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Abstract: The aim of this paper is to study the effect of rotation and medig field on the composite infinite cylinder in non-
homogenity viscoelastic media. The one-dimensional éguatf elastodynamic problem is solved in terms of radiapiisement.
A harmonic function techniques are used. The componentsredssand displacement have been obtained. Numericatsesmel
presented and illustrated graphically to illustrate tHfeafof rotation, magnetic field, viscosity, non-homogéneComparison was
made with the results obtained in the presence and absentagofetic field ,rotation and viscosity . The results indidhgt the effect
of rotation, magnetic field, viscosity and non-homogenaity very pronounced.
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1 Introduction reflection of magneto-thermoelastic waves under
thermoelasticity without energy dissipation.
Interactions between strain and electromagnetic fields ar®agneto-thermoelastic wave propagation at the interface
largely being undertaken due to its various applications inbetween two micropolar viscoelastic media discussed by
many branches of science and technology. DevelopmerSong et al. ). Tianhu et al. J] studied a
of magnetoelasticity also induces us to study varioustwo-dimensional generalized thermal shock problem for a
problems of geophysics, seismology and related topicshalf-space in electromagneto-thermoelasticity. Verma et
Bazer B] made the survey of linear and non-linear wave al. [8] investigated the magneto-elastic transverse surface
motion in a perfect magnetoelastic medium. Withoutwaves in self-reinforced elastic solids. Effect of the
going into the details of the research work published sorotation on an infinite generalized magneto-thermoelastic
far in the fields of magnetoelasticity, diffusion body with a spherical cavity studied by
magneto-thermo-elasticity, magneto-thermo Abd-Alla et al. [9]. Bayones 1] studied the influence of
viscoelasticity we mention some recent papers. Acharyaliffusion on generalized magneto- thermo-viscoelastic
and Sengupta 1] studied the magneto-thermoelastic problem of a homogenous isotropic material. Viscoelastic
surface waves in initially stressed conducting media.materials are those for which the relationship between
Chaudhary et a. 7 investigated the stress and strain depends on time. All materials exhibit
reflection/Transmission of plane SH wave through asome viscoelastic response. In common metals such as
senf-reinforced elastic layer between two half-spacessteel, aluminum , copper etc. Abd-Alla and Abo-Dahab
Plane SH-wave response from elastic slab interposeflll] investigated the time-harmonic sources in a
between two different self-reinforced elastic solids generalized magneto-thermo-viscoelastic continuum with
studied by Chaudhary et al3][ discussed the surface and without energy dissipation. Roychoudhuri and
waves in magnetoelastic initially stressed conductingBanerjee 12 investigated the magneto-thermoelastic
media been illustrated by De and Senguptia Dthman  interactions in an infinite viscoelastic cylinder of
and Song 9] studied the effect of rotation on the
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temperature rate dependent material subjected to a where h is the perturbed magnetic field over the

periodic loading. Spherically symmetric primary magnetic field E is the electric intensity J is
thermo-viscoelastic waves in a viscoelastic medium withthe electric current density e is the magnetic
a spherical cavity discussed by Banerjge 9%]-”.“9 . permeability,ﬁ is the constant primary magnetic field
problem of magneto-thermo-viscoelastic interactions ing 4 4 is the displacement vector . Applying an initial
an unbounded body with a spherical cavity subjected to a g i Ho) i lind di
periodic loading is discussed by Abd-Alla et a#]. magnetic field vecto (0',0, z) in cylinder coordinate
Kaliski [15] studied the absorption of (r,8,2) to Eq.(1) we have:

magneto-viscoelastic surface waves in a real conductor in

a magnetic field. The extensive literature on the topic is T (0 —oh; O) h, = —Hy (@ i E) )
now available and we can only mention a few recent Tor ) F or r

Interesting investigations in refi&@]'—[38]. In th|§ Paper,  the non-vanishing displacement component is the radial
we investigated the effect of rotation, magnetic field and o, — u(r,t) , is

viscosity on the composite infinite cylinder in ' ’ 1’

non-homogeneity media. A harmonic function techniques T e AP i —

are used. The components of stress and displacement Qi = 2(u"'J U8 =411 =123. )
have been obtained. Some special cases are studied , firshen, the strain tensor has the following components
case in non-homogeneity viscoelastic media with neglect

of rotation and second case in non-homogeneity elastic er = @@99 —eyy= 4 (4)
media with effect of rotation and third case in or r
non-homogeneity viscoelastic media with effect of The cubical dilatation is thus given by:
rotation and neglect magnetic field. Finally, the effects of ou 2u 10 ,,
rotation, magnetic field and viscosity are calculated e= T T =2 (ru) )

numerically and illustrated graphically. . ) .
y grap y The stresses - displacement relations are given by:

