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Abstract: In this paper, the rotation and magnetic eld effects prablen an orthotropic cylinder containing: (i) an isotropia&o
and (i) a rigid core; is considered. The elastic constantsdensity are taken as a power function of the radial coatdirAnalytical
expressions for components of the displacement, radiap hod axial stresses in different cases are obtained. Shégebtained are
illustrated numerically. A comparison between both caseskri ed numerically and then presented graphically.
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1 Introduction a homogeneous orthotropic material under the effects of
the rotation, initial stress, and gravity eld. Abd-Allet
An interaction between the elastic properties, magnetial. [9] pointed out Love waves propagation in a
eld, and orthotropy has more attentions because of itsnon-homogeneous orthotropic magnetoelastic layer under
utilitarian aspects in diverse eld, especially, Geoplogsi initial stress overlying a semi-in nite medium. Abd-Alla
Geology, Biology, Engineering, Acoustics,etc Some et al.[10] discussed the rotation and gravity eld effects
problems of a homogenous nonisotropic cylinder wereon Stoneley waves in a non-homogeneous orthotropic
investigated in the plane strain by Chakravortlj].[ elastic medium. Abd-Allaet al. [11] explained thermal
Chatterjee 2] solved some problems of plane strain in a stresses in a non-homogeneous orthotropic elastic
non-homogeneous isotropic cylinder. Mukhopadhy@ly [ multilayered cylinder. Abd-Allaet al. [12] investigated
investigated the effect of non-homogeneity on the stressethe propagation of S-wave phenomena in a
in a rotation of a nonhomogenous aeolotropic cylindricalnon-homogeneous anisotropic incompressible and
shell. On the other hand, Mukhopadhyd&y pointed out initially stressed medium under in uence of gravity eld.
the present problem in the case of isotropic cylinder ofRecently, Abo-Dahakt al.[13] discussed propagation of
homogenous density. In5] Rudincki and Reoloffs, S-waves in a non-homogeneous  anisotropic
derived the stress and pore pressure induced by a plariacompressible medium with the in uences of gravity
strain shear. EI-Naggast al. [6] illustrated the rotation  eld, initial stress, magnetic eld, and rotation. This
problem of an orthotropic cylinder containing (i) an paper deals the problem of plane-strain in a
isotropic core and (i) a rigid core is considered. non-homogeneous orthotropic in nite circular cylinder
Mukhopadhyay 7] studied the effects of thermal viz. (i) rotation and magnetic eld about its axis of a
relaxations and viscosity on an unbounded body with anon-homogeneous in nite circular cylinder containing an
spherical cavity subjected to a periodic loading on theisotropic core and (ii) rotation and magnetic eld about its
boundary. Abd-Allaet al.[8] investigated the propagation axis of a non-homogeneous in nite cylinder containing a
of Rayleigh waves in magneto-thermoelastic half space of
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rigid core. In both problems we assumed that the elastic where, h is the perturbed magnetic eld over the
constants and density are power functions of the radiaprimary magnetic eld vector. we characterize the elastic
coordinate. In both cases, the stresses have beeconstantsci; and the density and e is the magnetic
calculated. Finally, a comparison between both cases ipermeability of non-homogeneous material by

made to clarify the new parameters effects on the

phenomena. The results obtained have been calculated Gj = aijr®™ r = ror®™ m= myr" (4)
numerically and presented by gures to explaine the

- . whereaij ; ro;and g, are constants andis a rational
physical meaning.

