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The relevance of the study is due to the need to clean the TPP (thermal power plant) 
flue gases  from suspended solids, which is one of the most important tasks of modern 
thermal power industry. The most common and technically advanced cleaning method 
is cleaning using electrostatic precipitators. Precipitated dust particles accumulate on 
the precipitation electrodes, and it is necessary to evacuate the deposited dust from 
the electrodes into the hopper for its further disposal or for commercial use. The aim 
of the article is to consider a comprehensive approach to the study of an electro-
impulse device for cleaning coal dust from the surface of electrostatic filters, which 
consists in determining its output and dynamic characteristics for a given geometry of 
the magnetic system, winding data and materials used for the manufacture of the 
armature. 



Object of study is electro-impulse installation for cleaning coal dust from the surface 
of electrostatic filters. The interaction of eddy currents with the current in the 
inductor coil creates a pulsed mechanical interaction between the inductor and the 
electrically conductive surface, which causes elastic deformation of the surface being 
cleaned [2].  The energy effect is obtained in this device  due to the fact that the 
energy  accumulates in 103 s (up to 10 minutes) in the tank, and is spent for (10-4 – 
10-6 s), in this case, the power effect is 106 or more (analog of the explosion). The 
presented hardware designs of the electro-impulse technology for cleaning eaves of 
buildings and structures from icicles and ice, and the installations developed on its 
basis, allow cleaning roof eaves without manual labor. However, the use of local 
electric networks for power supply causes coordination  and electric safety problems. 
Currently, the issue of power supply of the electro-impulse circuit from a stationary 
solar battery is being studied. The research methods are: the study was carried out on 
solving the problem of an unsteady magnetic field with an attached electric circuit in 
Elcut 6.0 (Professional version) software package for an electro-impulse device in the 
process of discharging a capacitor bank to an inductor coil with an armature made of 
various materials (aluminum, copper steel). The simulation results were compared 
with experimental studies conducted on a test bench. 



The pulsed supply of energy from a charged capacitor bank to an inductor with an 
armature causes not only quantitative, but also qualitative changes in the 
electromagnetic processes that occur in the electric circuit of the inductor and its 
magnetic field. The specifics of such processes simulating and research requires a joint 
consideration not only of methods for calculating the electrical equivalent circuit of an 
electro-impulse device, but also of a method for calculating its unsteady magnetic 
field in the framework of creating one connected mathematical model. Simulating 
based on the methods of electromagnetic field theory gives the most complete idea of 
the behavior of an electro-impulse device when a capacitor battery is discharged to an 
inductor, and based on the methods of the theory of electric circuits; it allows taking 
into account the dynamics of the electrical connections interaction between the 
elements of an electro-impulse device. When implementing a chain-field model, the 
result of calculating the electric circuit of an electro-impulse device is the time 
dependence of the current and voltage on the circuit elements (integral parameters), 
and the result of calculating the field model is the intensity and induction of the 
magnetic field (differential parameters). 



A non-trivial method for cleaning electrodes using an electromagnetic pulse has been 
offered [1, 2]. According to the authors, the specified method has wide prospects in 
gases purification because it is much more flexible in management and is easy to 
automate, it will increase the stability and controllability of the cleaning processes 
and, ultimately, maintaining the cleanliness of the air. We will consider the solution of 
the coupled chain-field problem for an electro-impulse device for cleaning electrodes-
plates from coal dust in  Elcut 6.0 (professional version) software complex. A sketch of 
the magnetic system of the inductor coil with the armature is shown in Fig. 1. While 
solving the problem of an unsteady magnetic field of an electro-impulse device, the 
resulting magnetic field patterns were obtained that corresponded to the time when 
the current in the inductor coil reached its maximum value during a high-voltage 
discharge of a capacitor bank. The time dependences of the current in the inductor 
coil with an armature made of various materials, the time dependences of the voltage 
on the capacitor bank and the current density distribution in conductive media 
(inductor coil, armature) are developed. The penetration depth of eddy currents inside 
the armature has been determined. 