. 2UTm au u
2 Formulation of the Problem O =75, [(1-0) 5+ ]
In this paper, we Qerive the_ analytical fo.rmulation of the Ogo = 21 Tm [(1— U)E + u@ ] (6)
problem in cylindrical coordinates, 6,z) with the z- axis 1-2v rooor
coinciding with the axis of the cylinder. We consider the _ 24Uty du U
strains axis symmetrical about the z-axis. We have only Ozz = 1-2v [W F]

the radial displacement = u(r,t) , the circumferential
displacemenug = 0 and the longitudinal displacement . ) . )
u, = 0 , which are independent & and z. The elastic wherevu is the Poisson’s ratio of the material apds
medium is rotating uniformly with an angular velocity the rigidity mpdulqs.ro is the mechanical relaxatlon.tlme
Q = Qn where n is a unit vector representing the due to the viscosity fm = (1+ To%) . The dynamical
direction of the axis of rotation. The displacement equation of the motion in the absence of body force in the
equation of motion in the rotating frame has two direction of ris given by:

additional term centripetal acceleraticﬁ,x (3 x W) is
the centripetal ag(;eleration due to time varying motion 9T
or

wherep is the density of the cylinder material afdis

| :t (O’Q’Og ) It_et usdctohn5||('jer the g‘?\ﬁ'um 'ﬁ a pertf_ect defined as Lorentz’s force anfdis the radial component
electric conductor and the linearized Maxwell equationSyg) orentz's force | Kraus16], which may be written as:
governing the electromagnetic field , in the absence of the

displacement current (SI) in the form as in Kra§][and

Tz =Tg =Tg;=0.

1 N
. +F(Trr—T90)+fr:p[ui+(QX-QXU)i] )
only and ﬁ x U is the Coriolis acceleration, and

Roychoudhuri and Mukhopadhyal/{]: F=p(JdxH)= (UeHZZ% (% T ?) ,0,0) = fre. (8)
j= curlﬁ7 Where e is the magnetic permeability. We
N characterize the rigidity modulug and the magnetic

_“eﬂ — Cur@? permeability ye and the densityp of the non-

. ot homogeneous material in the form:
divh =0, 1

I @ 1 = por®Mandp = por®™, e = peor ™ 9)

VE = whereg andp, L , are the values oft and (e , in the

F - ke (dﬁ Xﬁ) homogeneous case respectively, amdis a rational

ot number.
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3 Solution of the Problem

Substituting from(6), (7) and (8) in Eq.(7), we get o = 2(1—iwro)uor"‘+1%ﬂ N
- 1-2v
Ca-v) (#wn)wun(ar)
%u 1 ou  VTm(2m+1) u —a(l— (16)
m m( + ) a(l v)Jn+1(orr))
rm—2+—(2m+1)0—+7—2 ! Lo o
orz ' r r (1-v) +Cy(2 [(1—\;) ("++n)+v} Ya(ar)
d (du u po(1—2v) 0% —a(l-v)Y, —iat
20 (ou U\ _ _ 02 a V)Ynra(ar))te
 Heot7 ar <0r r) 2u0(1—u)[ ot? 2y

(10)

- —mi
2(1-iwtg) Hor 2

By taking the harmonic vibrations, we simplify the Ogo = -2 *
function u is follows: (CE[A-v)+v (n+ l’”{zm)].]n(ar) .
u(r,t) =U(re ' i=v—-1 (11) —avdnia(ar))
+Cy(% [(1 —V)+v (n+ 71_”{2”‘)} Ya(ar)
Using the harmonic vibrations (11) in Eq.(10), we have —aVYna(ar))eiet
d?u 41 [(1-iwto) (2mH-1)+1oHZ] du
dr2 T T [(1-iwt)+HeoHZ] , dr 1y
1 1 v(1-iwt)(2m+1)—pegHz“(1-0) 2(1—i —mi =t
+3 1 (178)[(14%) iy ;H% } U 12)  g,,= Al wn)koyr N
_ —po(1-2v)(w+Q%) 1 1-ny—2m _
= | Zro-v)iwio) + el Z] } U {Cl (r (1+ n-+ > )Jn(al’) aJn+1(ar))
Let +Cp ((1+n+ 072 Yo (ar) — aYoya(an) ) }+
U(r) =r""¢(r) (13) et
Which can be written as (18)
d’¢(r)  mdé(r) 2 >
az 7 Tar [r_2+a ]¢(r):o (14) 4 Boundary Conditions
where We consider the dynamical problem of a composite
(1-iwtg) cylinder of radius = b containing a rigid core of radius
M = et + peot?) r = a. The mixed boundary conditions are:
Ny = M (HeoHz? —(1-iwTp))+V(2MH-1) (1—iwTp) — peoHA2 (1)
2= (1-v)[(1-iwTo)+ HeoHZ] u(r,t)=0 on r=a,
a2 — — Poll-2v)(w*10Q?) it (19)
~ 24p(1-)[(1-iwTo)+ HeoHZ] Orr = —pe on r="h.

