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Abstract: This article is about potato feather sorting machines.  There are 
mechanical and automatic types of potato sorting machines. In turn, there 
are types of mechanical potato sorting machines in drum, conveyor, roller 
and sieve types. While automatic sorting machines have laser, ultrotovushli, 
rengenli, video visual, spectral and optical intelligent sorting machines. 
Among mechanical sorting machines, vibration sieve-type devices stand out, 
with simplicity of construction and high performance. Vibration movement 
in the sorting machine of potato tugs, the working device of which is sieve 
type, accelerates the sorting process. However, it is important to determine 
the optimal values of the vibration parameters. The correct selection of its 
values ensures that the potato feathers are clearly sorted according to the 
degree of damage and external dimensions on the working surface. This is 
accompanied by a high level of work productivity and a decrease in the time 
of sorting. Therefore, this article presents a brief description of the 
determination of the optimal amplitude of the vibrational working surface 
through the differential equations of the machine developed for sorting 
potato feathers and the results of their analysis. Graphs of differential 
equations are generated automatically by writing codes in the “Maple 2017” 
program. Keywords: potato sorting, vibration, angular velocity, working 
surface, inertia, slope, friction, speed, amplitude, frequency. 

1 Introduction

Currently, it is important to reduce labor and energy consumption of agricultural machines, 
in particular potato growing, mining, transportation and sorting machines [1, 2].   

There are mechanical and automatic types of potato sorting machines. In turn, there are 
types of mechanical potato sorting machines in drum, conveyor, roller and sieve types [1-6]. 
Automatic sorting machines have laser [7, 8], ultrotovushli [9], acoustic intelligent sorting 
systems [6, 10, 11], video visual and spectral [12] and optical [13] intelligent sorting 
machines and many other agricultural product sorting machines [14-17]. 

There are not enough machines for feeding and sorting potatoes grown by farmers, in 
addition, sorting several thousand tons of potatoes in warehouses will require a huge number 
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of working hand cocktails. The sorting accuracy and efficiency of existing potato feather 
sorting machines has also been reduced by a number [18].  

Among mechanical sorting machines, vibration sieve-type devices stand out, with 
simplicity of construction and high performance. Vibration movement in the sorting machine 
of potato tugs, the working device of which is sieve type, accelerates the sorting process. 
However, it is important to determine the optimal values of the vibration parameters. The 
correct selection of its values ensures that the potato feathers are clearly sorted according to 
the degree of damage and external dimensions on the working surface. This is accompanied 
by a high level of work productivity and a decrease in the time of sorting. 

In Uzbekistan, the process of transferring the bulk of the potato crop to cultivation in 
mechanized technology is carried out using techniques with high efficiency. A number of 
foreign firms are conducting research work aimed at developing special techniques for 
reducing manual labor in potato growing and improving the quality of products. In this 
direction, including the development of technical means that sort the katroshka by size, 
damage the product less, have a high working unit and ensure resurstejamkity, are considered 
important tasks [1, 3, 18-21]. 

2 The purpose of the study 

To reduce the consumption of Labor and energy in the cultivation of Agriculture in the 
Republic, in particular potatoes, to save resources and to develop resource-efficient 
techniques and technologies based on the development of potato dishes according to their 
external dimensions, it consists in developing a new generation structure based on the 
principles of vibrational mechanics of a sorting machine with an improved sorting surface 
and high efficiency, designed for separation into several fractions, and conducting research 
work on the creation of their theoretical foundations. 

3 Metodology

The working surface can be given different vibrational movements in different directions. 
For example, binding oscillations are given to the fold on the horizontal plane (working 
surface) along the Axis Ox and Oy, or on both axes, and this oscillation can also be given at 
an angle β relative to the working surface. We can also influence these same vibrational 
movements by setting the working surface obliquely to the horizon. Analyzing all the results 
obtained, we determine the optimal vibrational motion parameters that cause the least damage 
to the potato Bush, have a high sorting accuracy and consume less energy. 

