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Research of energy consumption of the vibration machine for 
surface restoration of working bodies of tillage units 

 
 

Abstract. An urgent issue for the development of the agro-industrial complex is the increase in the production resource of the working bodies of 
tillage units. In the process of performing technological operations on soil cultivation, the working surfaces of bodies of tillage implements of 
agricultural machines are subject to intensive wear and tear. During interaction with the soil, the working bodies of toothed and disk harrows, 
huskers, cultivators, combined tillage units, etc. require constant monitoring and checking of their condition. In case of detected deviations from the 
maximum permissible parameters of the geometric dimensions of the working bodies, it is necessary to replace or repair the latter. When studying all 
technological processes, one of the main issues is the effective use of energy and material resources. In our case, the main attention should be paid 
to solving the problem of effective use of energy in the process of vibration processing of the working bodies of tillage tools. This is based on the fact 
that the material used for vibration treatment of the working bodies of tillage tools in the developed machine is relatively inexpensive and has a long 
service life. To solve the problem of efficient energy use, it is necessary to determine the power required to drive the vibrating machine. Research of 
energy consumption of the vibration machine for surface restoration of working bodies of tillage units is presented in the article. 
 
Streszczenie. Pilną kwestią dla rozwoju kompleksu rolno-przemysłowego jest wzrost zasobów produkcyjnych ciał roboczych agregatów 
uprawowych. W trakcie wykonywania zabiegów technologicznych przy uprawie gleby powierzchnie robocze korpusów narzędzi uprawowych maszyn 
rolniczych podlegają intensywnemu zużyciu. Podczas interakcji z glebą korpusy robocze bron zębatych i talerzowych, łuskaczy, kultywatorów, 
agregatów uprawowych itp. wymagają stałego monitorowania i sprawdzania ich stanu. W przypadku wykrycia odchyleń od maksymalnych 
dopuszczalnych parametrów wymiarów geometrycznych korpusów roboczych konieczna jest ich wymiana lub naprawa. Podczas badania wszystkich 
procesów technologicznych jednym z głównych zagadnień jest efektywne wykorzystanie energii i zasobów materiałowych. W naszym przypadku 
główną uwagę należy zwrócić na rozwiązanie problemu efektywnego wykorzystania energii w procesie obróbki wibracyjnej korpusów roboczych 
narzędzi uprawowych. Wynika to z faktu, że materiał zastosowany do obróbki wibracyjnej korpusów roboczych narzędzi uprawowych w opracowanej 
maszynie jest stosunkowo niedrogi i ma długą żywotność. Aby rozwiązać problem efektywnego wykorzystania energii, konieczne jest określenie 
mocy potrzebnej do napędzania maszyny wibracyjnej. W artykule przedstawiono badania energochłonności maszyny wibracyjnej do renowacji 
powierzchni korpusów roboczych agregatów uprawowych. (Badania energochłonności maszyny wibracyjnej do renowacji powierzchni 
korpusów roboczych agregatów uprawowych) 
 
Keywords:  energy use, vibration machine, restoration of working bodies of tillage units, oscillation amplitude, angular velocity. 
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Introduction 

An urgent issue for the development of the agro-
industrial complex is the increase in the production resource 
of the working bodies of tillage units. The issue of 
introducing new technologies and equipment to solve this 
urgent task is a promising direction. 

Progressive solutions for restoring the working surfaces 
of tillage implements include methods of vibration finishing 
and strengthening treatment of the surfaces of parts. 

Methods of vibration treatment of the process of 
restoration of worn surfaces of parts of soil-working working 
bodies provide a higher degree of strengthening and the 
level of residual compressive stresses, which allows to 
increase the fatigue strength of parts. 

The method of surface plastic deformation with the use 
of mechanical vibrations of the processing tool allows you to 
significantly increase the durability of discs, paws, teeth and 
other tillage working organs due to changes in the physical 
and mechanical state and properties of the treated surface, 
which ensures an increase in their service life. 

The development and introduction into the production of 
methods and means of intensification of finishing and 
strengthening processing ensures the production of 
products with the required quality for relatively small costs 
of energy and money, or the improvement of the processes 
of restoring the working surfaces of agricultural tools. which 
is an urgent task today. 

 

Analysis of literary sources and problem statement 
When analyzing literary sources that describe a similar 

technological process [1-6], attention was drawn to the fact 
that the drive power of vibrating machines was determined 

in almost all considered cases only empirically. Obviously, 
this is due to the fact that the theoretical determination of 
the power required for the drive is associated with certain 
difficulties, primarily - with a significant number of factors 
that affect the course of the process.  

