% 37 5% 12 M 2] T =2 Vol. 37 No. 12
2020 5+ 12 A Journal of Mechanical & Electrical Engineering Dec. 2020

DOI:10. 3969/j. issn. 1001 —4551.2020. 12. 017

ERHFAHEMENEE T ERRATR

I &2 R RAR L, E A
(1. RPHE TR 2 BRGS0 =, i db : 430070
2. R EZFFR A AR AL B R BE Fucs , 40 28I 43007053, AL =R R &
AL FEFH 441700 ;4. IR I2ABe HLE TR~ , 1t 5t 430212)

FE AR A SR T LA AR R A RS2 BENLEUT T 00 S5 22 A PSR 220 T3 B3O 8 b A IS 32 A A% TR A, X 2 1) 4 1
SR S BT ITEIEAT TR, AL T ROUH B AR RS I3 A R, 0 3 1) 3 S0 T 00 T A 4800T EAT T 4300 TT R 1 e 1)
PR R TTAEAL 3BT , SR FH ML AR I T 5 0 i 1) T EAT T IR e B T HmF MIS A28 2 , ) DX TRL A A 5 P R A A0 A 77 v X B 1) 45
BEAT T ZRAEA 7025 S 1) 5 BERL AT A A b2 i T A A R B AR v s B TRV IR E AR IF AT TR AUH R
AT B 7 2 AR i A B ARG 8 T OB, P A5 SRR W FERR AR R I I B ARG BB T RS
e B AL, T RRAR IR 7% , HLAETH AR 25 0 T e ) 1 PEREAT A HOR 25K

RIA AR SR S e 1Y MU s X TR E 1 5 25 M Pl

& 43S TH122; U463. 46 M ERFRIRED : A XEHS 1001 —4551(2020)12 - 1504 - 06

Structural optimization of knuckle under load uncertainty considerations

LIU Ying"*, YAN Yang’, CHEN Tian-fu’, PANG Qiu’

(1. Hubei Key Laboratory of Advanced Technology for Automotive Components, Wuhan University of
Technology, Wuhan 430070, China; 2. Hubei Collaborative Innovation Center for Automotive Components
Technology, Wuhan 430070, China; 3. Hubei Tri-ring Forging Co. Ltd. , Xiangyang 441700, China;
4. School of Mechanical and Electrical Engineering, Wuhan Donghu University, Wuhan 430212, China)

Abstract: Aiming at the problems of light weight design difficulty caused by complex geometric shape of automotive aluminum alloy knuck-
les, bearing random loads, harsh working conditions, and strict safety requirements, the structure optimization and design methods of the
knuckle were investigated. The multi-body dynamic model of the double-wishbone suspension was established to get the load of the steering
knuckle under typical working conditions. On account of the finite element simulation analysis of steering knuckle, the method of topology op-
timization to weight reduction design of steering knuckle was adopted. Based on the topological optimization results, the method of interval
uncertainty robust optimization was used to perform the quadratic optimization of the steering knuckle, and the robustness of the optimization
results was improved by considering the random load of the steering knuckle. A double-layer nesting optimization model was designed for iter-
ative calculation. On the other hand, the method of non-repetition saturation factorial design was used to improve the efficiency of the quad-
ratic optimization process and reduce the number of tests. The results indicate that the aluminum alloy steering knuckle can be lightweight
and the weight reduction ratio can reach 7% on the basis of reducing the maximum stress value, and the performance of the steering knuckle
can meet the technical requirements under the durability test.

Key words: lightweight design; aluminum alloy knuckle; topology optimization; interval uncertainty; structural optimization
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