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Particle grinding simulation and parameter optimization

of disc mill based on discrete element

WU Lan YU Shaobo
(School of Mechanical and Electrical Engineering, Henan University of Technology, Zhengzhou, Henan 450001, China)

Abstract: [ Objective] To investigate the effects of different operating parameters on the grinding performance of a disk mill when processing
different materials, and to optimize its working parameters. [ Methods] The grinding process of the disk mill was simulated using Rocky DEM
discrete element software. Variables included feeding speed, grinding disc spacing, rotational speed of the dynamic disc, and material type. The
effects of these factors on powder yield, energy consumption, and grinding time were analyzed. An orthogonal experimental design and matrix
analysis were used to comprehensively evaluate the simulation results. [ Results] The optimal parameter combinations for different feed
materials in the disk milling process were determined as follows. For wheat: grinding disc spacing of 2.70 mm, feeding speed of 0.75 kg/min,
and dynamic disc speed of 1 000 r/min; For corn: disc spacing of 2.80 mm, feeding speed of 0.75 kg/min, and disc speed of 1 400 r/min; For
buckwheat: disc spacing of 2.60 mm, feeding speed of 0.75 kg/min, and disc speed of 600 r/min. Regression models were established to
describe the relationship between different particle sizes and Young's modulus under varying grinding disc spacings and dynamic disc speeds.
[Conclusion] The grinding processes for wheat, corn, and buckwheat were optimized through orthogonal testing and matrix analysis, and an
adaptive regression model was developed to improve the operational efficiency and energy performance of the disk mill.
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Figure 1 Schematic diagram of disk mill
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Figure 2 Tooth grinding powder schematic diagram

Figure 3 Geometric model of mill disk
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Figure 4 Grain models of wheat, corn, and buckwheat
F1 AG-TIOBHBEAESHIGE
Table 1 Parameter settings of Ab-T10 crushing model
e ZHRF/mm R/ANEREGAE/(T kg™ EFERBR B (kg T BARTION/%  BEREE S/ RS /mm
INAZ 3 80.00 0.002 00 8.00 0.1
ok 10 71.45 0.002 22 11.56 0.1
Ik 3 90.00 0.002 00 12.00 0.1
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Table 2 Material contact property parameters

$2¢ fh J WERE B RE TR
INAE—INAE 0.25 0.80 0.05
/N — 5B 0.50 0.50 0.01
IR —IRHk 0.17 0.65 0.40
IR —H ik 0.38 0.24 0.13
FAR—EK 0.56 0.31 0.29
EA—Ek 0.66 0.40 0.27
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Table 3 Physical property parameters of materials

Bk FERN 4 W E/GPa %)% /(kg-m )
N 0.30 0.354 1 480.00
Iik 0.42 0.089 1146.84
Tk 0.40 0.298 769.06
TR 0.30 185.000 7300.00
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Figure 5 Changes of grain particles during the grinding process of the mill
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Figure 6 Experimental results and fitting curves of powder
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under different material types
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Table 4 Factor levels in orthogonal experiments

A BLIE ] B AKhE S/ C Bl 4 e 1t/
K- | -
i /mm (kg-min ") (remin ")
1 2.60 0.50 600
2 2.70 0.75 1 000
3 2.80 1.00 1400

x5 EXKBEERMMESNT
Table 5 Numerical simulation results and range analysis

of orthogonal experiments

. By AR B
s A B ¢ RI% WA EEs
1 1 1 1 55.74 2828.760 2.20
2 1 2 2 56.47 2785770 1.30
3 1 3 3 58.28 3000.000 1.00
4 2 1 3 54.11 3214350 1.50
5 2 2 2 55.15 3 600.000 1.20
6 2 3 1 50.45 2699.970 2.10
7 3 1 3 50.76 3 600.000 1.20
8 3 2 1 47.24 2142.900 1.55
9 3 3 2 50.45 2 678.625 1.25
By Kk,  56.830  53.537  51.143
ok, 53237 52953 53.677
ki 49.483  53.060  54.730
R, 7.347 0.584 3.587
FEHL ky 2871510 3214.370 2557.210
-

ky, 3171.440 2 842.890 2892.915

ky; 2807.175 2 792.865 3 400.000

R, 364265 421.505 842.790
e ks, 1.500 1.633 1.950
I [R] ks, 1.600 1.350 1.350
ks 1333 1.450 1.133
R, 0.267 0.283 0.817
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