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Abstract: The article provides information explaining the principle of power plant operation as a 
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source of alternating electric voltage. 
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        1.  Introduction    

   The mass transition to electric vehicles will 
require a large amount of additional electricity 
and the creation of networks of chargers and 
charging stations. 
   To solve this problem, an energy unit (EU) 
was developed as a charger and charging station 
for slow, fast and accelerated charging of 
batteries using ferroelectric. 
In short, the principle of operation of the EU is 
to release the "frozen" energy of the chemical 
reaction between the oxidant and the substance 
of the ferropiezoactive, which is a 
multicomponent system of solid solutions [1].   
   Polarization control is reduced to the 
technology of reducing energy consumption by 
changing the compressibility and 
electroelasticity of multicomponent 
ferropiezoactive dielectrics [1, 2]. As a result, 
additional energy is generated, which is 3.5-4 
times higher (depending on the electrical 
modification of the ferroelectric and inclusion in 
electrical circuits) than the energy consumed 
from an alternating voltage source. This 
additional (excess) electrical energy is also the 
result of a phase transition of the second kind, 
migration and dipole polarization. It is formed in 
two stages: the first stage is an increase in the 
polarization of the ferroelectric, and the second 

stage is an increase in the electric power at the 
EU outlet [3]. 
   Structurally, the EU is a multicomponent 
piezoceramic elements of a certain size and 
shape with metal contacts and current leads 
attached to them for inclusion in an electrical 
circuit. Ferroelectric is a multicomponent 
ferropiezoactive element with important 
characteristics for electromechanical converters, 
high piezo- and dielectric properties: mechanical 
strength and electroelasticity.  It also meets 
certain requirements: serial suitability, 
compactness, adaptability, etc. [4].  Therefore, 
the EU is easy to implement. In addition, these 
ceramics are relatively inexpensive to produce.        
In connection with the above, the use of EU 
ferroelectric ceramics as a charger or charging 
station allows you to do with fewer of them, 
saves electricity by about 3.5 - 4 times and, of 
course, the cost of charging. 
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In connection with the above, an alternative 
innovative technology using an electrochemical 
generator (ECG) based on ferro-piezoelectric 
ceramics was developed EC. Such an ECG 
simultaneously increases the specific power and 
specific energy. Theoretical and experimental 
studies show that ferro-piezoelectric ceramic-
based devices, for which artificially produced 
ferro-piezoelectric ceramics are used, may be a 
more effective alternative to the devices and 
technologies currently used by leading 
companies [1- 4]. 

Currently there are opportunities to obtain 
significant electrical currents (bias currents) in 
dielectrics due to the improved electrical 
characteristics of ferro-piezoelectric ceramics 
and physical-and-technical solutions 
(technologies) [3, 5]. 

A 3.5-4-fold increase in energy is achieved by 
modifying the ferro-piezoelectric ceramics, 
electrical circuit, mechanical loading conditions, 
second-order ferroelectric transition, interlayer 
and dipole polarization [3-5, 6]. The EU consists 
of a control unit (electromechanical converter 
and a simple easy to implement device for 
generating mechanical energy), ECG and a 
matching device, figure 1. The EU  increases 
energy from a source of alternating electric 
voltage in two stages: the first stage is to 
increase the degree of polarization of  ECG, the 
second is to increase the electrical power at the 
output of the power plant, that is, the load, figure 
4. Briefly, the principle of operation of ECG, 
which is the main unit of the unit for increasing 
energy, is to release the "frozen" energy of the 
chemical reaction of the oxidant and ferro-
piezoelectric ceramic element, which is a 
multicomponent system of solid solution. 
Structurally, ECG is a ferro-piezoelectric 
ceramic element of a certain size and shape with 
metal contacts and attached leads for its 
connection to the electric circuit 

 

 

 

 

    

 

 

Figure 1.   Functional diagram of the EU 

An increase in the degree of polarization of 
ferro-piezoelectric ceramic elements is achieved 
by controlling their compressibility and energy 
elasticity [1, 5]. The constructions of the 
electromechanical transducer and ECG, in 
addition to ferro-piezo electric elements, which 
can be represented as a resonant circuit, have 
other secondary elements. Therefore, in 
dynamics, these spring-mass structures have a 
complex spectrum of their own frequencies and 
in an electric circuit represent a series-parallel 
circuit [1, 6], which has two frequency constants: 
two resonances – a series one with frequency fr 
and a parallel one (the so-called antiresonance) 
with frequency fa. 

