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Abstract

In this Model, we study local and non-local effects in Piezothermoelastic layered Composite
Linear elastic materials with void cylinder with stimulus of rotation and gravity. The
mathematical expressions of mechanical and electrical equations are obtained using linear
theory of elasticity in the influence of rotation and gravity. The displacement, thermal and
electrical expressions are solved mathematically and solution attained by using Bessel’s
function. The dispersion equations are built on grip free boundary conditions and are
numerically inspected for CdSe material. The computed frequency, mechanical and electrical
nature against wave number is represented graphically and compared for local and non-local
effects.

Keywords— Layered cylinder, LEMV, Non-Local effects, Rotation, Gravity.

Introduction
The novel generalized nonlocal thermoelasticity model predicts fresh characteristics for
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mechanical parameters. The deliveries of the physical fields are considerably inclined by the
gravity field, Rotation and non-local effect. Eringen [1-6] builds the concepts of nonlocal
thermoelascity concepts in various fields. Edelen [7] studied another approach in nonlocal
effects in thermodynamics of systems. Said [8, 9] initiated the effect of phase-lags, gravity
and hydrostatic initial stress in thermoelastic medium. Shakeriaski and Ghodrat [10]
discussed the nonlinear response of Cattaneo-type thermal loading of a laser pulse on a
medium using the generalized thermoelastic model. Sharma et.al [11] studied Effect of dual
phase lag model on the vibration analysis of non-local generalized thermoelastic diffusive
hollow sphere. Othman. et.al [12] deliberated effect of initial stress on a microstretch
thermoelastic medium immersed in an infinite inviscid fluid with two models. Abouelregal
et.al [13] deliberated the influence of a non-local Moore—Gibson—-Thompson heat transfer
model on an underlying thermoelastic material under the model of memory-dependent
derivatives. Zhang and Ma [14] investigated on the microscale memory dependence effect of
thermo-viscoelastic rod based on fractional strain theory. Moradi et.al [15] discussed on the
vibration and energy harvesting of the piezoelectric MEMS/NEMS via nonlocal strain
gradient theory. Selvamani and Mahesh [16, 17, & 18] discussed the effects of nonlocal the
effect of nonlocal scale value and phase lags on thermoelastic waves in a multilayered
LEMV/CFRP composite cylinder with and without hall current. Selvamani and Mahesh [19]
discussed rotation and gravity effects in a piezoelectric viscothermoelastic multilayered
composite LEMV/CFRP cylinder. He [20] discussed transient response of a hollow cylinder
with nonlocal effect and fractional thermoelasticity. Abouelregal et.al [21, 22] discussed
about space-time non-local analysis of a porous thermoelastic hollow cylinder using a heat
conduction model featuring a Goufo-Caputo two-parameter fractional derivative with phase
lags and analysis of thermoelastic behavior of porous cylinders with voids via a nonlocal
space-time elastic approach and Caputo-tempered fractional heat conduction. Cao et.al [23]
analysed nonlocal fracture analysis of fiber reinforced composites under heat flux
loading. Zhang et.al [24] deliberated deformation and failure mechanism of deep-buried
tunnel under the action of fault dislocation and application of nonlocal model in numerical
simulation research. He et.al [25] deliberated dynamic response of a half-space with time-
fractional heat conduction and nonlocal strain theory. Abouelregal [26] observed Influence
of moving heat sources on thermoviscoelastic behavior of rotating nanorods: a nonlocal
Klein—Gordon perspective with fractional heat conduction

Based on the above studies, non-local effects in piezoelectric viscothermoelastic multilayered
cylinders together with rotation and gravity are not taken into account. So in this model, form
a mathematical relation for displacement, temperature, and electrical components; together
with rotation and gravity, they are obtained using the linear theory of elasticity. Resolve the
mathematical relation with the appropriate method and suitable boundary condition. For
making better conclusions, the numerical results consider the material CdSe, and from those
results, compared local and non-local effects.

Formation Of Problem
An elastic cylinder with the nature of homogeneous and transversely isotropic is taken to

account. The radial radial and axial displacement of equations with rotation is given by
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alrr,r + alrzyz +r7 o) +p@x @x ) +2(Q xu,)) = (1— €2V puy,
(1a)
l l -1.1 0O x (0% i Oxiv N\ = (1 _ ~2p2
0lrzr + 0470, QX @ x W) +2(Q X W) = (1 — €2V2)pw,
(1b)
The electric displacement equation is given as
10 d
- Dl _ Dl —
The heat conduction equation

K11(Tl,rr + r_lTl,r) + Tt(KnT,rlﬂr + K33Tl,zz)'t
d
= (5 + 14 &) [TodT"'; + To(Bi(e'rr + €'99) + Bae’ ,,—p3E )] )]

(lc)

K;j denote heat conduction coefficient. In the above equations make few submissions of
Tg,Tq and J. we get following cases.(i) The Dual phase lags thermoelasticity theory (DPL)
when 79 =7,=0andd=1.

