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- We will consider the problem of magnetoclastic vibrations of plate in the

longitudinal magnetic {icld based on the Kirchhoff plaie theory and the model of

iﬁ't_rfem conductive muedium, The conditions of the exislence of localized bending

vibrations in the vicinity of the free edge of the plate have been established. [t was

;_ihﬂwn that the localized vibrations could be eliminated by means of the magnetic
eld.

Y.K. Konenkov [1] was the first who investigated the problem of localized
_i..'gg'_nding plate vibrations. At a later lime this ditection was widely developed as we
can judge by the literature mentioned in [2-4].

As a basis for rescarch of vibratons i an electro conductive plate served
simple models — the model of the perfect conductive medium [5] and the model of
the “weak” conductive medium [6]. Later the hypothesis of magnetoelasticity of
thin bodies [7, 8] was suggested and allowed us to reduce the spatial problems of
magentoelastic vibrations to two-dimensional ones. The researches on problems of
magneto clastic vibrations of the plate on the basis of exacl solutions and the
hypothesis of magnetoelasticity of thin bodies have shown that the application of
simple models depends on the configuration of the cxternal magnetic field

(longitudinal or transversal) as well as on the character of the considered problem
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(planar or transversal vibrations) [9; 10]. In particular, it was determined that the
model of perfect conductive medium can be applied (with the adequate accuracy)
to the problem of plate bending vibrations at presence of the longitudinal magunetic
field but it could not be applied to the problem of planar vibrations in the same
magnetic field [9; 11, 12].

1. The plate in the Cartesian frame of reference holds the position:

sx=a,O0=y=b, —h=zsh. The plate in the unperturbed condition is
situated in the constant magnetic field parallel to Ox axis.
H,=H,i, H,=const (1.1)

Let us assume that the plate is isotropic, homogeneous and perfect conductive.
In this case instead of perfect relationship for the plate perturbed condition

3 = p.aﬁ ==,
=glé+—uH 18
J [ c a1 n) (1.2)
We will take [5]
_ di -
O oidnds 3 2 (1.3)
c ot

Where i - is the elastic displacement vector, | - is the induced density of the
clectric current, € - is the perturbed clectrical field, ©- is the electroconductivity
cocificient, pi- is the magnetic permability of the plate matenial, ¢ - is the constant
equal to the velocity of light in vacuum (in the Gaussian system of units).

According 1o (1.3) model and electrodynamics equations, the perturbed
magmnetic field, the induced electric current and the body force exerting on the plate
are defined in the [ollowing way

- b e = - = Al fe -
h=ml(u><H“}, ;=4imt h, H=‘—{}><Hn) (1.4)
T ¢
The equations of the plate vibrations have the lollowing appearance:
da, au
L+ R=p— P18 L5
a.%; == ai* ( ) =

Ll

where 1, are the components of vector @, R, are the components of vector R,
0, are the componenis of the stress tensor, p - is the density of the plate material.
According 10 (1.4) for the considered problem the R, components are defined in
the following way:
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: o4 | a8’ @z dyaz

ing boundary conditions should be set on the plate's z==+h face

u, du,  du
g o
dx" dy dydz

(1.6)

0y +y =1’ (i=123) (1.7)

are the components of Maxwell symmetric lincarized tensor,
gly inside the region occupicd by the plate and outside of it. If we take
the (1.1) conditions then the expressions for the components ol
isor look like:

""!I-_H'_"quh:* Iy '-"‘]1-___!.II_";!I"""'“I
(18)
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nponents of 7 tensor for the media surrounding the plate are being

n Similar way with taking into account =1 condition.
ar from (1.7) boundary conditions that in general it is necessary to sovle
‘wvibration equations jointly with the elecirodynamics equations for the
gunding the plate. This circumsiance essentially complicates the
Searches on problems of magentoelastic vibrations of the plate. But we can
T his obstacle for this type of problem when the magnetic field is parallel
planes bounding the plate. Noting that the conditions of continuity of the
‘components of perturbed induction of the magnetic field (wh, =h ')
> sulisfied on the z ==k planes and neglecting the ¢, in comparison
(because of the discontinuity of the tangential component of the perturbed
field), the (1.7) boundary conditions are being replaced with the

gy, =0, 0,.=0, 0,+1,=0 (1.9}
he mentioned approximate (1.9) boundary conditions are hased on the fact
g the resolving the mentioned problem with taking into account the
hypothesis for the infinite plate [11], the (1.7) and (1.9) boundary
5 give the same result for the plate's selt-vibranon [requency

