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Parameters calibration of discrete element simulation for fresh lotus seeds
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Abstract: [Objective] To determine the parameters of discrete element simulation model in the mechanized
processing of fresh lotus seeds, and provide data references for the mechanized processing simulation test of
fresh lotus seeds. [Method] The calibration of discrete element simulation parameters of fresh lotus seeds was
carried out by EDEM simulation software. The accumulation angle and repose angle of the actual fresh lotus
seeds were measured by seed drop test with “‘Space lotus 36’ from Honghu, Hubei. Based on the Hertz-Mindlin
(no slip) contact model, a simulation test of fresh lotus seed drop was conducted, and the error between the
measured and simulated values of fresh lotus seed accumulation angle and repose angle was used as the test

index to determine the contact parameters with significant effects on accumulation angle and repose angle
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through the Plackett-Burman test. The steepest climb test was conducted to determine the optimal contact
parameter combinations in discrete element model for fresh lotus seeds. The actual seed drop verification test
was carried out using the hopper with seed drop rate as the test index. The seed drop rates in actual and
simulated seed drop verification tests were compared to verify the reliability of the optimal parameter
combination. [Result] The effects of static friction coefficient between lotus seeds and rolling friction
coefficient between lotus seeds on the accumulation angle were highly significant (P<0.01); The effects of
rolling friction coefficient between lotus seeds on the repose angle were highly significant (P<0.01), and the
effects of static friction coefficient between lotus seeds and static friction coefficient between lotus seeds and
plexiglass on the repose angle were significant (P<0.05). The optimal combination of contact parameters was 0.4
for static friction coefficient between lotus seeds, 0.02 for rolling friction coefficient between lotus seeds, and
0.4 for static friction coefficient between lotus seeds and plexiglass. The results of the drop verification test
showed that the maximum relative error of fresh lotus seed drop rate between the actual test and the simulation
test was not exceeding 3.65%. [Conclusion] The contact parameters of the calibrated discrete element

simulation model for fresh lotus seeds are accurate and reliable, and the findings can provide data references for

the structural design optimization of lotus seed processing machinery.
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Fig.1 Equipment for short axis compression of fresh lotus
seeds
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1: Bench, 2: Seed box, 3: Fresh lotus seeds, 4: Baffle, 5: Seed drop tray, a,: Length of benchtop, a,: Length of seed box, a3: Diameter of seed drop tray, ay:
Length of bench, b,: Width of bench, b,: Width of seed box and baffle, 4,: Height of bench, %,: Height of seed box, /5: Height of seed drop tray, 44: Distance

from baffle to bottom of seed drop tray, 8: Repose angle, ¢: Accumulation angle
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Fig.2 Actual drop test
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Fig.3 Processing of seed pile image
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Table 1 Measurement results of accumulation angle and
repose angle of fresh lotus seeds in actual seed

drop test ©)
R i&%ﬁ.ﬁa PR IE A
Test No. Accumulation angle Repose angle
1 2 3 4 1 2
1 31.47 2897 2996 2650 3873 3542
2 29.70 28.22 26.27 29.62 31.78 37.98
3 2791 3149 2397 33.84 3298 36.84
4 3026 3543 2942 2936 36.66 33.09
5 28.52 2497 3276 33.83 3325 3699
6 3432 2734 2756 2850 3839 37.86
7 32.89 29.84 2943 3289 3623 3454
8 3292 3337 3234 29.62 3329 37.03
9 31.90 3254 2632 30.14 41.89 35.59
10 31.85 31.44 27.03 33.19 3437 36.00
FEIE 30.20 35.95
Average
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Fig. 4 Discrete element model of fresh lotus seed
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Fig. 5 Simulated seed dropping test
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Table 2 Design and results of Plackett-Burman test scheme

