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Calibration of Simulation Parameters for Roasted Green Tea
Based on Discrete Element Method

WANG Xiaoyong'? YU Zhi'? ZHANG De'? CHEN Yugiong'®> NI Dejiang'”’
(1. College of Horticulture and Forestry Sciences, Huazhong Agricultural University, Wuhan 430070, China
2. National Key Laboratory for Germplasm Innovation and Utilization of Horticultural Crops, Wuhan 430070, China)

Abstract; Aiming to lack of accurate discrete element simulation parameters in the simulation analysis of
roasted green tea refining equipment, taking roasted green tea as the research object, the discrete element
simulation parameters of roasted green tea were calibrated. The contact parameters between roasted green
tea and materials were measured by using the inclined plane method and the free fall method to determine
the range of values for static friction coefficient, rolling friction coefficient, and collision recovery
coefficient. The actual stacking angle of roasted green tea was obtained through bench tests of the cylinder
lifting method. A discrete element model of roasted green tea was established, and the formation process
of stacking angle was simulated. Using the actual stacking angle of roasted green tea as the response
value, the Plackett — Burman experiment was used to screen out the parameters that had a significant
impact on the stacking angle of roasted green tea. The steepest climb test was used to approximate the
optimal response range, and finally the optimal combination of significant influencing parameters was
obtained through Box — Behnken. The results showed that when the shear modulus was 2. 930 MPa, the
coefficient of static friction between tea particles was 0. 771, the coefficient of rolling friction between tea
particles was 0. 133, and the coefficient of collision recovery between tea particles was 0.354, the
simulated stacking angle of roasted green tea was 30. 12°, and the error with the actual stacking angle was
1.59% . The optimized calibration parameters can be used to simulate the external contact characteristics
of roasted green tea.
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Fig. 1 Physical objects of roasted green tea
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Fig.2 Diagram of tea shape

F1 YR ERS

Tab.1 Material characteristic size mm
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S =
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6.86 ~13.02
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Tab.2 Contact parameters among different materials
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25— SR AR VR B R 4 R K 0. 133 ~0.223
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Tab.3 Intrinsic parameters of tea and steel plate
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Tab.4 Factors codes

- i )
-1 1

AL X, 0.3 0.5
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28 =25 R FE K A2 R B X 0.252 0.362
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A5 SR AR 4 R R R R X 0.226 0. 450
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Tab.5 Plackett — Burman test results of tea

[ K% ZE HEFR
X, X,/MPa X, X, X, X, X, X 0/(°)

1 0.5 3.00 0. 700 0. 200 0.362 0. 674 0.133 0.226 31.35

2 0.3 3.00 0.933 0. 100 0.362 0.674 0.223 0.226 28.91
3 0.5 2.50 0.933 0. 200 0.252 0.674 0.223 0. 450 41.70
4 0.3 3.00 0. 700 0.200 0.362 0.456 0.223 0. 450 29.97
5 0.3 2.50 0.933 0. 100 0.362 0.674 0.133 0. 450 33.43
6 0.3 2.50 0. 700 0. 200 0.252 0.674 0.223 0.226 38.34
7 0.5 2.50 0. 700 0. 100 0.362 0.456 0.223 0. 450 29.74
8 0.5 3.00 0. 700 0. 100 0.252 0. 674 0.133 0. 450 28.43
9 0.5 3.00 0.933 0. 100 0.252 0. 456 0.223 0.226 30. 75
10 0.3 3.00 0.933 0. 200 0.252 0.456 0.133 0. 450 34. 68
11 0.5 2.50 0.933 0.200 0.362 0. 456 0.133 0.226 39.47
12 0.3 2.50 0. 700 0. 100 0.252 0.456 0.133 0.226 32.62

% 6 Plackett — Burman X I 5 £ B 2 % 9 #7

Tab. 6 Significance analysis of Plackett — Burman test

parameters
S8 LYgA (N WrHm stkR/ % REMHT
X, 0.75 1.70 0.78 6
X, -5.05 76. 46 35.22 2
X5 3.28 32.31 14. 88 3
X, 5.46 89.27 41.12 1
X -2.09 13. 13 6.05 4
X 0.99 2.95 1.36 5
X, 0. 088 0.023 0.011 8
Xy -0.43 0.55 0.25 7
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Fig.9 Pareto diagram of Plackett — Burman experiment
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Tab.7 The steepest climbing test design scheme

and results

EES MR/ AR
JF
X,/MPa X, X, X (°) /%
1 3.00 0.7000 0.10 0.362  32.26 8.80
2 2.90 0.7466 0.12 0.340  31.05 4.72
3 2.80 0.7932 0.14 0.318  32.28 8.87
4 2.70  0.8398 0.16 0.296  38.16  28.70
5 2.60 0.8864 0.18 0.274  39.73  34.00
6 2.50 0.9330 0.20 0.252  44.39 49.71

0=4071.42 —1491.28X, -2 692. 34X, +
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805.37X; —1424. 58X, +280. 92X (6)
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H 2R 9 A, 4 AR 22 6] 32 BAE X 4 5 4
RUER MM KRB DA X, X X, X X XS
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TESE HARE R, R 3R U AR ) 10 e 2 ME R S 40
&, LLSEBR HE R 7 24 29. 65° S Ak H Ax, 2R
Design-Expert 3R FH#E1 TR , H AR AR AR
6 =29.65°
2.80 MPa<X,<3.00 MPa
0.700 0<X,<0.7932
0.10<X,<0.14
0.318<X,<0.362

(7)
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%8 Box - Behnken X ®igit 548 P Ak 5 5 7R >4 857 U) A i Ol 2,930 MPa, 4%
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B M= ERU S/ R 0. 133 ZEm—ZR - flf 48k & R B0CH 0. 354 1Y
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