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THE PRINCIPLE POSSIBILITIESOF THE FAST-CHANGING MAGNETIC FIELD
FOR THE SOLID PLASTIC DIELECTRICS DEFORMING

Y u. Batygin, professor, doctor of technical sciences, A. Hnatov, associate professor,
cand. eng. sc., E. Chaplygin, associate professor, cand. eng. sc., KhNAHU

Abstract. The paper is dedicated to theoretical study of guilslectromagnetic force action on dielec-
trics based upon the polarization phenomena. Ferréal dielectrics the necessary working frequen-
cies for force deforming are fixed and the actitertical fields are calculated. The real possityilof
usage of the electrical field energy for dielectrprocessing is illustrated.
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INPHHIUITNUAJIBHBIE BO3MOKHOCTH BbICTPOUZMEHAIOINXCSI MAT-
HUTHBIX ITOJIEA J1JIA OBPABOTKHU TBEPBIX IIJIACTUYHbIX JIUIJIEK-
TPUKOB
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Annomayusa. Cmamovs nocéaujeHa meopemuyeckomy UCCi1e008aHUI0 UMNYIbCHO2O INEKMPOMASHUM-
HO20 CUNI08020 6030€UCMEUs HA OUINEKMPUKU, OCHOBAHHO20 HA NOIAPUZAYUOHHBIX dphexmos. [lns
PeAbHbIX OUIIEKMPUKOE (PUKCUPYIOMCSE HeoOX0O0uMble pabouue wacmomovl 0s CUlbl 0epopmuposa-
HUS, U PACCYUmMbLEAlomcs Oelcmeylowue 3neKkmpudeckue noas. Hintocmpupyemcs peanvhas 603-
MOJHCHOCb UCNONIb308AHUS INEKMPUYECKOTU IHepeuu O 00pabomKu OUIIeKMPUKOSs.

Knwuesvle cnosa. UMNYJIbCHOE IJIEKMPOMACHUMHOE 603061/7C7716ue, duaﬂekmpuk, noJiApu3ayuUoOrnHble

aghgpexmoi.

IMPUHIUITOBI MOKJIMBOCTI HIBUAKO3ZMIHIOBAHUX MAT'HITHUX I10OJIIB
JJIA OBPOBKU TBEPUX IVIACTHUYHUX JAIEJTEKTPUKIB

10.B. barturin, npodgecop, A.T.H., A.B. 'naros, npodecop, A.T.H.,
€.0. Yanuuriun, goueHt, k.T.H., XHAJLY

Anomauyin. Cmamms npucesuena meopemuyHoMy OOCHIONCEHHIO IMNYIbCHO2O eNeKMPOMACHIMHOZ0
CUNL0B020 BNIUBY HA OLENeKMPUKU, 3ACHOBAHO20 HA NOIAPU3AYIUHUX ehexmax. [[na peanvHux dienexm-
puxis ¢hixcyromvcsi HeobXiOHi poboui wacmomu Oisi CUIU OeOPMYB8aAHHS, I PO3PAXOBYIOMbCA OitoUi
elekmpudni noas. Lirocmpyemvcs peanbHa MONMCIUGICIb UKOPUCMAHHS eleKMPUYHOi eHepeii 05 06-
POoOKU JieneKmpuKie.

Knrouoei cnosa: imnyibchutl eieKmpomMasHimuull 6naug, OieleKmpux, HOAApU3ayitini egpexmu.

Introduction cond one. The different points of view may ar-
range the importance of these problems as they

The ecology and power engineering are the mainlike. On principle, the business consists in an-
problems of modernity. There is no sense to de-swer on questions, where can the energy be tak-
termine, what it is the first and what it is the se en and how can the environment be kept for next
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generations? The solving of these problems de-The connection between the fields intensities

termines the humanity future. In this connection

can be find from  the equality:

the so named progressive technologies acquireg sy U, (H2=0,5%E,[E> wherep ande

great importance. At the first turn we mean the

manufacture methods with usage of the electro-
magnetic fields energy. Such technologies must

satisfy to requirements of ecological purity, high
productivity and low energy consumption. Two

last facts are closely connected, because the

productivity level defines the level of energy
consumption and vice versa. The justice of this
statement is obvious. In fact, if the productivity

increases at the expense of the articles quantity

growth at each production operation, but not its
velocity, then, ultimately, the energy expendi-
tures for production of one article can be the
corresponding times less [1].