To see the essence of vibration motion phenomena and briefly describe their technical 
applications, we will focus on a qualitative study of some simple examples. [24-32] 

3.1 Vibration motion is given by setting the working surface obliquely to the 
horizon

Below is a look at how potato feathers are sorted, moving above the working surface, giving 
the working surface of this vibrating potato sorting machine a forced oscillatory motion along 
the axis of the Ox. In this case, the working surface is fixed with the horizon at which an 
angle α is formed. It is determined what is the speed of forced oscillatory movements, the 
frequency of revolutions, the amplitude of vibrations and other parameters affecting the 
sorted potato feathers. 
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Fig. 1. In relation to the horizontal α forces acting on the potato feather on the vibrating working 
surface, where the angle is located on the slope 

The potato sorting machine determines the forces acting on the round-oval beak located 
on the working surface. Located on a flat moving surface, the tuber is affected by its force of 
gravity, reaction force and frictional force. The vibrational action affecting the working 
surface gives the potato feather an inertial force. When the vibrational movement moves to 
the right, the tugans move at a distance equal to a certain amplitude, but instead remain in 
place at the expense of the slope when moving back, but we must choose the slope in such a 
way that the potato tug does not roll towards the bottom (fig. 1). 

Under the influence of this forced oscillatory movement, the force of Ji inertia is formed 
on the beak. (1) according to the formula, we form the sum of the forces on the Ox and Oy 
axes acting on the , and the moments of the forces relative to point 𝑂𝑂1. 

i fr
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i fr r

mx J F Q
my N P
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

= −
 =

      (1) 

Where: α-the angle between the working surface and the horizon, [22] 
𝑅𝑅𝑝𝑝 − potato tuber radius (R=0.005 m), m; 
𝐽𝐽𝑖𝑖– force of inertia (𝐽𝐽𝑖𝑖 = 𝜔𝜔2𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴), N;
P – tuber weight strength (𝑃𝑃 = 𝑚𝑚𝑚𝑚), N; 
𝑄𝑄 − additional force (𝑄𝑄 = 𝑃𝑃𝑥𝑥 = 𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚), N. 
From the expression constructed in relation to the first Ox axis of the (1) differential 

equations above, once integrable by time, the velocity of the potato feather 𝑉𝑉𝑘𝑘 follows, and 
this equation follows: 

1
0

cos sin cos
t
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(2) Once the differential equation is again integrated over time, the equation of motion of 
the potato feather follows, and this equation is as follows: 
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We find the values of non-variable 𝐶𝐶1 and 𝐶𝐶2. If in the initial case the speed of the tuber 
at t=0 is zero, then the value of 𝐶𝐶1 from Equation (2) will be equal to 𝐶𝐶1 = 𝐴𝐴𝐴𝐴. When we get 
a differential equation twice (3) to the equation in the initial position t=0 at the moment when 
the path of the tuber is zero, then the value of 𝐶𝐶2 will be equal to 𝐶𝐶2=0. 

2

0

sin (sin cos )
2

t

k
tx V t A t g f A t   ==  = + − +    (4) 

The values of the angle α formed by the plane of the working surface, set obliquely 
relative to the horizontal, we found in our previous scientific work, that is, for potato tubules 
of the round – shaped “Draga” Variety, the angle of inclination was known to be 𝛼𝛼 = 30, for 
potato tuber varieties of round – oval shape, the angle of inclination is 𝛼𝛼 = 50, slope angle 
𝛼𝛼 = 70 for oval potato tuber varieties, and for potato tuber varieties with an elongated – oval 
shape, however, the angle of inclination was known to be 𝛼𝛼 = 100 [22]. 

4 Results and discussion

Under the influence of vibration on potato tubers, various phenomena can occur with them, 
which are determined by the intensity of vibration. By choosing a certain level of vibration 
effect, it is possible to enhance the effect of vibration forces. 

