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Abstract: [ Objective] Designed a roller mill and optimize the structure of the milling system. [ Methods] Using the Rocky DEM discrete
element method, determined the structural range of key parameters such as the speed ratio of the milling system, roller diameter, tooth top
width, and fast roller speed based on the particle size quantity of 1~5 mm. Orthogonal experiments were designed, and the particle numbers
in each interval of 1~2, 2~3, 3~4, and 4~5 mm were obtained by simulation models. The four interval indicators were assigned to the weight
using hierarchical analysis. Further the four indicators were integrated into a comprehensive value as the basis for judging the experimental
results through TOPSIS. The grinding performance was measured in terms of the comprehensive value and the optimal structure was
analyzed visually. [ Results] Compared with the initial structure, the number of grinding refined particles increased by 10 196, and the
performance of scratch system improved by 14.2%. [ Conelusion] The diameter of the grinding roller has the most significant impact on the
grinding effect. The optimal structure for the rollermill includes a grinding roller diameter of 270 mm, a fast roller speed of 700 r/min, a
speed ratio of 2.7, and a tooth top width of 1.2 mm.
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Figure 1 Roller pulverizer model
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Figure 2 Grinding roll model
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Table 1 Initial structural and kinematic parameters of the
grinding roll
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Figure 4 Simulation model of scratch system
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Figure 5 Particle model
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Figure 6 Particle number distribution
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Table 2 Individual material parameters
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Table 3 Contact parameters for each material
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Figure 7 Division of the cubic area
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Figure 8 Histogram of statistical data
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Table 4 Parameters of grinding roller

EROE 24 BHZH

WE 25

BA/mm KE/mm L0 /mm PR/ (rmin ") #EE L BEREMREEMA/(0) BRI /() T IE/mm BEY E /mm B4 1) BE/mm

250 340 3 4588 1.2

10 55 2 8 5

TR0 2 B, B A ORORF R 28 2o 25 3T AR S A 1R
4FORZS e A ROIR S BB BRI LB A B RS A
ARBHEIRAS o M, 4 FhRAS 1Y 3 I B OKAFRLARL AR 1 47
T 2~12 mm, H o, 58 4 AOR A R AR O 2.0~4.5 mm, B
TR TR A RE AR K 4.5~7.0 mm , FEAS i #R Z0BLA% g 7.0~
9.5 mm , A B AR AR AR N 9.5~12.0 mm. £8 3 WAy FLA
9, B A O M o 28 ST, 4 X iR 25 38 <<4%,
YA T {5 FL45 S 1 e b

x5 RBRSHELERILE
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Figure 9 Relationship between the number of particle size distributions and the speed of the fast grinding roller, the

diameter of the grinding rollers, the width of the top of the teeth of the grinding rollers, and the speed ratio
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Table 7 Orthogonal experimental protocol

R A B C D el FU
1~2 mm 2~3 mm 3~4 mm 4~5 mm
1 1 1 1 1 1 13 330 23 563 14 048 8797
2 1 2 2 2 2 12253 20 925 12 492 8036
3 1 3 3 3 3 12 302 25676 15331 9506
4 1 4 4 4 4 12 642 25 141 14 989 9 482
5 2 1 2 3 4 13 393 21739 12 861 7967
6 2 2 1 4 1 11180 20779 12 498 7905
7 2 3 4 1 2 11 704 24779 14914 9 109
8 2 4 3 2 3 12289 25 808 15 190 9242
9 3 1 3 4 3 12 730 22 308 13 174 8 244
10 3 2 4 3 4 12 273 24719 14 520 9421
11 3 3 1 2 1 12 809 23 887 14 713 9 087
12 3 4 2 1 2 12 286 24 048 14 290 8931
13 4 1 4 2 2 12 392 24413 14 573 9050
14 4 2 3 1 3 12332 23373 13 801 8 681
15 4 3 2 4 4 11997 25716 15 485 9673
16 4 4 1 3 1 12 850 25267 14 823 9 481
F 8 FIWTEMERENIREE Fz 10 —HHEKE
Table 8 Relative scale values of the judgment matrix Table 10 Consistency test
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1~2 mm % 1.000 3.000 5.000 7.000
2~3 mm $ i 0.333 1.000 4.000 6.000 w::li ”av , (8)
3~4 mm it 0.200 0.250 1.000 2.000 ni= z ay
4~5 mm it 0.143 0.167 0.500 1.000 k=1
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Figure 10 Calculation of weighting results
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Table 12 Orthogonal polarization results
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Table 11 Composite score index
S EIE%LEM ﬁﬁﬂ,’@;ﬂﬁ g’;%é}’% e
B (d) B(d ) B

1 0.310 537 0.805 451 0.721 738 340 3
2 0.756 798 0.359 481 0.322 034 947 15
3 0.366 123 0.746 735 0.671 006 698 5
4 0.267 662 0.759 189 0.739 337 249 2
5 0.568 986 0.748 139 0.568 009 008 10
6 0.999 811 0.000 599 0.000 599 014 16
7 0.583 654 0.556 252 0.487 980 697 14
8 0.374 947 0.739 326 0.663 505 652 6
9 0.537 887 0.550 521 0.505 804 011 13
10 0.406 932 0.634 837 0.609 383 640 8
11 0.306 989 0.699 898 0.695 110 761 4
12 0.446 439 0.562 812 0.557 653 567 11
13 0.388 829 0.625018 0.616 481 457 7
14 0.494 732 0.507 008 0.506 127 467 12
15 0.466 825 0.718 713 0.606 233 292 9
16 0.204 723 0.808 251 0.797 899 197 1
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Figure 11 Comparison of simulation results between the

optimal group and the original group
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