But with certain generalizations and simplifications, it is 
possible to theoretically determine the necessary power for 
the implementation of this technological process. 
 
Purpose of research 

After analyzing the works [1-6], it can be established 
that in the study of all technological processes, one of the 
main issues is the effective use of energy and material 
resources. In our case, the main attention should be paid to 
solving the problem of efficient use of energy in the process 
of vibration processing of the working bodies of tillage 
machines. 

Therefore, the purpose of the study is to determine the 
energy consumption of the developed vibration machine for 
surface restoration of the working bodies of tillage units. 
 

Presentation of the main material of theoretical 
research 

To solve the problem of efficient energy use, it is 
necessary to determine the power required to drive the 
vibrating machine. 

In general, the power Nos, which is required to oscillate 
the working chamber with loose loading and the activator of 
the movement of the working medium, is defined as the 
time derivative of the work t, which is spent on oscillating 
the working chamber, the activator and the working medium 
Aos. That is, you can write that 
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(1)                                    .
dt

dA
N os

os      

In turn, in the general case, the amount of work Aos. is 
defined as the product of the force that performs the work 
and its displacement in the process of performing the work, 
i.e. 
(2)                                     Aos = F . a,     
where F – the sum of the forces to overcome inertial forces 
on the part of the working chamber and the activator, the 
elastic forces of their suspensions and the forces of bringing 
the fluid medium and the processed parts into oscillating 
motion, N; a – amplitude of oscillation of working organs, m. 

First, let's determine the power required to oscillate the 
working chamber with the load (abrasive medium and 
workpieces) and the activator of the working chamber of the 
vibrating machine. 

To solve the given problem, it is necessary to accept 
some assumptions and simplifications, or to formalize the 
working process of the working chamber with the activator. 

We will assume that the working chamber, together with 
the activator and the working load, performs only 
reciprocating movement along the ОY axis with the 
amplitude a and the angular velocity of imbalances ω. All 
spring elements have the same structural and technological 
parameters, including stiffness c; inside the working 
chamber there is a homogeneous fluid medium with 
processed parts with a total density of ρ; the mass of the 
working chamber together with the activator and the 
working medium with the processed parts is m. 

If we accept these assumptions, then we will get a 
dependence for determining the work that is necessary to 
bring the system into oscillatory motion 
(3)           Aos = a . [– gm – a . cosθ . sintω . (c – m . ω) +  

                     + ξ . l .R .ρ . π  . (g . cosα . sintω + a)],     

where l – length of the working chamber, m; R – radius of 
the working chamber, m; ω – angular speed of rotation of 
the drive unbalanced shaft, rad/s; ξ – loading factor of the 
container; c – integral (total) stiffness of system 
suspensions, N/m; ρ – density of the working medium 
(abrasive and processed parts), kg/m3; α – Is the angle of 
inclination of the working chamber axis to the OY axis, rad.; 
g – acceleration of free fall, 9.81 m/s2; t – processing time, 
s; θ – the angle of inclination of the forced force vector to 
the OY axis (angle of rotation of the imbalance), rad. 

Expression (3), which determines the work required to 
bring the system into oscillating motion, changes its sign 
over time (it can be with a «–» sign and with a «+» sign). 

In our case, work is spent on performing a useful action, 
that is, it cannot be negative. 

Therefore, in the analysis, it is necessary to operate with 
the value .2

osAА   

The power spent on bringing the system into oscillating 
motion N is defined as the time derivative of the work 
function Aos (3), i.e. 
(4)       N = Nos = a2 . ω . [(m . ω2

 – f1(c)) . f2(θ) . costω + 
                              + 2 . ξ . l .R .ρ . π .g], 
where f1(c) – a function that depends on the stiffness of the 
vibration machine suspension system; f2(θ) – a function that 
depends on the angle of dilution of imbalances. 

The functions f1(c) and f2(θ) will be determined as a 
result of experimental studies. The second component 2 . ξ . l 

.R .ρ . π .g of curly brackets does not depend on the amplitude 
and frequency of vibration of the vibrating machine, but 
characterizes the loose medium located inside the working 
chamber.  

It is important to pay attention to the fact that the 
expression of the function f1(c) is preceded by the sign  «–». 
This is explained by the fact that in the initial period of time 
energy is spent on providing the springs with initial potential 
energy. Then the spring suspension gives its energy and 
thus reduces the necessary power, which is spent on the 
oscillation of the entire system. 

