Analysis of Vibrations of Electro-Magneto Transversely Isotropic Thermoelastic Materials with VVoids

CHAPTER-06

FREE VIBRATIONS OF RIGIDLY FIXED
ELECTRO-MAGNETO NON-LOCAL
GENERALIZED THERMOELASTIC CYLINDER
WITH VOIDS MATERIAL

6.1 Introduction

This chapter concentrates on the vibrations of rigidly fixed electro-magneto
nonlocal elastic voids cylinder with generalized thermoelasticity. The surfaces of
nonlocal elastic hollow cylinder have been assumed isothermal/thermally insulated
and rigidly fixed. For the investigation of the vibrations of rigidly fixed boundaries,
we make use of numerical Iteration method using MATLAB tool. The real parts of
generated data have been considered natural frequencies as shown in table.
Numerical computations in local/nonlocal elastic materials for free vibration field

functions have been displayed graphically.
6.2 The Basic Fundamental Equations and Mathematical Model

Here a transversely isotropic generalized thermoelastic cylinder/disk based
on rigidly fixed boundary conditions with voids material has been presented with
domaina<r <an having inner and outer radii R, =a, Ry =amn with nonlocal
elasticity. Nonlocal elastic cylinder has been considered in undisturbed state at
uniform temperatureTO and perfectly conductive along z-axis. Therefore, the
strength of magnetic field H proceeds in the direction of z-axis. The field

components have been assumed as displacement vector u=(u, ,u, ,U,) where
u,=0,u,=0,u =u(r,t) , temperature component T =T(r,t)and voids volume
fraction @=¢(r,t). The strain components of hollow cylinder are

ou u
€ =§,e% = ,e,=0, e, =e,=e, =0. The Maxwell’s equations and the
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generalized Ohm’s law have been generated by electro-magnetic field in the absence
of charge density and displacement current as:
VxE=—-(@B/ot), VxH =],

V.B=0 B=yuH , , (6.1)
J=o(E+0xB)

Here Jis current density which is neglected because of minute effect of
temperature gradient, the strength of magnetic field is H =h+H,, where his
perturbation of magnetic field which is so small that the product with displacement
vector and their derivatives have been neglected due to linearization of basic
equations and H, =(O,O,HO). Therefore the nonlocal stress-strain temperature
relations and governing fundamental equations without heat sources, body forces

and voids concentration have been presented (Cowin and Nanziato (1983) and

Dhaliwal and Singh (1980)) as:

_ 2
a;-rr + (O-rr . 0-96?) + Fr :p(1_§2v2)gt_g' (62)
0 0?
Vip—(+4 5 Jpbes MT = pr1-¢v) 32, 6.3
0 0° u 10 oT 0
(at atzj[ [ﬂr /3?]+MTO¢] T [rKa ] [ + 0yt JpCT, (6.4)
22 L ou u :
(1_4/ \% )O-rr = Oy :Clla—l_ClZ_—Fbw—:Br(T +52kt1-|-)
, (6.5)

(1_§2V2)O'9e:‘799 Ch— +Clza_+b€0 ﬂe(T+52kt1T)

where ¢ =¢€,a,is non local parameter, where ais internal characteristic length and

€,is material constant, o, ,0,are radial, circular stress components. Here the

!

quantities having superscript "L" stands for the local medium, also

Gi'JT =o;;(i, j=r,0). F is the component of Lorentz force F =(JxB), pis mass
density, p,,fB,are the thermal modulii, where f =p,=(C,;+C,)o +C;

o, = a, =a;is coefficient of linear thermal expansion (Dhaliwal and Singh (1980)),
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C, is specific heat at constant strain, K is thermal conductivity, T is the absolute
temperature, T, is the reference temperature of the medium, t,,t, are the thermal
relaxation time parameter, ¢@is the void volume fraction field, o, b are the void
parameters, y is the equilibrated inertia, & ,&,are the material constants due to
presence of voids, M is thermo-void coupling parameter, e is dilatation,
04, J=@,2)is kronecker delta, in which k =1represent LS theory and k=2
indicates GL theory of generalized thermoelasticity, C,;, C, are elastic constants

whose values are as given below:

_ E@-v) _ Ev e
T ev)@-2v) T P ev)a-2v) P

7’

where E and vrepresent Young’s modulus and Poisson ratio; V> =—+=—is

Laplacian operator.

