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Parameter Calibration and Experiment of Polyhedral Cottonseed
Discrete Element Based on Tavares Model
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Abstract: Aiming to address the lack of an accurate simulation model for the compression and crushing
process of cottonseed, based on the discrete element method, the Xinluzao 84 cottonseed was used as the
research object, and its parameters were calibrated through the combination of physical tests and
simulations. According to the actual morphological characteristics of cottonseed, the volume of cottonseed
was calculated by using the average particle size to represent the size of cottonseed in the vertical length
direction, and the result was less error with the volume obtained by using the triaxial dimensions, which
proved that it was reliable to use the average particle size to describe the size of cottonseed in the vertical
length direction. The polyhedral model of cottonseed was rapidly constructed by using the mesh modelling
function in Solidworks 2022. The correlation was established between the volume relative error, simulation
time, and the number of facets of the model. It was determined that the optimal number of facets for the
polyhedral cottonseed model was 1 098, with corresponding simulation time of 171 minutes and volume
relative error of 0. 46% . The stacking angle test was employed to calibrate the interspecific parameters of
cottonseed. The results indicated that the collision recovery coefficient of cottonseed — cottonseed, the
static friction coefficient of cottonseed — cottonseed, and the rolling friction coefficient of cottonseed —
cottonseed had a significant effect on the stacking angle. The optimal parameter combinations were
determined to be 0.106, 0.248, and 0.105, respectively. Relative error of 0.28% was observed
between the simulation stacking angle and the actual stacking angle when using these parameter values,
demonstrating the accuracy of the cottonseed parameters. The parameters of the Tavares model were
calibrated and verified by the indexes of cottonseed crushing force and crushing energy through the single
particle compression test. The results showed that the relative errors of cottonseed crushing force and
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crushing energy were 2.37% and 2. 87% , respectively. This indicated that the constructed cottonseed

model and the calibrated parameters of the Tavares model were able to effectively characterize the

compression and crushing process of cottonseed.

Key words: cottonseed; discrete element; Tavares model; parameter calibration; crushing simulation
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Tab.1 Stacking angle simulation parameters settings
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Tab.2 Design scheme and simulation test results

of the steepest climbing test
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1 0.05 0.15 0.05 17.12 -30.77
2 0.10 0.20 0.10 21.79 -11.89
3 0.15 0.25 0.15 27.02 9.26
4 0.20 0.30 0.20 29.90 20.91
5 0.25 0.35 0.25 33.97 37.36
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Tab.3 Response surface experimental design scheme

and simulation results
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4 0.125 0.250 0. 150 26. 10
5 0.125 0.225 0. 125 23.85
6 0. 100 0.250 0. 125 25.01
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8 0. 150 0.225 0. 150 25.16
9 0. 100 0.225 0. 100 23.83
10 0. 150 0.250 0.125 26.39
11 0.125 0.225 0.125 24. 68
12 0. 100 0.225 0. 150 24.58
13 0. 125 0.225 0. 125 24.08
14 0.125 0.200 0. 100 22.11
15 0.125 0.225 0.125 23.96
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17 0. 125 0.200 0. 150 22.02
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Fig.9 Cottonseed crushing probability — crushing specific energy fitting curves
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