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Abstract

Jujube is one of the most widely planted fruit trees in China. It is a characteristic fruit with high
economic value and nutritional value. In recent years, jujube planting has been gradually scaled up, and the
manual harvesting method can no longer adapt to the development of Xinjiang jujube industry, so it is
urgent to realize mechanical harvesting. However, the existing jujube vibration harvesters are prone to
damage trees due to excessive vibration energy, or affect the recovery rate due to too small vibration energy.
The reason is that the vibration transmission mechanism in the mechanical harvesting process of jujube is
not clear, and the vibration input acceleration does not match the fruit stem separation acceleration.
Therefore, this thesis studies the layered vibration harvesting method, explores the acceleration
transmission response characteristics of dwarf close planting Jun jujube during vibration harvesting, and
seeks a better combination of working parameters to provide reference for the design of jujube vibration
harvesting machinery. The main research contents and conclusions are as follows:

(1) Through measurement and experiment, the geometric structure parameters and material properties
of different grading jujube branches were obtained. It was found that the average length of trunk, primary
branch A1l and secondary branch B1 increased gradually, and the average length of trunk was 402.57 mm.
The maximum average length of secondary branch Bl was 659.3 mm. The length of jujube trunk and
primary branch was controlled, while the new secondary and tertiary branches were longer, and gradually
shortened along the growth height direction. The density of the first branch of jujube tree was the smallest,
and the density of other branches was close. The elastic modulus of the first branch of the jujube tree was
the smallest, and the elastic modulus of the other branches ranged from 4956.31 to 6830.28 MPa. The
dynamic model of jujube branch-petiole-fruit simple pendulum was established, the differential equation of
fruit vibration was obtained, the condition of fruit abscission was analyzed, and the main factors affecting
the effect of vibration harvesting were determined.

(2) Combined with the structural characteristics of fruit tree growth, the overall scheme, operating
conditions and working parameters of the layered excitation device were determined, and the design and
selection of key components were completed. The sample branch was simplified as a mass-spring-damping
model, and the equivalent model parameters were obtained by combining the test results of jujube branch
and jujube fruit material characteristics. The excitation force is determined by analysis, and the
displacement and velocity curves of different equivalent mass blocks under excitation force are solved by
the fourth-order Runge-Kutta algorithm. The results show that the layered excitation can increase the
acceleration of the measuring point. Based on the three-dimensional scanning and reverse reconstruction
method, the finite element model of the sample branch was generated. The modal and harmonic response
analysis functions of Ansys software were used to obtain the vibration characteristics of the jujube branch

itself. The simulation results show that there are multi-order natural frequencies of jujube branches within
11



0~30 Hz. The typical vibration modes include the overall deformation of jujube branches, the deformation
of unilateral branches, and the deformation of fine branches at the end of jujube branches. Through the
harmonic response analysis, the sensitivity of different measuring points on different jujube branches to the
frequency of 0~30 Hz was obtained. It was found that the resonance frequency interval of measuring points
on different branches was close, but the frequency of the maximum peak on each path was different, which
was related to the path of branches.

(3) A layered excitation test bench was built to conduct a frequency sweep test on jujube plants. The
frequencies of 4,6,11,15, and 20 Hz with high frequencies at different measuring points were determined,
which were similar to the simulation results. The experimental results showed that the frequency response
curves of different measuring points on the same jujube branch were in good agreement and the trends were
similar. Based on the growth structure, simulation and test results of the sample tree, the jujube tree was
stratified and the stratification basis was determined. The energy transfer law between jujube branches
under single input excitation, layered excitation and different working parameters (excitation position,
excitation frequency, excitation amplitude) was explored. The excitation force under different parameters
was measured by force sensor, and the influence of excitation parameters on the vibration characteristics of
jujube trees was further analyzed.

(4) The multi-factor interaction test was carried out with different layered excitation parameters as the
test factors and the comprehensive score of the measuring points on the third branch as the evaluation index,
and the single factor and interactive factor indexes which had significant influence on the comprehensive
score were obtained. The quadratic regression model of the comprehensive score is optimized and solved,
and the optimal working parameter combination under layered excitation is obtained: the lower excitation
frequency is 5.80 Hz, the lower excitation amplitude is 7.00 mm, the upper excitation frequency is 15.60
Hz, and the upper excitation amplitude is 8.50 mm. At this time, the acceleration of the measuring point on
the tertiary branch is the closest to the separation acceleration, and the average recovery rate under this
parameter combination is 88.74 %.

Key words: Jujube; Layered excitation harvesting; Three-dimensional scanning and reverse reconstruction;

Finite element simulation; Acceleration transmission
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