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Design and Experiment of Bionic Drag-reducing, Stubble-breaking and
Anti-blocking Device under Soybean — Maize Strip Intercropping System

ZHU Huibin LI Yao BAI Lizhen LI Rongdong WANG Mingpeng XU Hao
( Faculty of Modern Agricultural Engineering, Kunming University of Science and Technology, Kunming 650500, China)

Abstract; Aiming to address the characteristics of fragmented farmland plots, heavy clay soil, and
extensive straw coverage ( primarily whole-stalk coverage) in the southwestern region, a bionic drag-
reduction anti-clogging device based on the Fermat spiral was designed to meet the requirements of no-till
seeding for soybean — corn strip intercropping. The cutting-edge curve of the stubble-breaking blade was
constructed based on sliding-cutting theory, and a wedge-shaped biomimetic drag-reducing unit was
designed, inspired by the non-smooth surface structure of the Tenebrionidae elytra. A discrete element
coupling model of “multi-crop residues — heavy clay soil — residue-clearing device” was established, and
a second-order orthogonal rotation combination experiment was conducted to optimize key parameters,
including the forward speed of the machine, the rotational speed of the stubble-breaking blade and the
blade edge angle. The orthogonal experimental results showed that when the forward speed was
0.91 m/s, the rotational speed of the stubble-breaking blade was 225 r/min, and the blade edge angle
was 25.2°, the number of bonding breaks between the stubble-breaking blade and root residues reached
21470, with an operational power of 5. 82 kW. Field tests demonstrated that under conditions of an
average straw coverage rate of 94% and a whole-stalk coverage of 0. 575 kg/m”, the device achieved an
average cutting rate of 92. 98% for corn — soybean straw, representing a 50. 91% improvement compared
with that of traditional notched disk blades. The device exhibited good passability during operation,

meeting the requirements of no-till seeding in the southwestern region. The results revealed the synergistic
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mechanism between the sliding-cutting characteristics of the Fermat spiral cutting edge of the stubble-

breaking blade and the biomimetic drag-reducing structure, validating the advantages of biomimetic

curved stubble-breaking blade in reducing drag and preventing blockage under conditions of high straw

coverage and heavy clay soil. The research result can provide theoretical support and technical foundation

for the structural innovation and parameter optimization of key components of no-till seeder in hilly regions

of southwestern China.

Key words: no-till seeder; Fermat spiral; discrete element method; biomimetic drag reduction; anti-

clogging device; strip intercropping system
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Fig. 1  Structure of soybean — corn strip intercropping
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Fig.4 Dynamic analysis of sliding cut angle of tool
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cutting performance
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8 1 1 1 23584  14.85
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20 0 0 0 22 664 5.52
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Tab.7 ANOVA for operational power consumption
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