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Analysis of rice grain breakage characteristics based on
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Abstract: Objective: The rotational speed of the roller of the rice
mill was optimized to reduce the crushing rate of rice grains in the
process of whitening. Methods: The extrusion filling model was
established by using SolidWorks software, and the collision con-
tact model of single rice grain and two rice grains was established
by using the particle bond model in EDEM software. The collision
process of rice grains with different moisture content at different
falling speeds was simulated, and the collision results of corre-
sponding rice grains were observed. Results: There were three
critical states of rice grains in the process of collision, which were
intact rice grains, slightly broken rice grains and broken rice
grains. Under the set moisture content range, the crushing rate
of rice grains increased with the increase of moisture content and

collision velocity, and the critical crushing rates of intact rice
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grains in the collision model of single grain and two grains were
similar, which were 23.5 m/s and 22.0 m/s., respectively. Con-
clusion: The speed and moisture content have a significant effect
on the crushing morphology of rice grains, and when the
moisture content is 10.6 %, the maximum speed of non-crushing
of rice grains is 22.0 m/s, at this time, the crushing rate of rice
grains is small and meets the demand of milling.

Keywords: discrete element; EDEM; rice grain; crushing charac-

teristics
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Figure 1  Simplified ellipsoidal model of rice grain
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Figure 2 Establishment of a single ellipsoidal polymer
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Figure 4 Discrete element model of ellipsoidal polymer

Scheme of the filled particle
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Figure 5 Discrete element contact model of two

rice grains
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Table 1 Parameters for elastic connection keys

Skwr g A HAUKERD AL EAYIER] ISR RE IRYIRSRE bR BRI EEE STUIEE Bk
K/ Y Bk, /(N>m™) B k,/(N+m 3) gx/(Nem 2) ¢ix/(N-m~) PRERg/mm Ry . G/Pa R./mm

10.6 1.00X10% 1.00X10% 2.30 X107 2.30 X107 0.22 0.5 2.02X10%  0.264

11.7 1.33X 10" 1.33X 10! 2.17 X107 2.17 X107 0.22 0.4 1.86 X105 0.264

13.9 2.50X 101 2.50X 101 1.70 X107 1.70 X107 0.22 0.3 1.62X108  0.264

15.4 2.50 X 101 2.50X 101 1.40X 107 1.40 X107 0.22 0.2 1.36 X105 0.264
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Table 2 Collision results of single rice grain with different moisture content
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17.5 2 0.2 KR LA 52 16.0 5 0.6 KL LA 5E
18.0~27.5 42~109 5.0~12.9 KRR fH M 17.0~23.0 41~110 4.9~13.0  RbRfumr

28.0 151 17.9 KL I 54 24.0 145 17.2 KA 7 24

Normal force
2.362 6e+000

1.890 1e+000
1.417 6e+000
9.451 6e-001
4.726 8e-001
1.969 5e-004
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Figure 6 Model of intact rice grains after single rice

grain collision
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Figure 7 Model of slightly damaged rice grains after

single rice grain collision
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Figure 8 Model of splitted rice grains after single rice

grain collision
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Critical crushing velocity of single rice grain

with different moisture content
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Table 3 Collision results of double rice grains with different moisture content

HAKE 10.6%

KR 11.7%

W/ (m s )

[ S G S T 4 A A N

W/ (m s

W AE KRB R/ Y% KADIRES

22.0 0 0.0 @ 20.0 0 0.0 o)
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Figure 10 Model of intact rice grains after double rice

grains collision
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Figure 13 Model of splitted rice grains after double
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Figure 14 Critical crushing velocity of single rice grain

with different moisture content
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