight  0.0037 20536 4.738 10.315 407.032 kgf
R 15.671 14.029 50.00 0.001 24258.29 N

Load case Assessment
Case 1 31.2 (kN) 300 (Cycle)
Case 2 15.1 (kN) 100000 (Cycle)
Case 3 10.8 (kN) 150000 (Cycle)
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[Fig. 7] Boundary condition for fatigue analysis
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[Fig. 8] Durability analysis result
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