number.
Substituting Egs. (1) and (4) in Eq. (2), we obtain

2 Formulation of the problem

d?u du 1 az+ myHZ
2 22+ MMy
Let us consider the cylindrical coordinates q; z) with Mg (M ro+ a_ll(ZMalz Mg HZ u
. L. . K . 1+ 0
the z-axis coinciding with the axis of the cylinder and let an
us consider the elastic medium is rotating uniformly with : 1 WA 2
angular velocity W = Wn, where, n representing the T ap+ mH2 %Hzf’o r’ (5
direction of the axis of rotatiorlV = (OiO; W). Both _ ' 0
media are under the primary magnetic efty acting on The complete solution of (5) is
z-axis, Ho = (0;0;Hp): To consider the strains _ AN M (n+M) 3
symmetrical about the z-axis, we have only the radial u= Art T+ Br pr 6)
displacementi; = u and these are independent@nThe where, A and B are | constants,
plane strain perpendicular to the z-axiss a function of , ) 1 ago+ myHZ
r only. The stresses components are given by n = M a1 2Majip HTwozo and
ail
— du u, p= ro W2 M = m
frr = Craigp * Cazys (@11 e, HAIM+3)7 12" 1+ M0
11
du u From Egs. (1) and (6) we get
tqq: Cio— + Coo—; q ( ) ( ) g
dr r (1 Ve 1
to=c _U+ c u, tr = Al(n M)aw+ agr
22= Ci3 g+ Ca3ps +B[ (n+ Mag+ ag]r™ " 3
trg= tiz=tgz=0
R (3a11+ ay) pr’™ Y (7)
where,qjj are the elastic constants.
The equation of motion in the rotating frame has two
additiona! terms (i)L\(" (LV"' u) is Fhe centripetaln tgg= A(N M)ass+ ag| M 1
acceleration due to time varying motion only and (ii) von 1
2W A uis the Coriolis acceleration is neglected. And it + B[ (n+ M)a+ az)]r
has another terrf, when we add magnetic eld. Then (3a12+ az) priM* D (g)
the equation becomes.
dtrr 1 2 _
ar Fplr teat IWIERE0 @ o A Myase+ adrn L
where, W is the uniform angular velocity;r is the + B[ (n+ M)agz+ axgr¥ "1
density of the cylinder material and~ is radial 2+ 1)
component of Lorentz's force. The electromagnetic eld (3a13+ aq3) pr 9)

is governed by Ma>_<wel|'s equations un_der considerationTpe corresponding equation (2) in a non-homogeneous
that the medium is a perfect electric conductor a”disotropic case: i.e.] = Ior®™ andm= myr?™ are given

absence of the displacement currésl) [8]:

by:
j=curlh ; curlE= n@”—h

it ,d%u du

divh=0 ; divE=0 3) Mg (Mt D
= LD + 1 2M;/ log+ 2 u=
E= m;(ﬂt H) /o+2n@)( ilo (lo+2m))
inah = = e 1 s
Takingh = curl(u” Hp); H= Ho+ h; F= m(" sro WArs (10)
H) lo+ 2my+ myHg
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where,M; = s
1+ o050 [(Wil=a= [(Wil=a (15)

The corresponding displacements and stress in a non-
homogeneous isotropic case as the following form: From Egs. (6), (7). (11), (12), and (15), we get

u=cCrt Mapr &M grd D, mO)lkks  kifa(@]+ f(0)(h(a) hoks kihg]
fi(b)lkiks  kaf2(a)]+ fa(b)[kafi(a)  kiko]

_ fi(b)[kihs  (hi(@) ho)ka]+ ha(b)[ksfr(a)  kako]

_ 2m + =
i = T 5p[CIL ML Ma)+ mrttrt ® 5T Tkl kh@)* bOKA@ ki
DI(L m(L+My) )it b1 (3 2mqrf® ]~ fa(B)hsfa(a) (ha(a) hp)ks]
fi(b)[kiks  kafa(a)]+ fa(b)[kafr(a) kiko]
(12) 4+ fo(O)(hi(a) ho)ko hsfi(a)]+ hi(b)[ksfi(a) kafa(a)]
fa(b)kiks  kafa(a)]+ fa(b)[kafa(a) kiko]
tag= % (CIL )+ n(L Mt ! where
+ D[(l n) n(L+ M]_)] er L1 fl(r) — [( n |\/|)811+ alZ]rM+n 1
(2n+ 1)qr2(M1+ l)] (13) fz(r) — [ (n+ M)a11+ alZ]rM n 1
hy(r) = (3ai1+ ap)prdM+d
_ 2m(3 2n) o+ 1)
tr= %[C(L My + 1) ML 1 hy = =™
— 3
+ D(l L Ml) er L1 4q I.2(M1+ l)] (14) h3 - (pzrrbq)a
ki = ———[(1 n)(L M Ml
whereC; D; | gandng are constants, ! 1 2n[( n )+ nla
k2:a” M; k3:a(”+M); k4:aL My
L2 = |v|§+ 1 [1 (2My+ 1) n]; Having obtained the constants from (16), the stresses
1 n in regionll (a6 r 6 b) can be calculated from (7)-(9),
_ ro W? and the stresses in regidn(0 6 r 6 a) can also be
B (Io + 2mp+ myHR)[(My + 32 L2 calculated from from (12)-(14).