Literaturereview and problem formulation

The practice employment of the pulse electro-

magnetic fields energy opens the exclusive per-

spectives for the development of the new pro-

gressive technologies by processing any raw

materials of any physical nature including die-
lectrics. The plastic deformation and failure of

the dielectric specimens under the power electric
fields influence have been marked in the exper-

iments on the investigation of the insulation
puncture in the high-voltage installations at the
beginning of the 1960's [2].

But it should be marked that some information
about practical usage of any field technologies

by dielectrics processing is absolutely absent in

the modern science literature. In this connection

a research work directed to elaborating the new
methods of dielectrics processing are very actual
and interesting. The aim of the present paper is

to give some first theoretical estimates of possi-
bilities of the electromagnetic field technology
for dielectrics processing.

Theoretical analysis

The main physical statements for the next con-

sideration are based on and taken from the well

known classical science literature sources [3,4].
Mathematical transformation are fulfilled ac-

cording to recommends and rules developed in

the handbook [5].

Supposing that the energy value is the same fo
the dielectric specimen and the metal work-

imagination about the acting fields amplitudes.

r

— are the relative magnetic and electric permea-

bility.
E= \ﬁ 7, CH.
€

whereZ, is the vacuum
sistance,Z, =120t Ohm.

(1)

wave re-

The typical intensity value for the magnetic
pulse metal working constitutes abddt=10’

A/m. SupposingE:1 with the help of the cor-

€
relation (1) we may get the upper value of the
electric field intensity
which is necessary for the dielectric  specimen

deformationE =1, 2010 V/m.

Besides this estimation, the formula (1) permits
to trace the dependence of the mechanical pro-
cesses in dielectrics from their inner properties.

As it is known, the polarization phenomena lies
in the base of the electrical influence forces, to
be more exact - the electrical pressure. The
property to be polarized is being characterized
by the relative electric permeability &~ The
more€ the higher inner field amplitude and the
external electric field pressure becomes more

intensive.

Really, as it follows from the qualitative de-

pendence (1), the deformation of the dielectric
specimens with high value of the relative elec-
tric permeability occurs under the lower intensi-
ties of the external electric field.

The force influence efficiency on dielectric is

being defined by duration of the electric pulse
too. The time parameters of acting fields have to
provide the specimens deformation before the
electrical puncture occurrence.

The main conclusion from the conducted quali-
tative consideration is the statement: on princi-
ple, the methods of the dielectric deformation
with help of the electromagnetic pressure forces
have to be based on the power fields application

piece deformation we can get some approximateWith the enough small duration. The action time

does not have to exceed the discharge and punc-
ture evolution time of the dielectric specimen.

ABTOMObINL | enekTpoHika. Cy4acHi TexHoAorii, 6/2014



13

The more concrete remarks consist in the fol- the view:

lowing:
- the electric intensity value must be by two or- _gle-1) o 2
ders greater than the magnetic field intensity in Fx = 2 HE(L) = EX(O)). “)

the time of the metal working;

- the pulse influence duration must not exceed of ere E(L) and E(0)- are the electric field

the characteristic time value i intensities on the boundary surfaces of the die-

Now we will transit from the qualitative analysis lectric plate.

to the quantitative one. We will calculate the
main parameters of the high-speed force influ-
ence processes on dielectric workpieces in the o
concrete construction inductor system with the
according electromagnetic fields sources.

As it is seen from formula (4), the acting on the
]Jinear dielectric in the non-homogeneous electric
field force is directed to the side of the inteysit
magnitude increase. Quantitatively, the pressure
on the specimen is being defined by the differ-
ence between the electric intensities squares on

At the beginning we will determine the pressure its boundary surfaces.

on a dielectric in the non-homogeneous electric
field. We want to get the common formula
which is analogous one to the well known de-
pendence for the magnetic pulse metal working.

It is obvious, this difference has maximum, if
the field equals to zero on some one surface of
the plate. Besides, the else one conclusion fol-
lows from formula (4): the influence force on
the dielectric does not equal to zerogit1 on-
ly. Speaking by other words the electric field
- : _ _acts on the substances which can be polarized.
E(x) , which changes through the dielectric we have said the pressure would be maximum
thickness only (the according coordinate is X). one if the electric field intensity equaled to zero
The intensity vector direction is arbitrarily. on the one of the specimen surfaces. In this con-
nection the natural suggestion appears after the
In the non-homogeneous electric field each ele-constructive execution of one of the main ele-
mentary volume of the linear-polarized dielec- ments of the inductor system for the electro-
tric experiences the action of the force which magnetic dielectric articles stamping: it is neces-
equals to the sum of all forces applying to eachsary to place the worked billet on the metal sur-
its molecule. The separate dielectric molecule face where the tangent component of the electric
can be considered as the electric dipole polar-field intensity vector will equal to zero.
ized by the external fiel@(x). The acting on ~ The processes analysis in the suggested con-
struction can be conducted with the simplified
model help. In this case we may consider the
fast-changing magnetic field action on the plane
dielectric layer situated on the ideal conducting

dFX =grad (%J )\V/ 2) metal surface.