The thermally insulated/isothermal rigidly fixed boundary conditions have been

considered with domain a <r <az. Mathematically, we have:

T,, =0, u=0, =0

;atr=a, an, 6.6
T=0 ,u:0,¢:0} 7 (66)

6.3 Solution of Mathematical Model

The vibrations of thermoelastic cylinder is presumed to be restricted in radial

direction, then using equations (6.1) in Lorentz force i.e. F, =(JxB)in radial

direction (Das et al. (2013)), we obtained

u ou
Fr:/ueHg(?-'_ﬁ}’ FHZO , F, =0, (6.7)

Substituting value of Lorentz force from equation (6.7) via equation (6.5) in equation

(6.2), we get
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Pu,lou_u), bdp B, ALl WAL auu
or ror r2 c11 o ¢, O atfar c, oOr ar’ 63)

22
Cﬂ(()

Applying divergence both sides to equation (6.8) we get

_P 220 € D o _ﬂ é 2T _
R, V% Cﬂ(l §V)at2+cnv(p Cll(1+52ktlat]VT 0, (6.9

a_u’ R, :1+“e_H0,

We now set up non-dimensional parameters given below

(]

', r, &)= (Ul r¢), (r,70,7) == (t, ), (TRleee):Cli(O'rri%a) 0=

_Cy ZQ 7_C
cucﬁ’qj & e

Dashes have been suppressed for convenience. Using constant parameters from

QJ
|

2 bl 7 BT *_325 5 b
o= 1ﬂ9 011’ A7 oy

d\|nm

equation (6.10) in equations (6.3-6.5) and (6.9), following equations have been

obtained
R,Vze—(1- gvﬁ) +b *Vap— Bs (1+ Sty ]véa:o, (6.11)
2 z 0 202 0@
Veg—a, |1+ & — |§p— 2(1 $oVR)—> —a,e+a,0 =0, (6.12)
or o] or?
«[ O o° 0
2 *2 *2 * 3
where & =§1—a,a2 =b)(—Q,a3 _ Mz, ,Q, = &r&2 , s =La*2,
a a a By KxQ
* 2
a)*:cllCe’Q*:aa) : gTz—TO’Br o2=% (ru) V2 = 10f,0
K c pCeCy 2o NE rori or

We introduce time harmonics as given below

120



Analysis of Vibrations of Electro-Magneto Transversely Isotropic Thermoelastic Materials with VVoids

(8 ¢ O)=( ¢ Oexp(iQr), (6.14)
where Q= a)Ta is the circular frequency.

Using proposed time harmonics from above equation (6.14) in equations (6.11-6.13)

we get

(VR + A1) B+ A,Vag +AVRO =0
—AsE + (Vi+AL)d + A0=0¢, (6.15)

A€ + Apd — (Va—Ag) 0 =0

0?2 b* Q7 S
h = | =, =——1 R,
where A.l Rh _4/02 QZ A.Z Rh _gOZ QZ Aﬁ Rh _4/02 QZ
a, a, a; 41O =, O 5
AZl:a_f’ A, :a_f’Azsza_f’ a =1- 512 , &, =aiQf +—512 Ay =Q%ra,,

A =00, A =Q'Q%, =i 7, 7 =i -7, & =IQT ¢

The unknowns €, ¢ , @ have been eliminated from equation (6.15), for this non-

trivial solution is appeared if the determinant of coefficient matrix vanishes and on

expansion, we obtain:

(Vo —LVa+ MV —N)(E, ¢, 0)=0, (6.16)
where L=(A;+ A, = Ag+ A A + AgAn) o+ N =(ArAshy — AiAnAy),
M = (A Ass = AsPy + AnAs = AP + Ao ot A + An APy = AsPn Ay = AsAy Ay -

From the solution of equation (6.16), it has been analyzed that the solution is
bounded forr — oo, for this there is a condition of the roots with positive real parts

i,e. Re(ki)>0,V i=1, 2, 3). Therefore, roots K.; i =1, 2,3 of solution (6.16)

have been achieved as given below:

1 . 1 i
k1 - \/5(2 p,Sinp, + L)’ k2 - \/g(l_— pl(«ECOS Pz 75 pZ))’ k3

) \/%(L+ p,(+/3cos p, -sinp,))

’
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215 —9LM + 27N 1.
where, p, = yL2_3M’ Dy = - o + . P, :§S|n‘1(p3).

