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MAGNETIC PULSED PROCESSING OF METALS FOR ADVANCED TECHNOLOGIES
OF MODERNITY - A BRIEF REVIEW

The aim of the article is dedicated to the brief review of the main achievements of the advanced technologies with usage of the
energy of the pulsed magnetic fields. Originality. The new suggestions are represented. They are based on the results of develop-
ment of the new scientific direction in area of the magnetic pulsed processing of thin-walled sheet metals when a penetration of
the acting fields is quite significant. The known traditional approaches based on the skin-effect in electrodynamics and were suc-
cessfully implemented. Methodology of the analysis consist of careful theoretical and practical experiments review and its future
development. Results of the research based on the existing experimental approbation were presented visually with the description
followed The known approaches to solution actual production problems based on the skin-effect in electrodynamics are described.
Practical value. The first of practical propositions is related to stamping of the drawing the printed circuit boards on the cooper
foil with thickness about ~50 mkm. This operation is realizing by the forces of magnetic pressure directly without any supple-
ments introduction. The second consists in usage the magnetic pulsed attraction for external removing the dents in the car body.
This operation does not demand disassembling of elemental base and allows preserving the paint of coverings. Both of these
technologies could to minimize the working time, to decries the volume of the waste products and to make the manufacturing
existed much cheaper. References 10, figures 3.
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Paboma noceawena Kpamrkomy 0030py 0CHOBHBIX OOCUICEHUIL REPEOOBLIX MEXHONOZUI ¢ UCNOIb306AHUEM IHEPZUU UMNYIILC-
HbIX MazHUMHBIX noeil. Onucansl U3gecnHvle MPAOUYUOHHbIE NOOX00bl, OCHOBAHHbBIE HA CKUH-)(hheKma 6 IneKmpoouHamuKe
u ovLu ycnewno peanusosanst. Ilpeocmasnenst nogvle npednodcenus, 0CHOBAHHbIE HA PE3YTbMAMAX PA3GUMUSL HOB020 HAYY-
HO20 HanpasieHus 6 001ACMU MAZHUMHO—UMRYIbCHOI 00PAOOMKe MOHKOCHEHHBIX JIUCHOBbIX MEMAI06, KO20A NPOHUKHOGe-
Hue Oeiicmeyloujux noneii secoma cyuwjecmeenno. Ilepsoe uz rmux npeonoxyncenuil céA3aH0 ¢ OMMUCKOM PUCYHKA NeYAMHBIX
naam Ha MeOnou onvze MoAWUHON 0K00 ~ 50 MKm. Ima onepayusn peanuzyemcs CUIAMu MAZHUMHO20 0A81eHUSL Henocpeo-
cmeenno. Bmopoe npeonosicenue 3axknouaemcs 6 ucnonb306anuu MaZHUMHO20 UMARYIbCHOZ0 RPUMANCEHUA O BHEUWHE0 YOa-
JIeHUs 6MAMUH 6 KY308€ A8Momoduns. Ima onepayus ne mpeoyem 0eMOHmMAd CA IIEMEeHMHOU OA3bl U NO360IAEM COXPAHUMD

Kpacky nokpetmuii. bu6n. 10, puc. 3.

Knouesule crosa: MAarHUTHO-UMIIyJIbCHAsA 06pa60T1<a, oﬁpaﬁonca METAJLJIOB, OTTUCK NMEYATHBIX IJIAT, BHEIIHASA PUXTOBKA.

Introduction and publications analysis.

The ecology, economy of resources and energy are
the most sharp problems among the main problems of
modernity. Discussion of what is the first one, what is the
second one, and what is the third one has no sense. The
different viewpoints may consider these problems, as they
want. The main thing is in answers for questions: where
energy and material resources can be taken, and how to
preserve our environment for the next generations?

Solving these problems will define the future of the
all Humanity.

The practical usage of energy of the pulsed electro-
magnetic fields (in the other terminology this is the «Elec-
tromagnetic Metal Forming» — «EMF») opens exclusive
perspectives for creation of advanced technologies for
processing of the materials of any physical nature. They
have the doubtless advantages, among which there are
ecological purity, low energy consumption, economic
expenditure of the material resources, at last, high speed
of the manufacture process.

