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Abstract — Nonlinear deformation of current-carrying of the protection of personnel from electromagnetic
orthotropic shells in the magnetic field is studiedin ax effects, etc.
symmetric statement. ~Consideration of nonlinearity is The electromagnetoelasticity coupled problems of
studied for its effect when research of influencefoextemal  4nisotropic  plates and  shells  having  anisotropic
magnetic induction on intense the determining stresed state conductivity are of scientific interest in terms bbth

of current-carrying orthotropic shells. It is shown that with a L . .
change in the normal component of the external magic theory and applications. The matter is that in ¢hse of

induction, there is a significant change in the sess state of thin anisotropic bodies having anisotropic conduitiit

the shell and its electromagnetic field. is possible to solve optimal problems of magnetitiay
by the variation of all physical-mechanical materia
Keywords— Shell, Magnetic Field, Magneto Elasticity. parameters of body. In particular, when mechanial
geometric parameters of the problem are constamgu
|. INTRODUCTION variation of anisotropic electrodynamic parametitrss

possible to obtain constructive elements with datiely
Increased interest in the problems of mechanics 6fw mechanical behavior. It should be noted, the¢mtly
coupled fields, primarily to electromagnetoelasyici the materials with new electromagnetic propertiesew
caused by the needs of today's technological aggainc created. These materials can be use in differeasaof
various industries and the development of innovationew appliances at creation of new technologies.
technologies. The issues of motion of a continuuithw  Thin shells are widely used as members of advanced
electromagnetic effects fill a highly important géain the structures. Due to more stringent requirements he t
mechanics of coupled fields. One of the main dioastof service conditions of such structures, not onlydrigut
development of modern solid mechanics is a devetopm also flexible shells should be used [2, 6, 7, Rlging with
of the theory of conjugate fields and, in particulthe the development of the theory of flexible sheltssialso
theory of the electromagnetic interaction with defable necessary to develop the theory of flexible anomtr
medium [8, 10-18, 21, 23, 24] shells in the nonstationary magnetic fields [3,2®, 24]
The mechanism of interaction of an elastic mediuth w  Problems interaction between electro-magnetic feid
the electromagnetic field is diverse and dependgshen deformed bodies are frequent in advanced technology
geometrical characteristics and physical propeniethe
body under consideration. In particular, this medsia II. NONLINEAR FORMULATION OF THE
gets some specifics when considering the probldmisiro PROBLEM . BASIC EQUATIONS
plates and shells having anisotropic conductivity.

In creating optimal structures in modern engin@erin - Flexiple current-carrying conical shells of variabl
widespread use is made of thin-walled shells aateplas  thickness, finite conductivity, excluding the effecof
structural elements in which effects of nonlineapg|arization and magnetization and thermal stresses
electromagnetic interaction with magnetic fieldse ar . gnsidered. Elastic properties of the shell aresictared
significant. In studies of nonlinear magneto-e@sti  orthotropic, which main directions of elasticityincide
problems of special interest is determination @f $tress- ith the directions of the corresponding coordinities.

strain state of current-carrying plates and sh@ls \jaterial obeys the generalized Hooke's law and das
exposure to variable electromagnetic and mechanicgiie conductivity.

fields with regard to anisotropic electro-condutyiv  glectromagnetic properties of the material of the
magnetic and dielectric permittivity. current-carrying shell are characterized by tensofs

Demand of these problems and interest in ones g yrical conductivity o, magnetic permeabilitys
conditioned by wide application in modern enginegras : !

