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Abstract. Study shake the phenomena in the electromechanical systems (EMS) are presented 

by permanent interest for the wide circle of researchers. The most effective source of 

vibrations in many cases is an electromagnetic causative vibration exciters (EMCV) in that 

there is transformation of electric power to energy of mechanical vibrations, that is related to 

the change of inductance. Electromagnetic vibration exciters have a number of significant 

advantages over other types of exciters. Due to the absence of rubbing parts they have high 

reliability and durability. They allow you to smoothly adjust the amplitude of vibrations over 

a wide range. EMCV are easy to integrate into production lines, they have easy maintenance, 

low operating costs and extensive automation capabilities. This phenomenon presents interest 

at development of electromechanics devices for intensive vibrotechnologies. Especially 

development guided on frequency of resonant EMCV promotes the economy of consumption 

of electric power and productivity of vibrotechnique. To the article the results of theoretical 

and experimental researches are driven on the increase of energy efficiency of EMCV and 

determination of output-input ratio. It is shown that losses of electric power in EMS with 

EMCV related to the origin of permanent constituents and ultra-harmonics of current, choice 

of magnetic chain and dynamic. 

Introduction 

As a result of theoretical analysis and experimental 

research, the main mechanical characteristics of 

EMCV and their relationship with energy indicators 

were identified, which indicates the ways of creating 

more advanced energy-efficient devices [1-11]. 

The results of the study make it possible to determine 

the energy efficiency of the EMCV and can be useful 

in the design and construction of such devices. 

 Theoretical and experimental studies show 

that the change in inductance in the magnetic circuit 

has a significant effect on the energy of oscillations in 

EMCV [2,3]. 

Since the flux linkage in the vibration exciter winding 

with unsaturation of the magnetic system is equal to:
                                                    

   tixL                      (1)                                                                     

then the shape of the L(x) curve has a decisive 

influence on the power value. It is determined by the 

configuration of the magnetic circuit and the ratio of 

the magnetic conductivities for the working magnetic 

flux and leakage flux at different positions of the 

armature. Consequently, the power of the EMEV will 

largely be determined by the coefficient of stiffness of 

the springs with and the mass ma and mρ. In this case, 

the flux linkage of the EMCV winding in the 

generating approximation with forced oscillations will 

change with the frequency of the source ωВ: 

                                                    

 0000 sin   tLI B           (2)                                                         

where           

 




 


2

0

2
0

LR

U
I

B

m


,

R

L
arctg 0

0


  ,   𝜔в = √

𝑐

𝑚
= √𝑐

𝑚𝑎+𝑚𝑝

𝑚𝑎𝑚𝑝
 

then the current will have the form, given Li
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According to equations (2, 3) in Fig. 1 the 

dependencies  i  and  ti . The area bounded by 

the curve  i  is proportional to the mechanical work 

of the EMCV [3]. The power of the EMCV can then 

be determined as follows:
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Let us expand the amplitude factor in equation (3) in a 

power series and, substituting the resulting expression 

for the current into integral (4), we obtain 
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From equation (5) it follows that the power of the 

EMCV increases with an increase in the relative 

change in inductance and depends on the degree of 

concavity of the curve L(x). Coefficient M1 

characterizes the efficiency of energy conversion. The 

relationship of this coefficient with the electrical 

parameters of the EMCV and with the required 

maximum force acting on the armature can be obtained 

as follows: 

   0sin tAx B  – moving anchor 

 0cos   tFF Bm  – the force acting on the 

armature with the working body, then the mechanical 

power of the EMCV is equal to: 
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Equating the right-hand sides of equations (5, 7), we 

obtain: 
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In the case of power supply from the inverter in single-

gap mode, considering that
   

 cos0 Ф  
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0 ≤ τ ≤ 2π 

you can get the power consumed by EMVV (average 

for the period) 
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When tuned to resonance in frequency ωВ, the 

component 02cos 12 M  and the power is 

approximately equal to 
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As you can see, the nonlinear nature of the change in 

inductance from displacement x affects the magnitude 

of the power of the EME through the conversion factor 

M1 and allows you to determine the rational form of 

the magnetic circuit when designing the EMCV. 

