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Firstly, the structural composition and operational principal of this device is
introduced. After that, the finite element model of this device is established
with CATIA. Finally, the strength analysis is executed by means of CATIA. In
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are obtained. The simulation results show that the maximum stress of this
device is below 355 MPa, which is the value of the yield strength. Therefore,
this device is capable of satisfying practical application requirements.
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1. Introduction

Hainan province is the only tropical island in China, which has abundant tropi-
cal agricultural resources. Specifically, coconuts are the typical tropical crop in
Hainan, whose planting area is the third place among other corps. Presently,
Hainan has 400 coconut processing factories, and more than 500 thousand
people are related to the coconut processing industry. Undoubtedly, the coconut
industry is the important backbone of Hainan.

However, the coconut tree is a kind of evergreen tree with the trunk of 15 to
30 meters height. In addition, coconut trees have fewer branches, so collecting

coconuts is a technical difficulty for farmers. In recent years, some coconut tree
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climbing devices were developed by scholars from India and Thailand [1] [2] [3]
[4], whereas China has few climbing machines until now [5]. Therefore, this pa-
per aims to present a novel coconut tree climbing device for the farmers in Chi-
na with the purpose of improving collecting efficiency and reducing working

strength.

2. Structural Composition

This novel semi-automatic coconut tree climbing device mainly consists of the
driving prod, driven prod, crossbeam, front beam, rear beam, backrest, fixed
pulley, foot pedal, and driving case [6]. The structural composition of this ma-
chine is shown in Figure 1.

When climbing coconut trees, the front, rear, and cross beams are uninstalled
first. Then, the device is fixed at the coconut tree. Afterwards, the front, rear,
and cross beams are reinstalled. Particularly, the driven prod should be at the
top left side of the coconut tree, and the driving prod should be at the bottom
right side of the coconut tree. Climbers should stand on the foot pedal and their
backs should be supported by the backrest. When climbers start the oil engine in
the driving case, the driven prod will rotate with the driving prod via the belt
such that the device can climb along the coconut tree. Interestingly, the collected
coconuts can be transported to the ground by using the fixed pulley. After fi-
nishing the harvest, the riving prod will rotate oppositely such that climbers can

move down to the ground.

3. Establishment of Finite Element Model

3.1. Mesh Generation

The 3D model of this device is meshed in CATIA with the tetrahedral mesh. In
general, the finer the mesh is, the more accuracy the simulation result will be [7]

[8]. Because of this, the element size is set as 10 mm. The mesh model is shown

Fixed pulley

Foot pedal
Driving prod -

Figure 1. Structure diagram of semi-automatic coconut tree climbing device.
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in Figure 2. The number of elements is 4419, and that of nodes is 4322.

3.2. Material Properties

The bi-linear kinematic hardening material model is utilized in this study. This
model uses two segments to represent the elasticity and the stress-strain charac-
teristics in the plastic stage. In addition, the slopes of these two segments denote
the elastic modulus and tangent modulus, respectively. This material model is
shown in Figure 3. In terms of this material model, the material is isotropic and
irrelevant to the strain rate. The density, Yong’s modulus, Poisson’s ratio, and
yield strength are used to define this material model.

The steel 45 is utilized in this paper, and its mechanical properties are shown
in Table 1.

3.3. Boundary Conditions

When the tree climber is working, the driven thorns are on the left side of the
coconut tree, and the thorns are driven under the right side of the coconut tree.
Two thorns separate the two sides of the trunk, one on top of the other, accord-
ing to the two thorns and the coconut trunk. Forces can simulate the fixation of
two sticks. The picker stands on the pedals with his feet on both feet and the
back rests on the backrest. At the same time, when the entire machine and the
picker are on top of the coconut tree and the coconut is fixed on one end of the

rope, the total weight of the coconut and the picking will be fixed at the pulley.

Figure 2. Mesh model.
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Figure 3. Bi-linear kinematic hardening material model.
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The force of the back of the person, at the same time, the force of the human
gravity at the foot pedal and the gravity of the driving chassis. Based on the
analysis above, fixed boundaries are applied on driving and driven prods, as
shown in Figure 4.

The force points of this device concentrate on the fixed pulley and foot pedal.
The selection of the weight of climbers is based on a little overweight people,
102.8 kg. The total weight of coconuts of 70.7 kg is selected. Assume that the
weight of the driving case is 180 kg. The loadings are applied on the foot pedal
and fixed pulley respectively, as illustrated in Figure 5.

4. Analysis of Simulation Results

The strength analysis in this study is executed with CATIA. The equivalent stress
contour of this device is shown in Figure 6. Figure 6 shows that the stress con-
centrations are mainly at three different positions. The maximum equivalent
stress of this device is 165 MPa, which is less than the yield strength. This means

this device will not break down during the collecting process.

Table 1. Mechanical properties of materials.

Mechanical Properties Values Units
Density 7.85x 107 Kg mm™
Yong’s modulus 210 GPa
Poisson’s ratio 0.31 -
Yield strength 355 MPa

Figure 4. Position of constraints.

Figure 5. Position of loads.
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Figure 6. Equivalent stress contour.
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Figure 7. Principal stress contour.

Translational displacement vector.l
0.244
I 0.22
0195
0171

0.146
0122

I 00976
00732
00488

I 00244
0

On Boundary

Figure 8. Displacement contour.
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The principal stress contour is shown in Figure 7. As shown in Figure 7, the
maximum principal stress appears at the welded position between the rear beam
and driving case, whose value is 175 MPa. Clearly, the maximum principle stress
is less than the yield strength, 355 MPa, so this device is safe for coconut tree
climbers.

The displacement contour of this device is shown in Figure 8. From Figure 8,
the displacements of the rear beam, backrest and driving case are apparent. In
particular, the displacement of the fixed pulley is the maximum, the value of
which is 0.244 mm. However, the displacement will not have negative impacts
on the device. Therefore, this device is stale and reliable under the working con-

dition.

5. Conclusions

1) The proposed semi-automatic coconut tree climbing device is of some ad-
vantages such as the simple structure, convenient operation, high efficiency, and
reliable strength.

2) The strength of this device is able to satisfy practical application require-
ments because of having the maximum equivalent and principal stresses less
than the yield strength of 355 MPa.

3) In our future work, a coconut tree climbing robot will be designed to im-

prove the collecting efficiency of coconuts.
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