It should also be emphasized that the greater the 
stiffness of the spring, the greater its energy (all other 
conditions being equal) [7]. 

It can be seen from dependence (4) that the power 
required to drive the vibrating machine and perform the 
process of vibration processing of the working bodies of 
tillage tools depends on the vibration parameters (amplitude 
and frequency of oscillations) and the stiffness of the 
suspension system. 

Vibration parameters directly affect the quality of the 
technological process of vibration processing of the working 
bodies of tillage tools and can be varied within a very limited 
range. 

 

Experimental equipment 
The use of vibration technology allows to fundamentally 

improve traditional and develop new technological 
processes. Nowadays, most traditional technologies can be 
carried out with the help of vibration technology. The main 
feature of vibrating machines is that they allow you to take 
into account the frequency properties of the material itself, 
which additionally reduces the resistance forces during their 
processing due to the correct selection of the operating 
mode, this is impossible for other types of machines. 

The developed machine for vibration-strengthening 
processing of parts with a controlled drive (Fig. 1) consists 
of a frame 2 on which a working chamber 1 is elastically 
mounted on springs 18 and 11, which is filled with the 
working medium and processed parts [8]. On the side of the 
working chamber 1, the shaft 3 of the controlled imbalance 
vibration exciter 4 is located, which has the ability to 
remotely change the eccentricity of the center of mass of 
imbalances 5 and 15. Shaft 3 is connected to the electric 
motor 7 through an elastic coupling 6. Shaft 3 is installed in 
the body of the controlled unbalanced vibration exciter 4 on 
conical bearings 12. 

A stationary imbalance 5 is rigidly fixed on the shaft 3, 
and on the opposite side to the bearings 12 on the shaft 3, 
two oppositely directed grooves K1 are made diametrically 
opposite, having a length equal to half the pitch of the screw 
and in the normal cross-section the shape of a semicircle. 
Ball keys 19 are placed in the grooves, on which a movable 
imbalance 15 is installed. The movable imbalance 15 is 
kinematically connected to the mechanism for adjusting the 
position 21 of the movable imbalance 15 along the axis of 
the shaft 3 of the controlled imbalance vibration exciter 4. 
The mechanism for adjusting the position 21 of the movable 
unbalance 15 along the axis of the shaft 3 consists of a 
motion converter 22, made in the form of a screw-nut 
transmission, which converts the rotational movement of the 
shaft of the stepper motor (or servo drive) 23, which is 
attached to the position adjustment mechanism 21, into the 
translational movement of the movable unbalance 15 along 
the axis of shaft 3. In the central part of the working 
chamber 1, a central body 9 (activator) is installed on 
springs 8, in the central part of the activator 9 along its axis, 
a shaft 10 is installed on conical bearings 20. The shaft 10 
is connected to the electric motor 14 through an elastic 
coupling 13. A stationary imbalance 24 is rigidly fixed on the 
shaft 10, and on the opposite side to the bearings 20 on the 
shaft 10, two diametrically opposite grooves K2 are made, 
having a length equal to half the pitch of the screw and in 
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the normal cross-section the shape of a semicircle. Ball pins 
25 are placed in the grooves, on which a movable 
imbalance 26 is installed. The movable imbalance 26 is 
kinematically connected to the mechanism for adjusting the 
position 27 of the movable imbalance 26 along the axis of 
the shaft 10. The mechanism for adjusting the position 27 of 
the movable imbalance 26 along the axis of the shaft 10 
consists of a motion converter 28, made in the form of a 
screw-nut transmission, which converts the rotational 
movement of the shaft of the stepper motor (or servo drive) 
29, which is attached to the position adjustment mechanism 
27, into the translational movement of the movable 
imbalance 26 along the axis of the shaft 10. The activator 9 
is connected to the working chamber 1 by means of elastic 
walls 16. In the upper part of the working chamber 1 there is 
a loading neck 17, and in the lower part – an unloading 
neck 30. 

 
а) 

 
b) 

Fig. 1. General view of the vibration machine for surface restoration 
of working bodies of tillage units: a – front view; b – rear view; 1 – 
working chamber; 2 – frame of the vibrating machine; 3, 10 – shaft, 
4 – unbalanced vibration exciter; 5, 24 – fixed imbalance; 6, 13 – 
elastic coupling; 7, 14 – electric motors; 8, 11, 18 – springs; 9 – 
activator; 12, 20 – bearings; 15, 26 – movable imbalance; 16 – 
elastic walls; 17 – loading neck; 19, 25 – ball keys; 21, 27 – 
position adjustment mechanism; 22 – motion converter; 23, 29 – 
servo drive, 28 – motion converter; 30 – discharge nozzle, K1, K2 – 
oppositeely directed grooves. 
 