On solving equation (6.16) Bessel form is obtained which may be written as

0 1
& |=3| R [P, (k1)+QY, k)], (6.17)
) s

Where, Ri — ki4p‘13 + kiz('Al3A22 B A12A23) S — kiZAZl B (A21A33 + A23A31)

K+ (At Ay + AR+ Ay, KRyt Ao Ay Ay
where P, Q;; 1=1, 2, 3are constants which depend on Qonly. J,and Y, are

Bessel functions of order zero of First and Second kinds. Resolving cubical dilation

(€) from second part of equation (6.17) for displacement T, we obtain

u=

I M

R (PRI, (kr)—QYy(kr)). (6.18)

1
i=1 ki
6.4 Frequency Equations

Substituting the equations (6.17) to (6.18) for rigidly fixed thermal boundaries

in equation (6.6) at r =1and r =7. On simplification, we obtain

(Fides (P Poy P Q1 Q,, Q)T =0 i, j=1t06. (6.19)

Equation (6.19) presents six algebraic linear homogeneous equations with six
unknowns. For this a non-trivial solution is obtained if the determinant of matrix

(7 )exs Vanishes which leads
| y;|=0; i, j=1to 6, (6.20)

where, the constant elements Yij I, j =110 6 have been defined in thermally

insulated/isothermal rigidly fixed conditions which are presented in two separate

sets:

Set I: The elements of v;; ; I, j=11t0 6 are given below
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Y1j = (R (k) TKi s v35 =S30(K), vs; =kiJi(k); i, ]=1,23 (6.21)
Y1j =—(RY1 (k) /k;, Y3j :SiYO(ki)vYSj =-kY(k);1=12,3,j=4,56 '

Set II: For this set the elements of y; ; I, j=1to 6, are given below
Y1 = (RiJ; (k) 1k 1V3j :Si‘JO(ki)’YSj :Jo(ki); 1,]=12,3 (6.22)
Y1 =—(RY.(k)) / ki, Y3j :SiYO(ki)!YSj :Yo(ki); 1=12,3; j=4,56

The elements of Y5, Y4j, Vej J =110 6 are attained by inserting 1 along with

K, , in the elements of Yijr Y3jr Vsjs j=1to 6.

6.5 Numerical Results and Discussion

In this section, the numerically analyzed computations have been done for
the authentication of analytical results in transversely isotropic magneto-
thermoelastic voids cylinder. The numerical results have been performed for coupled
thermoelasticity (CTE), generalized thermoelasticity (GTE) and elasticity (E) for
nonlocal and local thermoelastic hollow cylinder with radial thickness n=2.0.
Modelling has been prepared for transversely isotropic thermoelastic solid with
voids material single crystal of zinc whose physical constant values are given in SI

units (Chadwick and Seet (1970))

T, =296K ,7, =0.05x10""s, ¢;; =1.628x10" Nm™, o =3.688x10°N,
7=1753x10"°m?, ¢, =1.562x10" Nm™?, & =&, =1.475x10"°°Nm2,
K =1.24x10°Wmdeg™, C, =3.9x10?JKg*deg™, p=7.14x10°Kgm™, =10,
M =2.0x10°Nm?deg™?, B, = 3, =5.75x10° Nm? deg™ , b =1.13849x 10" Nm

The magnetic field parameters have been assumed as ,ue:47z><lO7H/m,

HO=108 A/m from Othman and Hilal (2017). The nonlocal parameter has been
assumed as¢&, =2.3102. The secular dispersion relations have been obtained from

assumed rigidly fixed boundaries are generally compound equations which give us
the values in the form of complex numbers (real as well as imaginary part). The
computations are applied to equation (6.20) for the cases of thermally insulated

boundaries. The numerically generated complex values (frequencies) of €2 might be
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written as Q" = QF +iQ". The real and imaginary parts have been presumed as

natural frequencies QF =, and damping factor Q' =Q, respectively. The value
of m is presumed as mode number, corresponds to the root of equation (6.20). The
real part of the roots of frequency is denoted as natural frequencies (Q2gz) have
been shown in table 6.1 with nonlocal/local elastic materials atn=2.0. It is noticed
that initially values are low and from top to bottom, the trends of values go on
increasing.

