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margin of the current transformer in the production to overlap the 

difference in the readouts of 260 μA/A and 500 μrad.

Keywords: equivalence, measurement, comparator, current 

transformer, standard, ratio error, phase displacement, uncertainty.
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Many different high-precision systems for determining the ra-

tio error and phase displacement of current transformers have been 

developed by leading specialists in the world. The latest research 

solutions with the use of the latest measurement tools, instanta-

neous sampling techniques, and analysis of sources of uncertainty 

have been applied in these developments. The objective difficulty 

is that only a limited number of specialized institutes implement 

such projects with the involvement of leading experts in the field 

of measurement and significant funds. First of all, these are the 

national metrological institutes of countries with high economic 

opportunities. At the level of conventional calibration laborato-

ries equipped with modern facilities and highly qualified person-

nel, the uncertainty of measurements increases 10 times or more 

when calibrating precision instrument transformers. Thus, it has 

not been investigated to what extent the readouts of commercial 

comparators of different manufacturers in the calibration of instru-

ment transformers of class 0.2S and more precise are equivalent. 

Determination of the equivalence level of AC comparators of dif-

ferent types in the day-to-day calibration of current transformers 

is the main objective of this research. More than 50 comparators 

of different types (with inductive or resistive current transducers) 

were investigated relative to 2 well-characterized reference current 

transformers. Comparison of the results obtained by two instru-

ments with radically different principles of measurement gave a 

difference of 23 μA/A in ratio error and 52 μrad in phase displace-

ment. The results of estimating the readout stability of modern 

comparators of serial production are also highlighted. The results 

of the analysis of the data obtained allow us to assume that mea-

surement results of ratio error of about 50 μA/A have equivalence 

level within ±20 μA/A. The measurement results of phase displace-

ment of about 50 μrad have equivalence level within ±15 μrad. 

Concerning the determination of metrological characteristics of 

current transformers with accuracy class 0.2S, their equivalence 

must be considered taking into account all exploited comparators. 

The results cause the question about the adequacy of the accuracy 
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The kinetics of temperature have been investigated under the ef-

fect from the induced heat transfer of the components of the internal 

thermostat volume, under condition of using different liquids in its 

internal environment.

Our study has established the impossibility for the liquid in the 

inner volume thermostat to achieve the boiling temperature under 

condition of the effect of the induced heat and mass transfer, proven 

by the visual observations and by the value of its temperature. In the 

experiment under atmospheric pressure, the thermostat temperature 

was equal to 115...116 °C, while the temperature of the volumetric 

water did not exceed 97 °C. It was established that at the thermostat 

temperature of 105...106 °C and under atmospheric pressure, the 

ethyl alcohol temperature did not exceed 72...73 °C, and for water ‒ 
83...85 °C, under the condition of the effect of the induced heat-and-

mass transfer.

It was found that ethyl alcohol and water are transferred to 

the gas state under the effect of the induced heat-and-mass trans-

fer separately. It is possible to register the removal of the liquid 

phase of the mixture components based on the jump-like transi-

tion in the kinetics of the fluid temperature. It was established 

that the liquid phase did not boil for a mixture of ethyl alcohol 

with water under the effect of the induced heat-and-mass transfer 

at the thermostat temperature of 105 °C and under atmospheric 

pressure.

We have proposed a conceptual solution to the technical imple-

mentation of the universal device that employs the effect of the 

induced heat-and-mass transfer in order to execute technological 

operations of vaporization and rectification excluding the boiling 

phase. Based on a given conceptual solution, we have built a labora-

tory prototype of the installation, in which vaporization is carried 

out under atmospheric pressure at the liquid phase temperature 

of 83...85 °C. The economic effect from the installation is achieved 

through the simplified equipment and reduction in energy con-

sumption per product unit by larger than 1.3 times compared to the 

vacuum-evaporator apparatus.

