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INDUCTION HEATING IN HISTORY AND DEVELOPMENT.
APPLICATION IN MODERN TRANSPORT REPAIRING TECHNOLOGIES
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Abstract. The technologies used in repair of vehicles were analyzed in the given paper. The shortcom-
ings of the mechanical repair methods in question can be solved by using induction heating. Analysis
of the stages of development and implementation of induction heating in industries showed effective
performance of this technology and its opportunities for further improvement. An alternative repair
technique, which consists in using induction heating, was proposed.
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VWHJIYKIIMOHHBIN HATPEB B UCTOPUHU U B PA3BBUTHUU. UCIIOJIb30BAHUE
B PEMOHTHBIX TEXHOJIOT'UAX COBPEMEHHOI'O TPAHCITIOPTA

1O.B. barbirun, npog., 1.1.H., O.C. Cadokapsn, acm.,
B.A. CtpesbHukoBa, aci.,
XapbKOBCKM HAMOHAJIbHBIA ABTOMOOUIbHO-10POKHbIN YHUBEPCUTET

Annomanusa. Ilposeden ananus cyuecmayowux peMoHmMHbIX MEXHOL02ULL MPAHCHOPMHBIX CPEOCHB U
agmomoounell, 8 YACMHOCMY, ¢ MOYKU 3PEeHUsi HeOOCMAMKO8, KOMOopble Peularomest GHeopeHuem 8
MEeXHOI02UI0 peMORMAa UHOYKYUOHHO20 Hazpeada.

Knrwouesvie cnosa: unOykyuoHHulil Hacpes, sbinpsmienue eMAMUH, UHOYKMOp, Memaiiooopabomka,
moxu DyKo, mexHonI02usi peMOHmA.

THIYKIIMHAM HATPIB B ICTOPIi TA ¥ PO3BUTKY. BUKOPUCTAHHS
B PEMOHTHUX TEXHOJIOT'IAX CYYACHOI'O TPAHCHOPTY

1O.B. barturiu, npod., a.1.H., O.C. Ca6oxkap, ac.,
B.A. CtpenbHikoBa, aci.,
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Anomayia. Ilposedeno awnaniz iCHYIOWUX PEMOHMHUX MEXHOAO2I MPAHCHOPMHUX 3Aco0i8 mda
asmomo0inis, 30kpema, 3 MOUKU 30py HeOONIKi8, SKI UPIULYIOMbCS GNPOBAONCEHHAM V MEXHONO2II0
peMOoHmY iHOYKYItIHO20 HA2PIs) .

Knrouoei cnoea: inoyxyitinuil Haepie, SUPIGHIOBAHHS 6M SIMUH, THOYKMOP, Memanooopoobka, cmpymu
DyKO, MEXHONO02IsL PEMOHMY.

Introduction induction heating process — this is heating of

metal objects, called blanks by electric currents.

Recently, the interest towards induction heating Those are induced by the alternating magnetic
in household instrument making and repair field of the inductor (a single-turn or multi-turn
technologies of motor transport has sharply in- solenoid). Relevant proposals of compact multi-

creased. First of all, it is necessary to define the functional equipment have taken place on the
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websites of foreign and native companies. Thus,
to remove small dents on the vehicle body
covering surface, a contemporary straightening
method is proposed. It is realized by metal
shrinking when the residual internal stresses are
removed due to heat release during the action of
eddy currents. Also, the induction heating here
described above is effective enough for discon-
necting threaded connections due to their expan-
sion and the contact corrosion layer destruction.

Analysis of publications

The eddy currents flowing is accompanied by
the Lenz-Joule heat generation, which leads to
the metal object heating [1]. This effect has
found wide application in the industry for per-
forming a huge number of production opera-
tions, for example, hardening of metal parts sur-
faces, contactless liquids heating, the metals lev-
itation melting, etc. [2, 3]. In addition, it hase
found application at service operations like
stickers removing, dismantling of the back and
front glass in the modern cars that are also car-
ried out by the help of induced Foucault cur-
rents, the thermal energy of which destroys the
adhesive layers [4, 5].

