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Designing a Light Weight Steering System through Double
Objective Optimization
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Abstract: The modal frequency of the finite element (FE) model of an electric vehicle steering system was computed to
decide whether it meets the design requirements of enterprises for greater than or equal to 35 Hz. To deal with the problem of
the vertical mode of the steering system too different from the design requirements, and for ruducing the weight of pure elec-
tric vehicles, the steering system was optimized at two stages. At the first stage, several optimization schemes were proposed
based on both modal strain energy analysis and engineering experience. The FE results showed that the horizontal modal met
the desgn requirements of the enterprises, but the mass increased by 4.6% (5.54 kg) and the vertical modal still could not
meet the design requirement. At the second stage, a radial basis function neural network model was constructed through
combining orthogonal experimental design and optimal Latin hypercube experimental design,and the size of the steering
system was optimized by using multi-objective genetic algorithm. The frequency of the vertical mode of the optimized steer-
ing system was increased from 21.9 Hz to 35.4 Hz, while the mass was only increased by 1.9% (2.27 kg) . By using this
method, the optimized modal of the steering system achieved the goal, and the weight gain was also reduced by 2.7% . There-
fore, the optimization of the modal and light weight of the steering system are both realized.
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Fig. 1 Finite element model of the steering system under
installation state
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Fig. 2 The first horizontal modal shape
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Fig.3 The first vertical modal shape
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Tab.1 Model frequency from calculation and experiment

PHEREFE AT Az SE{l/Hz PRE/%
— B T AR A 33.4 31.9 4.70
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Fig. 5 Optimization scheme
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Fig. 6 The first horizontal modal shape
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Tab.2 Parameters of design variables

iR &g WiAE/mm FRRE/mm  FRRE/mm | SR % WiRE/mm FEREE/mm FFR{E/mm
X, ™~ 3.0 0.5 3.0 X0 = 1.5 0.5 3.0
X, \ 2.5 0.5 3.0 X, — 12 0.5 3.0
X, W 3.0 0.5 3.0 X, Ll L5 0.5 3.0
X, o 3.0 0.5 3.0 X5 s 1.5 0.5 3.0
X, & 3.0 0.5 3.0 X, 1.5 0.5 3.0
X, H 3.0 0.5 3.0 X5 1.5 0.5 3.0
/-j o |
X, s 12 0.5 3.0 Xy 15 0.5 3.0
Xg ] 5 L5 0.5 3.0 X St 2.0 0.5 3.0
X, 3.0 0.5 3.0 X — 2.0 0.5 3.0
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Tab.3 Optimal Latin hypercube sampling points of the steering system
F5 X X X3 Xy Xs X1 Xis X X7 X
1 0.750 2.287 2.004 1.300 1.417 1.375 1.417 1.562 0.750 1.948
2 2.000 2.358 1.083 0.892 1.650 1.250 1.167 2.062 2.250 1.375
3 1.323 1.579 2.075 1.183 1.008 0.750 2.750 1.500 0.380 0.906
4 1.531 1.933 1.012 2.000 0.892 1.938 2.333 2.000 1.380 1.323
5 1.583 1.083 1.721 1.475 1.708 0.938 2.083 1.688 0.120 1.531
6 1.115 1.296 0.871 0.950 0.950 0.562 1.917 1.875 1.250 1.219
61 1.872 0.973 1.667 1.114 0.600 0.531 1.857 2.878 1.041 1.490
62 0.802 1.650 1.296 1.883 1.883 0.812 2.667 1.812 0.753 1.271
63 0.854 1.296 1.792 1.008 0.600 1.938 2.917 1.750 2.122 1.844
64 1.375 2.146 1.367 1.942 1.708 1.438 1.833 1.500 1.620 1.896
R4 FEARSHEREE R SR 36
Tab.4 Response data of the steering system sample model
Py mikg fi/Hz f/Hz 3ar
1 122.35 46.41 30.31 T
2 122.07 46.15 3031 |
3 123.68 42.49 31.62 ol
4 122.66 39.52 3031 30T
5 121.85 41.02 31.61
6 120.82 39.00 30.31 28
: : : : T A/ Hz
61 122.12 37.94 28.54 N e s
63 123.39 39.40 3031 Fig. 11 Test sample scatter plot of the steering system
64 122.55 46.41 3202 vertical modal approximation model
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Fig.9 Test sample scatter plot of the steering system
quality approximation model
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Tab.5 Accuracy evaluation of the approximation model

i it WESS S5
itk Tk A 6 e [ 4%
1IEX 0.859 0.899 0.923
BT 0.922 0.957 0.938
EASh T84 0.992 0.943 0.984
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Tab. 6 Variable changes before and after reducing weight

o R /mm N

el — e el mRE e,
X 3.0 2.0 2.0 -1.0
X, 2.5 2.25 2.3 -0.2
X3 3.0 1.688 1.6 -1.4
X, 3.0 1.2 12 -18
Xs 3.0 3.0 3.0 0
Xg 3.0 1.983 2.0 -1.0
X5 1.2 1.517 1.5 +0.3
X, 1.5 1.188 12 03
X 3.0 1917 2.0 -1.0
X, 1.5 1,183 1.2 -03
X, 12 0.95 1.0 02
X, 1.5 1437 14 -0.1
x5 1.5 0.95 1.0 05
X, 1.5 1.54 15 0
X5 15 2.0 2.0 0.5
X, 1.5 1.2 1.2 -03
X, 2.0 1154 1.2 038
Xq 2.0 1.45 1.5 05

W UEAC S PR TR T A 5 ) R AR R R S
PEFT O BT, 45 B ] R G000 | — B ) A
. 44.6 Hz Fl—BraEm B3 35.4 Hz, il 15 #1
K 16 B, ISR b a5 ) R Gk eiabe
PEATXTEE, W 7. i 7 ATA St A B EBOAL
Ak, T i) 22 G5 — Bt 1) A A A0 S R A [ A5 S AR 247
JEHFRESR, BFifif 12524 kg F&%E 121.97 kg, 1
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Tab.7 Comparison of performance indicators of the
steering systems before and after reducing weight

PeRgEtE o —CRAER AR
TG1 TG2 TGl TG2
Fitit/kg 11970 12524 12197 46 19
T ) R AR Hz 334 47.1 446 410 335
T [ AR SR Hz 21.9 33.6 354 541 624
4 % iE

ARICE S| ARSI AR RE M T IE BB 10 R 4L
W5 AL BT AL, A 1) RGBSR AL T

THEISR. SRG TE IE 58 5250 5 1 A5 L 0 B B AR i
FLhth F A TR T BT R, LS AR m S
I 28 3T ARUASE R RN 22 H brist A% 0L X e 1) R kA T8
AT SR 2B AL S 1) R G — B R e A
AN 33.4 Hz $27H & 44.6 Hz, — W R [a 540 %
i 21.9 Hz &7+ 2 35.4 Hz, k510 2GR UE T
2.27 kg, ST I ) R GRS A R A E BR Ak
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