Keywords: effect of induced heat-and-mass transfer, vaporization 

operation, rectification, temperature kinetics, thermostat obturator.
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The need to find solutions to problems on the efficient use of en-

ergy resources has been substantiated, under conditions for meeting 

the requirements to the environmental sustainability of production 

in the process of executing such technological operations as vapor-

ization and rectification. We have identified the prospects of search-

ing for and applying the induced processes, which are characterized 

by high energy efficiency and are environmentally friendly. 
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physics. We have investigated a magnetic force function that acts 

on multi-domain ferromagnetic particles. Given the complexity of 

the spatial geometry of power field distribution in the working zone 

of a disk magnetic separator, we have constructed a three-dimen-

sional model of the magnetic system. The effect of the magnitude 

of an air gap and, accordingly, the effective length of sector-like 

permanent magnets on the distribution of power magnetic function 

in the working zone has been determined. It has been shown that 

changing the air gap alters both the force function distribution for 

the height of the working zone and the magnitude of the power 

action. Recommendations have been given on the use of magnetic 

systems with different gaps. It has been established that for the 

extraction of ferromagnetic inclusions the uniformity of the force 

function distribution in the direction of deploying a spiral of mag-

nets is important. It has been proven that magnetic systems with 

small gaps should be used in separators without an unloading disk. 

In this case, the magnetic system can be installed in close proximity 

to the separated material while the surface of permanent magnets 

should be carried out manually in proportion to the accumulation 

of the extracted ferromagnetic inclusions on them. The result of 

our study is the established rational size for an air interpolar gap, 

which ensures the maximum magnitude of power action and, conse-

quently, a more efficient operation of the magnetic separator.

Keywords: permanent magnet, force function, magnetic system, 

magnetic separator, unloading disc.
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The paper reports a research into the distribution of mag-

netic force function in the working zone of a newly-designed disk 

separator, intended to clean the finely-dispersed bulk substances, 

transported by a belt conveyor, from unwanted ferromagnetic im-

purities. It has been shown that it is expedient, in order to create 

the required magnetic field topology in the working volume of the 

separator and to improve its energy efficiency, to use permanent 

magnets. It has been substantiated that the main advantage of the 

proposed device on permanent magnets is a possibility to self-clean 

the surface of a non-magnetic rotating discharge disk. Solving the 

main tasks of this research has employed a finite-element method 

implemented in the programming environment COMSOL Multi-
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The study has considered the possibility of creating an aeromag-

netic system for removing space debris from low Earth orbits. The pe-

culiarity of the design of the aeromagnetic deorbiting system is the use 

of magnetic controls for the relative position of the aerodynamic ele-

ment with permanent rotary magnets that are shielded with the help 

of special screen capsules with shutters. It should be noted that this 

system is offered for aerodynamically unstable spacecraft. Besides, to 

analyse the performance and benefits of using permanent magnet aero-

magnetic input systems, a corresponding discrete law is proposed to 

control the magnetic parts. The control of the relative position of the 

aerodynamic element in the orbital coordinate system is carried out in 

order to orient and stabilize it perpendicular to the dynamic incident 

atmospheric flow. A mathematical simulation has been performed for 

the orbital motion of a spacecraft during its removal with the help of 

a permanent magnet aeromagnetic system from different orbits. It has 

been determined that when stabilizing the aerodynamic element per-

pendicular to the vector of the incident dynamic atmospheric flow, the 

withdrawal time is reduced by 25 % compared with the non-oriented 

passive deorbiting. However, this advantage during the removal time 

is peculiar only to aerodynamic elements whose midsection area is 

much larger than a quarter of the total surface area. It is noteworthy 

that the design of aeromagnetic evacuation systems is only appropriate 

using aerodynamically deployable sail elements and is not effective at 

all for large inflatable elements. 

Thus, the development of an aeromagnetic space debris removal 

system with permanent magnet controls extends the boundaries of 

effective use of aerodynamic sailing systems. The use of permanent 

magnet units provides a new direction for further research on the ori-

entation of large-scale space systems with minimal fuel and onboard 

energy consumption.

Keywords: aeromagnetic deorbiting system, permanent mag-

nets, spacecraft, discrete control law.

References 

1.	 Orbital Debris Quarterly News (2019). National Aeronautics and 

Space Administration, 23 (1-2). Available at: https://orbitaldebris.

jsc.nasa.gov/quarterly-news/pdfs/odqnv23i1.pdf

2.	 Alpatov, A. P., Goldstein, Yu. M. (2017). Ballistic Analysis of Orbits 

Distribution of Spacecraft for Different Functional Missions. Tech-

nical Mechanics, 2, 33–40.