Nevertheless, the existing traditional methods of
the nodal connections repairing in vehicle de-
signs suggest the open fire sources use [6]. At
the same time, it should be noted that the mod-
ern methods of repair using induction heating
have appeared recently as the market offer.
Namely, there appeared such information in the
Internet — not earlier than 2009-2010, concer-
ning the repair equipment of European manufac-
turers [4]. Ukrainian electrotechnical companies
presented their designs only in 20142015 [5].
At the same time, information about the author's
developments of induction heating systems for
vehicles repair appeared on the site of the La-
boratory of Electromagnetic Technologies of
Kharkiv National Automobile and Highway
University [7].

It should be noted that induction heating systems
advertisement of American companies appeared
somewhat earlier. For example, the «induction
heating system» had been presenting its devel-
opments in the Internet for 15 years [8, 9]. How-
ever, it cannot be used as devices designed for
vehicle repair technology. The goal-oriented
nature of these proposals could be generalized to
the restoration of the element base of vehicles
only after substantial constructive processing.
The repair specialization of the American manu-

facturers equipment for induction heating as ap-
peared much later [10].

The origins of the induction heating include
great discoveries in the area of electrical engi-
neering. This is M. Faraday's (1791-1867) elec-
tromagnetic induction discovery. «When a con-
ductor moves in the field of a magnet, the EMF
is induced in it, or that is the same when the
magnet moves around the conductor contour.
This current is called induced. Moreover, if a
magnet is entered into the circuit, the one direc-
tion current is induced in it, and if the magnet is
got out the, current of the other direction ap-
pears. The discovery of Faraday led to new sci-
entific results in the area of electrical engineer-
ing [11]. The final theoretical substantiation of
interaction of the electromagnetic field was giv-
en by JC Maxwell (1831-1879) [12]. The ideas
of Maxwell and Faraday were confirmed by the
works of G. Oersted, who discovered a conduc-
tor with a current and magnetic field around in
1820. And also A. Ampere, who discovered the
effect of mechanical attraction and repulsion of
conductors with a current flow. G.S. Om gave a
description of the relation between the electric
current and the resistance of conductor, obtain-
ing all known Physics laws. The mathematical
relation between the currents value and the re-
sistance of the conductor was formulated by
J. Joule (1818-1889) in 1840 (Law of Joule)
[12]. Relying on these laws, V. Siemens in 1867
justified the principle of electric generator and
engine and initiated electromechanical construc-
tion [13]. A bit later, N. Tesla (1856—1943) dis-
co-vered the phenomena of a running rotating
electromagnetic field and proposed the idea of
the first generator of two-phase current in 1882.
He came close to the designs of multiphase AC,
developed the first transformer and received a
high voltage source at high frequency, which
subsequently led to the appearance of powerful
alternating current generators and ensured the
development of electromagnetic heating [14].

The purpose and problem statement

The aim and main problem of the article consist
in comparative analysis of the effectiveness of
existing vehicles repair technologies using the
technologies based on induction heating. In
addition, induction heating is presented as an
alternative method that contributes to improving
the quality of repair operations.
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Existing vehicle repair technology

Before proceeding to describe directly the car
units repair, it is necessary to define a diagnosis
and determine which type of damage the dam-
age in question relates to. Traditionally, such
defects of body structures are:

— mechanical (dents, protuberances, bends, etc.)
damage;

— corrosion;

— changing of geometry;

— destruction of welds;

— cracks, etc.

Correction of such defects acquired provides for
work on leveling, drawing, knocking out and
extruding the csections of the structure been de-
formed, as well as welding operations.