In the associated non-homogeneous isotropic
where, my is the rigidity modulus, andn is the  problem, thatis, when the whole cylinder is composed of
Poisson's ratio of the material. For a complete cylindernon-homogeneous isotropic material, the boundary

D=0. conditions are given by :
th=0 on r=b a7)
3 Rotation of a circular cylinder containing a From Egs. (12) and (17) the constéhis given by
non-homogeneous isotropic core
g p C= (3 Zn)q le L+3 (18)
In this section, we consider the rotation and magnetic [(A n)(L M+ n]

eld of a circular composite cylinder which is composed where,D = 0 (since the cylinder is complete). The
of a non-homogeneous isotropic material up to radius, thetresses in the non-homogeneous isotropic case are
region bounded by the radii= a andr = b(b > a)  obtained from Egs. (12)-(14) and (18).

being composed of non-homogeneous orthotropic

material. Let us denote the region@ r 6 a by regionl

and the regiora 6 1 6 b by regionll. The boundary 4 Rotation of a circular cylinder containing a
conditions are: ..
rigid core

t =0 on r=b . . .
(treJu Here we consider the rotation and magnetic eld of a

circular cylinder of radiug = b containing a rigid core of
[(teilr=a= [(te)nli=a radiusr = a having the same axis of the cylinder.
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In the case, the boundary conditions are respect to the radial for different values of magnetic
eld H. In both gures, it is clear that the radial
u=0 on r=gq (19) displacement, radial stress, hoop stress and axial stress

have a non zero value only in a bounded region of space.
It is observed that the displacement decreases with the

From Egs. (6), (7), and (19), the constants are given asincreasing of magnetic eld while it decreases with an

increasing of radius, as well it is found that radial stress

a’pfa(b) hy(b)a (MM increases with increasing of magnetic eld and radius,
an Mfy(b) a (™Mf(b) hoop stress dgcreages with increasing qf magnetic eld
NM .3 (20)  and radius, while axial stress increases with increasing of

hu(b) & a’p f(b) magnetic eld and it increases with increasingrof
ah Mfy(b) a (™Mf(b) Fig. (3) displays the variations of radial displacement
u, radial stressr, hoop stresg,q and axial stresg;;

The stresses can be calculated from Egs. (7)-(9) andyith respect to the radialfor different values of rotation
(20). In the corresponding non-homogeneous isotropicyy, |n both gures, it is clear that the radial displacement,
case, from Egs. (11), (12), and (19), the constants aragial stress, hoop stress and axial stress have a non zero
given by value only in a bounded region of space. It is observed
that the displacement increases with the increasing of
rotation while it decreases with an increasing of radius
as well it is found that radial stress decreases with
increasing of rotation and radius, hoop stress increases
with increasing of rotation, but it decreases with
increasing of radius, while axial stress decreases with
From (12)-(14) and (21) the corresponding stresses can bié\cregsing of rotation anq iF increaseslwith. increasing of
calculated. Fig. (@) plots the variations of radial displacement
radial stresd; hoop stresg,q and axial stress;; with
respect to the radial which it has oscillatory behavior in
the whole range of the axis for different values of
nonhomogeneity m. In both gures, it is clear that the
) o radial displacement, radial stress, hoop stress and axial
For the numerical calculatlpn in different cases, we use thgress have a non zero value only in a bounded region of
data of p] for the orthotropic case: space. It is observed that the radial displacement
decreases with the increasing of nonhomogeneity and
radiusr, as well it nds that radial stress, hoop stress and
axial stress decreases increase with the increasing of

tkr =0 on r=h

C (1 n)(L+M;) nlgadbM1 L+ (3 2n)ga (L*M)p2M1+3
(1 n(L+Mp) nl(b=a)M1 “+[(1 n)(L My)+ n](b=a)V1*"

[(1 n)(L M+ n]gadpMitl (3 2n)qat Mip2Mi+3
(1 n)(L+My) nl(b=a)™1 “+[(1 n)(L M)+ n](b=a)V1*t

5 Numerical results and discussions

ap1 = 7:288aj13 ax =1.948a;3, a;p = 0:638ai3

ar3 = 0:655ai3 as = 4:30810°N=n7 nonhomogeneity, while the components of stress
intersected at = 0:75:
And we taken = 0:25 consequentlyyp = 10:465567, Fig. (5) clears the variations of radial displacemeant