constructive elements of thin shells and plateschviare and dielectric permittivitfij (i, j= 1,2,3). At the same

exposed to strong magnetic fields. These problemsro ime que to the crystallophysics for the considerieds of
in modern technology, where such structures arél @se .qnqycting media with rhombic crystal structurewias

protecting or bearing elements for shielding exdéfields . .
of strong magnetic equipment. This interest is @gomed considered that the tenso ;, /4, £, ; take a diagonal

by the need to solve problems of electromagnetiorm [4, 15, 22]

compatibility with the development of modern measyr  Let us define quantities and write equations that
systems, computer devices, measurements of weakguldescribe the electromagnetic field. In an Eulerian
fields on the background of large fields, the depetent coordinate system, the electromagnetic field ofttbey is

characterized by electric-field intens@y magnetic-field

j?

j
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Suppose that the geometrical and mechanical
- characteristics of the body are such that to desciie
densityb . deformation process is applicable version of the

In Lagrangian coordinate system, the respectivgeometrically nonlinear theory of thin shells ineth

quantities a denotdd,H ,D and B. A vector X is duadratic approximation. . .
Also we assume that the relative strength of tkeetgt

carried from the Eulerian coordinate system&oin the field E and magnetic field H are performed

intensityh , electric-flux densitg , and magnetic-flux

Lagrangian system by the relations: B electromagnetic hypothesis [1, 3, 5, 15]:

Pp=Tp% E=F'&H=F"h; E =E/(a.5.t); E,=E,(a,5.1);

D=rF'd;B=TF';Tp=PF"; (1) ES:%Bl—%B'

_ - - 21

P, =Pfig; R =Tp,; J =TF7] ot ot

i d 3,7 3,(a, A1) 3, = 3@, B, 3, = 0,
where  r=detZ, F=—2-(,] =123). L e o) Zf e -
agi Hl:E(Hl +H1)+E(H1 _Hl); @)

In this case, the equations of magneto-elastiodty f 1

+ - z + - —
anisotropic bodies in Lagrangian coordinate in ribgion H, =7(H2 + H2)+E(H2 - Hz); H; =H,(a,8.1).
occupied by the body (the interior of the regioah de 2
written as follows: where the U; —components of the displacement vector

(Ot E = _aj; rotH = J + jcm; envelope pointsE;, H, — components of the vectors of
atﬁ ~ the electric and magnetic fields shell; —eddy current
divB=0, divD =0; 2 N )
30 o components; H;” —the tangential components of the
pa— =p(f+f)+dive (3) magnetic field on the surface of the shell strendik
t thickness of the shell.
whereJ —a density of foreign current f —avolume These assumptions are some electrodynamic analog of
o - the hypothesis of nondeformable normals and togethe
force, f” — a Lorentz volume force] - a density of with the latter hypothesis magnetoelasticity makbtle
bodies.
The adoption of these hypotheses allows us to educ
e problem of the three-dimensional deformatiorthaf
gody to the problem of deformation of the chosen
arbitrarily coordinate surface.

current, 0 — an internal stress tensor.
System of equations must be closed magnetoelastic'ﬁ1

relations linking the vectors of the electromagndigld

and induction, as well as Ohm's law defining th

conduction current density in a movable medium. Coordinate surface in the unstrained state we adsi
If the body is linear with respect to the anisotcop 9

magnetic and electrical properties, the constiwtivthe curvilinear orthogonal coordmate.systana.n(_j 6, .

equations for the electromagnetic field charadiessand Wheré S— length of the arc forming (meridian) is
kinematic equations for the electrical conductivitg well Measured from a fixed poing- central angle in a parallel
lines € = cons and @ = const lines are the principal

curvatures of the surface coordinate.

Choosing a coordinate/ coordinate normal to the

the external currend  into the Lagrangian variables are
written respectively as:

B=uH, D=¢ j E, (4) surface of revolution, we refer to the shell of gpatial
j=o _[-FTF-llj +E+ix gJ, (5) coordinate system of coordinag®,{. Assume that the
— _Jl _ll_ - (_ - _) _J 6 surface of the conical shell known magnetic indarctiand

pt=r"F?J,, xB+0,\E+0xB)xB| - (6) ipe gurface mechanical strength.