3.	 Alpatov, A. P., Holdshtein, Yu. M. (2019). On the choice of the 

ballistic parameters of an on-orbit service spacecraft. Technical 

Mechanics, 1, 25–37. Available at: http://www.journal-itm.dp.ua/

docs//P-03-01-2019.pdf

10.	 Li, Y., Yang, F. (2016). Research Progress and Development Trend 

of Permanent Magnetic Separators in China and Abroad. DEStech 

Transactions on Engineering and Technology Research. doi: https://

doi.org/10.12783/dtetr/icvme2016/4873 

11.	 Lungu, M. (2009). Separation of small nonferrous particles using a 

two successive steps eddy-current separator with permanent mag-

nets. International Journal of Mineral Processing, 93 (2), 172–178. 

doi: https://doi.org/10.1016/j.minpro.2009.07.012 

12.	 Gómez-Pastora, J., Xue, X., Karampelas, I. H., Bringas, E., Furlani, E. P., 

Ortiz, I. (2017). Analysis of separators for magnetic beads recov-

ery: From large systems to multifunctional microdevices. Sep-

aration and Purification Technology, 172, 16–31. doi: https:// 

doi.org/10.1016/j.seppur.2016.07.050 

13.	 Camacho, J. M., Sosa, V. (2013). Alternative method to calculate 

the magnetic field of permanent magnets with azimuthal symmetry. 

Revista Mexicana de F´ısica, 59, 8–17.

14.	 Sandulyak, A. A., Ershov, D. V., Oreshkin, D. V., Sandulyak, A. V. 

(2013). Characteristics of magnetic field induction inside a module 

of a magnetic separator. Vestnik MGSU, 5, 103–111.

15.	 Kilin, V. I., Kilin, S. V. (2008). K vyboru polyusnogo shaga magnit-

nyh sistem separatorov dlya suhogo obogashcheniya. Obogashchenie 

rud, 6, 14–18.

16.	 Zeng, S., Zeng, W., Ren, L., An, D., Li, H. (2015). Development of a high 

gradient permanent magnetic separator (HGPMS). Minerals Engineer-

ing, 71, 21–26. doi: https://doi.org/10.1016/j.mineng.2014.10.009 

17.	 Karlov, A., Kondratenko, I., Kryshchuk, R., Rashchepkin, A. 

(2014). Magnetic system with permanent magnets for localiza-

tion magnetic nanoparticles in a given region of the biological 

environments. Elektromekhanichni i enerhozberihaiuchi systemy,  

4 (28), 79–85.

18.	 Kirilenko, A. V., Chekhun, V. F., Podoltsev, A. D., Kondratenko, I. 

P., Kucheryavaya, I. N., Bondar, V. V. (2012). Motion of magnetic 

nanoparticles in flowing liquid under the action of static magnetic 

field. Reports of the National Academy of Sciences of Ukraine, 2, 

186–196.

19.	 Brauer, J. R. (2015). Magnetic nanoparticle simulation. ANSYS AD-

VANTAGE, 9 (1), 47–50.

20.	 Berry, C. C., Curtis, A. S. G. (2003). Functionalisation of mag-

netic nanoparticles for applications in biomedicine. Journal of 

Physics D: Applied Physics, 36 (13), R198–R206. doi: https:// 

doi.org/10.1088/0022-3727/36/13/203 

21.	 COMSOL Multiphysics, version 3.5а. AC/DC Module Reference 

Guide. Available at: https://www.comsol.com/

22.	 Dimova, T., Aprahamian, B., Marinova, M. (2019). Research 

of the Magnetic Field Inside a Drum Separator With Perma-

nent Magnets. 2019 16th Conference on Electrical Machines, 

Drives and Power Systems (ELMA). doi: https://doi.org/10.1109/ 

elma.2019.8771679 

23.	 Shvedchikova, I. A., Zemzulin, M. A. (2013). The research of mag-

netic field distribution in the disk separator with magnetic system 

of spiral type. Elektromekhanichni i enerhozberihaiuchi systemy, 

2 (22), 18–24.

24.	 Gerlici, J., Shvedchikova, I. A., Nikitchenko, I. V., Roman-

chenko, J. A. (2017). Investigation of influence of separator 

magnetic system configuration with permanent magnets on mag-

netic field distribution in working area. Electrical Engineering & 

Electromechanics, 2, 13–17. doi: https://doi.org/10.20998/ 

2074-272x.2017.2.02 



57

Applied physics

earth atmosphere. 16th IAA Symposium on space debris, Bremen. 