for the isotropic case. The values of radial displacementadial stresd, hoop stres$,, and axial stress;; with
u, and stresses; tqq andt,, for elastic medium are respect to the radial for different values of magnetic
studied for the effects of the rotation and magnetic eld. eld H. In both gures, it is clear that the radial
The output is plotted in Figs. 1-18. displacement, radial stress, hoop stress and axial stress
Fig. (1) shows the variations of radial displacemant  have a non zero value only in a bounded region of space.
radial stresd, hoop stresg,q and axial stress;; with It is observed that the radial displacement, radial stress,
respect to the radialr for different values of hoop stress and axial stress decreases increase with
nonhomogeneitym. In both gures, it clears that the increasing of magnetic eld, while the radial
radial displacement, radial stress, hoop stress and axialisplacement decreases with increasing of radius, as well
stress have a non zero value only in a bounded region ofhe components of stresses has oscillatory behavior in the
space. It is observed that the displacement increases witivhole range of ther axis which it decreases and
the increasing of nonhomogeneity while it decreases withincreases gradually.
an increasing of radius, as well it is found that radial Fig. (6) shows that the variations of radial
stress increases with increasing of nonhomogeneity andisplacement, radial stresg,, hoop stresg;4 and axial
radius, hoop stress decreases with increasing oftresst;;with respect to the radialfor different values of
nonhomogeneity and radius, while axial stress decrease®tation W. In both gures, it is clear that the radial
with increasing of nonhomogeneity and it increases withdisplacement, radial stress, hoop stress and axial stress
increasing of . have a non zero value only in a bounded region of space.
Fig. (2) shows the variations of radial displacement It is observed that the radial displacement, radial stress,
radial stresdr, hoop stresg g and axial stress;; with hoop stress and axial stress decreases with increasing of
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Non-homogeneous Isotropic Case
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Fig. 16: Variations ofu; tr ; tqq; tzzWith respect ta with variation ofm.
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Fig. 17: Variations ofu; t ; tqq; tzz With respect ta with variation ofH.
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Fig. 18: Variations ofu; tr ; tqq: tzzwith respect ta with variation of W.
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rotation, while the radial displacement decreases withincreases and decreases with increasing of radiuss
increasing of radius, as well the components of stressewell it is found that radial stress, hoop stress and axial
has oscillatory behavior in the whole range of the r-axis,stress decreases increase with the increasing of

which it decreases and increases gradually. nonhomogeneity, while the components of stress
Fig. (7) displays the variations of radial displacement intersected at = 1:0; 0:5; 0:75; respectively.
au, radial stresé t;r hoop stres$ t 54 and axial stress Fig. (11) displays that the variations of radial

a tzz with respect to the radial for different values of  displacement, radial stresg,,, hoop stresg;4 and axial
nonhomogeneityn. In both gures, it is clear that the stress,,with respect to the radialfor different values of
radial displacement, radial stress, hoop stress and axiahagnetic eldH . In both gures, itis clear that the radial
stress have a non zero value only in a bounded region oflisplacement, radial stress, hoop stress and axial stress
space. It is observed that the displacement increases withave a non zero value only in a bounded region of space.
the increasing of nonhomogeneity while it decreases withit is observed that the radial displacement, radial stress,
an increasing of radius, as well it is found that radial hoop stress and axial stress decreases increase with
stress increases with increasing of nonhomogeneity anthcreasing of magnetic eld, while the radial
radius, hoop stress decreases with increasing oflisplacement decreases with increasing of radius, as well
nonhomogeneity and radius, while axial stress decreasefie components of stresses decrease and increases
with increasing of nonhomogeneity and it increases withgradually.
increasing of. Fig. (12) shows the variations of radial displacement
Fig. (8) shows the variations of radial displacement u, radial stressty, hoop stress 4 and axial stresg,
a u, radial stresd tr, hoop stres$ tqq and axial stress  with respect to the radial for different values of rotation
a t,z with respect to the radial for different values of  W. In both gures, it is clear that the radial displacement,
magnetic eldH. In both gures, it is clear that the radial radial stress, hoop stress and axial stress have a non zero
displacement, radial stress, hoop stress and axial stresslue only in a bounded region of space. It is observed
have a non zero value only in a bounded region of spacethat the radial displacement, radial stress, hoop streds an
It is observed that the radial displacement decreases withxial stress decreases with increasing of rotation, while
the increasing of magnetic eld while it decreases with anthe radial displacement decreases with increasing of
increasing of radius, as well it is found that radial stress radius, as well the components of stresses has oscillatory
increases with increasing of magnetic eld and radius, behavior in the whole range of the axis which it
hoop stress decreases with increasing of magnetic elddecreases and increases gradually.
and radius, while axial stress increases with increasing of  Fig. (13) show the variations of radial displacement
magnetic eld and it increases with increasingrof radial stress; , hoop stres$,, and axial stress;; with
Fig. (9) clears the variations of radial displacemant, respect to the radialr for different values of

