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Abstract

Under the premise of ensuring the safety of automobile driving, overcoming the impact and vibra-
tion during the driving process of the car, realizing lightweight, and carrying out modal analysis
and topology optimization of the steering joint arm. Through UG modeling the steering arm, it is
imported into Workbench for modal analysis and topological analysis. The finite element analy-
sis method is used to carry out modal analysis of the steering joint arm, understand the natural
frequency and mode characteristics of each order, and obtain the dynamic characteristics, which
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provides a basis for the study and analysis of the dynamic characteristics of the structure in the
optimization design. The steering joint arm optimization model is established through the Work-
bench topological optimization module, and the maximum stress and maximum displacement of
the steering joint arm before and after optimization are analyzed and compared. Under the pre-
mise of meeting the requirements for use, a steering joint arm model with a weight loss ratio of
48.18% is obtained, which can guide the subsequent lightweight design work.
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Figure 1. Steering arm

1. #ETHE

Figure 2. Finite element model of steering arm

E 2. #ETEARTRR

Table 1. Material properties

#=1. BN
kLR HF(Keg/m®) B IEHE E (MPa) TARALE 1 JERRAZPR(MPa) 3R AR (MPa)
40Cr 7850 2.06 x 10° 0.3 750 940

3. RETHBIRESS
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Table 2. Results of steering arm modal analysis
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A: Modal
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Figure 3. Front sixth-order modal diagram of steering arm. (a) First order; (b) second order; (c) third order; (d) fourth order;

(e) fifth order; (f) sixth order
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Table 3. Steering tie rod load
= 3. FERATE NH T

G5 Ji A A K/VN
1 X 19745
2 Y 2687
3 z ~1989

4 ) VA PR TR B AT SR AT . LIS LI 4(a), [ 4b) AT . DRAKHT e 1) T R B K R
7178 350.88 MPa, f KN /i T8 S m &g ek, 4R s@pR; SR N 0.33653
mm, B RALFEAL T AT B L Bimdd, 4R a0E SRR,
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Figure 4. (a) Fixed constraint; (b) steering tie rod force constraint
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Figure 5. (a) Stress cloud of steering arm before optimization; (b) displacement cloud of steering arm before optimization
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B: Topology Optimization
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Figure 6. Optimized area of steering arm
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Figure 7. Topological optimization model diagram

7. RIMALERRELE

Figure 8. Reconstruction model of steering arm

8. HET B EREEE

TSR RACEETE PRTEEE, SRS I 1) R B A A R R R, EATER 10 b, R
F1°4 406.77 MPa, T S mTERMNELA, SRWE o) fin; BN 0.42181 mm,
KALFEAL T [ R AT [ FLA o, 45 R Aa0PE 9(b) iR . Ak Bl o i R R /) A K AL RS X6 B L35 4

Table 4. Comparison of optimization results of steering arm

4. HETEMMULERIIEL

I it LG I WG H Y
1 KM 7/ MPa 350.88 406.77
2 A% /mm 0.33653 0.42181
3 JF w/kg 3.4226 1.7735
4 JRE L 0 48.18%
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B: Static Structural B: Static Structural
Figure Figure
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Figure 9. (a) Optimized back steering arm stress cloud diagram; (b) optimized rear steering arm displacement cloud diagram
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