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Design and Test of Ridge Forming Device for Combined Tillage
and Sowing Machine for Post-wheat Direct-seeded Cotton

LIAO Qing' SONG Yue' DING Youchun'? DONG Wanjing'® WEI Song' HUANG Qiang’
(1. College of Engineering, Huazhong Agricultural University, Wuhan 430070, China
2. Key Laboratory of Agricultural Equipment in Mid-lower Yangtze River, Ministry of Agriculture and Rural Affairs, Wuhan 430070, China
3. Jingzhou Academy of Agricultural Sciences, Jingzhou 434000, China)

Abstract; Aiming to address the shortage of agricultural machinery in the cotton cultivation and sowing
mode of wheat in the Yangtze River basin, a combined operation mode integrating rotary tillage, stubble
removal, ridge formation and precision sowing was proposed, and a ridge forming device ( which mainly
included boat-type side plate, contour-mimicking ridge plate, contour-mimicking ridge plate connecting
mechanism and shaping roller) was designed. Firstly, the mechanical parameters of wheat stubble, soil
and rotary tiller were tested in the middle and lower reaches of Yangtze River, and the discrete element
simulation model was established. Secondly, based on the throwing situation of rotary tiller in the discrete
element simulation, the boat-type ridge side plate and the contour ridge plate were designed respectively
to reduce the wear between soil and components. The discrete element method ( DEM) with multi-body
dynamics (MBD) coupling simulation was employed to validate the designed ridge-forming device. A
wear life calculation method was also proposed. The coupling simulation results demonstrated that the
minimum service life of the boat-type ridge-forming side plate was 2 577.8 h, with a ridge-forming
stability coefficient of 98.4% . Field tests confirmed the wear patterns matched the simulation results,
showing a minimum service life of 2430 h (5. 7% deviation from simulation) and a stability coefficient of
92.26% (6.2% deviation from simulation ). Ultimately, the field emergence results met the agronomic

requirements for direct cotton seeding after wheat harvest in the Yangtze River Basin. The methodology
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developed thereby can provide a theoretical framework and practical reference for the design and

optimization of ridge-forming devices and their soil-engaging components.

Key words: post-wheat cotton; ridge forming device; boat-type ridge forming side plate; contour-

mimicking upper ridge plate; wear
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Fig.1 Ridge planting mode of direct seeding cotton

after wheat in Yangtze River Basin
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Fig.2  Three-dimensional model diagram of

wheat-cotton rotary tillage-ridge-seeding machine
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Fig.3 Working principle diagram of post-wheat cotton

rotary tillage-ridging-seeding machine
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Tab.2 Discrete element foundation parameters

28 ECE
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AR/ (kgom ) 200
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+ SR P AR b/ MPa 40
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& WAL E R AL 0.2
A M- HER B R A 0.3
3 HHEHFHLREE R E R L 0.5
+ T BR HL ALK E R AL 0.3
+ e+ R B R B 0.2
F A A R 0.58
A7 i M R 0 TR 4 0.42
2 ML EE 1 TR 4 0.37
- B AL A A PR 4 0.32
- g R R 0.35
A FE— 2 TEVR Bl B T B 0.25
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Tab.3 Parameters of discrete element physical model
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Fig. 10  Direction of initial segment of soil

particle scattering
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Fig. 12 Curves of blade edges on side plates of
boat-type ridge forming tool
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Fig. 13 3D diagram of side panel for boat-type ridge
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of morphology ridge plate
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