A scientific technical information about the mag-
netic pulsed metal working (EMF) appeared beginning in
the fifties year's end of the last century. First magnetic
pulsed equipment for processing the tubular objects was
demonstrated by «General Dynamics Corp» in Geneva at
the Nuclear Energy Peaceful Usage Exhibition in 1958.

The intensive development of the magnetic pulsed
technologies was continued till beginning of eighties ap-
proximately. The next fifteen - twenty years may be char-
acterized by decreasing of the interest to the processing
field methods. There were many different technical and

social obstacles. They are not interesting and should not
be announced. But at the beginning of 2000th the mag-
netic pulsed processing technologies are again attracting
attention of the industrial manufacture. The quantity of
the science-practical publications essentially increases.
They are devoted to elaboration and practical usage of the
magnetic pulsed technologies in different branches of
industrial manufacture in USA, Germany, France, Swe-
den etc. There are many reasons of the increasing interest
to the magnetic pulsed methods. The new alloys appeared.
They had some unique properties which may be displayed
in the pulsed action only. For example, hyper-plasticity
property was among them, when the relative deformations
may reach ~200 %.

For the time being worsening of the natural condi-
tions for the Humanity is one of reason of the high inter-
est to the magnetic pulsed technologies. The world public
is worried by exhausting of the natural resources, by pol-
lution and poisoning of the Planet Earth. The Humanity
owns by the known high productive technologies in the
different areas of activity. But increasing of the work pro-
ductivity becomes not a main problem of the Science
Technical Progress. The ECOLOGY, RESOURCES and
ENERGY SAVING are becoming by the main problems.

There are many European and American publica-
tions of the different authors devoted to the description of
magnetic pulsed working metals, for example [1]. But the
most of them are not acquainted with achievements of the
former soviet schools (in the main question is about the
Russian language scientific literature!) which was one of
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the first in this area of the SCIENTIFIC TECHNICAL
PROGRESS [2]. That is why the main attention of this
article will be concentrated on the publications of the sci-
entists from former Soviet Union.

Purpose of the article is to make a brief review of
the main achievements of the advanced technologies with
usage of the energy of the pulsed magnetic fields.

Main equipment for the magnetic pulsed metal
processing. The distinguishing particularity of the meth-
ods of the field action is an absence of any immediate
contacts with processed object. The practical sense of this
particularity becomes obvious, for example, in compari-
son the mechanical processing and electromagnetic
stamping. The electromagnetic stamping is being realized
without any puncheon (striking element!). The pressure
forces are appearing during interaction of the field with
metal of the conducting work-piece. Nevertheless, as it is
in mechanics for the technological operation realization
the two main components are necessary. These are a
source of energy and the tool. The energy source is a sys-
tem of the high voltage. In the special technical literature
it was named «THE MAGNETIC PULSED
INSTALLATION». The tool is a complex consisting of
the generator of the field which is named «INDUCTOR»
and a processed work-piece. In the whole, the present
complex is the INDUCTOR SYSTEM.

Should mark if the energy source (the Magnetic
Pulsed Installation!) is an universal element of equipment
in different production operations, but the tool of the
method has to be created for implementation of a particu-
lar manufacturing operation only. Thus, the MAGNETIC
PULSED INSTALLATION plus the INDUCTOR
SYSTEM are the necessary components of the technical
equipment for the metal working with help of the energy
of the pulsed magnetic fields [3](see Fig. 1).

Some implemented and new advanced technolo-
gies. First of all a brief information about the traditional
implemented magnetic pulsed technologies should be
given [1-3].

In the special literature there is some general
adopted classification of the technological operations. It
defines belonging to three of the possible scheme of their
practical realization.

The first group unites the manufacturing processes,
which are being fulfilled according to scheme what was
named as «COMPRESSION». The magnetic pressure
forces are directed to a system axis. They are working for
compression.

The second group includes the production operations
which were named «kEXPANSION» according to the type
of deformation of the work-pieces. In this case the
INDUCTOR (tool!) was placed in inner cavity of the
work-piece. The magnetic pressure forces are directed
from the system axis. They are working for expansion.

