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Multi-objective Optimization of High-horsepower Tractor
Gear Box Based on Improved NSGA —1I

ZHANG Yan’an DU Yuefeng MAO Enrong MENG Qingfeng ZHU Zhongxiang
(College of Engineering, China Agricultural University, Beijing 100083, China)

Abstract: In order to realize the lightweight of the high-horsepower tractor gear box under the
requirements of strength and stiffness, a multi-objective optimization method for high-horsepower tractor
gear box based on an improved non-dominated sorting genetic algorithm —I (NSGA — 1[I ) was proposed.
Firstly, the force of the gear box was analyzed, and the statics simulation analysis method of the load-
bearing gear box was proposed. The strength and stiffness performance of the gear box were simulated and
analyzed by ANSYS. Then, K-means clustering algorithm, normal distribution crossover ( NDX) and
differential mutation search strategy were introduced to improve the NSGA — [l algorithm, and example
tests were carried out. The results showed that the solution set distribution uniformity and stability of the
improved NSGA —II were better than NSGA — 1 , and the optimization effect was better, which verified
the effectiveness and superiority of the proposed algorithm. Finally, the multi-objective optimization of the
gear box was carried out based on the improved NSGA — ]I algorithm, and the simulation analysis and
verification of the optimized gear box were carried out. The results showed that the mass, maximum
deformation and maximum stress of the optimized gear box were 168. 16 kg, 0. 449 mm, and 215 MPa,
respectively, which were better than 168. 16 kg, 0.454 mm, and 216. 12 MPa of NSGA — [[. That
realized the lightweight of the high-horsepower tractor gear box under the requirements of strength and
stiffness, and further verified the effectiveness and superiority of the proposed algorithm in solving the
multi-objective optimization problem of high-horsepower tractor gear box, and the research results
provided a method reference for the simulation and optimization of the high-horsepower tractor gear box.
Key words: high-horsepower tractor; gear box; improved non-dominated sorting genetic algorithm —1I ;
K-means clustering algorithm
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Tab.3 Comparison of SP average value and Tab.5 Design variables
standard deviation BT WA/ mm IR/ mm Yy BE X
Bt NSGA - 11 NSGA -1 P, 25 20 ~27 J5 R
HREWEEE e - =
¥ brifE 2 e bR 2% Py 10 5~12 i BEJE - 10
ZDT1 0.014 8 0.001 8 0.0168 0.003 8 P, 150 145 ~ 155 iy M T i R JRE R
ZDT2 0.0158 0.001 8 0.017 8 0.0059 P 130 125 ~ 135 i 5] Bl i el 7 A 2
ZDT3 0.0159 0.001 3 0.016 0 0.001 8 P, 150 145 ~ 155 40 110l il R S A
ZDT6 0.018 4 0.0013 0.0439 0.014 4
Py, 130 125 ~ 135 r (] il e il R g S AR
£4 RUBHRSARSH 0.

Tab.4 Optimization objectives and constraints
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Tab.6 Candidate points and round dimensions

A i ek 1 fEPES 2 fREA 3 BREERST
P,,/mm 24.346 24.122 24.338 24
P,y/mm 5.0576 5.2502 5.0297 5
P,,/mm 148. 63 152. 46 150. 89 149
Ps/mm 127.97 131.85 131. 61 128
P,/ mm 150. 48 150. 16 151.23 150
P,;/mm 128. 89 130. 79 130. 54 129
P,/mm 0.44988  0.44969  0.449 73
P,/MPa 205.33 206. 02 205.95
P, /kg 168. 16 168.22 168. 22
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Fig. 18 Total deformation contours after optimization
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Fig. 19 Equivalent stress contours after optimization
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