Іn agricultural production, this development can be 
used: 

- when cleaning parts of agricultural equipment from 
soot and scale; 

- for rounding the cutting edges of the tool; 
- for grinding and decorative polishing; 
- as a mixer of granular substances. 
The technical characteristics of the developed vibration 

machine are presented in Table 1. 
 
 

Table 1. Technical characteristics of the vibrating machine 

Index  Value 

The volume of the working chamber, m3 0.03 

Oscillation frequency of the working chamber, Hz 0…50 

Amplitude of vibration of the working chamber, mm 0…6 

Activator oscillation amplitude, mm 0…6 

Power of electric motors, kW: 
- working camera 
- activator 

 
1.5 

0.35 

Overall dimensions (length × width × height), mm 1000× 500×
1500 

 

As parts that are processed on the designed machine, 
we use the working bodies of tillage units (disc harrows, 
huskers, complex units). At the same time, the parts are 
placed «in bulk», that is, in an unfastened state. 

One of the fields of use of the designed vibrating 
machine is the finishing of parts. Features of the design of 
the designed machine determine the implementation of 
such processes with its help; as rounding of the cutting 
edge of carbide tools. 

The vibrating machine also includes means of 
measuring and automatically adjusting the parameters of 
the vibration processing process. 

The developed machine intensifies the process of 
strengthening the working surface of tillage implements, 
reduces specific energy consumption, improves economic 
indicators while complying with the current requirements for 
the manufacture and repair of working bodies of tillage 
implements. 
 

The results of the experimental study 
Based on the obtained results of experimental studies 

using the developed vibration machine, a statistical analysis 
of the quality parameters of the obtained products was 
performed.  

Energy consumption Nos, kW . h, is characterized by the 
influence of the five most important factors that determine 
the quality and energy indicators of parts processing: the 
amplitude of oscillations of the working chamber a1, mm; 
the amplitude of oscillations of the activator a2, mm; angular 
speed of the drive shaft of the working chamber ω1, rad/s; 
angular speed of the drive shaft of the activator ω2, rad/s; 
processing time t, min. 

The study of energy consumption was carried out based 
on the results of the analysis of functional changes 
depending on the operating factors, which are recorded in 
the form of functions: 

(5)                                   N = f (a1, a2, ω1, ω2, t).                       
Determining the influence of the above factors on the 

energy consumption of the process during single-factor 
experiments is associated with significant difficulties and 
volumes of work. Therefore, it is more expedient to perform 
a statistical analysis to obtain a functional dependence in 
the form of a multiple regression of the second order using 
rotatable central-composite planning of a multivariate 
experiment [9, 10, 11, 12, 13]. 

The method of rotatable central-composite planning 
makes it possible to more accurately obtain a mathematical 
description of the distribution of data due to an increase in 
the number of experiments in the central points of the plan 
matrix and a special choice of the value α.  

Rotatable central-composite planning is carried out on 
five coded levels (–α, –1, 0, +1, +α), so the interval of 
changing factors should be such that the range of its 
change covers the stationary area of the factor space 
(Table 2). 
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Table 2. Factor levels and their variation intervals 

Factors 
Factor levels Variation 

interval–α  –1 0 +1 –α
Technological process of processing 

a1 – amplitude of vibrations of 
the container, mm 2 3 4 5 6 1 

a2 – amplitude of oscillations of 
the activator, mm 

1 2 3 4 5 1 

ω1 – angular speed of the drive 
shaft of the container, rad/s 115 125 135 145 155 10 

ω2 – angular speed of the drive 
shaft of the activator, rad/s 

115 125 135 145 155 10 

t – processing time, min. 45 55 65 75 85 10 
 

A histogram of the distribution of the obtained energy 
consumption values of the studied process was obtained 
(Fig. 2). 

 

 
Fig. 2. Histogram of the distribution of the obtained energy 
consumption values N, kW . h of the studied process 
       

After processing the experimental data in the statistical 
environment «Statistica 10.0», the coefficients of the 
complex equations of the 2nd order multiple regression 
were obtained. 