For ECG efficient use, it is important to 
determine the range of its operating oscillation 
frequencies. Let us consider a simplified 
mathematical model of an electromechanical 
transducer in interaction with ECG. Suppose that 
a ferroelectric ceramic plate serves as an 
electromechanical transducer and produces 
compression oscillations along its length, figure 
2. To create a mathematical model it is necessary 
to work out the equation of motion of the 
transducer, select the ferro-piezoelectric effect 
equations, and also make basic assumptions. The 
main assumptions are as follows: 

- all mechanical stresses, except for stresses 
in the direction of the transducer, are zero; 

- the amplitude of alternating mechanical 
stresses and strains is not more than the 
maximum limiting values; 

-the change of the reactive component of the 
transducer impedance at the operating 
frequencies has capacitive effect. 

Let us determine the frequency constants of 
the transducer by solving the differential 
equations of the piezoelectric oscillations for the 
assumptions defined above. 
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Fig. 2. Diagram of the electromechanical 
transducer in interaction with ECG. 

The equation of motion of the transducer is: 
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where  is amplitude of oscillation 
(displacement); 


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 - speed of elastic wave 
propagation in the plate; 

 - modulus of elasticity of ferro-piezoelectric 
ceramics; 

-ferro-piezoelectric ceramics density; 
l, a and b - length, width and thickness of the 

plate, respectively; 
t- time. 
This is a well-studied partial differential 

equation of second order. 
The equation of motion of the transducer is 

solved by variable separation method: 
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(2) 
The solutions are the following, respectively: 

𝑋 = 𝐴 ∙ 𝑐𝑜𝑠 𝑛𝑥 + 𝐵 ∙ sin 𝑛𝑥, 
𝑇 = 𝐶 ∙  𝑐𝑜𝑠 𝑛𝑣𝑡 + 𝐷 sin 𝑛𝑣𝑡

= 𝑀 ∙ 𝑐𝑜𝑠(𝑛𝑣𝑡 + 𝜑), 
where𝑛 = 𝑚 ∙ 𝜋 1⁄  (m = 1,2,3 ...).                 

(3)                
The resonance and antiresonance oscillation 

frequencies of the ferro-piezoelectric plate are 
determined for a fixed transducer. The boundary 
conditions are written as follows: 
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,   (4) 

 
where l is length of the plate. Omitting the 

intermediate calculations shown in [1, 4], we 
present the unknown expressions for fr and fа. 
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Thus, it is possible to determine 
approximately the resonance and antiresonance 
frequencies, which is important for calculating 
the technical specifications for the power plant. 

If an AC electric voltage is applied to 
ferroelectrics, then the polarization does not have 
time to follow the electric field, which leads to 
dielectric losses. When mechanical load is 
applied, the deformation is set late. That is, a 
phase shift corresponds to these processes. All 
materials in varying degrees are subject to 
relaxation processes. Relaxation processes in 
ferroelectrics are manifested due to mechanical 
and dielectric losses. A peculiar feature of ferro-
piezoelectric ceramics, operating in dynamic 
mode, is the presence of both types of losses. At 
low frequencies, the angles of dielectric and 
mechanical losses in it make a total loss angle δ, 
defined through Кс [1, 7],  see equation (6). 
Therefore, the polarization is considered as a 
complex number:εrk = εr - j εr

,  , where     εr is 
relative dielectric constant; εr

, - imaginary part of 
the complex number, loss coefficient  
(εr

, =tgδ·εr ); tgδ - loss characteristic: δ - phase 
shift angle. 

The frequency characteristics εr , εr 
, and δ 

depending on the normalized frequency ω/ω0 are 
as shown in figure 3. 

Now it is possible to explain ECG operation 
principle in more detail. Under mechanical load, 
as a result of the clamping of ferroelectric, there 
is a sharp decrease in εr , figure 3, which leads to 
electrical capacity reduction and an increase in 
Кс, that is, to a sharp increase in the efficiency of 
conversion of mechanical energy into electrical 
energy.  In a certain frequency range between the 
resonance and the antiresonance, where the 
deformation will increase sharply to a greater 
extent than is due to mechanical load, a sudden 
absorption of mechanical energy occurs. This 
leads to a sharp increase in the degree of 
polarization. 