The problem of the field excitement will not be
considered. It will be the separate investigation
subject.

Let a dielectric plate (infinitely long and wide)
with the thicknessL and the relative electric
permeabilitye is situated in the electric field

an elementary volume force may be described
by the known correlation:

whereP - is the polarization vector.

The field pressure on the dielectric is directed \na will conduct calculations in the Decart rec-

with th_e inner normal vector to i'gs surface (in the tangular coordinates system. We will combine
OX-axis). The pressure value will equal: the plane ZOY with the ideal conducting metal
surface. The dielectric thickness (in the OX-
axis) equal ta.. The model for calculation on
©) Fig.1 is being supposed as the infinite long in
0 the dimensions X and Y. The relative electric
permeability of the layer equals 4o

In the linear approach we may suppose

that P(x) =€, l{e ~1)LE(XY) . If to take onto ac-  |n the area where> L the homogeneous ex-
count it the formula (3) is being transformed to ternal magnetic field exists with the only intensi-
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ty tangent componeritl,, (t) . where A(w) and B(w) are the unknown con-
stants of integrationZ, - is the wave resistance
2 X of vacuum.
A ) The unknown constants in the formula (7) can
?3222323:323&3 be defined with help of the boundary conditions:
%
S « H (@X= 1) = Hyo(0); Ez(,X=0)= 0,
Y A
V whereH,,(w) is the Fourier transform of the

external magnetic field intensity.

Fig. 1. The calculation model of the inductor ) _ )
system element for the electromagnetic Without the intermediate transformations we are

dielectric stamping: the plane dielectric Writing:
work-piece on the ideal conducting metal

surface _ os(ve [k @)X).
Hy (00,X) = Hyo (w) EEOS(\/E X @)[L)’ ©
Z, ., Dsin(ﬁ [k (@)X) |

Je 7 cost/e k @)L)

For the problem solving we will use the integral
Fourier transform. We will look for the non-zero
field components into the dielectric in the fol-
lowing form:

E, (wXx) =

1 % )
T where H,(w) == O[ H,(t) Expict )d .
Hv(t,-X)=_[HY(w,x)Eéprwt)do; vo(©) 2T[_'L vo(t) [exp(iat )
:o © N ill find the elect tic fields i
= . . ow we will fin e electromagnetic fields in-
E2(LX)= ;[, B (@, texp(oot)do; tensities taking in account the formulas (8) and

the function H,,(w)
wherew— is the angular frequency.

15 T cosy/e [k ()X)
Now we will execute the Fourier transform in HY(LX):EJ Hyo (T) cos(\EDk(,o)EL)
the Maxwell equations. After substitution of the N e
formulas (5) and some simple transforming we |*€xpiw¢—1))dolit ;

may get: E, (&, X):;—\/O—DT Hyo (1) .
0°Hy (0 X) 2 =0; o
T+s[ﬂ< (WHy (w,x)=0; x]o sinfve k(@) [expiwf - 1))dold ;
1 Av@x), © 2 cosEk@)L) |
Ey (w,X)=- ’

wlg g, X
Further it is necessary to find the integrals ia th

correlations (9). These integrals
where k(w) is the wave factork(w) =0 1 C— ©) g
c

is the velocity of the light into vacuum. ¢ cosfe [k ()X
= [ SOSHE RO @ 1)
. . “cosie k @)L)
The functions satisfying to the system of the  sine (20)
differential equations are the following: | = .[ sin(Ve k (w) k) Bxpof —1))dbo:
o COSie Ik )LL)
Hy (03, X) = A(w) [Eos{/e Tk 2)x)+
+B(w) BinWe k() X); can be calculated with the residues theory meth-
iz | (7 ol
E, (@, X) = —=2 [ Aw) Bin(/e k() 0¥ -
Je From the analysis of the functions in the inte-
-B(w) [Eos/e [k w)X)], grals (10) we see they have the infinite number
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Ef, t)?i I_s;ﬁnple poles on the real axis (natural- %g(—l)” co{2n+1nl(jx
:iZn4+ Lo (11) H, (t,X) = x_t[HYO(T)sin(oon t-1)dt, (14)
XOD[X, L);
wherew, = jggi andnOZ. Hyo(t), x=L.
@7

> -1 x

n/e

. (15)
2 [H,o ) costs, (-1 )

existence in the real physical system. It means
to regard that the functions poles will be situated FOr the further analysis we will define the elec-

As it is known, the integrals of such view can be E, (t,x) =

the appearance of the positive imaginary part in *Sin

the resolved spectrum frequencies (11). The

not on the real axis, they will lie in the upper tric field intensity on the dielectric boundary
half-plane of the complex variables, where Surface.

calculated if to suppose the small field attention
presence of the positive imaginary parts permits
Im w>0.