prding 1o the Kirchhoff plate theory we will take o account the
Ig assumplions
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the assumptions for displacements:
hy=U—Z—, Uy=v—2—, uy=w, uv,w ~(x,yz) (2.1)

the assumptions for main stresses

E E
0, = ——2—(5,1 +vE“]. 0, = (E;:.r +1r"E“), Op=—€;, (2.2)
1—v 1+v

The usual procedure of averaging Ihc pta:a, vibration ¢quations (1.5) is being
implemented with taking into consideration the (1.6) expressions, (1.9) boundary
conditions, (2.1) assumptions and neglecting the moment of rotatory inertia. The
averaged equations look like

ar, u
j+£-2p\.‘t—£‘!~. iﬁ-i’rMHu [&u+L(u v}l lpﬁa—z (2.3)
dx  dy T dx dy 2r
f';’*r', . r'nf'\’: = W::; a’w o h{;
ax :i‘:J ax’ dr (2.4)
My oH o GH My
dx oy dax  dy

We used the generally accepied designations [12] for stresses and moments in
(2.3), (24) . The L (u,v) operator is identically equal 10 zero if in expression for
R; from (1.6) we accept, according to (2.1), that €, = du, /dz =0,
v 4 [ du Eiv]

Llyv)m=———+— (2.5)
l-vayl ox ay
and substitute €, from the Hooke's law into R, .

The substitution of the siresses and moments expressions into (2.3) and (2.4)
equations brings to the following equations regarding the displacements of the
plate’s middle plane:

ax | oax gy | ¢ dt”
g {2.6)
d dy I
[]-ﬁ}'.]ﬁl +{ﬂ EJ} ( = ¥ : iza_-:;'
dyidr dy | ¢ or
5 th.f alw aiw
DAw-————420h——=10) i
gt dax P E‘”I {27}
where
+ | uf'ff 1}'- H i
ﬁ_I_.l. > Mgl ﬁ-—L— in view of €,, = () {2.8)
Ty 4ngG; 1-v ' '
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As it s in Kirchhoff regular plate theory, the equations defining the planar and
g vibrations are being scparated. The (2.7) bending magnetoelastic
equation is the analogous to the bending vibrations equation of the plate,
in x direction.

e boundary conditions on the plate’s x = const and y = const edges are
4 the aw.rn:ra.gin;:r the boundary conditions of the spatial problem of the
of magnetoelasticity of the perfect conductive medium. It is evident that the
conditions for the fixed edge are the same as in the regular plate theory.

Javier conditions establishing on the x = const edge

Oy +ty =6, 1, =0, u,=0 (3.1)

Linto account that the f,, component is continuous, because Wl =4 9,
the (3. 1) conditions averaging leads to the regular conditions for the hinge

T,=0, ve0, w=0, M,=0 (3.2)
sume that the conditions of sliding contact are established on the
edge.

=0, o+t =12, Oy +h5 =15 (3.3)
t};}, tiY terms in (33) are neglected in comparision  with
ondingly 1,,, ¢, and then the averaging by thickness of the plate is
emented. Fianlly, the conditions of sliding contact are obtained in the
ving way:

=0, —=0; N =0 (3.4)
Z:rt dx ox

? g in the similar way with the boundary conditions of the plate’s
free edge

Oy +hy =47, O+t =13, O+, =45 (3.5}
@hwn the foI]nwmg conditions corresponding to the Kjrchhnff plate theory

u=f),

.-T-U S+MH“—-U M, =1, N+ —”ﬂ-(} (3.6)
2n 9% - 2m ox
rhere N 15 the generalized transverse shearing force
aff
N =N, +— (3.7)
dy

ie conditions of the plate’s v = const cdge are obtamed in the similar way
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u=0, T,=0, w=0, M,=0
for the sliding contact

=0, §=0, ﬂ=ﬂ. N,=0
@y
for the free edge
Tr 3ppd a2 N
LML oo o g WOHEDW o
: 2n dy . 6 dy :

4. Now let us consider the localized bending vibrations of the plate [1]. Letus
assume that the semi-infinite plate occupies the Os=x<w, —w<y<w
—fh=2zsh region. The localized waves are being propagated along the _if
edge. Il is necessary lo find the solution of (2.7) equation. which satisfies the
boundary conditions on the' x =0 cdge and the condition of damping -

limw=10

Itis obvious that the solution of the (2.7) equation satisfying the (4.1) condition
has the following appearance

