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1. ¥2 96 VR J¥ K I #L#4 Excavation depth detection mechanism ;
2. {5 JE L Profiling mechanism ; 3. #5128 Ridge; 4. & F& T Hydrau-
lic cylinder; 5. Hi%& Wheel; 6. #24#4™ Digging shovel.
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Fig.1 Structural diagram of 4UML-130 vibrating chain
cassava harvester
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1. 1% & 2% Sensor; 2. [ 2 # Fixing plate; 3. ¥ I # Detection
plate; 4. {JiJE % Profiling wheel; 5. %fi i End cap; 6. 545 a Pipe a;
7. 9% Spring; 8. 4% b Pipe b.

B2 fAEasEaE

Fig.2 Structural diagram of profiling mechanism
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1. 1L 4% A Sensor A; 2. 128 %% B Sensor B; 3. 15 B2 [E 7€ AL
Sensor fixing plate; 4. {FTEALF Profiling mechanism.
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Fig.3 Excavation depth detection mechanism diagram
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Fig.4 Principle of excavation depth detection
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1. ¥ K 6T Hydraulic cylinder; 2. 43t 4 it i Diverging and collect-
ing valve; 3. L [ 45 77 1] [ Electromagnetic proportional direction-
al valve; 4. J& J1 3 Pressure gauge; 5. % %% Hydraulic pump; 6. I
i Tank; 7 . i i 4 Relief valve.
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Fig.5 Schematic diagram of hydraulic regulation system
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Fig.6 Schematic diagram of integral separation fuzzy PID algorithm
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Fig.10  Simulink simulation model
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Fig.14 Sinusoidal response curve
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Design and test of automatic control system for excavation depth of

vibrating chain cassava harvester

XIONG Chengcheng"*,ZHOU Degiang', DENG Ganran™?,
LI Guojie”*, CUI Zhende**, HE Fengguang®®, LI Ling”*

1.College of Mechanical Engineering , Jiangnan University, Wuxi 214122, China;
2.Institute of Agricultural Machinery, Chinese Academy of Tropical Agricultural Sciences,
Zhanjiang 524088, China;
3.Ministry of Agriculture and Rural Affairs Key Laboratory of Agricultural Equipment for
Tropical Crop, Zhanjiang 524091, China;
4. Tropical Crop Variety Resources Research Institute , Chinese Academy of Tropical Agricultural
Sciences, Haikou 571101, China

Abstract A set of automatic excavation depth control system was designed by comprehensively using
sensor technology, hydraulic control technology and PL.C control technology to solve the problems of unsta-
ble excavation depth of the 4UMIL-130 vibrating chain cassava harvester, which results in large damage of
cassava and high energy consumption. The system designed was made up of profiling mechanism, excava-
tion depth detection mechanism, hydraulic system and control system. The integral separation fuzzy PID al-
gorithm was used to adjust the excavation depth in real time, which effectively achieves the accurate con-
trol of excavation depth. The results of simulation and indoor test showed that the overshoot of the control
system using integral separation fuzzy PID algorithm was the smallest and the time to reach stability was
the shortest in the step response experiment. The error of the control system using integral separation fuzzy
PID algorithm in the sinusoidal response experiment was #=0. 5 cm, significantly better than that of the oth-
er methods.

Keywords cassava; cassava harvester; excavation depth; automatic control; fuzzy PID; profiling

mechanism ; integral separation ; precise control
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