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Abstract

The main function of the automobile steering knuckle is to connect the automobile wheel and steer-
ing system, and transfer the steering force to the wheel through the steering gear to realize the
steering of the automobile. Due to its importance in car driving, any improvement or optimization
of its performance will have a significant impact on the safety and reliability of the full-sided vehicle.
Especially in the field of new energy vehicles, lightweight design has become an important design
strategy due to the need to take into account energy efficiency and environmental protection re-
quirements. This research is based on ANSYS Workbench software for the finite element analysis of
steering knuckles. The load and boundary conditions are set based on the real situation of the car
in actual driving and the assembly of steering knuckles in the car. By solving the finite element
model, the stress distribution of the knuckle under various working conditions was obtained. Ac-
cording to the stress characteristics of the steering knuckle under various working conditions, the
topology optimization design is carried out. The results of the optimized design were once again
imported into ANSYS software for strength and stability verification. The results of this verification
are used to compare the data before and after optimization to prove the feasibility and reliability of
the optimization. Through this method, the research provides a scientific and practical reference
for the lightweight design of various types of vehicle steering knuckles.

Keywords

Automobile Steering Knuckle, Topology Optimization, Light Weight, Finite Element Analysis

Copyright © 2025 by author(s) and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY 4.0).

http://creativecommons.org/licenses/by/4.0/

1. 518

IR AR IR e | RGO B, HBOH AR I E IR e TR E s B 2 e [1]. 1445t
RIBLTH T8 R 2 T A B AR EHR DT %, RSB ot e K. AR AR,
(]t 3 DA R AR O R R e SR1, B TH USSR 2D, 2 T4 P 5 1m0 L
RN MR . B EAFBORIREI RO, 8@ 2 A IME B bR £, w] AR
AT R AR A S R, AT 2 R e B T T PR RE A R . 534, SR AMRAL BTt B R BE T
TR AT AR, S B R RCR AR SE Pt R HB BE R ™ il BT A, A & T 2 BT AT 5t B
IRE WA DT T RERTIL, GO T ANSYS AR, R, E00 T 5 w5
MIZRE KA BB Z o L, FERANBT FUREAS 70 A B (KAt b, ASHT SR T ANSYS 45 H)
ENFIEHTRER, KRG FATHAT TS T, R RRRBOLIRSRE 1, TR A SRR AR,
Do HAES R . 2T B AN R T I S M B R BRI IR s B, XA Tk
R SEARH DT [2]

2. FRIMEHIRERFN TS 5E

AL AR AS SR BN B AN 54 g 2 SR B b, T B ARt e 2 A A A
B AT ATEAR O F T B LA, AT SEBLLE I 2 S Rp i X RR ORI S N, RS ARG SRR, 58
BES . WITE R SRS 2 TIIAL H Ao FESEER A, MU IR — B am LU LA PR H5E,

DOI: 10.12677/mo0s.2025.141092 1023 e RSE TR


https://doi.org/10.12677/mos.2025.141092
http://creativecommons.org/licenses/by/4.0/

Rtk

AL TG R R A BT =, IR AT RHRVE AN & A A AR o L, RS e 5 7 EARAL Y
IEAMSHL, e SO HARRIZARORAF[3]. #3, EATHAMULTt &, Jlid B sh i ss 24k,
BAERTRMFPEL G, B ARSI R 2 )5, XML E RBEAT IR FIIGAE, € thfem At
SrMSE. B, BETRAER, @R TS B, 3 e SEbrrh 43 DL HI[4].

3. WIS F T =4ERE

W T ARSI I TN REE R A%, RS =R, 0 HbAT 1 ik, MR 18 & st
R LN EESHL, 1E SolidWorks oS R AL 5 i) 4R I 1] 1 BT .

Table 1. Main parameters of steering knuckle
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Figure 1. 3D model of steering knuckle
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Table 2. Aluminum alloy material properties
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Figure 2. Steering knuckle finite element meshing
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Figure 3. Automobile steering knuckle boundary condition setting
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Table 3. Load table of steering knuckle under different working conditions
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Figure 4. Optimized pre-vertical impact steering knuckle equivalent stress nebulae
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Figure 5. Optimized front limit steering knuckle equivalent stress nephogram
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Figure 6. Optimized forward braking steering knuckle equivalent stress nephogram
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Figure 7. Topology optimization density map
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Figure 8. Comparison of model before and after cutting
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Figure 9. Optimized vertical impact steering knuckle equivalent stress cloud image
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Figure 10. Nebulae image of knuckle equivalent stress after optimized ultimate steering
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Figure 11. Optimized forward braking steering knuckle equivalent stress cloud image
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Table 4. Aluminum alloy material properties
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