L2 Taes HERRS11/(°) PRAEFIA°)
Test No. 1 *2 3 4 %5 *s Accumulation angle Repose angle
1 0.5 0.3 0.10 0.5 0.3 0.01 32.24 35.10
2 0.1 0.9 0.01 0.1 0.9 0.10 35.78 36.03
3 0.5 0.9 0.10 0.5 0.9 0.10 44.56 50.07
4 0.5 0.9 0.10 0.1 0.9 0.01 47.02 49.41
5 0.5 0.3 0.01 0.1 0.9 0.01 25.04 27.62
6 0.5 0.3 0.10 0.1 0.3 0.10 34.48 35.01
7 0.5 0.9 0.01 0.5 0.3 0.01 31.39 22.80
8 0.5 0.9 0.01 0.1 0.3 0.10 32.66 29.52
9 0.1 0.9 0.01 0.5 0.9 0.01 28.58 32.92
10 0.5 0.3 0.01 0.5 0.9 0.10 24.02 32.17
11 0.1 0.3 0.01 0.5 0.3 0.10 25.53 27.68
12 0.1 0.3 0.10 0.5 0.9 0.01 39.48 40.63
13 0.1 0.3 0.10 0.1 0.9 0.10 37.71 38.43
14 0.1 0.9 0.10 0.5 0.3 0.10 44.42 40.10
15 0.1 0.9 0.10 0.1 0.3 0.01 46.27 44.42
16 0.1 0.3 0.01 0.1 0.3 0.01 30.09 28.64

Dxy: BAT 0 BRI 52, xp: AT IO B4 280, xy: BAT IR B B4 23, xy: BAF-AWIRAIRRE 238, x5 AP
W FRH RHE R x: BAF-ANITR R R K

1)x;: Coefficient of collision recovery between lotus seeds, x,: Coefficient of static friction between lotus seeds, x3: Coefficient of
rolling friction between lotus seeds, x,: Coefficient of collision recovery between lotus seeds and plexiglass, x5: Coefficient of static
friction between lotus seeds and plexiglass, x4: Coefficient of dynamic friction between lotus seeds and plexiglass

% 3 Plackett-Burman iXIG S E &M 0"

Table 3 Significance analysis of Plackett-Burman test parameters

T3 ZERIR H i S Pl r p
Source of variance Degree of freedom Sum of square
HERR A FR Model 6 137.22 21.49 <0.000 1**
Accumulation angle X 1 16.91 2.65 0.1380
X 1 240.95 37.74 0.000 2**
X3 1 541.61 84.84 <0.000 1**
X4 1 22.16 3.47 0.0953
X5 1 1.63 0.26 0.6253
Xg 1 0.06 0.01 0.9272
5% 7 Residual 9 6.38
JUAN Total 15
2ONIToY it} i Model 6 134.13 9.90 0.001 6**
Repose angle X 1 3.20 0.24 0.638 9
X5 1 99.95 7.37 0.023 8*
X3 1 573.48 4231 0.000 1**
X4 1 3.62 0.27 0.617 8
X5 1 121.06 8.93 0.015 2*
Xg 1 3.49 0.26 0.624 2
¥ 7 Residual 9 13.55
SR Total 15

Dxy: BAT A BRI 52, xp: BAT IO B4 280, xy: BAT IR B B4 23, xy: BAT- A MR 2380, x5 -
WU IE R 2B, xg: A MHIBZN I R 7 A %7 53 KR AEP<0.05F2P<0.01 KT £ 7 B 5 (Fih k)

1) x;: Coefficient of collision recovery between lotus seeds, x,: Coefficient of static friction between lotus seeds, x3: Coefficient of
rolling friction between lotus seeds, x,: Coefficient of collision recovery between lotus seeds and plexiglass, x5: Coefficient of static
friction between lotus seeds and plexiglass, x4: Coefficient of dynamic friction between lotus seeds and plexiglass; “*” and “**”
indicate significant differences at P<0.05 and P<0.01 levels, respectively (£ test)
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Table 4 Steepest climb test I design scheme and relative error

e HERA /% PRIEF/%
Test No. 2 s s Accumulation angle Repose angle
1 0.3 0.010 0.3 11.51 6.68
2 0.4 0.025 0.4 9.79 6.27
3 0.5 0.040 0.5 13.39 18.62
4 0.6 0.055 0.6 24.29 29.31
5 0.7 0.070 0.7 31.54 38.57
6 0.8 0.085 0.8 38.73 41.71
7 0.9 0.100 0.9 43.89 46.34