IAC-18,A6,IP,39,×43826, 7.

21.	 Pfisterer, M., Schillo, K., Valle, C., Lin, K.-C., Ham, C. The Develop-

ment of a Propellantless Space Debris Mitigation Drag Sail for LEO 

Satellites. Available at: http://www.iiis.org/Chan.pdf

22.	 Khoroshylov, S. V., Paliy, O. S., Lapkhanov, E. O. (2019). Zaiavka 

na Pat. na vynakhid No. a201907950 UA. Aeromahnitna systema 

vidvedennia obiektiv kosmichnoho smittia z nyzkykh navkolozem-

nykh orbit z mahnitnymy orhanamy keruvannia. MPK B 64 G 1/62.  

No. a201907950, declareted: 11.07.2019.

23.	 Dmitrenko, V. V., Nyunt, P. W., Vlasik, K. F., Grachev, V. M., Grab-

chikov, S. S., Muravyev-Smirnov, S. S. et. al. (2015). Electromagnetic 

shields based on multilayer film structures. Bulletin of the Lebedev 

Physics Institute, 42 (2), 43–47. doi: https://doi.org/10.3103/

s1068335615020037 

24.	 Safonov, A. L., Safonov, L. I. (2015). Elektricheskie pryamougol’nye 

soediniteli. Mnogosloynye metallizirovannye ekrany zashchity ot EMP 

i sposoby ih polucheniya. Technologies in Electronic Industry, 1, 64–69. 

25.	 Coey, J. (2010). Magnetism and magnetic materials. Cambridge Uni-

versity Press. doi: https://doi.org/10.1017/CBO9780511845000

26.	 Fortescue, P., Swinerd, G., Stark, J. (Eds.) (2011). Spacecraft 

Systems Engineering. John Wiley & Sons Ltd. doi: https:// 

doi.org/10.1002/9781119971009 

27.	 Maslova, A. I., Pirozhenko, A. V. (2016). Orbit changes under the 

small constant deceleration. Space Science and Technology, 22 (6), 

20–25. doi: https://doi.org/10.15407/knit2016.06.020 

28.	 Alpatov, A. P. et. al. (1978). Dinamika kosmicheskih apparatov s 

magnitnymi sistemami upravleniya. Moscow: Mashinostroenie, 200.

29.	 Khoroshylov, S. V. (2018). Relative Motion Control System of Space-

craft for Contactless Space Debris Removal. Nauka Ta Innovacii, 

14 (4), 5–17. doi: https://doi.org/10.15407/scin14.04.005 

30.	 Alpatov, A., Khoroshylov, S., Bombardelli, C. (2018). Relative 

control of an ion beam shepherd satellite using the impulse com-

pensation thruster. Acta Astronautica, 151, 543–554. doi: https:// 

doi.org/10.1016/j.actaastro.2018.06.056 

DOI: 10.15587/1729-4061.2019.180925

IMPOVING ENERGY CHARACTERISTICS OF THE 
WELDING POWER SOURCES FOR TIG-AC WELDING 
(p.38-43)

Vladimir Burlaka
Pryazovskyi State Technical University, Mariupol, Ukraine

ORCID: http://orcid.org/0000-0002-8507-4070

Elena Lavrova
Pryazovskyi State Technical University, Mariupol, Ukraine, 87555

ORCID: http://orcid.org/0000-0001-6030-0986 

This paper proposes a circuit solution and a control algorithm for 

a welding power source for TIG-AC welding with improved energy 

characteristics. The source is made using a welding transformer and 

a low-voltage series active power filter on power field effect transis-

tors with a low channel resistance. The transformer used can be with 

normal or increased leakage. The proposed source is characterized 

by improved technical parameters due to the possibility to form V-I 

characteristic with the required stiffness without switching the weld-

ing transformer taps. Control scheme ensures the elimination of a DC 

component of welding current during a TIG-AC process; it is also 

possible to control the waveshape of a welding current. Also, a “soft” 

4.	 Paliy, A. S. (2012). Metody i sredstva uvoda kosmicheskih apparatov s 

rabochih orbit (sostoyanie problemy). Technical Mechanics, 1, 94–102.

5.	 Alpatov, A. P. (2012). Tehnogennoe zasorenie okolozemnogo kosmi-

cheskogo prostranstva. Dnepropetrovsk: Porogi, 378.