Eqg.(14) is called Bessel's equation and which its  From Egs.(16), (17) and (20), the constants C1 and C2

general solution is known in the form are written in the form
(1-nq)
d(r)=r 2" [Crdn(ar)+CoYn(ar)] (15) o _ -
Where 2pip(L o) ™ T2 [L4(n(abIYa(@) YD) (02)—Co(ns 1 (@B) Y (02) +Yo 1(aD) ()]

(20)

1
_ 2
n= 5\/1—2'717”71 —4n,
Co= —p(1-2v)n(aa)
- -
2p(L-iwrob ™ 2 [02(3n(ab)Yn(@@)+Yn(ab)dn(aa)) —l2(Iny 1 (ab)Yn(aa)+ Yo, 1(ab)dn(aa))]

(21)

where C1 and C2 are arbitrary constandg(ar) and
Yn(ar) denote Bessel's functions of the first and second
kind of order n , respectively.

Substituting from Eq.(15) and Eq.(13) into Eq.(11), the

where,

) / . ; 1—ni_2
complete solution of Eq.(7) is written in the form = (1-v) ( 17; m N n) VL= a(l-v).
u(r,t) = r—m+(172”1) [ClJn(ar)JrCzYn(ar)]e‘i‘*". (15) The displacement and stresses can be calculated by

substituting from (21) and (22) in (16)-(19). Now we
Substituting from Eq.(13) and Eq.(6) into Eq.(4), we discuss the above by using Maple program is clear up
have from figs(1-7).
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: -k 5 Particular Case
- - - 5.1 The composite infinite cylinder in

sl e non-homogenity viscoelastic media with effect
-’ i of magnetic field and neglect rotation, in this
T - caseQ =0.
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Fig. 20 Effect of Q on displacement and stresses Fig. 4. Effect of 1o on displacement and stresses
displacement with radius, Q = 0.3"Greerf, Q = displacement with radius, 1o = 0.1"Greeri, 19 =
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Fig. 3: Effect of Hy on displacement and stresses : f: o
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Fig. 5. Effect of Hy on displacement and stresses
displacement with radius, Hy = 0.3"Greer!, Hy =
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5.2 The composite infinite cylinder in

non-homogeneity of elastic media with effect of e ——opatll
rotation and of magnetic field, in this case - )
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Fig. 6: Effect of Q on displacement and stresses il . ™
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0.5"Blue’, Q =0.7"Red. Ty o
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Fig. 7: Effect of Hy on displacement and stresses We take into account the time
displacement with radius, Hy = 0.3"Greerf, Hy =

y ; A e m=—-04,v=02x103%a=2x103b=2x1073,
0-5"Blue’,  Hy =0.7"Red. o= 02x102H — ... x 1073, p=15x 1%t — 9 x 1P,
Q=..x10

We present our results for isotropic cylinder in the forms
5.3 The composite infinite cylinder in of graphs (1-9), which it displays the components of radial
non-homogeneity viscoelastic media with effect disPlacementand stresses.
of rotation and neglect magnetic field, in this

case k 6.1 The composite infinite cylinder in

6 Numerical Results and Discussion non-homogeneity viscoelastic media under

effects magnetic field and rotation:
The numerical results are obtained taking into account

evaluation an Copper material, the physical data for suchi-rom Fig .(1), that clarifies of effect of viscosity, we find
material are given byl[g]. that the components of displacemeut,t) decreased

(@© 2015 NSP
Natural Sciences Publishing Cor.


www.naturalspublishing.com/Journals.asp

3014 NS 2 F. Bayones, N. Hussien: An Analytical Solution for Effect of

with increased value ofy , while the components of obtained. All material coefficients are assumed to have
stressew;r , 0gg and oz increased with increased values the same exponent-law dependence on the radial direction
of 5. From Fig(2), that clarify of effect of rotation, we of the composite cylinder. The distribution of
find that the components of displacemeftt) , stresses displacement and stresses are drawn and discussed in
Onr , Ogg and oz decreased with increased values®f  detail. The obtained solution is valid for magnetic field,
From Fig(3), that clarify of effect of magnetic field, we viscosity and rotation on the composite cylinder.The
find that the components of displacemafitt) decreased results show that the inhomogeneous exponent, magnetic
with increased value ofp , while the components of field, the viscosity and rotation have effect on the radial
stresse®y; , 0gg and oz increased with increased values displacement and stresses. By selecting a proper value of
of Hz. m and suitable rotation, viscosity and magnetic field, it is
possible for engineers to design such cylinder that can
meet some special requirements. The results indicate that

6.2 The composite infinite cylinder in the effect of magnetic field, viscosity, rotation and

_ : : ; : ; non-homogeneity on the radial displacement and stresses
non-homogeneity viscoelastic media with effect are very pronounced. It is shown that the results obtained

of magnetic field and neglect rotation, in this oy the present method are in good agreement with

caseQ =0 those obtained using the previously methods for zero
magnetic field.

From Fig (4), that clarify of effect of viscosity, we find that

the components of displacemert,t) , stressesy, , Ogg

and gz, decreased with increased valuesrtgf From Fig.
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