Hereo: . &, M, are the tensors of electrical Upon receipt of the resolution of the system in the

ij? . .
L . . . normal form of Cauchy choose as basic functions
conductivity, dielectric and magnetic permittivitieof y
u,w,HS,NS,QS,MS,B(,Eg.

linear current-carrying anisotropic bodﬁ V] =1,2,3) i ’ .
By selecting these functions in the future, you can

ref:%?(ﬁgﬁlg' eneous anisotronic media. thev are svrignet hoose different combinations of fixing cone. Wesiase
9 P ey y hat all the components of the excited electromtgne

second-rank tensors. field and displacement field belonging to magneto-
Thus, equations (2) and (3) together with (4@ a . = bFI) ion d gt gd g g o
closed system of nonlinear equations of magnetoeitgs ' 2>-c'y Probiem equation: does not depend on the
for anisotropic current-carrying bodies with aniepic ~coordinates &, and also believe that the elastic
characteristics and electromagneto-mechanical shell

electrical  conductivity, magnetic and dielectric il d : h el
permittivities in the Lagrangian formulation. material does not vary along the parallels.

Copyright © 2016 1JEIR, All right reserved
345



International Journal of Engineering Innovation & R esearch
Volume 5, Issue 6, ISSN: 2277 — 5668

After some transformations [15], we obtain a cor®le N, -
system of nonlinear differential equations in thani
magnetoelasticity Cauchy, which describes the stredorces; S—shear;Q,, —shear forceM , M,

strain state of the current-carrying orthotropiaical shell  moments:u, w— displacement and deflectio. — the
with an unsteady mechanical and magnetic fields: N

Here N meridional and circumferential

— bending

ou 1l-vuv v, cosd rotation angle of the normalP;, P, — mechanical load
Z 7 = s’ 8 N. - a u-
ds e.h s r components;E, — mechanical load componemB'f— the
_Vgsin¢w_162_ 0 - _Q. - normal component of the magnetic inductioB; , B, —
S5 s o ;
r 2 ds known components of the magnetic induction on the
00 _12(1-vwy,) M surface of the shell;J, ., —component of the electric
— S -
0s e.h : current density from an external sourdg; ,€,— elastic
_VycCOS ¢ 6. modules in the directionss,§— respectively; Vg,V,—

r

ONs cos¢(( —l}N +
as r Seg

+e, (cosqz‘)u_'_sm;z‘) D

r
-P,+hJ,.B, -0, hEB, +

052%, (B: +B;)- 6“82}
ot 9

a&:—ﬂQ

0s r

ot*’
e sm¢

V T S
sin¢(cos¢u+sin¢w)_P _
rolr r ¢
~05hJ,;(B: +Bs)-0,h|-05E, (B +B;)-

~ 025 9Y(
ot

+eh

B: +B;) -
1low

12 ot

hOH

12 at BZ( )]+phgv2v'
oM

:COS¢|:(VSe9_1)MS+
ds r e

e,h’ cos¢g
12

H 3
_sing (VS%MSJregh cos¢gsj0$+
r &

Ju

W(B: -8 f +05 B, (B2 +B3)+

+

95:|+Q5+N505_

12 r
h36 o .
12 FToN
0B,

ow ou
=-0,| E, +05— (B +B;)-—B, |+
ds 2/{ ot ( () ot f}

©)

Poisson's ratio, which characterize the tensilastrarse
compression in the direction of the coordinate axes

permeability; & — the angular frequencyg, ,0,,0, —

the main components of the tensor conductivity.
Obtained coupled allowing system of nonlinear
differential equations of order eight (8) describie
stress-strain state of flexible current-carryinghotropic
conical shells of rotation having orthotropic etaxzl
conductivity, magnetic and electrical permittivity.