D)xy: SEAF 1) # R R A, Xy AT IRR 3D R R R, xs: BT ALHUR R R R

1) x,: Coefficient of static friction between lotus seeds, x3: Coefficient of rolling friction between lotus seeds, x5: Coefficient of

static friction between lotus seeds and plexiglass

5 mBEREIKE 11 &i A RREXIRE"

Table 5 Design scheme and relative error of steepest climb test II

w8 g 5 HERR 1% PR IE A%
Test No. " B s Accumulation angle Repose angle
1 0.30 0.01 0.30 12.43 13.49
2 0.35 0.02 0.35 7.07 8.27
3 0.40 0.02 0.40 3.66 1.83
4 0.45 0.03 0.45 4.48 8.49
5 0.50 0.03 0.50 10.38 12.53

1) xp: EAFIA # BEHE R, xy: AT R D BB R, x5 AR AL IE B EIR R 2

1) x,: Coefficient of static friction between lotus seeds, x3: Coefficient of rolling friction between lotus seeds, x5: Coefficient of

static friction between lotus seeds and plexiglass
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P AH B BRI R o AT VR PR ] DA e i3
5 BEF B BERFR AL o A0 USSR V4 F s 2 4k
B AR R, X LU AH [R5 & 6 R 3 P ek 28 1) S MBS
07 BAH « BEFRPR A HLBEE, KR RS vk b
410 mm*410 mm- HE T 100 mmx100 mm. =

435 mm. HEFCURME A 450, WK 6a Aror. 5
I, 15 AR A R, ZEREER N 10 kg 6
SEFE, AT RO, d s RS AR, R EE 10 K.
W Rk SF A0 R B BOUC R S N EDEM 84,
P fil 2 Hbr s BUE AT IR E, B x, 8 0.3,
X, N 0.4, x3 80.02, x4 803,x5 N804, x4 N
0.055, HALSH 5 B E KA, ik HEM T
5 ARG 5 S PR 566t LI IE, 47 B 5 40 B 6b
FioR.
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Table 6 Error table of measurement value and simulation value in hopper seeding test

\ e RERAERER () (kgs ") SR AT R () kg HIXFR22/%
iR R i .
Slope/seed Intercept/total mass R Relative Error
Test Test No. .
discharge rate of lotus seeds v myg
/i ¥ Simulated 1.672 10.167 0.9999
S Actual 1 1.634 10.098 0.999 4 2.30 0.68
2 1.659 10.174 0.999 1 0.75 0.07
3 1.670 10.063 0.999 3 0.12 1.02
4 1.636 10.027 0.999 4 2.18 0.39
5 1.652 10.169 0.999 1 1.17 0.02
6 1.643 10.209 0.999 2 1.73 0.41
7 1.663 10.068 0.998 6 0.52 0.97
8 1.632 10.199 0.999 3 2.40 0.31
9 1.611 10.019 0.999 3 3.65 1.46
10 1.642 9.982 0.999 4 1.81 1.82

- -~ fjf 1 Simulated, y=—1.672x+10.167, R*=0.999 9
BI0R  ——920l] Actual, y=1.611x+10.019, R=0.999 3
o N
: &
2 st
b}
o &
<26
1)
v 4f
=
<
o
2 2t
<
=
0 1 2 3 4 5 6

7 EMSHEZERE
Fig. 7 Comparison of actual and simulated result
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BT PR BRI o A ST S 18 i Py R 6 DU 1 3 ficf
SN HBAPERE BN 1.34 MPa. JHRAHE Y 0.3, AR 1E £
N 35.95°, HERL AN 30.20°. AR A K Hertz-
Mindlin(no slip) £2Y, LR 1E A FIHERR f 91k 56 18
WHEAT T B YR A EE . I8 1T Plackett-Burman iR
56 93 34 HH KT HE AR A R A 22 R 2N X x5 XFAR
1E AR SR 2 2 T R 2N X x3 B s BT 2 KR



178 Hepg Ll K5 224k (https:/xuebao.scau.edu.cn/zr/hnny_zr/home)

44 %
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3.66%, PRIE AR ZEN 1.83%. 15t KB F & FR
X S BT RIS IE, 58k R R R T
BT IE R IGAIERES, AR £ EDEM 84 k474
BT s 25 AR, SN T P W SL PR S5 1
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