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Calibration of discrete element simulation parameters for

different kinds of rice grains

ZHU Linfeng LIU Xiaopeng ZHANG Yonglin SONG Shaoyun YIN Qiang CAO Meili
(School of Mechanical Engineering, Wuhan Polytechnic University, Wuhan, Hubei 430048, China)

Abstract: [ Objective] To provide a theoretical reference for the optimal design of the polisher structure by comparing the differences in the
contact parameters of different kinds of rice. [Methods] Using bench test and simulation test, and combining with MATLAB software
image processing technology, the optimal parameter combinations are obtained through the steepest climbing test and quadratic orthogonal
test, and the contact parameters of the four kinds of rice grains, namely Japonica Rice, Japonica Glutinous Rice, Indica Rice, and Indica
Glutinous Rice, are measured and calibrated. [Rseults] The coefficient of static friction between Japonica Rice, Japonica Glutinous Rice,
Indica Rice, and Indica Glutinous Rice and the steel plate is 0.47, 0.46, 0.52, and 0.52, respectively. The coefficient of rolling friction is
0.069, 0.074, 0.081, and 0.075, respectively. The collision recovery coefficient is 0.40, 0.42, 0.43, and 0.41, respectively. In the stacking
angle measurement test, the coefficient of static friction between Japonica rice is 0.34, with a coefficient of rolling friction of 0.04, and a
collision recovery coefficient of 0.53. The coefficient of static friction between Japonica Glutinous Rice is 0.32, with a coefficient of rolling
friction of 0.04, and a collision recovery coefficient of 0.45. The coefficient of static friction between Indica Rice is 0.37, with a coefficient
of rolling friction of 0.06, and a collision recovery coefficient of 0.56. The coefficient of static friction between Indica Glutinous Rice is
0.35, with a coefficient of rolling friction of 0.05, and a collision recovery coefficient of 0.54. [Conclusion] The coefficients of static
friction and rolling friction of the long-grained Indica Rice and Indica Glutinous Rice are larger than those of the round-grained Japonica
Rice and Japonica Glutinous Rice. The coefficient of rolling friction of Indica Rice is also slightly larger than that of Indica Glutinous Rice.
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Figure 1 Coefficient of static friction measuring device

and its measuring principle
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Figure 2 Measuring principle of rolling friction coefficient
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Figure 3 Measuring principle of collision recovery

coefficient
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Figure 4 Measuring principle and image processing method of repose angle
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Figure 5 Modelling of individual rice grains
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Table 2 Measurement results of static friction coefficient

between rice grains and steel materials

hides H ok HORE K Rk HINKE K
1 0.46 0.48 0.52 0.54
2 0.47 0.45 0.50 0.54
3 0.49 0.47 0.54 0.52
4 0.46 0.47 0.51 0.49
5 0.49 0.44 0.53 0.53

¥iE 0.47 0.46 0.52 0.52
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Table 3 Measurement results of rolling friction coefficient

of rice grains and steel materials

) Hi K BEIES ok HilP K
1 0.065 0.068 0.082 0.078
2 0.073 0.068 0.084 0.069
3 0.069 0.075 0.084 0.068
4 0.074 0.079 0.077 0.077
5 0.066 0.080 0.079 0.085

H{H 0.069 0.074 0.081 0.075
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Table 4 Measurement results of collision recovery

coefficient between rice grains and steel materials

i ok R K Hiliok il K
1 0.40 0.43 0.44 0.45
2 0.44 0.43 0.41 0.41
3 0.42 0.38 0.48 0.46
4 0.39 0.45 0.39 0.37
5 0.38 0.45 0.39 0.37

B 0.40 0.42 0.43 0.41
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Table 5 Measurement results of repose angle of rice grains
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Table 6 Steepest climbing test design and results

5 AMBEERR  BIRSEERR  CHIEKE R a\/% 0,/% 0y/% o/%

1 0.20 0.01 0.25 36.40 36.90 35.42 34.83

2 0.30 0.03 0.35 10.71 9.90 10.80 9.99

3 0.40 0.05 0.45 7.30 8.60 0.74 5.26

4 0.50 0.07 0.55 34.33 31.62 23.92 29.97

5 0.60 0.09 0.65 43.00 41.01 41.17 49.94

6 0.70 0.11 0.75 50.40 53.70 45.44 50.80
24 ZREXRFEHARRK x7 RBEERS5KE

ZWIER e A A R R KO R 7 A Rm ikt S Table 7 Test factors and levels
ZR IS, K AWEEERE BRIEERE CERIEERE

NiH] Design-Expert 13.0 #4024 306 £ 4k 3647 [0 05 43 —1.68 0.23 0.02 0.28
BT B R R AN R R R R R R T 0-30 0.03 035
fih 5505 HEBUR CHOK v, JHORR K Y, JRIOK Y, R K Y,) 4 0 040 003 04
525 ] g I 0 R A AR A S : 030 007 022