Solving of magnetoelasticity boundary values proise
associated with the essential computational diltfies.
This is because the resolution of the system oftops
(8) is a system of differential equations of hypdids
parabolic type of eighth-order with variable coeitfints.
Components of the Lorentz force consider the spefed
shell deformation, an external magnetic field, $iee and
intensity of the conduction current relatively thet
external magnetic field. Accounting for nonlinegiiih the
equations of motion causes nonlinearity in
ponderomotive force.

The developed methodology for the numerical sotutio
of the new class of related problems of the theofy
orthotropic magnetoelasticity conical shells of alenion
having orthotropic conductivity, based on the cetasit
application of the finite Newmark schemes, lineatian
method and discrete orthogonalization [10, 12-1%, 2

To make effective use of the proposed methods assum
that the appearance of an external magnetic fiets chot
appear sharp skin effects on the thickness of lieé and

the electromagnetic process in the coordindtequickly
enters the mode close to steady. This leads taatemts

on the behavior of the external magnetic field andthe
geometric and electrical parameters of the shell

L1, )
h<o u
where T — the characteristic time of the magnetic field.

In case of failure to do so should be considerdg the
shell of the equation of motion by the magneticspuee.

the

+ﬁ; Without going into the details of the calculations,
h limited to quadratic nonlinearity in the equati@rs cubic
dE, _ 0B, cosg nonlinearity in the Lorentz forces, after the apgtlion of
9s ot B r 6° the scheme Newmark and linearization method, waiobt

a sequence of linear differential
corresponding time level in the form

equations on the
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k+1)
du®? _1-v.v, Nk Ve cosg L _
- S

dm peh pr
_Vgsing W 4 1 (Hék))z — g
P

pr
d w gékﬂ)

dm Yo
deas _12(1-v VB)M“(” _ V,cosp g -

S s

dm peh’ or
ng“l COS¢ |:( 1} N(k+1) +
es

dm pr
o[ B gen 308 ]

(k+1)
-5 +D‘]HCT ngﬂ) -ah [(_ Eék) Bék) +
Y P

+ EJ ng) +EX B§k+1))+
+05 { _ (\N(HAI) ) (K Bék) + (\N(HAt) ) (k+1) Bék) +
+ (\N(HAI))(k) B }(B; + B;)—

(k) (t+At) ()+ (k) 2 - (t+At) (k+1)+
~1- (B F a0 ) +{B Fla)

+28(k+1)B ( t+At)) }]+h( (t+At))(k+l) :

d%m __ cos¢ (k+1) &, sing NI

S +V

dm pr e pr
+ ﬂ sing (COS¢ u(k+l) + sing W(k+1)j _
p r r r
P(k+l) h

0 _05pJ90T(B +Bs )

—Uj’;'[— 05 EY? (B2 + B3 )-
~ 025 (V-V(I+At))(k+1)(B+ +B; )2
(W(t+m)) k+1( B: BS—)2 +
+ 05{ ( t+At))kB(k) +( (t+At)) k+1) B(k) +

(u(t+At))(k)B§k+1)}(Bg+B;) { ( t+At) B(k)

+ (B'(I+At))(k+1) B}k) + (B'(HA'())(k B k+1)}(B +B: )]

+h (\N(HAt))(kﬂ) ,

dM{™ _ cosp 1|ME 4
dm pr eS

egh COS¢ 9(k+l) (kﬂ) Ns 4
12 r P

+;(_ NBGH + NG + Ngk)eékﬂ))

e, sing N N
“v 2Pl mi s M s i) -

& h® S|n¢ cosg [ 2, Zgékﬂ)gék)]"'

pr?
+1hZ;(é(t+m))<k+1);
o o )
_{_ (u(1+m))(k) ng) + (u(t+m))(k+1) ng) N
g B
d(Ejér:” _ % (Bl cos¢ 9 (= 012..)

Further, each of the Imear sequence of boundalyeva
problems in the relevant time interval is solved
numerically using a sustainable method of discrete
orthogonalization.