         Practically important data in such systems is 

energy efficiency. Consider the balance of power 

energies in systems powered by an alternating current 

network:  

 

 Р = Рэм + 𝛥Рпр + 𝛥Рст + 𝛥РМ + 𝛥Р𝑏 + 𝛥Р𝑏сп (12)                                                    

 

where: Рэм – power consumption of EMCV; 

𝛥Рпр = (0,01 − 0,05)Р – power loss in the rectifier;   

𝛥Рст – loss in the steel core of the vibration exciter; 

𝛥РМ – loss in copper winding; 

𝛥Р𝑏 – loss of armature power; 

𝛥Р𝑏сп – loss in auxiliary equipment (in control 

systems). 

 Determination of the armature power loss 

ΔPb is one of the most difficult tasks of vibration 

equipment. Their number depends on transportation 

conditions, vibrations, pressure characteristics of 

materials, etc. 

 Currently, there is no practically suitable 

methodology for determining them experimentally. 
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The average value of the useful power ΔРb, required to 

maintain steady vibration is: 

 

           𝛥Р𝑏 =
1

Т
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Т

0
           (13)                                                                  

 where,  - angle between power vector Q and 

vibration transmission X with load sides. Higher 

harmonics create dynamic pressure on the structure of 

the electromagnetic vibration exciter. Does not allow 

for significant performance gains. This is why the 

energy to excite higher frequencies can be defined as 

loss. Average of these losses, 𝛥Р𝑏, can be determined 

from [L12]. 

The active net power of the network is: 

Р = 𝑈𝐼𝑐𝑜𝑠𝑣                          (14)                                                                       

 where U – effective value of the mains 

voltage 

I – operating effective value of the first harmonic of 

the current. 

𝑣 – switching angle of the thyristor converter. 

 The efficiency of energy conversions in the 

control system of an electromagnetic vibration exciter 

can be represented as follows: 

                =
Рэм

Рэм+𝛥Рпр+𝛥РМ+𝛥Рст+𝛥Р𝑏сп+𝛥Р𝑏
          (15)                                                     

 The other most important energy data is the 

power factor [3]. 
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 Coefficient  is determined at the input of 

one-way bridge receivers supplying the converter and 

displacing the winding according to known formulas. 

In this case: 
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2√2


cos 𝑣                       (17)                                                                           

 

 Capacitance factor boosting can be enabled 

for the rectifier input to the capacitor bank or using a 

dedicated rectifier circuit such as a tunnel diode. 

 Increasing energy efficiency can be done by 

reducing power using lossless harmonics. In systems 

with a constant amplitude offset, the transmission 

oscillation usually carries a constant component, the 

first, second and third harmonics. 

Working on the first harmonic to attenuate the second 

harmonic, it is necessary to increase the constant 

component of the magnetic flux, the amplitudes of the 

first and lowest harmonics. That is why the quality of 

the constant bias should be chosen at 1,1 – 1,3 times 

the amplitude of the constant maintenance of the total 

flow. Another method of increasing efficiency is 

generally accepted.  

In some cases, the maximum average power has been 

practically reached, and therefore compliance with the 

specified criteria becomes necessary and sufficient. In 

the linear subsystem, the average power reaches: 

 

               𝑃𝑏 𝑚𝑎𝑥 =
𝐹𝑎

2𝜔

4(𝑐−𝑚𝜔2)
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𝐹𝑎
2𝜔

4𝑚(𝜔0
2−𝜔2)

          (18)                                                 

 

where 𝐹𝑎 – forced force amplitude; 

𝜔 – resonant frequency; 

с – elastic spring system;  

m– the mass of the waste part is connected together 

with the mass of pressure; 

𝜔0 – natural frequency of the mechanical subsystem. 

Experimental studies show that the constant current 

component and higher harmonics cause additional 

losses in the electromagnet winding and require an 

overestimation of the EMCV power.

 

 

Conclusion 

1. The power of the EME is largely determined 

by the rational choice of the magnetic circuit and can 

be adjusted using the energy conversion factor. 

2. The power of the vibration exciter increases 

with an increase in the relative change in inductance 

and depends on the degree of concavity of the curve L 

(x). 

3. Increasing the energy efficiency of the exciter 

can be achieved by reducing the power using the 

fundamental harmonic without loss. Working on the 

fundamental harmonic to attenuate the second higher 

harmonic, it is necessary to increase the constant 

components of the magnetic flux, the amplitudes of the 

first and the lowest harmonics. 

4. 4The above equations make it possible to 

determine the power losses and the efficiency of the 

EMCV and can be useful in the design of 

electromechanical devices. 
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