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Early Warning System for Anti-tipping of High-stalk Grass Crawler
Harvesting Machinery

HUANG Shaojiong LIU Wen BAN Chao WANG Zhonghao YOU Yong ZHAO Jianzhu
(College of Engineering, China Agricultural University, Beijing 100083, China)

Abstract; Aiming to solve the problem of that the high-stalk grass harvester was prone to tipping when
operating on the southern mountain slopes, an anti-tip warning system was designed. The system was
mainly composed of a host computer, a controller and sensors. Through the joint monitoring of the
inclination sensor and the pressure sensor, the anti-tip warning function was realized. The center of mass
of the whole machine was tested. The horizontal distance between the center of mass of the whole machine
and the drive wheel shaft was 944. 5 mm. The height of the center of mass was 1 080. 4 mm. The distance
between the center of mass and the longitudinal center plane was 27. 9 mm. The position of the center of
mass was determined. The software RecurDyn was used to perform the dynamic simulation analysis of the
whole machine under typical working conditions at a speed of 7.2 km/h. The critical tipping angles for
horizontal straight, turning and longitudinal up and down slopes were 24°, 11°, 33° and 31°. Under the
turning conditions, the critical tipping lateral load transfer ratio was 0.49. A static tipping test was
performed on the whole machine. The critical tipping angles for horizontal straight and longitudinal up
and down slopes were 24.7°, 34.2° and 31. 8°. Based on the size of the whole machine and the position
of the center of mass, a scale model was built. A dynamic tipping test was performed under a fixed
steering path. The test results showed that the critical tipping angle of steering was 14° and the critical
tipping lateral load transfer ratio was 0. 54. The research can provide theoretical support for high-stalk
grass harvesters applied to operations under complex working conditions.

Key words: forage grass crawler harvester; hillside; dynamic simulation; tipping warning
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Fig.1 Schematic of whole machine structure parameters
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Tab.1 Crawler harvester measurement and calculation data
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Fig.2  Model of harvester
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Tab.2 Constraint types and relations of crawler

harvester model
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Fig.3 Model of ramp
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Fig.4 Simulations of cross-slope driving
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Fig.5 Change curve of roll angle when turning at slope of 11°
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Fig.6 Change curves of track pressure on both sides
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Fig.7 Change curve of roll angle when going straight

at lateral slope of 24°
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Fig.8 Simulation of longitudinal downward driving
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Fig.9 Change curve of pitch angle when angle was 31°

for longitudinal downward slope
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Fig. 10 Simulation of longitudinal upward driving
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Changes of pitch angle when angle was 33°

for longitudinal upward slope
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Fig. 12 Static tipping tests of whole machine
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Fig. 13 Flow chart of algorithm
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Fig. 14  Block diagram of hardware system
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Fig. 16  Changes of critical tipping angle test
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