The developed algorithm for solving a new class of
problems  magnetoelasticity current-carrying  conic
orthotropic shells of revolution having orthotropic
conductivity, magnetic and dielectric constant &Hoto
obtain solutions in a wide range of geometric pat@ns
of the shell, the mechanical characteristics ofrtfagerial,
surface and contour load, type of fixing the bougda
contours, the parameters of the electromagnetid. fiche
algorithm is constructed in such a way that, on dhe
hand, he had enough common sense to the physical
formulation, on the other hand, has the versatititgolve
problems for different types of shells. It also hae
property that its structure can be used in caseletting a
different theory of shells. It is also allowed thee of
different interpolation formulas for calculatingethright
side of the system of equations.

[1l. A NUMERICAL EXAMPLE . ANALYSIS OF
ELECTROMAGNETIC EFFECTS

As an example, we consider the nonlinear behavior o
the current-carrying orthotropic conical shell airiable

thicknessh = 5[107* (1- 0.5s/s, )m.

We believe that the shell of beryllium is under the
influence of mechanical forcep( =500 sin at N/n?,
=-510°sinwt A/nt, and

external magnetic fielB,, = 01T, and also that the
conductivity

third party electric curreng

fcm

envelope has a finite
orthotropico (o, , 0,, 0;) -

We assume that by the electric current in the st
state is evenly distributed on the shell, the execurrent
density does not depend on the coordinates. Incése,
the combined effect on the shell loading, the
ponderomotive force consisting of Lorentz forced an
mechanical. We investigate the behavior of orthmtro
shell, depending on changes in the external normal

component of the magnetic inductiﬂg\0 .

Copyright © 2016 1JEIR, All right reserved

347



International Journal of Engineering Innovation & R esearch
Volume 5, Issue 6, ISSN: 2277 — 5668

The problem for orthotropic cone of beryllium vénlia
thickness h=5M10*(1- 05 s/s,)m designed under the 1003 7=
—B30

influence of the normal component of the magneticl.0803

inductionBZO is amended as follows (8 1.06E03

. 1,04E-03
options): |_—

1,02E-03
B,, =(-03 -10,-20,-30,-40,-50,-60,-70):
In this case, the boundary conditions can be writte
u=0, w=0, M =0, B, =B, o 60504
sinwt (hinge at s=s;, =0, 1 2 3 4 5 6 7 8
w=0, 6,=0, Ng=0, B, =0 Bro: T

(moving at s=s, =05m. . I
- o Fig.1. Change the membrane deflection in respanse t
The initial conditions take the form o I 3
KI( t) ‘ -0 L'J(S t) ‘ -0 V'V(S t) ‘ -0 changes external magnetic inductiontin 510 sec u
S =Y "Moo T "o l=0 T s=04m all change optionBZo .
The parameters of the shell and the material are:
§=0,8y = 05m, h=510"(1-05s/s,)m,

1,00E-03
9,80E-04

B, T

-1,05E-03
r =r,+scosp; r,=05m, w= 31416sect -1,10E-03
- 3 ot _ g — _ -1,15E-03
p=2300kg/m", B =B, =05T.¢=n/30, -1,20E-03 — — [—sa0]]
By, = 01T, =1256010° H /m, LD AN e —
-1,30E-03
Jyem =-500°sinwt A/Nt, g, =02791F(Qxm) ™, -1,35E-03 \\ //
o, =0.32100°(Qxm) ™, 0, =1.13600°(Qxm) ™, 11‘2232 b
Vs = 003,v, = 009, P, =510’ sin at N/n?, Byo. T

e =28810°N/nv¥, e, =3353[10°N/m’ . . o
The solution is found in the time interval Fig.2. Qhange the Inner shell of the magnetlc_: ||_t|(_1t|cas
— 0102 sec for the intearation time sten is chosen toa function of changes in the external magnetic ¢tida at
r=9s g P t=500"secands= 045m all change optionB,,.
beAt =110 sec. Maximum values obtained at time