After checking the significance of the coefficients of the 
regression equation according to the Student's criterion and 
the adequacy of the mathematical model to the 
experimental data set according to the Fisher criterion, a 
regression equation was obtained, which describes the 
change in the required drive power of the working organs of 
the vibrating machine from the stiffness of the spring 
suspension and the angle of dilution of imbalances for a 
rational value of the amplitude a =4 .10-3 m and the angular 
velocity of oscillation ω = 146.5 s-1: 
(6)                 N = (3027,9 – 1806.7 . θ) exp(– 0.5 . c).  

In the theoretical part, the dependence of the required 
drive power of the vibrating machine on its parameters of 
the working organs is defined (4). It was indicated that the 
functions f1(c) and f2(θ) will be refined as a result of 
conducting experimental studies. 

According to the regression equation (6), the 
dependence of the change in the required power of the 
drive of the working bodies of the vibrating machine on the 
equivalent stiffness of the suspension system and the angle 
of dilution of the imbalances was constructed (Fig. 2). At the 
same time, the theoretical dependence of the required 
power is represented by curves, and the experimental data 
are represented by points (Fig. 3).  

According to the regression equation (6), the response 
surface is constructed that functionally describe the change: 
 

 

Fig. 3. Dependence of the required power on the equivalent 
stiffness of the suspension system and the angle of dilution of 
imbalances 

       
- Fig. 4 – energy consumption for the actuator of the 

working bodies from change: a – time of processing and 
angular speed of the drive shaft of the activator as a 
function N = f(t; ω2); b – time of processing and angular 
speed of the drive shaft of the working chamber as a 
function N = f(t; ω1); с – angular speed of the drive shaft of 
the activator and angular speed of the shaft of the working 
chamber as a function N = f(ω2; ω1); d – time of processing 
and amplitude of oscillation of the activator as a function N 
= f(t; a2); 

 

 
а) 

 
b) 

 
c) 
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d) 

Fig. 4. The response surface as a function:  

a – N = f(t; ω2); b – N = f(t; ω1); с – N = f(ω2; ω1); d – N = f(t; a2) 
 

- Fig. 5 – energy consumption for the actuator of the 
working bodies depending on the change: a – angular 
velocity of the drive shaft of the activator and amplitude of 
oscillations of the activator as a function N = f(ω2; a2); b – 
angular speed of the drive shaft of the working chamber 
and amplitude of oscillation of the activator as a function N 
= f(ω1; a2); c – time of processing and amplitude oscillations 
of the working chamber as a function N = f(t; a1); d – 
angular speed of the drive shaft of the activator and 
amplitude of oscillations of the working chamber as a 
function N = f(ω2; a2); e – angular speed of the drive shaft of 
the working chamber and amplitude of oscillations of the 
working chamber as a function N = f(ω1; a1); f – аctivator 
oscillation amplitudes and amplitudes of fluctuations of the 
working chamber as a function N = f(a2; a1). 
 

 
а) 

 
b) 

 
c) 

 
d) 

 
e) 

 
f) 

Fig. 5. The response surface as a function:  

a – N = f(ω2; a2); b – N = f(ω1; a2); с – N = f(t; a1); d – N = f(ω2; a1);  
e – N = f(ω1; a1); f – N = f(a2; a1) 
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Аnalysis of constructed response surfaces of functional 
change of micro-uniformities and hardness of the surface of 
the part and the energy consumption of the drive of the 
working organs of the vibrating machine shows that the 
optimum function is determined by the factors ω1, ω2, t. 

 
Conclusions 

1. On the basis of the analysis of known designs of 
vibrating machines and the processes of finishing and 
strengthening processing of parts, a vibrating machine with 
an unbalanced activator of the movement of the working 
medium was developed for the surface restoration of the 
working bodies of tillage units. 

2. According to the results of experimental studies, it 
was established that the energy consumption of the 
vibrating machine is in the range from 0.2 to 0.8 kW.h when 
the angular speed of the drive shaft of the activator is 
changed from 20 to 200 rad/s and the angular speed of the 
drive shaft of the working chamber from 20 to 220 rad/s. 

3. It was established that the acceptable values of the 
indicators of the process of vibration strengthening of parts 
were obtained with the following rational values of the 
parameters of the vibration machine: amplitude of vibration 
of the working chamber 4ꞏ10-3 m; rotation frequency of the 
drive shaft of the activator and working chamber 146.5 
rad/s; the angle of dilution of imbalances is 0.96 rad. 
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