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Optimization and Experiment on Feeder for
Small-scale Pellet Mill

Peng Fei'” Li Tengfei'? Kang Hongbin' Zhang Guodong' Kong Dandan' Wang Hongying'
(1. College of Engineering, China Agricultural University, Beijing 100083, China
2. National Agricultural Products Processing Technology & Equipment Research and Development Center,
Ministry of Agriculture, Beijing 100083, China)

Abstract; The discrete element analysis software EDEM was used to numerically simulate the working
process. The change regulation of feeding mass and the instability and uneven “pulse” phenomenon of
materials caused by the end section of helical blade were quantitatively studied. The spindle diameter X, ,
pitch of screw X, , and feeding rate X; were selected as the influencing factors, and the feeding mass flow
rate Y,, stability Y,, drop speed of the materials Y, were selected as evaluating indicators, and
experiments were conducted by the simulation model under quadratic orthogonal rotation design. Based on
the software regression analysis of Design — Expert 8. 0.6 and response surface analysis method, the
relationships between the three influencing factors and feeding evaluating indicators were established. The
reliability of the simulation model was verified by comparing the performance of virtual scraper with the
feeder for small-scale pellet mill. The results showed that X, , X, and X, were significantly correlated with
Y, and Y, (P <0.01 and P <0.05, respectively), but no correlation was found with Y,. By using
response surface method, the optimal aggregative index could be obtained under the condition that the

spindle diameter X, was 35 mm, the pitch of screw X, was 57 mm and the rotation rate X, was 139(°)/s.
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Under this condition, the volatility of feeding mass was reduced and the stability was improved. The

virtual test designed by the optimized parameters showed that the feeding mass flow rate was 13. 89 g/s,

and the stability of mass flow rate was 8. 46 g/s. The verifying test of the physical prototype indicated that

the mass flow rate was increased by 4.28% and the coefficient of variation was reduced by 16. 11% .

Key words: small-scale pellet mill; feeder; simulation and optimization; experiment; EDEM; response

surface method
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Fig. 1  Structure of feeder and conditioner
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Fig.2  Force analysis of feed raw material
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Fig.3 Velocity of movement analysis of feed raw material
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Fig.4  Simulation model of feeder
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Tab.1 Physical properties of materials and device
in DEM model
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Fig.5 Process simulation of feeder
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Tab.2 Factors and levels of quadratic regression

orthogonal rotating experiment design
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Fig.6 Mass flow rate of feed raw material
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Tab.3 Experimental levels and results of quadratic

regression orthogonal rotating experiment

N X, X, %, Y,/ Y,/ Y,/
i) (gs™')  (gs7') (mes™h)
1 1 1 1 13. 652 10. 44 0.757
2 1 1 -1 10. 478 9.75 0. 687
3 1 -1 1 8. 102 8.36 0.589
4 1 -1 -1 4. 844 5.28 0.522
5 -1 1 1 10. 382 5.87 0.778
6 -1 1 -1 13.218 12. 68 0.707
7 -1 -1 1 11. 100 10. 85 0. 656
8 -1 -1 -1 6.725 7.61 0.542
9 2 0 0 8.392 6.99 0. 677
10 -2 0 0 12.011 12.42 0. 685
11 0 2 0 21. 652 14. 01 0. 845
12 0 ) 0 7.116 6.85 0. 341
13 0 0 2 15.255 12. 68 0.716
14 0 0 -2 7.593 7.03 0. 626
15 0 0 0 9.993 9.56 0. 689
16 0 0 0 10. 116 10. 05 0. 700
17 0 0 0 10. 089 10. 49 0. 644
18 0 0 0 10.223 9.86 0. 689
19 0 0 0 9.834 9.61 0. 669
20 0 0 0 9. 880 9.49 0. 672
21 0 0 0 10.018 10.37 0. 687
22 0 0 0 9.917 10. 12 0. 650
23 0 0 0 10. 079 9.68 0. 690

XY T T A RN, F =6.22,P <0.01,
[ U 5o B Y, e R RY = 0. 81, 0 e R
BT B R R A gk 4 iR, Ay AR
P AT, & EXT Y, 50 iR FMEIR R X, X, .
X6
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Tab.4 Significance test results for regression coefficient

of mass flow rate of feeder

I# R il ¥yo7 F P
WHOR 198.92 9 22.10 6.22 0.001 7
X, 7.84 1 7. 84 2.21 0.1613
X, 125.01 1 125. 01 35.17 <0.000 1
X, 32.01 1 32.01 9.01 0.0102
X, X, 2.75 1 2.75 0.77 0.3949
X, X, 17. 94 1 17. 94 5.05 0.0427
XoX; 415%x107° 1 4,150 x107° 1.168 x10° 0.9733
X2 3.77 1 3.77 1.06 0.3216
X; 2.93 1 2.93 0.82 0.380 4
X3 6.56 1 6.56 1.85 0.1972
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Tab.5 Significance test results for regression coefficient

of stability of feeder

SRR FOTA HBE S HU7 F p

R el 0.77 9 0. 086 3.48  0.0209
X, 0.11 1 0.11 4.49  0.0539
X, 0.26 1 0.26 10.32 0.006 8
X, 0. 069 1 0. 069 2.78 0.1193
XX, 0.015 1 0.015 0.62 0.4440
X1 X5 5,136 x10°* 1 5,136 x107* 0.021 0.8876
X, X, 0.011 1 0.011 0.43  0.5241
X 0.052 1 0. 052 2.11  0.1703
X3 0. 067 1 0. 067 2.72 0.1232
X3 0.19 1 0.19 7.81  0.0152
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0.416X; +1.063X; +0.016X; (15)
Y, =9.939 —0.090X, +0. 137X, +0. 071X, +
0.081X,X, +0.092X,X, —0. 155X,X, -
0.031X; -0.006X> —0. 026X- (16)
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Fig.7  Optimization of parameter group by using response surface method
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Fig.8 Prototype working in workshop
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Tab.6 Results of contrast experiment

S Beu el Pt I g
- 1 2 3 S 4 1 1 2 3 S (i
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B/ (gos 1) 9.81 10. 08 9.73 9.87 8.27 8.36 8.21 8.28
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