1.68 0.57 0.08 0.62

T A5 B 45 2 ORI [ U A
Y,=28.60+3.07A+222B—0.108 6C+0.56AB+036AC+
0.47BC+0.938 1A°+0.2318°+0.119 7C°, (5)
Y,=29.41+2.96A+2.07B—0.001 6C+0.387 SAB+
0.425AC+0.572 SBC+0.988 6A°+0.293 9B*+0.198 4C°,
(6)
Y,=30.42+2.79A+2.03B—0.303 6C+0.146 3AB+
0.796 3AC—0.016 2BC+1.31A°+0.218 4B°+0.034 6C,
(7)
Y,=29.55+2.30A+1.86B—0.227 8C—0.125AB+
0.035AC—0.277 SBC+1.16A°+0.323 3B°+0.061 7C°,
(8)
HIZZ 9 T, 4 FhORORIAR B 7 2 7 M 45 SR 2 0 3 R
ST A A o IR A AR TR T 45 AR RN 4
SRR B SE B A T IS M K I AR K A2 AR R 45 KR Y
HERBURIE U BN

25 KM BEEMSHIKERIEE

LK R HE B AR A A G IR 25 B /N O H AR, Gl o
Design-Expert 13.0 £ {4 %+ [0l 19 77 #% i 17 500 K g, 53 991
LSz s 00 45 60 3 AR £l (7,=27.06, ¥,=27.26, ¥,=29.94
Y,=28.93) & & H # ph BUR 29 31 5% 031 55 )5 149 3 2 4L i
i 3 LA OIORE Y B 0] 0 R 5 R MU A, IR B R HE R BB,
MR A R B Cr o NI % S B A e B T R AT
A EDEM 4 iy A7 HERR A 47 B0, 05 FLR B0 25 1 H 60
FoOR 5 ST HE R A R A A TR 25 o TR o 86 S kAT
)KL HE RS B, AN 10 TR

5 52 o ME AR A A 5 25 4300 R 0.40%,0.58%,0.26%,
0.72% , F W1 & Kb e I B H AL 4 T 5
2.6 KAEMSHE TN ERIZITHOE N

OKOREL 28 o0 B K HLAD R0 P10 TR 7 8 G L
11 A0 A B 1 Ry 22 T 6 S 3 14 B ROK o B S L it

71



ARESS5EBE4HE FOOD EQUIPMENT & INTELLIGENT MANUFACTURING

R “REXHEFRAGKBEITSER
Table 8 Quadratic orthogonal rotating combination test

design and results

HiH A B c Y /() v./(0) vi/(7) v,/(0)
1 -1 -1 -1 2630 2723 28.15  27.11
2 1 -1 —1 3021 3121 3230 3157
3 —1 1 -1 28.66  29.50 3221 3152

1 1 -1 3495 353 3644 3517
5 —1 —1 1 2475 2562 2671 27.46
6 1 —1 1 3024 3157 33.54 3175
7 —1 1 1 29.13 3045 3020 3045
8 1 1 1 36.72  37.68 38.12 3455
9 —1.68 0 0 2538 2676 2937 2826

10 168 0 0 36.46  37.16  38.24 37.15
1m0 —168 0 2524 2675 2731 26.89
12 0 1.68 0 32.60 3324 3412 3377
13 0 0 —1.68 2926 3035 3127 30.17
14 0 0 1.68 2795 29.10 29.12  29.01
15 0 0 0 2835  29.65 30.50  29.70
160 0 0 2872 2972 30.54  29.46
17 0 0 0 2857 2934 3074 29.72
18 0 0 0 2896 2928  30.15 29.45
19 0 0 0 2850  29.16 3027 29.48
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Table 9  Analysis of variance of quadratic model

5 KRR Y, R HERUA Y, MK IEFR A Y, HIDER K HE B Y,
F P F P F P F P
AL 82.71 <20.000 17" 76.98 <0.000 1" 71.93 <0.000 1" 73.73 <0.000 1"
A 448.20 <20.000 17" 421.25 <£0.000 17" 356.26 <20.000 17 343.21 <20.000 17
234.81 <20.000 17" 204.95 <20.000 17" 189.14 <20.000 17" 223.33 <20.000 17"
0.56 0.473 0 <0.01 0.9912 4.23 0.069 9 3.36 0.100 1
AB 8.74 0.016 0™ 4.22 0.070 0™ 0.58 0.467 6 0.59 0.461 2
AC 3.61 0.089 8 5.08 0.050 7 17.05 0.002 6" 0.05 0.8342
BC 8.16 0.0349™ 9.22 0.014 17 <0.01 0.9347 2.92 0.1217
A’ 41.86 <20.000 17" 46.91 <£0.000 17" 78.84 <20.000 17 87.49 <20.000 17
B? 2.54 0.145 6 4.15 0.072 2 2.18 0.173 1 6.76 0.028 77
c? 0.68 0.4316 1.89 0.202 5 0.05 0.820 0 0.25 0.6317

Y N TE
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Table 10 Repose angle test validation

75 A, B, C, 0' /%
1 0.34 0.04 0.53 27.17 0.40
2 0.32 0.04 0.45 27.42 0.58
3 0.37 0.06 0.56 30.02 0.26
4 0.35 0.05 0.54 28.72 0.72
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Figure 6 Repose angle test validation
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