W= (c:e'i G Y )axpi(m.r ~ky) (4.2)
where "
3 = 12
p]=(1+x+~.r’n‘+2:-e:*2f)1 ; pz-(1+x—«,fn‘+2x+xz] _
. _2phe’ whH  3(1-v) (3
Dkt anDk® Akt -

The non-dimensional v parameter in (4.3) defines the sought frequency ol
vibration, and according to the condition of damping (4.1}, it should satisfy the
[ollowing inequalitics;

Nen’ <1

It is casy to check thal the problem has no solution, satisfying the condi
(4.4) ,if the conditions of clamped edge or conditions for the the hinge joint
or the conditions of sliding contact (3.4) are sel on the plate’s x = () edge. 18

The boundary conditions of the free edge (3.6) for the bending vibrations o
plate, wilh taking into account the expressions for the moments and stresses, Jo oks!
like ]

o2 BT 3 3 2
‘_11_:.-4_”5} a0, ¥+ E-V}—_-?lz+w—iHﬂua—w=ﬂ
da iy ax dxdy 2nl) dx

The substitution of the solution (4,2) into the (4.5) boundary conditions bring
1o a homogeneous equations system relative 1o the arbilrary ¢, ¢, constatns. The
equalizalion to zero the determinant of the mentioned set defines the dispersion
equition of the preflem in the following way
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)= 207 ~v)[p: - (2-v-29)]- py (p2 =v)p2 - (2= v-20) =0 (46)

rsome transformations the (4.6) equations result in

K()=(p,~ p,)K.(n) (#.7)

Ki(ﬂ}ﬁ pip;+ 2(1—"—91)?1 py=v' (4.8)
the p, = p,, we see that the [recuency of the vibrations can be obtained
ollowing equation:

K,(m)=0 4.9)
that
o K(0)=(1-v)B+v)-2% K (1)=—*<0 (4.10)
Lobtain the sufficient condition of the (4.9) equation root existence
% <05(3+v)(1-v) v=0 (4.11)

condition is also a necessary one, since it is easy to show that K (n)
Lis monotonous in the [0, 1] interval. The root of the (4.9) equation is being
e following way

N =142(1-v=y W(1-v=y F +v? —2(1-v-y F =+ (4.12)

(4.11) and (4.3) it follows that satisfying the condition

A= 2k7h (14v/3) (4.13)
lized vibrations in the vicinily of the free edge of the plate are being
In particular, for the metal plate (G ~10"din/sm") and the relative
gth kh =107 the induction of the intensity of the magnetic field
:aa, necessary for eliminating the localized vibrations, is tumed out an
1.5 tesla.

let us assume that the semi-infinite plaie occupies the
<®, Osy<ewe, -h<zsh region. We will consider the localized
ons at the y =0 free edge, taking into aceount the damping condition

limw =0 (4.14)

In this case the solution of the equation (2.7), satisfying the (4.14) condition
e following appearance:

W= (qe'“" e Jexpi(wr - kx) (4.15)
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E =(_1+J1f ). neb-x]) (A15)

The designations for the ﬂ: and ¥ are the same as in (4.3). The condition of

the exisience of the localized vibrations is (ormulated in the following way:

< <142y (4.17)

According to (3.10), the boundary conditions of the [ree edge ¥y = () look like
] = 53 K =d a ¥ H 7.|3 ,

Ay YW O W L 1@ N g (4.18)
2 lays ax” y dx”dy

From the requirement that the solution of (4.15) should satisfy the (4.18)
boundary conditions we will obtain a dispersion equation, which can be brought 10
the following appearance after some definite transformations:

- 7.0 2- !
K,(n)= [; ; 'T"'}.]l;-r; +2(1- ;-‘1 ¢

% }.]r, Fo-vi=0 (4.19)
4 2
The calculation of the K.(n) function values at the ends of (4.17) interval

results in
3_1' - 3
M|>0, K (1+2¢)=- <0 (4.20)

- I

K:(Z:{]= (1- I.':':I_j!ﬂ'r V4
!

This implies for this problem the localized vibrations existence ( v =0)
regardless of the magnitude of intensity of the magnetic field. We ought to notice
that the influence of the magnetic field on the localized vibrations in the vicinity of
y =0 free edge is cssentially weak than it is in the vicinity of x =0 free edge. At
the same time we should keep in mind that the intensity of the magnetic ficld

should be also bounded by the A <1 inequality.
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