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Fine Modeling and Failure Mechanism Analysis of Harvest-ready
Rice Straw Based on Industrial CT

Wu Tao' Li Yunwu' Liao Huaiyi' Tang Han® Luo Jinjiang' Shu Yu' Xu Changsu'
(1. College of Engineering and Technology, Southwest University, Chongqing 400715, China
2. College of Agricultural Equipment and Energy Engineering, Northeast Agricultural University, Harbin 150030, China)

Abstract; Aiming to address the low accuracy of traditional geometric models in simulating rice straw
mechanics, a finite element modeling method was proposed based on industrial CT scanning of the actual
structure. A high-fidelity model was reconstructed from CT images and validated through physical
experiments including axial tension, three-point bending, and shear tests. The simulation results were in
good agreement with the experimental results ( tensile test R* =0. 985, bending test R> =0. 988, shear
test R =0.988). Stress nephograms revealed the failure mechanisms under different loading conditions ;
tensile failure initiated at the transition region between the node and internode, bending failure was
dominated by tensile stress, and shear failure resulted from stress concentration at the cutting edge.
Based on diameter variation, the straw was divided into three typical segments, namely the coarse
segment ( Al), the intermediate segment (A2), and the thin segment ( A3). Significant differences in
mechanical properties were observed among these segments: the intermediate segment exhibited the
highest bending strength, the coarse segment demonstrated the greatest shear strength, while the thin
segment showed the highest tensile strength. This method effectively enhanced the accuracy of mechanical
analysis and provided a reliable simulation foundation for optimizing key agricultural machinery
components such as harvesters and balers.
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Fig.7  Stress — strain curves of three straw segment

types in tensile simulation test
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Fig.8 Stress cloud diagrams of rice straw tensile test in three types of sections
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types in bending simulation test
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Fig. 10  Stress cloud diagrams of rice straw bending experiment in three types of sections
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