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Discrete element parameter calibration of edible rose petals

based on virtual stacking test
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Abstract: Objective: Calibration of discrete element simulation
parameters of edible rose petals. Methods: The discrete element
method was used to establish the discrete element model of flexi-
ble edible rose petals. The combination of physical accumulation
test and virtual accumulation test, the placket Burman test, the
steepest climbing test and box Behnken test were used to deter-
mine the significant factors and parameter values that affect the
accumulation angle, and the significant parameters were
optimized. Results: The values of the significant factors affecting
the stacking angle after parameter optimization were: petal-petal
collision recovery coefficient was 0.05, petal-petal rolling friction
coefficient is 0.051, petal-stainless steel collision recovery coeffi-

cient was 0.046. Conclusion: Based on the virtual stacking experi-
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ment, the parameters of discrete element simulation of edible
rose petals are calibrated.
Keywords: edible roses; petal; discrete element; parameter cali-

bration; virtual stacking test
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Figure 1 Discrete element petal model based on

multi sphere
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Table 1 Material physical parameters
ok I/ (kg + m™ %) HER /A=A 5 U1/ MPa
LS 552.8 0.3 4
N i 7 930.0 0.3 74 600
R2 YREMSHE
Table 2 Particle contact parameters
AR CHAEH MWK R BRI RE RAEERE
AL 1L 0.01 0.453 0.01
AEM— W 0.01 0.487 0.01

x3 ARUREBINFESH

Table 3 Bonding parameters of edible rose petal granules
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Figure 2 Bonding V2 model of edible rose petals
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Figure 3 Virtual accumulation test of edible rose petals
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Figure 4 Schematic diagram of virtual stacking
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angle measurement
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Table 4 Placket-Burman test parameters

KT X XoBiUIRERE/  XoAeM—AE MR X e MRS XM — A WaE XAl —ANEWNIKRD
—1 0.1 1 0.01 0.01 0.01 0.01
1 0.5 6 0.09 0.20 0.09 0.05
x5 Placket-Burman RIEIZIHE5ER
Table 5 Placket-Burman test design and results
F5 X X, X; Xy X5 Xo  MEBUR O/
1 1 —1 1 —1 —1 —1 26.49
2 1 1 —1 1 —1 —1 24.36
3 —1 1 1 —1 1 —1 28.52
4 1 —1 1 1 —1 1 24.81
5 1 1 —1 1 1 —1 24.97
6 1 1 1 —1 1 1 29.19
7 —1 1 1 1 —1 1 26.72
8 —1 —1 1 1 1 —1 27.76
9 —1 —1 —1 1 1 1 25.72
10 1 —1 —1 —1 1 1 26.66
11 —1 1 —1 —1 —1 1 25.26
12 —1 —1 —1 —1 —1 —1 24.51
13 0 0 0 0 0 0 24.78
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*& 6 Placket-Burman i E R FE NI
Table 6 Analysis of variance of Placket-Burman

test results

su opme el e pg B
i 22 F- 75 Al HeF

X1 1 0.336 70 0.880 0.391 5

X, 1 0.785 40 2.050 0.211 4

X3 1 12.02 00 31.40 0.003 1

Xy 1 3.297 00 8.610 0.032 3

X5 1 9.487 40 24.78 0.004 2

Xy 1 0.25520  0.670  0.451 6

x7 ERERKRAEEITELER

Table 7 Design and results of steepest climbing test
Fe Xy Xy Xs  HEMERUR 0/C)  HXBEE/ %

1 0.01 0.20 0.09 28.76 10.60

2 0.03  0.15 0.07 26.93 3.50

3 0.05 0.10  0.05 26.52 2.00

4 0.07  0.05 0.03 25.45 2.10

5 0.09  0.01 0.01 24.76 4.70
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Table 8 Significant exposure parameter level coding

7K X3 Xy X5
—1 0.03 0.05 0.03
0 0.05 0.10 0.05
1 0.07 0.15 0.07

AFBRE ETEAERLBRNARBREBER TS HRE

X9 DBoxBehnken iIKiZitT5E R
Table 9 Box-Behnken design and results
75 X X, X5 EHUERA/ O
1 —1 —1 0 26.63
2 1 —1 0 26.78
3 —1 1 0 28.55
4 1 1 0 25.33
5 —1 0 —1 26.21
6 1 0 -1 25.98
7 -1 0 1 28.67
8 1 0 1 27.17
9 0 —1 —1 25.19
10 0 1 —1 26.35
11 0 —1 1 26.89
12 0 1 1 27.54
13 0 0 0 27.03
14 0 0 0 26.62
15 0 0 0 26.86
16 0 0 0 26.12
17 0 0 0 26.56

% 10 Box-Behnken iX 38 [E] |4 8 5 = S 47
Table 10 Analysis of variance of Box-Behnken test

regression model

FEEW BT A AmE ¥Ur F {8 P g
(e 12.790 0 9 1.420 0 9.960 0 0.003 1
X 2.880 0 1 2.880 0 20.180 0 0.002 8
X, 0.649 8 1 0.649 8 4.550 0 0.070 2
Xs 5.350 0 1 5.350 0 34.470 0 0.000 5
X;X 2.840 0 1 2.840 0 19.900 0 0.002 9
X; X5 0.403 2 1 0.4032 2.8300 0.1366
X, X5 0.065 0 1 0.0650 0.4557 0.5213
X3 0.515 1 1 0.5151 3.6100 0.099 2
X3 0.115 0 1 0.1150 0.8058 0.399 2
X3 0.001 6 1 0.001 6 0.0115 0.917 6
w#% 09988 7 o427
2% LI 0.521 1 3 0.173 7 1.450 0 0.353 8
afi i 2% 0.477 7 4 0.119 4

A 13.790 0 16

25.5°~26.5°, #] H Design-Expert 12 {4 % i 2 4 S %
SR ik 2 AT TR MR dE A S ) B
TR AR AT 152 25 e /N 19 — AL A6 O d L BBCMH S B A6 R — 4k
MR A R B R 0,05, FE 16 IR B BE 4 R ACH
0.051 , fEM— N EF WAl IKE RECH 0.046., HApAERFH
PE S 500 BUIE A A 0.3, B U148 4 MPa, £ — £
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Figure 5 Influence of interaction factors on

stacking angle
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Figure 6 Comparison between virtual stacking test
and physical stacking test
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