: . . At fi 3 and 4 show the st hanggs u O,
stept =500 sec. Consider the case in the anisotropy of 'gure 3 and 4 snow Ihe stress changes n U,

the electrical resist | to bervli — 407 on the outer and inner surfaces of the shell, ddipgron
e electrical resistance equal to berylligy 77, = : changes in the external magnetic induction at

Figure 1 shows the distribution of shell deflectama { —5103%secu s=04m
function of changes in the external magnetic iniductt T

s=04m andt =500°secall change options: 0,,, NIm?
B;o =(-03-10,-20,-30,-40,-50,-6.0,-70). 345E+07 [
. L 3,40E+07 —

The maximum deflection is observedBat =-70. ;e // \\ ==

From calculation results show that with the inceslsthe 330807 — /

value of magnetic induction shell deflection inmes %807

Figure 2 shows the variation of the magnetic iniunct gigiig;

inside of the shell, depending on changes in thereal . - -

magnetic induction at =500°sec and s= 045m all 3056407

change options, . 1 2 8 4 5 6 7 8
In the above range of changes in the external mign Bso: T

induction internal magnetic induction reaches ..
maximum value at B,o =-40. It is found that Fig.3. Changingthevolta@;@2 on the outer surface of

increasing the external magnetic field inductioteinal  the shell in response to changes in the externghsti
magnetic field also increases. inductiont =510°secand s= 04m

all change options3, .

A value with increasing external magnetic induction
voltage on the outer surface of the shell varigsedding
on the change of direction of the Lorentz force and
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mechanical load. In the above case, the voltageghen the state of stress of the orthotropic shell inngewically
external surface of the shell reaches its maximatues nonlinear formulation. It was found that with inasing of

whenBZO=—4_0. magnetic induction the deflection of the shell also

increases. Increasing of the external magneticd fiel

05, N/m? induction increases the magnitude of the mechasicass

4,35E+07 of the shell.

4.30E407 E@ The change of the magnitude of the internal magneti

4'25E+07 — field induction of the hell depending on the extdrn

4:20E+07 _— magnetic field and the orthotropic conductivity was

4156407 — investigated.

L10E+07 It was established that an increase in externalnetag

405E+07 field induction also increases induction of theemfl

L00E+07 magnetic field. This corresponds to a real physical

' 1 ) 3 4 5 6 7 8 processes occurring in the shell and in turn cordithe
accuracy of the results.

B0, T

Fig.4. Changing the voltagg,, the inner surface of the
shell in response to changes in the external magnet [
inductiont =5[10°secands= 04m

all change optiong{ol 2]
,oFZu N/m? [3]
1,60E+03
1,40E+03 — Pt
1,20E+03 4
1,00E+03 VA VARN = []
8,00E+02 VAR JAEAN pd (5]
6,00E+02 / \ / e
4,00E+02 / \\ // (6]
2,00E+02 /
0,00E+00 71
1 2 3 4 5 6 7 8
BZO' T [8]

(9]
Fig.5. Change the normal component of the Lorentz

forcepFZ depending on changes in the external magnet [1°]

induction att =500 sec and
s = 04m for all change optionB, . (11

From figure 4 that with increase of magnetic indurct
value on the outer surface of the inner shell ggdta
increases. Figure 5 shows the change in the norn
component of the Lorentz forg;F(, depending on the

changes in the external magnetic induction 13l
t=5107°secand s= 04m for all change optionB,.
With increasing magnetic induction value of the maf
component of the Lorentz force increases. [14]
IV. CONCLUSION [15]
In this article, the associated task magnetoeltstior
flexible orthotropic conical shell taking into aecd the [16]
orthotropic conductivity. Get connected resolutsystems
of nonlinear differential equations describing thteess-
strain state of flexible orthotropic conical shells was 1
17

analyzed the influence of external magnetic inducibn
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