6.	 Alpatov, A. P., Khoroshylov, S. V., Maslova, A. I. (2019). Contactless 

de-orbiting of space debris by the ion beam. Dynamics and con-

trol. Kyiv: Akademperiodyka, 170. doi: https://doi.org/10.15407/

akademperiodyka.383.170 

7.	 Pikalov, R. S., Yudintsev, V. V. (2018). Obzor i vybor sredstv uvoda 

krupnogabaritnogo kosmicheskogo musora. Trudy MAI, 100. Avail-

able at: http://trudymai.ru/upload/iblock/239/Pikalov_YUdint-

sev_rus.pdf?lang=ru&issue=100

8.	 Dron, N. M., Horolsky, P. G., Dubovik, L. G. (2014). Ways of reduc-

tion of technogenic pollution of the near-earth space. Naukovyi 

Visnyk Natsionalnoho hirnychoho universytetu, 3, 125–130.

9.	 Lapkhanov E. O. (2019). Features of the development of means for 

spacecraft removal from near-earth operational orbits. Technical 

Mechanics, 2, 16–29.

10.	 Shuvalov, V. O., Paliy, O. S., Lapkhanov, E. O. (2018). Zaiavka na 

Pat. No. a201801742 UA. Sposib ochyshchennia navkolozemnoho 

prostoru vid obiektiv kosmichnoho smittia shliakhom vidvedennia 

yikh z orbity za dopomohoiu vlasnoho mahnitnoho polia. MPK B 64 

G 1/62. No. a201801742; declareted: 21.02.2018. 

11.	 Shuvalov, V. A., Gorev, N. B., Tokmak, N. A., Pis’mennyi, N. I., Ko-

chubei, G. S. (2018). Control of the drag on a spacecraft in the earth’s 

ionosphere using the spacecraft’s magnetic field. Acta Astronautica, 

151, 717–725. doi: https://doi.org/10.1016/j.actaastro.2018.06.038 

12.	 Svorobin, D. S., Fokov, A. A., Khoroshylov, S. V. (2018). Feasibil-

ity analysis of aerodynamic compensator application in noncontact 

space debris removal. Aerospace technic and technology, 6, 4–11.  

doi: https://doi.org/10.32620/aktt.2018.6.01 

13.	 Underwood, C., Viquerat, A., Schenk, M., Taylor, B., Massimiani, C.,  

Duke, R. et. al. (2019). InflateSail de-orbit flight demonstration 

results and follow-on drag-sail applications. Acta Astronautica, 162, 

344–358. doi: https://doi.org/10.1016/j.actaastro.2019.05.054 

14.	 Trofimov, S. P. (2015). Deorbiting of low-earth orbit spacecraft us-

ing a sail for solar radiation pressure force augmentation. Preprint 

IPM im. M. V. Keldysha, 32. Available at: https://keldysh.ru/ 

papers/2015/prep2015_32.pdf

15.	 Harkness, P., McRobb, M., Lützkendorf, P., Milligan, R., Feeney, A., 

Clark, C. (2014). Development status of AEOLDOS – A deorbit mod-

ule for small satellites. Advances in Space Research, 54 (1), 82–91. 

doi: https://doi.org/10.1016/j.asr.2014.03.022 

16.	 Anderson, J. L. NASA’s Nanosail-D ‘Sails’ Home – Mission Com-

plete. NASA. Available at: https://www.nasa.gov/mission_pages/

smallsats/11-148.html

17.	 Bernardi, F., Vignali, G. SSCD: Sailing System for Cubesat De-

orbiting. Available at: http://www.unisec-global.org/ddc/pdf/1st/ 

01_FedericoSailing_abst.pdf

18.	 Paliy, O. S. (2017). Classification of aerodynamic systems for low 

Earth orbit space hardware deorbiting. Technical Mechanics, 4, 49–54.

