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Abstract. In view of the problems existed of sugarcane harvester in China, the paper analyzes the
types and characteristics of the existing sugarcane collection mechanism. A new type of three
degree of freedom sugarcane harvester hybrid drive collection mechanism was designed in three
dimensions. The geometric model of the new configuration related components and the overall
assembly was established. And imported into the ADAMS simulation software. After the
simulation, the working point and the force curve of the component node were output and
analyzed. In order to obtain the motion law of the new three-degree-of-freedom stacking
mechanism, verify the correctness of the theoretical model, and provide reference for the in-depth
research and prototype trial production of the stacking mechanism in the future.
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1. Introduction
Throughout the development of the world sugar cane industry [1, 2], the regions of the
Americas and Australia [3] have flat terrain due to sugarcane planting. Most of them are mostly
large-scale sugarcane contiguous planting pattern, which have basically achieved planting,
management, and the whole process of mechanization control is harvested, but the cost of
introduction is higher due to the problem of topography and landform in China, which caused the
sugarcane harvesters cannot be widely used in China. The development history of sugarcane
harvesters in China is relatively slow, and there are few researches on sugarcane harvesters. From
the specific point of view, the existing sugarcane harvesters have the imperfections in the
collection of sugarcane efficiency and quality after harvesting, such as the existence of sugarcane
collection. Falling to the ground or unloading position is not conducive to the sugarcane
transportation problem of harvesting, which greatly affects the efficiency of sugarcane harvesters
and the quality of sugarcane, which seriously restricts the development of agricultural economy.
Therefore, designing a kind of maneuvering device with better maneuverability is of great
significance to mechanization of sugarcane harvesting in China.
2. The design of the sugarcane collection mechanism
According to different planting terrains, different types of cane collecting mechanisms such as
one-side dumping stacking mechanism, double-side dumping stacking mechanism and triangular
stacking mechanism have been designed [4, 5], however, it is found that flexibility of the
sugarcane collection mechanism is poor. Due to the irregularity of planting fields during the
sugarcane collection process, caused sugarcane collection mechanism has not been widely used.
Therefore, it is necessary to develop a flexible sugarcane collection mechanism, reducing the
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workload of sugar cane collection and costs. The design of the sugarcane collection mechanism
should meet the size requirements and meet various irregular fields of different planting terrain
[6, 7]. Based on previous analysis and research, the sugarcane harvester hybrid drive collection
mechanism with three degrees of freedom was designed as shown in Fig. 1.

Fig. 1. Model of sugarcane collecting device

3. Kinematics analysis of the model
After the model sugarcane collection mechanism and assembly of the new cane plant is
completed, the ADAMS software [8] can be imported and the constraints imposed as shown in
Fig. 2.

Fig. 2. Application of individual component constraints

The simulation time of setting up the sugarcane collection mechanism is 24 s, and according
to the movement trajectory requirements of the sugarcane operation, the trajectory of the various
aspects of the sugarcane mechanism in the post-processing of ADAMS is shown in Fig. 3. It can
be seen from that the movement law of the sugarcane mechanism in the backward unloading,
rotary motion and side unloading direction is close to the design requirements of the new
sugarcane mechanism, and the work corresponding to the current use of the sugarcane mechanism
can be basically completed.
4. Mechanical simulation analysis
A dynamic load is applied to simulate the dynamic change of the force on each bar when the
sugarcane collector collects more and more sugarcane. When a dynamic load is applied to the
sugarcane compartment, the pressure increased from 0 N to 10000 N in 0 s-4 s, and then from 20 s
on, the pressure decreases gradually. After 24 s, the pressure is 0 N, which is equivalent to the
unloading of sugarcane. Gravity is in the negative 𝑋 direction. The stress diagram of each
component is shown in Fig. 4 and Fig. 5.
Fig. 4(a) shows that the force in 𝑋 direction gradually increases to 5000 N and in 𝑌 direction
gradually increases to 10000 N due to the influence of dynamic load pressure on the sugarcane
compartment during 0 to 4 s. In the lifting process of 4 s to 8 s, the lifting force decreases with the
ISSN PRINT 2345-0533, ISSN ONLINE 2538-8479, KAUNAS, LITHUANIA

87

KINEMATICS MODELING AND SIMULATION ANALYSIS OF SUGARCANE HARVESTER HYBRID DRIVE COLLECTION MECHANISM WITH THREE
DEGREES OF FREEDOM. BIN XUE, YUCHEN PAN, XUEPENG YUAN, QU YANG

increase of the lifting angle, so the driving force provided by the hydraulic drive device should be
at least 1.2 times of the total gravity of the collected sugarcane, the sugarcane collecting chamber
and the rotary mechanism. The force on the slewing mechanism is shown in Fig. 4(b). In 0 s-4 s,
the supporting force of the rotary mechanism gradually increases to 10000N. In 4 s-8 s, due to the
influence of the lifting and contraction of the hydraulic cylinder, the sugarcane compartment has
a certain up and down tilt angle. The rotary mechanism should apply a certain torque to counteract
the torque generated by the tilted sugarcane compartment. In 12 s-16 s, the rotating mechanism
rotates 90 degrees clockwise, and in 16-20 s, the rotating mechanism rotates 90 degrees
anticlockwise, and the torque is shown in the red line in the figure. It can be seen from the torque
change of the driving mechanism in the figure that the rotating mechanism needs enough
instantaneous force to increase the rotating force when driving. Considering the harsh working
environment, it is required that the slewing mechanism bracket, transmission mechanism, reducer
and slewing motor have stable and good dynamic performance.

Fig. 3. Model of sugarcane collecting device

Connecting rod 13 is the driving member and connecting rod 14, connecting rod 15 and
connecting rod 16 are the driven members. It can be seen in Fig. 5 that in 0 s-20 s, since the driving
rod 13 is not driven and the sugarcane compartment does not tilt left and right, the driving torques
of connecting rod 14, connecting rod 15 and connecting rod 16 are basically 0, and the connecting
rod is only subject to the pressure of the sugarcane compartment; In 20 s-24 s, the driving rod 13
rotates a certain angle anticlockwise, the moment and force of each rod gradually increase, so that
the sugarcane compartment inclines, at the same time, the sugarcane compartment begins to
unload sugarcane, and the pressure is gradually reduced. In the process of dynamic load change,
the force and moment change trend of each rod node is basically the same, there is not too big
mutation, the link structure is stable, and the simulation results are in line with the force situation
of the sugarcane collecting mechanism.
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a)

b)
Fig. 4. Force analysis of connecting rods

Fig. 5. Force analysis of connecting rods

5. Conclusions
This paper analyzes the problems existing of the sugarcane harvester collecting sugarcane
plant at home and abroad, and uses the multi-freedom theory of mechanism to design a
three-degree-of-freedom hybrid drive mechanism sugarcane harvester collecting sugarcane
device, using UG software modeling, and designing by ADAMS simulation technology. The
simulation of the sugarcane plant was carried out. The analysis of the working conditions and the
stress results of the sugarcane showed that the designed sugarcane device can meet the
requirements of use, and the prototype of the prototype did not provide technical support.
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