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ARTICLE INFO ABSTRACT

Received: 01.04.2022 This study was performed to design, construct and evaluate an oft-
Revised: 04.09.2022 center hydraulic vibratory harvesting machine. A single-degree of
Accepted: 04.19.2022 freedom spring-mass model was established to determine the natural

frequency, damping constant, damping coefficient and stiffness based on
mechanical properties of the limb. Then, to evaluate the efficiency of
machine in terms of apple removal, a factorial experiment (3 x 3 x 3)
with completely randomized design was conducted to investigate the
shaking amplitude, shaking frequency and shaking time of apple
removal. Three levels of oscillating frequency (20, 25 and 30 Hz), three
levels of shaking amplitude (50, 60 and 70 mm) and three shaking times
(5,10 and 15 seconds) were investigated. Analysis of the variance of the
fruit removal percentage showed that both shaking frequency and
shaking amplitude had highly significant (p <0.01) effect on fruit
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the effect of increasing the frequency was highly significant. Therefore,
in apple harvesting, the effect of increasing the shaking amplitude
relative to the shaking frequency on fruit removal was determined.
Furthermore, the study of the relationship between the static force of
detachment and weight was fitted as a linear relationship. By increasing
the shaking time from 5 seconds to 10 seconds, harvesting increased
while increasing the time from 10 to 15 seconds, no significant effect was
achieved. Based on the results, the harvesting frequency of sour apples
equal to 25 Hz at the amplitude of 70 mm and shaking duration of 10
seconds with an average fruit removal rate of 88.4% was selected as the
best treatment.
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EXTENDED ABSTRACT

Introduction

Many experiments conducted on various types of fruit trees show that if a vibration with
a high oscillation frequency (25-40 Hz) and a small oscillation amplitude (20-25) mm is
applied to trees with hard branches and low flexibility, harvesting is more efficient. However,
in the case of flexible branches or trees with long branches, the effect of vibration on the
amount of harvest will have the greatest effect when the range of oscillation is large (100-
125 mm) and the oscillation frequency is low (1.5-6 Hz). Although bar shakers have some
advantages such as the need for one operator, they have become less popular due to their
high price and successive breakages. The progress in the field of mechanical harvesting of
fruits began in the second half of the 20th century, and this progress was so fast that in the
beginning of the third decade of the last century, forced vibrations were used to harvest
fruits. In general, the actions that have been taken so far in relation to the invention and
development of vibration harvesting machines can be studied in three parts: the study of
the structure and vibration characteristics of trees and fruits, the analysis and calculations
of vibration theory, and the design, construction and completion of the shaking tree. Golpira
and Loghavi (2022) designed and produced a model of a tractor-mounted trunk shaker for
harvesting olives. This device had an off-center weight that rotates around a common axis.
The rotation of the weights is provided by the tractor's power axis (PTO) and through the
belt drive system. The recording efficiency at 10 Hz frequency and 80 mm range was
evaluated as 95%. Naivo et al. (2022) investigated the vibration characteristics of a system
including fruit and tail using finite elements. This experiment was conducted on an olive
tree and it was found that when the tree vibrates with a frequency close to the frequency of
the system (fruit and tail), a state of tension occurs and the necessary force to separate the
fruit from the branch is provided. In this research, the loss and damage to the tree by the
trunk shaker was evaluated as less than the umbrella shaker.

Methodology

To design and build the device, vibration models of the branch and the vibration model
of two masses of off-center weights were used. In the first stage, the natural frequency (wn),
damping coefficient (§) and stiffness of the branch (k) were measured and then the device
was designed. The vibration model and equation (1, 2) of the branch is considered according
to Figure 1.
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Figurel. Branch vibration modeling.
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The first step in the design of the vibration mechanism was the design of the mechanism
by Solid Work software. Motion simulation and dynamic analysis were done using Working
Model software. As can be seen in Figure 2, two metal plates were designed for placing
weights outside the center and installed coaxially in the vibrating box. Figure 2 shows the
arrangement of the transfer mechanism. Power transmission chains were designed to move
the mechanism. This mechanism was placed inside a cube-shaped box with a rocking arm.
The branch was located between the shaking arm and the vibrating box and was subjected
to vibration.

Figure 2. Vibration system.

Results and discussion

After collecting the data and the end of the field operations, the necessary calculations
were made and the percentage of fruit harvest was determined for different values of
amplitude and frequency for picking sour apple in each treatment and at three times of 5,
10 and 15 seconds. MSTATC software was used to perform the calculations in order to
increase the calculation accuracy. The results of the variance are presented in Table 1. The
results showed that the drop of sour apple was significantly (p<0.01) affected by vibration
time, amplitude, frequency and the interaction effect of amplitude in frequency, but the
interaction effect of vibration frequency and vibration time as well as the interaction effect
of vibration amplitude and vibration time were insignificant. Furthermore, the effect of
these three factors was found to be meaningless. The results of comparing the average
effects of the treatments showed that the increase in the oscillation amplitude at different
frequency levels increased the percentage of fruit drop.

Tablel. Mean square effect of treatments on the amount of sour apple drop.

Average of squares Degrees of freedom Source of variation
2422 2 Time vibration
689.2™ 2 Frequency
661.3™ 2 Amplitude
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Average of squares Degrees of freedom Source of variation
20.5ns 4 Frequency *Time vibration
1.3 ns 4 Amplitude *Time vibration
343" 4 Frequency *Amplitude
3.2ns 8 Frequency*Amplitude *Time vibration
10.47 10.47 Error
14.9 149 Coefficient of variation (cv)

**- Presence of significant difference with probability of 99%. ns - Absence of significant difference.

In order to further investigate the frequency of fruit drop due to the conflict obtained
with relations, the

Figure 3.

Fruit removal(%)

regression relations were extracted and recorded as described in
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Figure3. Regression relation between fruit removal and amplitude and frequency.

Conclusion

In the study conducted in the horizontal connection mode of shaking branch on
branches with heterogeneous branch diameter from 50 to 70 mm in fixed vibration
frequencies, with the increase of vibration time from 5 to 10 seconds, the fruit drop
increased, but with the increase of vibration time From 10 seconds to 15 seconds, there was
no significant difference in the fruit drop, and this drop was highly insignificant, and the
vibration of the shaking branch was used to drop leaves and break the foliage of the tree. In
general, the relationship of the static separation force was linear and the choice of 25 Hz
oscillation in the range of 70 mm and the vibration duration of 10 seconds was chosen to
harvest 88.4% of the fruit with minimal damage to the tree and branches.
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