19.	 Dron’, M., Golubek, A., Dubovik, L., Dreus, A., Heti, K. (2019). 

Analysis of ballistic aspects in the combined method for remov-

ing space objects from the nearEarth orbits. Eastern-European 

Journal of Enterprise Technologies, 2 (5 (98)), 49–54. doi: https:// 

doi.org/10.15587/1729-4061.2019.161778 

20.	 Dron, M., Dreus, A., Golubek, A., Abramovsky, Y. (2018). Investiga-

tion of aerodynamics heating of space debris object at reentry to 



58

Eastern-European Journal of Enterprise Technologies ISSN 1729-3774 5/5 ( 101 ) 2019

Circuit Theory and Applications, 40 (2), 107–126. doi: https:// 

doi.org/10.1002/cta.708 

12.	 Lavrova, E. V., Ivanov, V. (2018). Controlling the Depth of Penetra-

tion in the Case of Surfacing with a Strip Electrode at an Angle to 

the Generatrix. Materials Science Forum, 938, 27–32. doi: https://

doi.org/10.4028/www.scientific.net/msf.938.27 

13.	 Ivanov, V., Lavrova, E. (2018). Development of the Device for 

Two-Strip Cladding with Controlled Mechanical Transfer. Jour-

nal of Physics: Conference Series, 1059, 012020. doi: https:// 

doi.org/10.1088/1742-6596/1059/1/012020 

14.	 Sha, D., Liao, X. (2009). Digital control of double- pulsed gas metal 

arc welding machine. 2009 IEEE 6th International Power Electron-

ics and Motion Control Conference. doi: https://doi.org/10.1109/

ipemc.2009.5157839 

15.	 Branas, C., Casanueva, R., Azcondo, F. J. (2017). Unfolded resonant 

converter with current doubler structure module for welding appli-

cations. 2017 11th IEEE International Conference on Compatibility, 

Power Electronics and Power Engineering (CPE-POWERENG). 

doi: https://doi.org/10.1109/cpe.2017.7915184 

16.	 Kukhar, V., Prysiazhnyi, A., Balalayeva, E., Anishchenko, O. (2017). 

Designing of induction heaters for the edges of pre-rolled wide ul-

trafine sheets and strips correlated with the chilling end-effect. 2017 

International Conference on Modern Electrical and Energy Systems 

(MEES). doi: https://doi.org/10.1109/mees.2017.8248945 

17.	 Altanneh, N. S., Uslu, A., Aydemir, M. T. (2019). Design of A Series 

Resonant Converter GMAW Welding Machine by Using the Har-

monic Current Technique for Power Transfer. Electronics, 8 (2), 205. 

doi: https://doi.org/10.3390/electronics8020205 

18.	 Nammalvar, P., Meganathan, P. (2014). A Novel Three Phase Hybrid 

Unidirectional Rectifier for High Power Factor Applications. Inter-

national Journal of Electrical, Computer, Energetic, Electronic and 

Communication Engineering, 8 (9), 1483–1489.

19.	 Podnebennaya, S. K., Burlaka, V. V., Gulakov, S. V. (2013). A power par-

allel active filter with higher efficiency. Russian Electrical Engineering, 

84 (6), 308–313. doi: https://doi.org/10.3103/s1068371213060072 

20.	 Podnebenna, S. K., Burlaka, V. V., Gulakov, S. V. (2017). Three-

Phase Power Supply For Resistance Welding Machine With Cor-

rected Power Factor. Naukovyi visnyk Natsionalnoho hirnychoho 

universytetu, 4, 67–72.

21.	 Burlaka, V., Lavrova, E., Podnebennaya, S., Zakharova, I. (2017). De-

velopment of single-phase high-power factor inverter welding sources.  

Eastern-European Journal of Enterprise Technologies, 4 (1 (88)), 

18–24. doi: https://doi.org/10.15587/1729-4061.2017.106957 

22.	 Singh, B., Narula, S., Bhuvaneswari, G. (2012). Power quality im-

provement using three phase modular converter for welding power 

supply. 2012 IEEE Fifth Power India Conference. doi: https:// 

doi.org/10.1109/poweri.2012.6479510 

23.	 Bhuvaneswari, G., Narula, S., Singh, B. (2012). Three-phase push-pull 

modular converter based welding power supply with improved power 

quality. 2012 IEEE 5th India International Conference on Power Elec-

tronics (IICPE). doi: https://doi.org/10.1109/iicpe.2012.6450486 

24.	 Narula, S., Bhuvaneswari, G., Singh, B. (2012). A modular converter 

for welding power supply with improved power quality. 2012 IEEE 

International Conference on Power Electronics, Drives and Energy 

Systems (PEDES). doi: https://doi.org/10.1109/pedes.2012.6484491 

25.	 Narula, S., Bhuvaneswari, G., Singh, B. (2015). Modular Zeta 

Converter Based Power Quality Improved SMPS for Arc Welding. 