When sorting, the passage of the tubercles between parallel sterjens, that is, separation 
into fractions, is largely due to their weight forces. Sorting is carried out due to the presence 
of a relative movement between the tubercles and the sorting surface. The relative movement 
of the tubules increases when vibrational motion is given to the working surface, and the 
sorting process is accelerated. The vibrational motion moves the tubules down along the 
working surface, and the tubules go down over the sterjens oscillating in two different phases 
where they fit their outer size. Tubers that do not fit in size go to the last container, continuing 
to move along the surface. 

Although the coefficient of friction is clear in the above (4) expression, but the amplitude 
and frequency of vibration is non-metallic. We can determine the amplitude of vibration from 
its following graph by placing values in the equation of motion of the potato tuganag along 
the working surface down (4) (fig. 2). By changing the amplitude of the oscillations, the angle 
of inclination for potato tubules with an oval shape is considered for a case with 𝛼𝛼 = 50 and 
a mass of 100 gramms. The motion equation of the tuber was drawn through the graph Maple 
2017 program. 

 

4

E3S Web of Conferences 538, 01005 (2024)	 https://doi.org/10.1051/e3sconf/202453801005
IPFA 2024

RETRACTED



The values of the amplitude were taken as 3, 4, 5, 7, 10 mm. As can be seen from the 
graph, as the amplitudes increase, the sorting time decreases, but the larger the amplitude, 
the greater the degree of toxicity, when the potato tuber is clamped between parallel prutocks. 
Therefore, it is advisable to take the apmlituda shorter and accept its value as A=5 mm. Based 
on its value [23], Even in experimental studies, several scientists have determined that it will 
be in the range of the amplitude is A=2.5.. 4.5 mm. 

𝜔𝜔 = 2𝜋𝜋𝜋𝜋      (5) 
Where: ν-vibration frequency, Hz. 
If the formula (5) is appropriate, it will be known that the value of the vibration frequency 

is ν=5.57 Hz. 
Above it was seen the movement of the tuber above the vibration working surface, located 

in the oblique plane (fig.3). The equation of motion along its axis Ox (4) was found in the 
expression. Based on this formula, the value of the amplitude is determined. Below is the 
formula for finding the amplitude: 

𝐴𝐴 = 1500−𝑔𝑔𝑡𝑡
2
2 (𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠−𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓)

𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠+𝜔𝜔𝜔𝜔       (6) 
Here: sinwt-phase of fluctuations, its greatest value is equal together. 
The value of the amplitude (4) comes from A=3.97 mm if the values found in the formula 

are placed. Rounding its value is assumed to be A=4 mm, and this value was also seen in the 
graph in Figure 3. [32-34] 

5 Conclusion 
The results of the analysis showed that the optimal value of the slope of the working surface 
in the potato sorting machine in relation to the horizontal was taken in accordance with the 
shapes of the tubers, since, in order for the sorting accuracy of the working surface to be high, 
the potato tubers must slip and fall without rolling. If rolling the tubules fall into holes that 
do not fit their size at the expense of their inertia, the sorting accuracy may decrease. 

 
Fig. 2. Displacement of the tuber of different amplitudes on the working surface with a slope 𝛼𝛼 = 50. 
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So, from the graph of the downward movement of the tuber along the working surface, it 
was determined that the amplitude of the vibration is A=4 mm, the value of the angular 
velocity is equal to 𝜔𝜔=35.02 c-1, the value of the vibration frequency is equal to ν=5.57 Hz. 

These found vibration motion parameters are used to create an experimental device of the 
proposed vibration potato sorting machine. Through this machine, experiments are carried 
out by sorting potato tubers of various shapes. With the results of the experiments, the 
vibrational motion parameters found above are compared, and vibration motion parameters 
with a high sorting accuracy are selected, which do not damage the tubercles. 

Of course, since these found values are found in a theoretical way, they can differ from 
each other when we make a working unit and compare it with the results of a practical study. 
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