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Abstract

Honeysuckle is a commonly used traditional Chinese medicine in China, and its main components are
also widely used in medicine and tea and other fields. At present, honeysuckle harvesting is mainly based on
manual harvesting, there are problems such as high harvesting cost and low harvesting efficiency, which
restricts the development of honeysuckle industry. The use of mechanized harvesting can significantly reduce
harvesting costs, improve the efficiency of harvesting operations, and effectively alleviate the labor shortage
phenomenon that occurs during the honeysuckle harvesting period. Therefore, this study designed a brush-
type picking device for the pole-assisted honeysuckle planting mode. The main research contents are as
follows:

(1) Agronomic research on honeysuckle planting and determination of basic material characteristics.
Field measurements were made to determine honeysuckle field planting row spacing and plant spacing, and
to determine parameters such as the average plant height of honeysuckle plants, the height of the flowering
area, the average height of the lowest flower buds above the ground, and the diameter of the canopies. The
mass, morphological dimensions, and water content of flower buds at each flowering stage were measured
using measuring tools. The material properties of honeysuckle branches and buds were determined, including
the elastic modulus, Poisson's ratio, and shear modulus of the branches; the coefficient of static friction,
coefficient of rolling friction, and coefficient of recovery of collision between the materials; and the
maximum tensile force and maximum shear force of the branches and branches, and of the branches and buds,
among other parameters.

(2) The key structural design of the comb-and-brush honeysuckle picking device and the determination
of influencing factors. Based on theoretical calculations and pre-tests to determine the device picking belt
width, picking radius; through the T-shaped belt stress analysis and deflection analysis, to determine the T-
shaped belt material, cross-section size; combined with the characteristics of the honeysuckle plant branches
and processing requirements, to determine the length of the picking teeth, the number of rows of picking
teeth rows, picking rows of teeth row layout. The force analysis of the picking tooth picking buds, the analysis
of the picking tooth movement process and the analysis of the picking tooth striking force, respectively,
finally determined that the main factors affecting the performance of the picking device are the device
forward speed, the active shaft speed and the length of the picking tooth.

(3) Modeling of honeysuckle plant and simulation analysis of the picking process of comb-and-brush

picking device based on discrete element method. The discrete element simulation model of honeysuckle



plant and brush honeysuckle picking device was established by using EDEM software. Firstly, the dynamic
picking process of the brush picking device was simulated and analyzed to verify the rationality of the picking
principle. Secondly, the contact collision force in the picking process is taken as the index, and the forward
speed of the device, the rotational speed of the main shaft and the length of the picking teeth are taken as the
influencing factors for the single-factor simulation test, so as to explore the influence law of the influencing
factors on the contact collision force. Finally, based on the actual connection force between flowers and
leaves and plants, the parameter optimization range of the influencing factors for subsequent field tests was
preliminarily determined.

(4) Field test of comb-and-brush honeysuckle picking device and parameter optimization and validation
study. A one-factor field test of the comb-and-brush honeysuckle picking device was conducted to verify the
reliability of the simulation test. The Box-Behnken method was utilized to design a three-factor, three-level
field test using the forward speed of the picking device, the rotational speed of the main shaft, and the length
of the picking teeth as the test factors, and the honeysuckle picking clean rate, honeysuckle breakage rate,
and impurity content rate as the test indexes. The analysis of variance (ANOVA) was carried out using
Design-Expert software, and the mathematical model between the test indexes and the test factors was
constructed. The response surface method was used to analyze the interaction between the factors on the
evaluation indexes, and model parameter optimization was carried out to obtain the optimal parameter
combinations of forward speed of 4 km/h, rotational speed of the active shaft of 317 r-min™!, and the length
of the picking teeth of 70 mm. Validation experiments were carried out with the values of the optimized
parameters, and the relative error between the experimental results and the optimized predicted values of the
model was 4.86% at the maximum, which indicated that the comb brush type Honeysuckle picking device
can meet the demand of mechanized picking operation, which can provide reference for the research and
development of honeysuckle picking equipment.

Key words: Comb and brush; Honeysuckle picking device; Discrete element simulation; Field trial
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