In accordance with the Jordan lemma from the

complex variable functions theory the integra-
tion circuit can be closed in the lower half-plane
for (t-1) <0 where the poles are absent.tif (
T) > 0, the integration circuit is being closed in
the upper half-plane where the infinite number
of the simple poles is situated.

If to take in account the integrals (10), we can
get:

0t <T1,xO[0,L];
2l 2, (1 ECO{ Bij(ﬂ)

xsin(, ¢ - 1))t >t ,xO[0,L];
2nd(t -1),x=1L;

2n+1DT
2

whered(t-1 ) — is the Dirac function.

O,t<t,xO[0,L];

200, (-1 [gir{znzﬂmgl’_-‘)x(ls)
n=0

xcos@, €—T)t>TxO[OL];

I,

Now we will find the space-time dependences
for the field vectors excited in the dielectricday
er for the zero initial conditions.

Using the formulas (12) and (13) we are writing:

Substitutingk=L in the formula (15) we may get

Dij. Hyo (T) %

n=0¢

0y Wy g
E, (t,x= L)_T[B/g
xcos, ¢—1))dr.

(16)

If the frequency spectrum has the top limit

c

Jew’

then with help of the formula (8) after the re-
verse Fourier transform and the substitutieh
we will find

w<<

(17)

Ez(t.x=L1)=p [

HYO(t)
0L (1)

The received results should be analyzed.

As it follows from the got formulas, if the spec-

trum limits are absent, the electromagnetic field
is being excited in the dielectric. The intensities
will be presented by the infinite sums of the
harmonics with the frequencies which are the
inversely proportional to the wave trip time

through the dielectric layer with the relative

electric permeabilitg and thicknessk.

In the case of the low frequency excitement the
electric field intensity on the dielectric boundary
surface is proportional to the velocity of the ex-
ternal magnetic field change in the time, to the
layer thickness and does not depend on the rela-
tive electric permeability (the polarization phe-
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nomena). account, that the tangent component of the elec-
tric field intensity will equal to zero on the idea
Let us execute some numerical evaluations. conducting metal surface.

We will begin from the case, when the external In the resonance case we will
field represents by the only harmonic: have,F,,=2,6-16 N/nm?.

Hyo(t) =H, Bin(d). (19) For the low frequency fields the forces ampli-
tudes are less essentialfy,=0,2-16 N/n?.

This harmonic excites on the dielectric surface ) ]
the electric field. Its intensity can be found afte The conducted evaluations are being agreed

substitution (19) in the formula (16): with the preliminary consideration. They show
that the essential dynamic forces appear under of

26, [0 Z the short-time electric fields influence with the
E,(t,x=L)=——F"2[H, x dielectrics. These forces can reach the strength
/e limit of the specimens to be worked. In this case

(Wt w, [ w-w, (20) it is possible their mechanical deforming and
i sm( [ﬂj [Sm( [ﬂj failure even.

X
nzzo W -

Conclusions

As it follows from the (20), ifw=w, the reso-  For the first time some theoretical consideration
nance phenomena will take place for the electric of the electromagnetic deforming plastic dielec-

field E, (t,x=1L). trics is conducted.
For the real dielectrics some diapason of neces-
So, for w=0, 25y, we have sary working frequencies for force deforming is
’ ’ fixed.

The possible amplitudes of acting electrical

2Lz, H,, [ot) Bint). (21) fields are calculated.

nie The real possibility of usage of the electrical

field energy for some technologies of dielectrics

In the real conditions the electric field intensity processing is illustrated.
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the according pressure forces. We will take in

E,(t,x=L)=

Numerical estimates

Now we will consider the concrete dielectric, for
instance, the plastic material with the relative
electric permeabilitye =8 and thicknes&=107

m (from any chemical or physical handbook!).
ForH,=10" A/m and the resonance frequen-
cy ®=17,8-16 Hz with the formula (21) help we
is finding for wt=0.5m, thatEz,=8,6-10 V/m.
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