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Design and Experiment of Crawler Walking System of
Cotton Topping Machine

HAN Changjie'> LI Chao' XU Yang' QIU Shilong' LUO Yan' YOU Jia' MAO Hanping'
(1. College of Mechanical and Electrical Engineering, Xinjiang Agricultural University, Urumqi 830052, China
2. Xinjiang Intelligent Agricultural Machinery Equipment Engineering and Technology Research Center, Urumgi 830052, China)

Abstract; In order to solve the problems of severe shaking and poor stability of the topping device in the
process of cotton topping operation, according to the planting mode of machine-picked cotton field in
Xinjiang region, the mechanically-picked cotton field was selected as the research object, a crawler
walking system of cotton topping machine based on Beidou navigation was designed, and the design
structure and parameters of the chassis and key components were determined. STM32F103 was used as
the main controller, equipped with a real-time dynamic difference Beidou navigation system to realize
automatic navigation control, and the kinematic model of the tracked chassis was established to determine
the preview point, and the curvature deviation between the positioning point and the target path was
obtained, at the same time, the speed of the chassis geometric center was introduced as the input of the
controller, and a self-adjusting double-input fuzzy PID control algorithm was proposed to realize the
automatic tracking of the operating path of the chassis. The results showed that the maximum absolute
deviation was not more than 39 mm, and the standard deviation was not more than 18. 5 mm, the average
absolute deviation was 15.3 mm. The average heading angle deflection angle, the average roll angle
deflection angle and the average pitch angle of the topping device were 0.38°, 0.33°and 0.26°,
respectively. The self-propelled crawler chassis had strong driving stability, accurate alignment and small
tracking error, and can be applied to cotton topping walking operation.

Key words: cotton topping machine; Beidou navigation system; dual-motor crawler chassis; fuzzy PID

control ; path tracking
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Tab.1 Track chassis design parameters

LR (K x %8 x #5)/(mm x mm xmm) 1970 x 1 990 x 1 350
B 25 i kg 1000
HLBE/mm 1520
J& 4 b A B/ mm 1800
A/ () 35
BRfM/C0) 30
RIS S/ () 25
e AT/ (km-h ™) 4
PR AT 8 17 4
St RTK K ¥/ mm 10
ST GNSS & i/ REAM Fr ks e/ (©) 0.4
AL GNSS fi 1] fKE HE/(©) 0.5

VE 2T A0 98 LG R I I T 2 5 S A 0 25
5 B V2 5 e £
e PR RS M A2 5] B 2 P Ay ) g A AT R R A
I H R LR SR A TR A,
2,11 BUEE BT AR S b ] R

Bt T s Hb DX HL R AR B AT Z R R R
P Ak AL, BIATEE X h 660 mm + 100 mm , #RFE YV
100 mm' " BT LAY 2 4B AU SEAT AT B
P54 AR, A B0 RIS B M ) 206 | B IS A 4
FEH 2 1520 mm (& 2) ;L @4 45 MK B mm; b
B 58, mm,

RIHETT 18]

660 mm

KL

M2 JREfEl R ER

Fig.2 Chassis operation sketch map
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Fig.3 Track straight line driving force diagram
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Fig.4 Schematic of forces acting on track during climbing
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Fig.6  Control circuit diagram of navigation control system
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Tab.4 Result of path tracing test

W RREX R FEX fRiEZs 2l

5 WE/mm {3/ mm {RER % mm 44
1 39 17.5 0.070 17.5 2
2 30 13.4 0.053 14.7 1
3 38 18.5 0.075 18.5 3
4 16 8. 60 0. 034 9.7 1
5 34 18.6 0.074 18.1 2
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Tab.5 Stability test results of topping device (°)

LA RETS  FL A R AR i A
1 0.39 1.49
HEVR ) 2 0.29 1.48
3 0.32 1.45
1 0. 30 1.02
M 48 2 0. 30 0.90
3 0.55 1.03
1 0.37 1.06
REA F1 2 0.17 0.56
3 0.25 0.99
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