The third group of operations is realized according
to scheme what was named as «FLAT SHEET
STAMPING». In this case the inductor and work-piece
are the parallel flat objects divided by insulating inserts.
The magnetic pressure forces are directed from inductor
to work-piece. They are working for repelling. The last
remark demands more precision. The last experiments
showed that under decreasing of frequencies of the acting

magnetic fields the pressure forces are changing their
direction. They are working for attraction the sheet work-
piece to inductor. For the first time this phenomenon was
displayed and described by scientists of the National
Technical University «Kharkiv Polytechnic Institute»
Professors Yu.V. Batygin, V.I. Lavinsky and L.T. Khi-
menko for a flat variant of the INDUCTOR SYSTEM. It
may be suggested this phenomenon would appear and in a
case of the known cylindrical constructions of the tools
under some fixed conditions too. But should mark that it
is hypothesis only. A final conclusion demands its ex-
perimental confirmation.

Fig. 1. The technical equipment created in the National Techni-
cal University «Kharkiv Polytechnic Institutey» (Ukraine) for
processing of the tubular work-pieces: a) it is the massive single
turn INDUCTOR; b) it is the MAGNETIC PULSED
INSTALLATION MIU-24 (the stored energy is ~ 24 kJ)

The given classification is general one. In its turn
each of the distinguished schemes may be divided by sub-
groups with more detailed any separate properties. All
magnetic pulsed schemes which were pointed out above
allow fulfilling not only different assemblage and separa-
tion in the production operations. The cold welding, all
necessary and possible combinations of the schemes
which were distinguished have to be mentioned too.

For example, the known compression of the cable
tips is a clear illustration of the effective assemblage. A
wire is being put into a cavity tip of the body. Then the
body is being compressed by the magnetic pressure. Iden-
tically, not only cable tips for electrical engineering ele-
ments but also the tips onto flexible hoses, ropes etc. can
be compressed by this way too. A quality of this connec-
tion is very high. Its strength till destruction, is not lower
then analogical index for the material of the cable, rope,
wire, as a rule.

36 ISSN 2074-272X. Electrical Engineering & Electromechanics. 2016. no.5



The schemes of «compression» or «expansion» al-
low realizing the strength connections of the metal details
with elements of glass, ceramics and other non-metal ma-
terials. Connection of metal with a non-metal by the mag-
netic pulsed action provides a high density and reliability
of the connection, increasing the working exploitation
characteristics in many cases.

All above enumerated the magnetic pulsed schemes
of force action allow realizing the cold welding of not
only the identical metals but also different ones (alumi-
num-cooper, aluminum-steel, cooper-steel etc.). For
qualitative welded connection of the work-pieces their
speeds of the movement in the opposite directions must
have maximum values. In this case a mixed boundary
layer of the metals is appearing during their clash at the
expense of the inertial effects.

Some production operations for quite big areas on
the flat metal sheets have to be distinguished particularly.
Usually they are being fulfilled in accordance with
scheme of the «flat sheet stamping». The most successful
among them are forming of membranes, stamping of the
automobile and airplane components, the pictures and
inscriptions minting. These operations characterize possi-
bilities of the magnetic pulsed action for processing of the
quite large-scale articles of the ordered shape. In depend-
ence on the energy-capacity of equipment a dimension of
the processed area may be increased to ~0.2 m®.

Finishing description of the typical and successful
magnetic pulsed technologies, should point out that all
adduced examples had been implemented practically for
the metals with high value of the specific electrical con-
ductivity. The processing is being fulfilled under condi-
tion of the skin-effect regime when the field penetration
processes through the work-piece are not essential and
they do not decrease the magnetic pressure forces.

The scheme of the traditional magnetic pulsed proc-
essing demands some supplements to design of the tool
when the question is about deformation of the bad con-
ductors or enough thin metal objects.

The most effective supplement in the inductor sys-
tems turned out usage of the «sputniks» together with
elastic transmitting inserts. This solution suggests place-
ment (for any scheme of the magnetic pulsed action!) by
layers: the inductor - the good conductor (it is the «sput-
nik»!) - the elastic insert which is transmitting the force
action on the object of processing. The magnetic pres-
sure is acting on the well conducting «sputnik». This
pressure is being transmitted on the work-piece through
elastic insert. Usually, the «sputnik» is made from a
cooper. Some special sorts of rubber are being used as
transmitting inserts. As well, some liquids may be used
for this goal.

The usage of «sputniksy at the radio manufacture al-
lows successful to fulfill some production operations for
stamping small flat details and to print quite complicated
picture on the cooper foil for fixing of different compo-
nents of radio apparatus.

