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Parameter Calibration and Experiment of Rice Seeds Discrete Element
Model with Different Filling Particle Radius
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Abstract; The coupled simulation of gas-solid two-phase flow was widely used in the study of the working
process of pneumatic seed metering devices, the seed model was mostly modeled by particle aggregation
formed through particle aggregation without overlapping. The simulation seed model would be closer to the
real shape of the seed with smaller radius and larger number of filled spherical particles by this method.
But the simulation computing resources would be overconsumed and the simulation time would be
increased as the method was used. The rice seeds were taken as research object in order to study the
effect of rice seed models with different filling sphere radii on the dynamic response characteristics
between particles and find the optimal number of filled balls for the seed model. The bonding aggregation
model of rice particles for gas-solid coupling was formed by filling with spherical particles of different radii
(0.30 mm, 0.21 mm, 0. 18 mm, 0. 16 mm and 0. 15 mm) after the shape of the seed was got with the aid
of 3D scanning and inverse fitting method. The static friction coefficient and dynamic friction coefficient
of seed model filled with balls of different radii were calibrated by lifting with bottomless cylinder, sliding
accumulation between real test and simulation, using the curve surface correspondence method and the
index was the angle of repose. The results showed that the simulation time and simulation accuracy were the
best when the filled particle radius was 0. 21 mm verified by the gas — solid two-phase flow coupling simulation
test of the rice seed metering device with positive pressure as the indicator was seed filling rate.
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Tab.1 Rice seed simulation model corresponded to

radius and number of filling balls
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Fig.2 Scanned modeling process of rice seed kernel
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(a)r=0.3 mm

(b)r=0.21 mm

(¢)r=0.18 mm (d)r=0.16 mm

(e)r=0.15 mm
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Fig.4 Rice models with different filling radii
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Fig.5 Simulation repose angle image processing
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Tab.2 Parameters of Plackett — Burman test
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Tab.3 Design and results of Plackett — Burman test
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Tab.4 Plackett — Burman test parameter significance

analysis

S8 ¥ 75 F F P

X, 4.594 x10 73 7.63 0.0700
X, 1.673 x10 ~* 0.28 0.634 6
X3 1.156 x 10 ~* 1.92 0.2598
Xy 9.633 x10°° 0.16 0.7159
Xs 0. 027 45.51 0. 006 7
X 0.13 221. 84 0. 000 7
X; 4.378 x10 73 7.27 0.0740
Xy 7.752 %10 73 12. 88 0.037 1

TP <0.01 NZEREMWEE 0.0l <P<0.05 JEREE,

x5 mERKRARETSER

Tab.5 Design and results of the steepest ascent test

e IKFE—IKFE KREKEE  RakfaE M
WAL R AL VI WE/ %

1 0. 005 0 0. 083 73.7
2 0. 025 0. 003 0.284 9.8
3 0. 045 0. 006 0.302 4.1
4 0. 065 0. 009 0. 401 27.3
5 0. 085 0.012 0. 425 34.9
6 0. 105 0.015 0. 432 37.1
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Tab.6 Parameters required for discrete element

simulation

B2 B fE
R EE /N A 0.25
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AN/ (kgom ™) 1180
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TK A 55 A BB 5 v R 4 TR % 0.252
KT 55 A7 BB B T o 4 TR 4 0.026
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Fig. 6 Stack angle simulation experiment
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Tab.7 Coding of factors

S Pa—— - .
IRAE KA B R KR — 7K R VR 3l B 45 TR
1.414 0. 085 35 0.012 156
1 0.075 0.011
0 0. 050 0. 007
-1 0. 025 0.003
-1.414 0.014 65 0. 000 84
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Fig.7 Image analysis by Matlab with two types of materials
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Tab.8 Measurement results of stacking angle under

two experimental conditions

KRS RIMARARE A EDE SO EA E Y
1 0.3379 0.5842
2 0.348 3 0. 600 4
3 0.3036 0.563 1
4 0.3029 0.5742
5 0.3131 0.5872
6 0.3232 0.578 6
7 0.3020 0.580 1
8 0.3106 0.5627
9 0.304 3 0.576 3
10 0.303 2 0.568 9

Sagic 0.3150 0.5775

b 22 0.008 141 0.007 943

LR EAT B, IR 45 B A ) S50 S8 B8 20 19 4R 11 A 1E
DME AR W3R 9,4 B O IR i i (i

FIH Design-Expert 8. 0. 6 B {4 fj i 5 25
PEAT I 28 53 B, B 3 6 A TR ) O B 3 (P <
0.01), Ui Wl b 15 & FLAT & X AR A B 3% W
T A R C % B F, 145 UG B H A 92 br
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Tab.9 Simulation experiment plan and result

Kz IR W

J5 5 TRIEFIE kLA

A B Y R, EYIMH R,
1 -1 -1 0.269 0. 459
2 1 -1 0. 309 0.512
3 -1 1 0. 308 0. 467
4 1 1 0. 396 0.674
5 -1.414 0 0. 258 0.477
6 1.414 0 0.378 0. 689
7 0 -1.414 0.294 0.470
8 0 1.414 0. 385 0.569
9 0 0 0.311 0.539
10 0 0 0.304 0.564
11 0 0 0.307 0.589
12 0 0.312 0.569
13 0 0.316 0.570

R, =0.31 +3.72x10 °A +3.18 x 10 *B +

1.2 x10°AB +1.24 x10 *B* (3)
R,=0.57 +6.99 x10 *A +3.88 x 10 °B +
3.8 x10 *AB +2.95 x10 *B’ (4)
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~1.414<A<1.414
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Tab.10 Calibration results of physical parameters of

(5)

different rice discrete element models

K FE—7K T e R 4 IK A=K A R Bl

S SRR 2 A2/

mm SR JEE 4% TR %X
0.30 5.92x10°? 7.17 x10 ~?
0.21 5.61 x10 2 6.44 x10*
0.18 5.79 x 10 72 6.12 %1073
0.16 4.72 x10 72 5.81x107?
0.15 3.81x10°? 5.78 x10 73
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Tab.11 Simulation results of different filling models

compared with actual test results

P 70 UKL Bk 42/ mm
0.30 0.21 0.18 0.16 0.15
R, 0.299 0.306 0.319 0.317 0.318
R SHSE(EMXIRIE/% 411 1.73 2.43 1.87 1.96
R, 0.555 0.565 0.592 0.591 0.588

R, SESAMXMRZE/% 3.95 2.12 2.58 2.39 1.86
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radii on angle of repose during simulation
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experiment of seed metering device
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Tab.12 Influence of filling particle balls with different
radii on gas — solid coupling simulation test
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