The frequency shift (Qq,;z) and the thermo-elastic damping related to inverse quality

factor (Q_l)for transversely isotropic electro-magneto generalized thermoelastic

hollow cylinder have been calculated by Sharma et al. (2022a) as:

'd CTE
Qrp —Qp
CTE
Qg

, Q—1=2‘&

Qshiﬁ = QR

Frequency shift (Qg)versus mode number (m)is displayed in Fig. 6.1(a—b) for GTE
and CTE models of magneto thermoelastic material in nonlocal/local elastic material
with voids.

Table. 6.1: Natural frequencies (€2g) versus mode number for GTE, CTE and Elasticity

models of magneto thermoelastic cylinder with voids at ratio of outer to

inner radii 7 =2.0 (a) nonlocal (b) local.

Nonlocal thermoelastic cylinder Local thermoelastic cylinder
m GTE CTE E GTE CTE E
1 1.5265 1.4932 1.4149 1.7089 1.6814 1.6436
2 3.4556 3.4322 3.4141 3.5388 3.5222 3.4648
3 4.6468 4.6131 4.6051 4.7809 4.7431 4.7034
4 5.5131 5.4215 5.2931 5.8893 5.7797 5.5281
5 6.6359 6.5826 6.5543 6.8039 6.7708 6.6042
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6 7.4622 7.4281 7.4001 7.8103 7.7455 7.6954

7 10.7103 10.5662 10.4457 10.9381 10.7791 10.6169

8 12.5516 12.4614 12.4017 12.5893 12.5088 12.4684

9 14.6091 14.5352 14.5032 14.5584 14.4839 14.4673

10 15.5836 15.4421 15.3431 15.7809 15.6998 15.6085

11 17.5727 17.4932 17.4312 17.8391 17.7069 17.6493

12 21.4311 21.3023 21.2819 21.7283 21.6978 21.6595
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Figure 6.1(a): Frequency shift (Q,)Vversus mode number (m)at 7 =2.0for

nonlocal case.
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Figure 6.1(b): Frequency shift (Q,,)Vversus mode number (m)at r =2.0for local

case.
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Figure 6.2(a): Thermoelastic damping (Q™*) versus mode number (m) at 7 = 2.0for

nonlocal case.

126



Analysis of Vibrations of Electro-Magneto Transversely Isotropic Thermoelastic Materials with VVoids

]

0.8

0.4 -

thermoelastic damping (0-)

(::. T T T T T T T T
1 2 3 4 ) §) 7 s o 10
mode number (1m)

Figure 6.2(b): Thermoelastic damping (Q ) versus mode number (m) at n = 2.0for

local case.

It has been analyzed from Fig. 6.1(a-b) that initially the variations of frequency shift
vibrations are larger and as to move from left to right the vibrations achieve peak

values at m=4.0, it go on decreasing. The peak values at m=4.0is larger in

contrast to peak value at m=7.0. The thermoelastic damping (Q ') versus mode
number (M) is represented in Fig. 6.2(a-b) for GTE, CTE and elasticity (E) models of
magneto thermoelastic cylinder in nonlocal/local elastic materials with voids. It is
examined from Fig. 6.2(a-b) that initially the variations of frequency shift vibrations
are larger and with increasing values of mode number, the variation of thermoelastic
damping vibrations keep on decreasing to become linear at m=6.0. This is to be
noticed form graphical representation and table that the variation of vibrations is

larger in case of GTE model in comparison to CTE and elasticity models.
6.6 Conclusions

Analysis of free vibrations of rigidly fixed boundary conditions has been

investigated under LS and GL model of generalized electro-magneto-thermoelastic
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nonlocal cylinder with voids material. The vibrations of frequency relations are
investigated analytically and numerically. The simulated results are presented
graphically for frequency shift and quality factor. Also the real parts of frequencies
named as natural frequencies have been shown in table 6.1. The graphical
representation and table shows that the variation of vibrations is larger in case of GTE
model in comparison to CTE and elasticity models. After achieving the maximum
amplitude, the variations of frequency shift vibrations go on decreasing. From Fig.
6.2, it is revealed that the thermoelastic damping vibrations go on decreasing to

become linear.
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