In spite of successful usage «sputniks» for solving
many production problems this technical solution essen-
tially decreases effectiveness of the process deforming
and excludes the non-contact force action on the work-

piece what is the main advantage of the magnetic pulsed
metal processing.

Unlike the known methods of processing massive
conductors in the skin-effect regime the qualitatively new
direction in the magnetic pulsed working of metals pro-
vides the intensive non-contact force action on thin-
walled metal objects (practically, the «transparent» for
magnetic fields!) was founded and was formulated in the
works of scientists of the National Technical University
«Kharkiv Polytechnic Institute» at beginning of the last
century. Its physical essence consists in creation of the
demanded spatio-temporal distribution of the acting mag-
netic field in the metal work-piece [3, 4].

The investigations of processes of the force interac-
tion between the pulse magnetic fields and thin-walled
(«transparent» for acting fields!) conductors led to the
patented technical solutions for designs of the inductor
system which permit the practical realizing the most im-
portant production operations in the modern industrial
manufacture.

The new progressive technology of the magnetic
pulsed stamping the printed circuit boards for the electri-
cal engineering devices was suggested for the first time.
This operation for stamping of the conducting drawing in
the charging-rectifying device of the micro-calculators
«Electronicsy was tested experimentally. The positive
results were got. The experimental specimens are repre-
sented on Fig. 2.
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Fig. 2. The experimental specimens of the printed circuit boards
conducting elements which were stamped in the cooper foil with
thickness ~ 50 mkm by the magnetic pulsed pressure:

#1 — it is the drawing in the cooper foil;

#2 —it is the ready-made printed circuit board

The principle action of the inductor system was
based on the phenomenon in the electrodynamics. Its es-
sence consists in what the packet of the flat electromag-
netic waves does not penetrate practically through thin-
walled conductive screens into the free space. Techni-
cally, this phenomenon is being realized with help of the
inductor system where a drawing in a foil sheet has to be
stamped with help of a dielectric die.

Should mark what the practical usage of the sug-
gested inductor systems is not limited by stamping of
printed circuit boards from the cooper foil only. The ac-
cepted principle action permits realizing the effective
magnetic pressure on the thin-walled objects from the
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wide class of metals with different electrophysical and
mechanical characteristics.

Continuing discussion of processing the thin-walled
metals should particularly distinguish a clear example of
new usage of the electromagnetic energy under low fre-
quencies of the acting fields. A question is about a practi-
cal realization of the magnetic pulsed attraction of the
sheet work-pieces under excitation of the electrodynamic
forces.

For the first time at 2004 the scientists from the Na-
tional Technical University «Kharkiv Polytechnic Insti-
tute» (Professors Yu.V. Batygin, V.I. Lavinsky, L.T.
Khimenko) had watched an interesting phenomenon. The
question is about the force action of the pulsed magnetic
fields with enough low working frequencies on the steel
specimens. As it followed from experiments, decreasing
of the frequency till a definite limit was leading to the
work-piece attraction in direction to the working surface
of the single turn inductor-tool. The question is about the
deforming and pulling out of a part of the sheet metal [5].

A practical application of the displayed effect may
be an operation for the dent removing on the body car
without any mechanical contacts with it and without pos-
sible damages of their outer painted coats. Should mark
the more deep sense of this direction of the magnetic
pulsed working metals. It consists in essential widening of
possibilities of the force action with help of the energy of
the electromagnetic fields. A combination of the magnetic
pulsed repelling and the magnetic pulsed attracting can
give absolutely new solutions for creating absolutely new
flexible progressive technologies of the future.

Let us stop on the attraction for the dent removing.
For the time being some positive results have a place here
already. Some experimental results could be illuminated
more in detail [6, 7].

Many technical solutions for the outer magnetic
pulsed flattening of the airplane are known long ago. The
most practical and interesting suggestions in this area are
belonged to the American engineers from the «Boeingy,
«Electrolmpact» and «Fluxtronic». As it follows from
their publications the attraction could be realized with
help of a single turn inductor with two pulsed currents of
the different frequencies [8, 9].

Should mark the suggestion of the magnetic pulsed
attraction with help of superposition of «slow» and
«quick» magnetic fields had been discussed in the works
of the former soviet scientists too [3].

The physical essence of these both suggestions is
identical. Eventually they are based on superposition of
the magnetic fields with low and high frequencies which
are excited in the inductor system.