Reducing the electrical capacitance of the 
ferroelectric ECG leads to an increase in the 
electrical voltage UO, see equation (7), and, 
therefore, an increase in the electrical power in 
the load EU. Phase transitions in ferroelectrics 
occur within certain temperature ranges. In this 
connection, it should be noted that in 
ferroelectrics some piezoelectric moduli, 
characterizing the change in the degree of 
polarization under mechanical loading, reach 
very large values during phase transitions, 
theoretically passing into infinity. Thus, the 
effect of mechanical load in a certain frequency 
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range and the effect of thermal energy in a 
certain temperature range are a sort of a catalyst 
of chemical reactions in solid solutions of 
ferroelectrics. Due to the acceleration of 
chemical reactions, an increase in the number 
and speed of movement of electric charge 
carriers occurs. 

 

 
Fig. 3. To the analysis of ECG resonance 

parameters. 

The absolute dielectric constants, εα
S of the 

clamped element in this case are, of course, less 
than εα

Т  of the free one and are linked by 
equation of electromechanical coupling: 
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 (6) 
where Кс is electromechanical coupling 
coefficient, SЕis elastic compliance while the 
electric field strength is Е=0, εα

Тis absolute 
dielectric constants where the mechanical stress 
is T=0 and d is piezoelectric module [4,5]. 

In general, the conversion function (ECG) of 
this expression is: 

The function of ECG transformation is the 
following:  

 
                      UO= Ku

𝑑𝑖𝑗·𝐹

𝐶𝐸𝐶𝐺+С𝐿
 ,                                                                         

(7) 
where UO means output electric voltage of 

ECG, F is acting mechanical force, CECG is 
electrical capacity of ECG, CL is electrical load 
capacity (load electrical devices), Ku is 
coefficient of electric voltage increase due to the 
increased degree of polarization of ferroelectric 
and dij is piezoelectric module, induced 
polarization per unit of mechanical stress. 

From equation (6) it is obvious that the value 
of Кс has a significant effect on the ratio of 

dielectric constant of clamped and free 
ferroelectrics, i. e change in the dielectric 
constant under the action of mechanical load. 
For example, in case of  Кс = 0.5 (an averaged 
value), this ratio will be 0.75. Which, in its turn, 
is highly important (especially since in modern 
ferro-piezoelectric ceramics Кс = 0.6...0.7 for 
output electricvoltage (output power) of the 
power plant, see equation (7), as dielectric 
constant and electrical capacity are directly 
proportional.   

Within the limits of the elasticity of the 
ferroelectric, the electrical resistance of the ECG 
at a frequency below the resonant frequency can 
be considered purely capacitive, fig. 4. The 
electric capacity is charged with voltage (unlike 
the inductance, which is "filled" with a magnetic 
field under the action of current). The EU output 
power is transmitted to the load at high voltage, 
which allows the use of traction motors and 
connecting cables of smaller size and weight. 

URC

i

    
Fig. 4. Simplified equivalent diagram of the 

ECG, reflecting its capacitive nature of electrical 
resistance. 

 

g - electric charge generated by the piezo      
effect; 
C - capacitance of the ECG; 
R - internal resistance of the battery,    EU 
load; 
U - output electric resistance of the EU 
 

For the coordinated operation of the ECG and 
the battery, capacitance and inductance are 
added to the circuit, as well as a rectifier, in 
parallel and in series with the load. The 
capacitance and inductance are necessary to 
match the high output resistance of the ECG and 
the low resistance of the battery, and the rectifier 
is necessary to obtain a constant voltage during 
charging. The technology has no analogues. The 
main components of the EU are protected by 
copyright certificates and patents [1], and the 

g
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performance has been tested in experimental 
studies. 

       3.  Conclusion 
  The proposed alternative innovative 

technology has an advantage over solar and wind 
energy: it does not depend on climatic conditions 
and time of day and has a high efficiency.  

   In addition, in order to use wind turbines, it 
is necessary to study and take into account 
various wind indicators, determined by the 
results of multi-year observations of the wind: 

- Average annual and average monthly wind 
speeds;  

- Frequency of wind speed and direction 
during the year, month, day; - gustiness, calm, 
and maximum wind speed;  

- its changes with altitude, and others. 
  Many factors must also be studied and taken 

into account in order to use solar energy. 
    So, controlling the degree of polarization of 

ferroelectrics to increase energy is mainly 
determined by the following: 

- The modification of ferroelectrics and the 
electrical connection scheme; 

- mechanical loading (design features of the 
power plant); 

- interlayer or dipole polarization of 
ferroelectrics in the frequency range of about 
1...1.5 (103 - 105) Hz. 
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