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Figure 1 Horizontal screw conveyor model
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Figure 2 Discrete element model of rice grains
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Table 1 Characteristic parameters of materials

MR R By YKLt /Pa W/ (kgem )
TR A 0.3 2.5%10° 9.0 107
| 0.3 8.0X 10" 7.8X10°

x2 MHEMEMN

Table 2 Contact property parameters of materials

A AR A1 R B R TR RN
IK G 5 K A 0.61 0.49 0.07
G EEEE 0.64 0.34 0.02
1.3 REAE
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Figure 3 EDEM simulation parameter settings
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Table 3 Test factors for discontinuous folded-edge structural

K B/mm L/mm S/mm
1 5 10 0
2 7.5 15 5
3 10 20 10
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Table 4 Orthogonal design experimental scheme

620 5 B/mm L/mm S/mm
1 10(3) 20(3) 0(1)
2 5(1) 15(2) 10(3)
3 10(3) 10(1) 10(3)
4 5(1) 20(3) 5(2)
5 7.5(2) 20(3) 10(3)
6 10(3) 15(2) 5(2)
7 7.5(2) 15(2) 0(1)
8 7.5(2) 10(1) 5(2)
9 5(1) 10(1) 0(1)
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Figure 4 Monitoring area for mass flow rate ¢
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Figure 5 The variation of mass flow rate of particles over time
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Figure 6 Mass flow rate comparison of particles on stable state
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Table 5 Calculation results of particle mass flow rate

WAL B/mm L/mm S/mm  ¢/(kg-s™)
1 10(3) 20(3) 0(1) 0.785
2 5(1) 15(2) 10(3) 0.860
3 10(3) 10(1) 10(3) 0.746
4 5(1) 20(3) 5(2) 0.857
5 7.5(2) 20(3) 10(3) 0.824
6 10(3) 15(2) 5(2) 0.769
7 7.5(2) 15(2) 0(1) 0.818
8 7.5(2) 10(1) 5(2) 0.789
9 5(1) 10(1) 0(1) 0.853
K, 2.570 2.389 2.457
K, 2.431 2.447 2.415
K, 2.300 2.466 2.430
ky 0.857 0.796 0.819
ky 0.810 0.816 0.805
ky 0.767 0.822 0.810
R 0.270 0.077 0.042
ki 23 AN Fs .
k=K,/c (1)
s b — B0 P 2K I, 16 45 R R

YIH;
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Figure 8 Traditional structure and discontinuous folded structure
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Figure 9  The conveying efficiency of screw conveyors
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Research on efficient transport for grain particle

groups in non—continuous folded edge spiral conveyors
based on DEM

ZHU Yongle™ ?, MA Zheng" ?", LU Zhonghua®, LI Yaoming™ ?, LI Yufei" ?

(1. School of Agricultural Engineering, Jiangsu University, Zhenjiang 212013, China; 2. Key Laboratory for

Theory and Technology of Intelligent Agricultural Machinery and Equipment , Jiangsu University, Zhenjiang
212013, China; 3. Jiangsu Linhai Power Machinery Group Co. , Lid. , Taizhou 225300, China)

Abstract: The conveying of grains is a critical process in the operation of combine harvesters, and the performance of this

conveying system directly affects the overall operational efficiency of the harvester. However, traditional screw conveyors

often suffer from low conveying efficiency during grain transport, which has become a bottleneck limiting the improvement of

harvester performance. To address this issue, this study focuses on optimizing the structural parameters of key components in

screw conveyors with the aim of enhancing their conveying performance. A novel discontinuous folded-edge structure was
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innovatively proposed. Based on the discrete element method (DEM) and orthogonal experiments design, folded-edge width
B, axial folded-edge length L., and axial spacing between folded-edges S, were systematically investigated with mass flow
rate ¢ as the performance evaluation indicator. The optimal combination of structural parameters was determined through
range analysis. To verify the reliability of this optimization scheme, bench tests and high-speed photography were conducted
to compare the conveying efficiency and material motion characteristics between the optimized design and the traditional screw
conveyor. The research results indicate that, orthogonal simulation experiments identified the optimal parameter combination
for the discontinuous folded-edge structure: B=5 mm, L=20 mm, S=0 mm. Bench tests confirmed the reliability of the
optimized structure, demonstrating a 5.41% to 7.47% improvement in conveyance efficiency compared to the prototype.
High-speed photography analysis further revealed that the discontinuous folded-edge structure effectively alters the flow state
of particles, increasing the ratio of axial velocity to resultant velocity. This results in a higher axial conveying speed, enhances
the axial transport of grain particles, and reduces energy loss. This study designed a screw conveyor with a discontinuous
folded-edge structure, which improved the conveying performance of grain particles. The findings provide a solid theoretical
basis and practical guidance for the structural optimization of screw conveyors.

Keywords: folded-edge guide structure; spiral conveyor; DEM simulation; parameter optimization; grain transport

performance; combine harvester
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