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Variable Universe Fuzzy Controller for Tractor Hydraulic Steering

Zhang Wenyu Ding Youchun Liao Qingxi Duan Tao
(College of Engineering, Huazhong Agricultural University, Wuhan 430070, China)

Abstract. Variable universe fuzzy controller was designed for guaranteeing the quality of full hydraulic
steering control on Dongfanghong — LX854 tractor. The basis fuzzy controller was designed according to
the characteristics of the system. The optimal basis fuzzy control parameters under different waveforms
and amplitude excitation signals were obtained by using rotation up optimization method in Simulink
software. The adaptive fuzzy controller parameter turning changed the system to be an optimal control
system by adjusting the universe in the basis fuzzy controller according to simulation results. The
windowed Fourier transform and self-convolution were used to design online identification system. The
experiment results on the Dongfanghong — LX854 tractor indicated that the variable universe fuzzy
controller was better than the invariable universe fuzzy controller. The measured 20° step response
indicated that the regulation time was 2 s, the largest steady error was 0. 18°, and the response without
steady state oscillation. The measured sine response showed that the average delay was 0.3 s. The
variable universe fuzzy control system lays a foundation for 2BFQ — 6 precision planter navigation.
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Fig.1 Steering control system
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Fig.2 Variable universe fuzzy controller
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Tab.1 w fuzzy control rules parameters

e,

NB NS NSS 70 PSS PS PB
NB NBB NBB NB NB NB NM NM
NS NB NM NM NM NS 70 zZ0
NSS NB NM NS 70 70 PSS PSS
zZ0 NSS NSS 70 70 zZ0 PSS PSS
PSS NSS NSS 70 70 PS PM PB
PS 70 70 PS PM PM PM PB
PB PM PM PB PB PB PBB PBB
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Tab.2 Optimization results of step response

control parameters

Pk A7 (°) K K.
2 1. 00 4
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15 1.50 3
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Tab.3 Optimization results of sine response

control parameters K,
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6 2.25 1.25 1.75
8 2.25 1.25
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Tab.4 Optimization results of sine response
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A/(°) 0.50 0.75 1.00 1.25 1.50 2.00
1 10 10 10 9 9 10
2 9 10 10 7 9 5
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4 8 7 12 7
6 7 6 9
8 6 6
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Fig. 10  Steering controller curves
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