The complex of such activity for straightening
requires a large number of devices. For example,
small dents outside on the car body surface can
be straightened by mechanical tools using (lever
and screw mechanisms for moving the pull rod).
But, on the other hand, this method does not
guarantee the complete safety of the part re-
paired, since the rod is fixed either by electric
welding or by glue. In both cases, the integrity
of the top paint layer is under question. Also,
straightening can be carried out with the help of
reverse vacuum or pneumatic hammers, or man-
ually. In such cases, the quality and efficiency of
the straightening work depends entirely on the
master skills. Rust damages of the car parts can
be removed not only by mechanical cleaning,
but with the help of metal patches applied to the
parts with such a defect by welding. Significant
geometry changes of the surface cannot be cor-
rected without the use of special tools and stands
robotized.

Thus, the main disadvantage of traditional repair
methods consists in the open fire tools using.
The objects to be repaired are heated by an open
external flame, after which, as a result of ther-
mal expansion, the bonds between semidetached
structural components are weakened. Here are
mentioned threaded joints with pressed compo-
nents, etc. There is also a straightening tech-
nique of small dents with the help of heating the
corresponding parts of the cover surface with its
rapid subsequent cooling. The temperature dif-
ferences excited lead to the appearance of inter-
nal mechanical stresses. Under special condi-
tions, its action leads to the dents removing and
the leveling of the metal surface of the vehicle.

That process becomes extremely fire hazardous,
since there appears harmful evaporation; there is
a high probability of damage of the repair unit or
the body element, as well as the entire vehicle.
There is a need for a large number of different
expensive equipment conditioned by the lack of
universality of such technologies use. In addi-
tion, the human factor is also a significant dis-
advantage.

Induction heating technology in modern
repair techniques

As an alternative to the technologies described
above, it is possible to propose a method that is
carried out with tools based on induction heat-
ing. Heating with the help of eddy currents of
Foucault allows to concentrate heat processes
efficiently in the area defined with a minimum
deviation out of its boundaries. Dissipation of
thermal energy is small enough, which allows to
implement a sufficiently rapid heating of the
object of electromagnetic influence. The main
condition required for the appearance of induc-
tion currents is the presence of closed loops for
its flow. The implementation of this requirement
must be provided by the proper inductor placing
with respect to the conductive elements of the
heated object.

The induction heating tool is an inductor that
takes the form of is a flat circular or extended
cylindrical solenoid. The tool with its working
surface is laid on the heating element. It is also
possible to place it in the internal cavity of the
instrument.

Physically, the «inductor-heated metal» system
is a current transformer whose primary winding
is the inductor winding, the secondary winding
is the metal heated. The first and most signifi-
cant advantage of repair technologies with the
induction heating use is the absolute absence of
open fire. First of all, this circumstance com-
pletely excludes possible ignition with on going
consequences, as well as also emphasizes all
disadvantages of the traditional methods of re-
pair that can be solved by induction heating.
Effective realization of induction heating ac-
cording to practical performance of this opera-
tion means the maximum possible heating
within a minimum period of time. The efficien-
cy in this case is the maximum heating rate
achievement of the object processed. Conse-
quently, the heating efficiency being distracted
from the geometric and electrophysical charac-
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teristics of the processing object is carried out
by a maximum of the current transformation
coefficient or by a sufficiently high level of
electromagnetic coupling between the compo-
nents of the «inductor-heated metal» system. It
seems that a priori, from phenomenological con-
siderations, it is possible to increase the intensity
of the currents induced if the metal heated is
placed in the internal cavity of the inductor,
where the magnetic field excited is concentrated,
or if a ferromagnetic is introduced into the in-
ductor structure. Both proposals ultimately lead
to an increase of the level of electromagnetic
coupling between the source of the field and the
processed object metal.

Conclusions

The existing problems of repair technologies
was analyzed. Analysis of the existing technolo-
gies disadvantages shows that the induction
heating tools application solves it with minimal
cost and maximum efficiency for this type of
repair work. To implement such operations as
dent straightening on the car body, dismantling
of pipe joints or a connector of rusty screwed
connections, the induction heating system is re-
quired and a set of tools in the form of inductor
systems. In addition, the proposed improvement
of repair technologies is safe for the environ-
ment, saves material and energy resources.
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