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ABSTRACT

Herein, we performed a comparative study on approximate multi-objective design optimization, to realize a
structural design to improve the weight and vibration performances of the knuckle—a car suspension component—
considering various load conditions and vibration characteristics. In the approximate multi-objective optimization
process, a regression meta-model was generated using the response surfaces method (RSM), while Kriging and
back-propagation neural network (BPN) methods were applied for interpolation meta-modeling. The Pareto
solutions, multi-objective optimal solutions, were derived using the non-dominated sorting genetic algorithm
(NSGA-II). In terms of the knuckle design considered in this study, the characteristics and influence of the
meta-model on multi-objective optimization were reviewed through a comparison of the approximate optimization
results with the meta-models and the actual optimization.
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Table 1 Material properties of an analysis model

. Density Young’s modulus | Poisson
Material |1 o) (N/m?) ratio
Knuckle 7.20 1.687x1011 0.30
Brake dis 7.05 1.128x1011 0.26
Caliper 3.89 1.667x1011 0.30

Pad 2.70 7.257x1010 0.33
Bearing 7.85 2.059x1011 0.29
Mounting | g5 2.059%1011 0.29

bolt

Upper 7.80 2.099x1011 0.29
test rig
Lower 2.70 6.865%1010 0.33
test rig
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Minimize F,;,, = F(xy,20151,)

Maximize Ff’reque'n,q; = F($1,$2,$3,$4)

Subject to
g1 = Ist normal mode frequency=134Hz
g, = bump deformation=<0.3mm
g3 = bump stress <1.373x10°N/m’
g4 = brake deformation<0.3mm
gs = brake stress=<1.373x10*N/m?
Design variables

IA
IA

3.0mm x, 6.0mm

IA
IA

2.5mm Ty 5.0mm

IA
IA

3.5mm Ty 6.5mm

IA
IA

4.5mm T 7.5mm

Ly

AANSE Fig. 30 UeERA nRel o] YE
DHA T 7, 70, 3 B 2,2 ABSFAT. AAW
T xy, Ty, T 2 g9 27 AAASGE 4
4.5mm, 4.0mm, 5.0mm, 6.0mme°]H, Z7] A X
7F A8 §9, ¥y, 1fF AFF, TH9
A i ftasisd] AA= Table 200
ge)shel Liehpaint.

Section-4

250mm

Fig. 3 Design variables of knuckle section

Table 2 FEA results for initial design

Specification Value
Weight 6.787kg
Frequency 158.59Hz
Deformation of bump 0.179mm

von Mises stress of bump 1.184x108N/m?
0.118mm

1.251x108N/m?

Deformation of brake

von Mises stress of brake
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Table 3 Comparison for RMSE of meta-model

Specification RSM Kriging BPN
Weight | 126E-01 | 7.99E-01 | 2.81E-01
Frequency 5.35E-04 | 1.11E-02 | 2.62E-03
Deformation | 5 575 04 | 979504 | 3.89E-04
of bump
Stress of | 531501 | 3.17E-01 | 5.40E-02
bump
Deformation | g5 04 | 1 32E-03 | 1.93E-04
of brake
Stress of | 10E01 | 3.10E-01 | 6.58E-02
brake
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Fig. 4 Comparison of Pareto solutions
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Table 4 Comparison of objective solutions

objective functions
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