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Optimization of roller tooth parameters for roller mill based on Rocky DEM

Liu Yifan Zhang Chao Guo Xing
(Mechanical and Electrical Engineering Institute, Henan University of Technology, Zhengzhou, Henan 450001, China)

Abstract: [ Objective] To investigate the effects of the surface technical parameters of the toothed roller in a 1B roller mill on the wheat
grinding process and to optimize these surface technical parameters. [ Methods] The grinding process of the toothed roller was simulated
using Rocky DEM software. Tooth angle, sharpness angle, tooth tip width, and inclination were selected as variables to analyze their effects
on wheat scraping rate and wear loss. Single-factor experiments and orthogonal experiments combined with matrix analysis were
comprehensively applied to systematically evaluate the experimental results. [ Results] The optimal combination of surface technical
parameters for the 1B toothed roller, which resulted in minimum wear loss while maintaining a relatively high scraping rate, was a tooth
angle of 110°, sharpness angle of 40°, tooth tip width of 0.4 mm, and inclination of 3%. The degree of influence of the surface technical
parameters of the toothed roller on scraping rate and wear loss, in descending order, was inclination, sharpness angle, tooth angle, and tooth
tip width. [ Conclusion] Through multi-index orthogonal experimental matrix analysis and evaluation, the optimization of the surface
technical parameters of the toothed roller was completed and a regression equation was constructed, effectively improving the grinding
performance of the roller mill while reducing the wear loss of the toothed roller.

Keywords: toothed roller; scraping rate; wear loss; DEM; matrix analysis
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Table I Toothed roller parameters
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Figure 2 Toothed roller tooth profile

2~ AR MR SCRR [17] B B B 0T B N
0.264 kg/s. 15 HAFEE L FRANIE] 3 BT 7 o

3 iR Rt

BREESH

DL TR AR R OF S R A 5 LASTP R bR, SR T 4t

3.1

89



90

ARESS5EBE4HE FOOD EQUIPMENT & INTELLIGENT MANUFACTURING

F2 IMNEBRNZSHMEMSE
Table 2 Mechanical and contact parameters of wheat
granules
J 4 R RE PR IR TR S EESENEL WERER AL R KL
INE—INE 0.30 0.04 0.5
JE A —/N A 0.56 0.05 0.4

F3 NEFHRAL-TIOHBESH
Table 3 Wheat granule Ab-T10 crushing parameters
WORLAF PR RS RS % B/ NI
B/(kg-T ") FeBE/(T kg 1)
0.001 46 85.74 4.97

T10 fie KAE/%

R4 HMHMESH

Table 4 Material property parameters

o HEE/NEA By I /MPa W/ (kgem ?)
INFZ 0.3 136 1480
J 0.3 79 000 7 860

(a) W4 filk B B (b) B A W dE B B
B3 FRArETE

Figure 3  Grinding process of toothed roller
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Experimental results and fitting relationship curves of different tooth angles and sharpness angles
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Figure 5 Experimental results and fitting relationship curves of different tooth tip widths and inclinations
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Table 5 Orthogonal experimental factors and levels

KV AVEf/() BEM/(°)  CHTSE/mm D RE/%
1 95 25 0.25 3
2 100 30 0.30 4
3 105 35 0.35 5
4 110 40 0.40 6
Fo EXRWERMBESN
Table 6 Orthogonal experiment results and range analysis
SR A B C D HE R
/%  E=/nm
1 1 1 1 1 0.98 1.81
2 1 2 2 2 1.40 9.27
3 1 3 3 3 3.13 8.00
4 1 4 4 4 4.89 8.24
5 2 1 2 3 2.23 6.09
6 2 2 1 4 2.79 11.82
7 2 3 4 1 2.34 2.63
8 2 4 3 2 3.21 8.47
9 3 1 3 4 3.24 8.28
10 3 2 4 3 3.26 6.59
11 3 3 1 2 2.47 9.84
12 3 4 2 1 2.38 6.84
13 4 1 4 2 1.96 3.29
14 4 2 3 1 2.01 4.24
15 4 3 2 4 5.02 12.84
16 4 4 1 3 4.61 12.00
FIWR ko 2,600 2.103 2713 1.927
ky, 2.643 2365 2.757 2.260
ki, 2.838 3.240 2.897 3.308
ks 3.400 3.772 3.112 3.985
R, 0.800 1.669 0.399 2.058
B k, 6.830 4.867 8.867  3.880
ky, 7.252 7.980 8.760 7.718
kyy  7.888 8.328 7.248 8.170
k,, 8.093 8.887 5.188 10.295
R, 1263 4.020 3.679 6.415
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Table 7 Experimental results

Gt i T 4 5T /g /% AHXT IR 22 /%
1 33.22 1.661 55176
2 34.28 1.714 2.502 8
3 37.05 1.853 53754
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5 36.23 1.812 3.0432
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