The technical level of these ideas for practical reali-
zation is approximately identical too. According to these
suggestions the real devices for the magnetic pulsed at-
traction of the sheet metals must have two synchronized
power sources, the high-voltage and high-current elec-
tronics for the complicated controlling systems, etc. All
these factors are the reasons of a high cost and of low
reliability what decreases essentially a practical signifi-
cance of these elaborations.

The practical usage of the displayed effect of the
steel sheets attraction by the forces of the low-frequency

magnetic fields opens new possibilities for creating
enough simple, reliable and relatively cheap devices for
the magnetic pulsed flattening the sheet metals.

These devices must have the evident advantages.

Among them the following positions may be distin-
guished particularly.

e Any mechanical contacts with a processed surface
are absent, the magnetic pulsed forces are acting.

o The list of the processed metals (steel and its differ-
ent alloys which are being used in the auto branch of the
manufacture) is quite wide.

o Flattening is being realized from the outer side of the
body car without any disassembling what is sure neces-
sary in the traditional technologies.

o The possible preserving of the outer coating (without
any damages!) on the surface being worked.

e There is possibility of the damaged element restora-
tion till the initial state with preserving the existing coat-
ing.

The experimental model of the inductor system al-
lowing to excite the magnetic pulsed attracting forces was
elaborated, made and tested in the real conditions for dif-
ferent specimens of the sheet steels.

The single turn inductor was connected to output of
the magnetic pulsed installation (power source) with en-
ergy stored ~4.5 kJ.

Creating and removing the dents in the different
parts of the metal sheet were fulfilled. One of them will
be removed but other dent will stay for comparison.

The first operation was dedicated to creating the
dents with help of the attraction forces. Two dents with
half-sphere shape with diameter about ~ 0.03 m and depth
about ~ 0.002 m were pulled from the steel sheets after
eight repetitions of the force action.

The next experiment was dedicated to removing of
one of the before created dents on the sheet surface with
help of the attraction forces too. This specimen was
placed on the flat insulated surface of the inductor so that
the interior of existing dent turned out opposite the inner
hole of the inductor. Removing the dent was produced by
the same way as it was created by the magnetic pulsed
attraction.

P g ey v e e AR M W R R
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Fig. 3. The experimental specimen from the sheet steel of the
body car «Mitsubishi» with the painted covering: #1 — is the
dent got by the magnetic pulsed attraction from the assigned part
of the experimental sheet specimen, #2 — is the part of the ex-
perimental sheet specimen with removed dent

After five repetitions the dent had been practically
removed. The surface of the sheet, where it was, had
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become quite smooth. The subsequent magnetic pulsed
attraction would led to appearance of a new dent with
opposite curvature in relation to the initial.

The experimental specimen with initial and removed
dents is shown on Fig. 3.

The main results of the conducted experiments are
the following.

e The energy of the force action what is necessary for
the dent removing is essentially smaller what is necessary
for the dents creating on the smooth surface.

e In fulfilling production operations of the magnetic
pulsed attraction the repetition stability of the got results
was marked . This fact testifies about reliability of the
tested method for the practical application. For example,
it could be external flattening of a damaged body car.

Ending a description of the conducted experiments
should mark that the magnetic pulsed attraction with help
of the presented equipment may be realized for the ferro-
magnetic steels only.

Besides should point out that the practical achieve-
ment not only for steels but and suggestions for non-
magnetic metals are represented on Web Site of Labora-
tory of the Electromagnetic Technologies (Kharkiv Na-
tional Automobile & Highway University, Ukraine) [10].

Conclusions.

The conducted review is briefly illuminating the
main achievements of the advanced technologies with
usage of the energy of the pulsed magnetic fields.

1. The known approaches to solution actual produc-
tion problems based on the skin-effect in electrody-
namics are described. They were demonstrated their
effectiveness in many cases of the practical approba-
tion and were implemented in different branches of the
industrial manufacture.

2. The new suggestions of the magnetic pulsed force
action are represented.

They are based on the results of development of the
new scientific direction in area of the magnetic pulsed
processing thin-walled sheet metals when a penetration of
the acting fields is quite significant. The first of these
suggestions is related to stamping of the drawing the
printed circuit boards on the cooper foil with thickness
about 50mkm. The second suggestion consists in usage
the magnetic pulsed attraction for external removing the
dents in the car body. The operation does not demand
disassembling of elemental base. As well the paint of
coverings may be preserved.
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