radial stresdi tyr, hoop stresé t,q and axial stres t;; ~ nonhomogeneityn. In both gures, it is clear that the
with respect to the radiusfor different values of rotation radial displacement, radial stress, hoop stress and axial
W. In both gures, it is clear that the radial displacement, stress have a non zero value only in a bounded region of
radial stress, hoop stress and axial stress have a non zespace. It is observed that the radial displacement incsease
value only in a bounded region of space. It is observed thatvith the increasing of nonhomogeneity while it decreases
the displacement increases with an increasing of rotatiorwith an increasing of radius, as well it is found that
while it decreases with an increasing of radiuss well  radial stress increases with increasing of nonhomogeneity
as it is found that radial stress decreases with increasingnd radius, hoop stress decreases with increasing of
of rotation, while it increases with increasing of radius. nonhomogeneity and radius, while the axial stress
Also, it is seen that hoop stress increases with increasingecreases with increasing of nonhomogeneity and it
of rotation, but it decreases with increasing of radius $end increases with increasing of
to zero, while axial stress decreases with an increasing of Fig. (14) shows the variations of radial displacement
rotation and it increases with increasing of radius u, radial stresst;r, hoop stresg,q and axial stresg,,

with respect to the radial for different values of

magnetic eldH . In both gures, it is clear that the radial
Non-homogeneous isotropic. displacement, radial stress, hoop stress and axial stress

have a non zero value only in a bounded region of space.
Fig. (10) shows the variations of radial displacement It is observed that the radial displacement decreases with
radial stressy; , hoop stres$,, and axial stress;; with the increasing of magnetic eld while it decreases with an
respect to the radial which it has oscillatory behavior in  increasing of radius, as well it is found that radial stress
the whole range of the axis for different values of increases with increasing of magnetic eld and radius,
nonhomogeneityn. In both gures, it is clear that the hoop stress decreases with increasing of magnetic eld
radial displacement, radial stress, hoop stress and axiand radius, while axial stress increases with increasing of
stress have a non zero value only in a bounded regio,n omagnetic eld and it increases with increasingrof
space. It is observed that the radial displacement Fig. (15 displays the variations of radial
decreases with the increasing of nonhomogeneity, while idisplacement, radial stresg,,, hoop stresg;4 and axial
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stresst ,, with respect to the radialfor different values of 6 Conclusion
rotation W . It is observed that the displacement increases

with the increasing of rotation while it decreases with anpye to the complicated nature of the governing equations
increasing of radius, as well it is found that radial stress of the magnetoelastic theory, the done works in this eld
decreases with increasing of rotation, while it increasesgre unfortunately limited. The method used in this study
with increasing of radius, hoop stress increases Withyrovides a quite successful in dealing with such problems.
increasing of rotation, but it decreases with increasing ofThis method gives exact solutions in the elastic medium
radius, while axial stress decreases with increasing ofyithout any restrictions on the actual physical quantities
rotation and it increases with increasingrof that appear in the governing equations of the considered
problem. Important phenomena are observed in these
Fig. (16) displays the variations of radial computations.
displacement, radial stress, hoop stresgg and axial
stresst,, with respect to the radialfor different values of —Itwas found that for large values of the magnetic eld,
nonhomogeneityn. In both gures, it is clear that the rotation and nonhomogeneity give close results. The
radial displacement and radial stress have a non zero case is quite different when we consider small value
value only in a bounded region of space, while the hoop  of the rotation. The solutions obtained in the context
stress and axial stress have an oscillatory behavior in the of elasticity theory, however, exhibit the behavior of
whole range of the axis It is observed that the radial speeds of wave propagation.
displacement decreases with the increasing of —Comparing Figs. (1)-(18) for elastic medium for
nonhomogeneity, while it increases with increasing of homogeneous, non-homogeneous, isotropic and
radiusr, as well it is found that radial stress decreases orthotropic medium, it was found that the radial
with increasing of nonhomogeneity and radius, while the  displacement and the components of stresses have the
components of hoop stress and axial stress increase with same behavior nearly in both media.
the increasing of nonhomogeneity and it intersected at —The results presented in this paper will be very helpful
r=04. for researchers concerning with material science,
designers of new materials, as well as for those
working on the development of a theory of hyperbolic
propagation of elasticity. Study of the phenomenon of
rotation, magnetic eld and nonhomogeneity is also
used to improve the conditions of oil extractions.

Fig. (17) displays the variations of radial
displacement, radial stress, hoop stresgq and axial
stresst ;; with respect to the radialfor different values of
magnetic eldH. In both gures, itis clear that the radial
displacement, radial stress, hoop stress and axial stress
have a non zero value only in a bounded region of space,
while the hoop stress and axial stress have an oscillatoriReferences
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