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The object of study is electromagnetic processes in the electromagnetic technologies
tools of automobile transport repair: induction heating systems with ferromagnetic cores
and systems of magnetic-pulse attraction of thin-walled metals with "direct current
passage".

The subject of study is methods to increase the efficiency of electromagnetic tools
for automobile transport repair, based on the introduction of ferromagnetic cores in
induction heating devices and the use of Ampere's law in magnetic-pulse attraction
systems with "direct current passage".

This thesis is devoted to further development of progressive technologies of
automobile transport repair, from base elements of aggregates to body panels, using the
energy of electromagnetic fields increasing the effect intensiveness on metal region
caused by adding into repair-tool construction ferromagnetic cores, and also implementing
of magnetic-pulsed attraction with “direct current passage” through the processing object.

Practical interest to electromagnetic repair methods is driven by their effectiveness
in solving difficult technological tasks, such as flattering of vehicle bodies without any
damage to their polish layer or its direct disassembly, which is higher than traditional way
to manage same processes. Nowadays induction heating has not only industrial usage, but

it is also production technology with many advantages under sustainable attention of



researchers. Development of new effective tools based on interaction between
electromagnetic fields of source and processing object, analysis of processes in equal
systems and search of ways to optimize the technology, all this and even more present the
scientific novelty of the given thesis.

In the presented dissertation has been conducted analysis of induction heating
technology and tools for its realization which allows indicating the real opportunity for
increasing magnitude of induced currents and velocity of processing operation at the same
level of energy by additional ferromagnetic cores in tools construction. Physically, such
solution helps to decrease the dissipation of electromagnetic fields and concentrate them
in local direction on processing metal region.

There has been investigated the effect of magnetic properties of inductor-tool inner
space filling on electromagnetic processes in working metal object — massive billet and
thin sheet metal, which were considered in two totally opposite physical idealizations:
“transparency” for electromagnetic fields and superconductivity. The real problem of
metal processing by electromagnetic effect is between them. In case of massive metal
object, it is possible to reach “perfect” conductivity because it is corresponding rather high
frequencies mode when an abrupt skin-effect takes place. But at the same time metal
“transparency” depends on strict fulfillment of at least one of two conditions. The first is
metal unit electrical conductivity that is tending to zero (y; — 0) which rather corresponds
not to a conductor, but to a dielectric. Or the second one is exciting signal frequency that
Is tending to zero (w — 0) which rather corresponds to direct current in the inductor
winding, when any induction effects are not possible. However, the idealization of
"transparency" is interesting for practical reasons because, though qualitatively, it sets
possible benchmarks for the implementation of induction heating of massive and poorly

conductive objects.



It has been determined that the dependence on magnetic properties of the selected

media, inductor and metal being processed is determined by the factor g - Hr2
(2}
Hry
Its value establishes the effect of magnetization on the excitation process of induced
current in the metal sample.

The issue of thin-walled metal processing is a bit opposite than of massive one;
some kind of “transparency” can be reached in the assumption of its rather low
conductivity, due to the real values of unit electrical conductivity it is super low
frequencies mode.

The analytical conclusion of the tool design with ferromagnetic core effectiveness,
determination of the proportionality factor between the maximum densities of excitation
and induced currents, which value defines the energy transformation in the investigating
system “inductor — processing metal”, also corresponding experimental researches are
testify to achievement of the set purpose of the dissertation thesis.

A separate part of the dissertation research is the magnetic-pulse attraction of sheet
metals with “direct current passage” through the object of processing. Currently, there is
not much information about research on this topic.

Analysis of magnetic-pulse methods of force, based on the attraction of specified
areas of sheet metals, showed the demand for electromagnetic technologies for the
restoration of vehicles and the need for their further development through the introduction
of new tool designs.

Analysis of the effectiveness of non-contact magnetic pulse attraction tools based
on the manifestation of magnetic properties of processed metals or on the force interaction
of induced currents, showed the need to create new tools where attraction can be done by

"direct current passage" through a given section of sheet metal.



The scientific novelty of the dissertation research is in the following statements.

1. For the first time, it is proposed to use of ferromagnetic cores in induction
heating tools for the repair of automobile transport has been proposed, which leads to
increased amplitudes of excited fields, increased intensity of thermal processes and
reduced heating time of processing objects.

2. For the first time, it is proposed to use magnetic-pulse attraction with "direct
current passage"” through the treatment object to remove dents instead of mechanical
analogues with a lever system for removing damaged areas of sheet metal, which
significantly simplifies repair technology, reduce time and cost.

3. The theory of electromagnetic and thermal processes in massive and thin-
walled sheet metals in the presence of a ferromagnetic core in the design of induction
heating tools was further developed, which allows performing numerical estimates
necessary for designing real effective repair tools.

4, Analytical approaches to theoretical models of electromagnetic processes in
the working areas of tools with "direct current passage" have been further developed,
which allows the performance of numerical estimates necessary for the design of real
effective car body straightening tools.

5. Experimental models of the developed samples of electromagnetic
technologies tools are successfully tested for automobile transport repair, both induction
heating, and attraction with "direct current passage" that successfully allows to carry out
reliable calculations of tools designs parameters for performance of real production
operations.

The results of the dissertation research were used at Kharkiv National Automobile
and Highway University in the framework of research work on the state budget topic
“Universal tools of non-alternative electromagnetic technologies for repairing steel and
aluminum elements of vehicle structures (inductor systems with attracting screen)” (the
state registration number Ne 0117U002402, 2017-2018).



The developed systems of induction heating and magnetic-pulse processing have
been tested at the enterprise “AVTODOM KHARKIV LLC”. The technical novelty of the
developments is confirmed by 2 patents of Ukraine.

Also, the results of the dissertation are used in the educational process of Kharkiv
National Automobile and Highway University in teaching the disciplines “Fundamentals
of technology of production and repair of automobiles” and “Electric machines”.
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