National Power Electronics Conference (NPEC).

arc ignition based on the Lift-Arc principle is provided, which posi-

tively affects the service life of a non-fusible electrode. The developed 

source is distinguished by a possibility to work in a reactive power 

compensation mode. This reduces the consumption of reactive power 

by electrical complexes with welding power sources and reduces a cur-

rent loading on the distribution network. Application of the proposed 

principle to construct a source for arc welding with an alternating 

current makes it possible to modernize existing transformer sources by 

installing an active power filter unit in them. That would improve con-

sumer properties of the sources by improving the stability of a welding 

arc, by smooth regulation of welding current, reducing the effects of 

a network voltage fluctuations on quality of the welding process. It 

eliminates the need to apply ballast resistors for adjusting a welding 

current, as well as the block of capacitors to eliminate the magnetiza-

tion of a transformer during the TIG-AC process. The proposed source 

could be used not only to implement TIG-AC, but the MMA, MIG, 

MAG alternating current welding processes.

Keywords: non-fusible electrode welding, welding power 

source, reactive power, active filter.
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module value of current is 0.234 A, voltage – 52.9 V. The process 

of full damping of oscillations takes about 3 seconds over 4 cycles. 

Compared to the basic design, the amplitude of armature oscillations 

and its velocity dropped from 13 to 85 % over the first three cycles, 

indicating a greater efficiency of electromechanical shock absorber 

operation in comparison with a hydraulic one. The recuperated energy 

amounted to 3.3 J, and the scattered energy – 11.5 J.

Keywords: electromechanical shock absorber, subway car, Che-

byshev polynomials, finite-element method, Lagrange equation.

References 

1.	 Serdobintsev, E. V., Ye Win Han (2013). Vertical Oscillations of the 

Metro Wagon with Pneumatic Suspension. Mir transporta, 2, 78–84.

2.	 Liubarskyi, B., Lukashova, N., Petrenko, O., Pavlenko, T., Iakunin, D.,  

Yatsko, S., Vashchenko, Y. (2019). Devising a procedure to choose opti-

mal parameters for the electromechanical shock absorber for a subway 

car. Eastern-European Journal of Enterprise Technologies, 4 (5 (100)), 

16–25. doi: https://doi.org/10.15587/1729-4061.2019.176304 

3.	 Serdobintsev, E., Zvantsev, P., Ye Win Han (2014). Choice of param-

eters for a metro coach with pneumatic springs. Mir transporta, 1, 

34–41.

4.	 Lukashova, N., Pavlenko, T., Liubarskyi, B., Petrenko, O. (2018). 

Analysis of constructions of resports lingings of rail city elec-

tric mobile composition. Systemy upravlinnia, navihatsiyi ta 

zviazku. Zbirnyk naukovykh prats, 5 (51), 65–68. doi: https:// 

doi.org/10.26906/sunz.2018.5.065 

5.	 Passazhirskoe vagonostroenie. Katalog. Kryukovskiy vagonostroitel’niy 

zavod. Available at: http://www.kvsz.com/images/catalogs/tsn.pdf

6.	 Kolpakhch’yan, P. G., Shcherbakov, V. G., Kochin, A. E., Shaikh- 

iev, A. R. (2017). Sensorless control of a linear reciprocating switched-

reluctance electric machine. Russian Electrical Engineering, 88 (6), 

366–371. doi: https://doi.org/10.3103/s1068371217060086 

7.	 Forster, N., Gerlach, A., Leidhold, R., Buryakovskiy, S., Masliy, A., 

Lyubarskiy, B. G. (2018). Design of a Linear Actuator for Rail-

way Turnouts. IECON 2018 - 44th Annual Conference of the 

IEEE Industrial Electronics Society. doi: https://doi.org/10.1109/

iecon.2018.8591471 

8.	 Sergienko, A. N. (2013). Matematicheskaya model’ kolebaniy v 

hodovoy sisteme avtomobilya s elektromagnitnym dempfirovaniem. 

Visnyk Natsionalnoho tekhnichnoho universytetu «KhPI». Ser.: 

Transportne mashynobuduvannia, 31, 86–93.

