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Calibration and test of discrete element simulation parameters of
fresh edamame pods
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(1. College of Intelligent Manufacturing, Anhui Science and Technology University, Chuzhou 239000, Anhui, China;
2. College of Architecture, Anhui Science and Technology University, Bengbu 233000, Anhui, China)

Abstract: [Objective] This study aims to construct a discrete element model and calibrate contact parameters
for the irregular shape, high moisture content, and abundant surface fuzz of fresh edamame (Glycine max) pods,
in order to improve the reliability of modeling and simulation. [Method] Firstly, the intrinsic parameters of
fresh edamame pods were determined through physical experiments. Secondly, through a combination of
collision tests, inclined sliding, and inclined rolling tests, together with discrete element simulations, the contact
parameter ranges between fresh edamame pods and food grade polyvinyl chloride (PVC) materials, 304
stainless steel, and pods themselves were explored. Finally, the Plackett-Burman (P-B) design, steepest ascent
test, and Box-Behnken response surface method were successively carried out to establish a parameter model,

with the measured angle of repose as the optimization target, to accurately determine the optimal contact
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parameters. [Result] The Poisson’s ratio, elastic modulus, and shear modulus of fresh edamame pods were
0.24, 19.94 MPa, and 8.04 MPa, respectively. The calibrated collision recovery coefficient, static friction
coefficient, and rolling friction coefficient between pods and PVC were 0.374, 0.463, and 0.091, respectively.
For those between pod and 304 stainless steel, the corresponding values were 0.433, 0.505, and 0.143,
respectively. For those between pod and pod, the values were 0.325, 0.747, and 0.171, respectively. The
simulated angle of repose under the calibrated parameters matched well with the measured value, with a relative
error of 1.46%. [Conclusion] In the comparative experiments between the bench and simulation of the
conveying equipment, the errors between the predicted conveying capacity based on the calibrated parameter
system and the actual value are 5.88%, 4.09%, and 3.37%. These results confirm the high reliability of the
physical and contact parameters obtained in this study and provide simulation support for the development of
fresh edamame-related equipment. [Ch, 13 fig. 6 tab. 30 ref.]
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Figure 1 Three-dimensional dimensions of fresh edamame pods
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Table 1 Basic parameters of fresh edamame

WKL Fit/g L/mm B/mm T/mm %E/(kg-m™) FHK%E/%

KL 158 3436 1271 9.89 952.13 72.91
XA 3.05 49.49 1331 10.26 963.91 73.13
=H 412 57.67 13.08 10.62 972.97 73.77
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Figure 2 Modeling of discrete element model of fresh edamame
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Figure 5 Coefficient of restitution and maximum rebound height fit curve
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Figure 7  Fitting curve of static friction coefficient and angle
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Table 3  Plackett-Burman test design and results
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Table 5 Box-Behnken test design and results

e A C D HeRUMIC)  AIXFRZE% b A c D W) AARIRZE %

1 014 073 017 38.83 0.82 10 014 073 017 38.49 1.69
2 0.14 067 021 38.05 2.81 11 012 079 0.7 39.78 1.61
3 012 067 017 36.54 6.67 12 0.14 067 013 35.23 10.01
4 016 067  0.17 37.85 3.32 13 016 079  0.17 41.03 4.80
5 0.14 073  0.17 38.48 1.71 14 016 073 0.3 37.98 2.99
6 0.14 079 0.3 40.01 2.20 15 012 073 013 36.17 7.61
7 014 079 021 4122 5.29 16 016 073 021 39.32 0.43
8 0.14 073  0.17 38.66 1.25 17 012 073 021 38.63 1.33
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Table 6  Analysis of variance of Box-Behnken test design

Vig= 3} ST H B2 ¥or P g2 3 SEJT A A M ¥y P

LAY 38.960 0 9 43300 <0.000 1 A2 0.095 1 1 0.095 1 0.3473
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