The results of solving the coupled chain-field problem in the Elcut software package 
are shown in Fig. 2 and Fig. 3. 



Fig. 1. Final control device of the electro-impulse system 



Fig. 2. The picture of the magnetic field corresponding (time t = 5.03 ms) to the 
maximum current in the inductor coil (a); time dependences of current and voltage on 
a capacitor bank during a transient process (b). 



Fig. 3. Distribution of maximum current densities in sections of inductor coil and 
armature during transient 



Processing the obtained solution to the problem of an unsteady magnetic field with an 
attached electrical circuit allows identifying a quantitative assessment of the 
effectiveness of an electro-impulse device. 

Solving the problem of unsteady heat transfer in the Elcut software package allows 
determining the temperature field of the EMI and the values of the final temperatures 
of heating the inductor coil and armature during the discharge of the capacitor bank, 
the results are shown in Fig. 4. 



Fig. 4. The temperature field at the end of the transition process in the electric circuit 
of the EIU (a), the time dependence of the temperature of the coil and armature (b). 



Fig. 4 shows that premature failure of the electro-impulse installation is impossible, 
since the coil with the armature heating  is negligible. 

While solving the problem, it was determined that the current density in the turns of 
the inductor coil and the armature over the cross-section is distributed unevenly and 
takes several hundreds  A/mm2 in the surface layers facing each other. The maximum 
calculated value of the electromagnetic force is 16 kN at voltage of 1 kV of the charge 
of a capacitor bank with capacity of 100 μF. Signal waveform obtained on the test 
bench, is proportional to the current in the inductor coil when a capacitor bank is 
discharged to it. The duration and amplitude of the current pulse in the inductor coil 
obtained on the test bench is consistent with the results of simulating an unsteady 
magnetic field and amounted to no more than 1.5 ms. Based on the calculated specific 
heat dissipation capacities in the inductor coil and armature, unsteady heat transfer 
was calculated in the Elcut 6.0 software package, during which the temperature field 
of the electro-impulse device was studied after 10 seconds after the discharge of the 
capacitor bank. 

 



The following conclusions were made on the results of the study: 

1. The solution to the problem of calculating an unsteady magnetic field with 
an attached electrical circuit of an electro-impulse installation in the Elcut 6.0 software 
package (professional version) reflects the dynamics of the interaction of electrical 
connections between elements of an electro-impulse device, allows determining the 
time dependences of the electromagnetic (ponderomotive) force, the specific heat 
output in the inductor coil and the armature and distribution of final temperatures on 
their surfaces.  

2. The example of calculating the parameters of an electro-impulse installation 
using specified technical conditions presented during the simulation of a work-flow 
evaluates positively the efficiency of using an electro-impulse device for cleaning coal 
dust from the surface of electrostatic filters. 

3. The advantages of electro-impulse cleaning when using electrostatic filters 
are low power with high efficiency of impulse impact, reducing the risk of deformation 
of the surface being cleaned, and increasing the processability of the cleaning process. 



Pulses of electromagnetic force are the forces of mutual repulsion between the 
inductor and the armature. Under their action, the armature is displaced towards the 
surface being cleaned and the elastic vibrations are communicated to it. The cleaned 
surface of the object with the adhering product acquires alternating acceleration. 
There is a breakdown of the adhesion connections of the bulk material to the surface 
of the object, and it crumbles [1, 2]. The duration of the energy storage process and its 
release at extremely small time intervals in electro-impulse devices allows obtaining 
the maximum possible values of the mechanical pulsed action on the surface of the 
affected object. The maximum operating voltage on a capacitive energy storage device 
can reach 5 kV and more. Electro-impulse cleaning devices are shock type devices. 
Compared to other devices of a similar purpose (vibrators, electromagnetic or 
pneumatic shock mechanisms), they have no competition in cleaning efficiency. 