9.	 Gysen, B. L. J., van der Sande, T. P. J., Paulides, J. J. H., Lomonova, E. A. 

(2011). Efficiency of a Regenerative Direct-Drive Electromagnetic 

Active Suspension. IEEE Transactions on Vehicular Technology, 

60 (4), 1384–1393. doi: https://doi.org/10.1109/tvt.2011.2131160 

10.	 Sulym, A. O., Fomin, O. V., Khozia, P. O., Mastepan, A. G. (2018). 

Theoretical and practical determination of parameters of on-board 

capacitive energy storage of the rolling stock. Naukovyi Visnyk 

Natsionalnoho Hirnychoho Universytetu, 5, 79–87. doi: https:// 

doi.org/10.29202/nvngu/2018-5/8 

11.	 Kolpakhchyan, P. G., Shcherbakov, V. G., Kochin, A. E., Shaikhi- 

ev, A. R. (2017). Mathematical simulation and parameter deter-

mination of regulation of a linear electrical reciprocating machine. 

Russian Electrical Engineering, 88 (5), 259–264. doi: https:// 

doi.org/10.3103/s1068371217050054 

12.	 Kolpakhchyan, P., Zarifian, A., Andruschenko, A. (2017). Systems 

Approach to the Analysis of Electromechanical Processes in the Asyn-

chronous Traction Drive of an Electric Locomotive. Studies in Sys-

26.	 Hulakov, S. V., Burlaka, V. V., Podnebenna, S. K., Mostynets, O. L. 

(2014). Pat. No. 109219 UA. Dzherelo zhyvlennia dlia duhovo-

ho zvariuvannia zminnym strumom. No. a201403963; declareted: 

14.04.2014; published: 27.07.2015, Bul. No. 14.

DOI: 10.15587/1729-4061.2019.181117

PROCEDURE FOR MODELING DYNAMIC PROCESSES 
OF THE ELECTROMECHANICAL SHOCK ABSORBER 
IN A SUBWAY CAR  (p. 44-52)

Borys Liubarskyi 
National Technical University «Kharkiv Polytechnic Institute», 

Kharkiv, Ukraine
ORCID: http://orcid.org/0000-0002-2985-7345 

Natalia Lukashova 
O. M. Beketov National University of Urban Economy,  

Kharkiv, Ukraine
ORCID: http://orcid.org/0000-0002-5556-241X

Oleksandr Petrenko 
O. M. Beketov National University of Urban Economy,  

Kharkiv, Ukraine
ORCID: http://orcid.org/0000-0003-4027-4818 

Yeritsyan Bagish 
National Technical University «Kharkiv Polytechnic Institute» 

Kharkiv, Ukraine
ORCID: http://orcid.org/0000-0003-0579-3882

Yuliia Kovalchuk
Higher State Educational Institution “Banking University”, 

Kharkiv, Ukraine
ORCID: http://orcid.org/0000-0001-5122-4408

Liliia Overianova
National Technical University «Kharkiv Polytechnic Institute», 

Kharkiv, Ukraine
ORCID: http://orcid.org/0000-0002-4827-572X

A procedure has been devised for modeling the dynamic pro-

cesses in the proposed structure of an electromechanical shock 

absorber. Such shock absorbers can recuperate a part of the en-

ergy of oscillations into electrical energy allowing the subsequent 

possibility to use it by rolling stock. The procedure is based on 

solving the Lagrange equation for the electromechanical system. 

The model’s features are as follows. The model takes the form of a 

Cauchy problem, thereby making it possible to use it when simu-

lating the processes of shock absorber operation. Two generalized 

coordinates have been selected (the charge and displacement of the 

armature). The components of the Lagrange equation have been 

identified. Based on the results from magnetic field calculation 

and subsequent regression analysis, we have derived polynomial 

dependences of flux linkage derivatives for the current and linear 

displacement of an armature, which make it possible to identify a 

generalized mathematical model of the electromechanical shock ab-

sorber. The magnetic field calculations, performed by using a finite-

element method, have allowed us to derive a digital model of the 

magnetic field of an electromechanical shock absorber. To obtain its 

continuous model, a regression analysis of discrete field models has 

been conducted. When choosing a structure for the approximating 

model, a possibility to analytically differentiate partial derivatives 

for all coordinates has been retained. Based on the results from 

modeling free oscillations, it was established that the maximum 
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