(i) The Lord—Shulman (LS) generalized thermoelasticity theory when 74, 7,—0, = 1.

Stress strain relations are given as follows with the non-local effects

(1 - €*V¥)at = ciielyr +crpelgg +cizely, — BiT! — esE; (2a)
(1—€?V¥)a! = cizelyy + cizelgg + cazel,, — BT — eg3E} (2b)
1- EZVZ)UlTZ = casely, (20)

D, = ejsel, + &4 E} (2d)

D, = e3;(e}r + epg) + e33el, + e33ES + psT (2e)

Where al-lj denotes stress, el-lj denotes strain C;; denotes elastic moduli, f;, B3 denotes thermal

expansion, p denotes density, ¢, denotes specific heat capacity, p; denotes pyro electric
effect, Tgand 7, are phase lags. Here €(= eya,) denotes the elastic nonlocal parameter, a, -

internal characteristic length and e,- material constant.

The strains fields of the cylinder are taken as

[ ) l — —1(,,1 l Lyl
err—u,regg—r (u +U’9), eZZ_W,Z

[ | —1(..1 l | -1,,,1 Il l
€ g =V,—T (v —u,g), e, =V ,+1r Wy, e, =W, tu, 3)
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Equation (3) and (2) into Equation (1) gives the following equation of motion addition with

rotation and gravity.

C11 l -1,,1 -2,,1 C13 l Caa l l

1_62v2(u bl u)+1_€2vzw ’rZ+1—62V2(u’ZZ+W’rz)

(e1s+es1) oy Bi l p(Q%u+20w,) PGWr _ 2724 5l
1-e2v2 TZ (1—6;V2) 2 1-€2v2 1—62VT2 =1 -€Vp Ut

(4a)

(Caa F+C13) , 1.1 C33 ! C4q ! 1.1

T _etvz (ul, +r7tut,) + [—eove (w!,,)+ vz (W + 77wt

+es(EL +771E,)
B} p(Q2w+2Qu,) pgu,

N 1—62V2 Tl'r + 1—€2V2 =+ 1—62;2 - (1 N Ezvz)plw’tt (4b)
rleis(Why + ub,) + e EL + eqzul, + 171 (uh) + e3swh, + e33EL +psT =0 (4c)

Kua (Tl +77T8) + 7o (K The + KasT22) , = (8 + 450 [TodT" ¢ + To(Ba (ul e +
rtul ) + Bsw! ,—p3d)]  (4d)
The solutions of Equations (1) is considered in the form
ut = Ul exp {i(kz + wt)}

wt = (%) Wtexp {i(kz + wt)}

El = (%) E'exp {i(i(kz + a)t))}

o (G (T :
T = ([33) (z)exp {i(kz + wt) 2)
k - wave number parameter, w -angular frequency .Introducing the following non-
2(1_¢2v2)
dimensional values x = 2 e=ka,c=pp,R; = M, C11 =
44
c11(1 — €2V? _ c13(1 — €2V? _ c33(1 — €2V? _

Ces(1—€ VZ)/

1 — €?V? (pc )2 _ _
Cas'P = Al )/ﬁ K33 = ﬁ3T44aQ Ry = 5(9{5 + 951)(1 — €7V?),
R;=(1- Ezvz)(elsvz + €%)Cya,
R4 - _ ip3B*ToZk(L)

e33a2

Equation (5) in Equation (4) we get:
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[611V2 = (R — eD)]U' = [e(1 + C13) W + RE' — BT = 0
[e(1 + ¢3)VAIU 4+ [V2 + (RZ — C33e)|WE+ RiEV —eT =0

K _
e(1+ e)V2UL + [6,5V? + 2w + [—%vz + K323l£2] E'—pleTt =0

3T,z T,p%ia
BToZ Goppr y TaP 18y R,E!
Cyq Cyq

iKy iK33 . pdip
+{=—=V2(1+1)+— (A +ipt)e?t———0A-17,)|T' =0
<,Ba2 ( t) ; ( pT¢) 7 ( q)

Equation (3), reduced as follows
(AVE + BV® + CV* + DV2 + E)(U'W'ELTHT =0 (4)
The following solutions consider for Equation (4)
4
Ut = > [A4a(x) + Byya ()],
j=1
4
W' =" ! [4gn(ex) + Bya(e)],
j=1
4
B = > b Aa(e) + Biyn(e)]
j=1
T' = %o ¢! [An(asx) + Biyn(ayx)], (5)
Here (a}ax), is strictly positive for all i values 1 to 4 and solutions of above equations.
(4(aYa)’ + B(a'a)’ + C(aYa)" + D(alja)’ + E) (UL WL ELTY) = 0
a} , b} and le attained form the following equation.

[C_11vz - (R% - 52)] —[e(1+cz)] + R, — ﬁ_ =0
[e(1 4 ¢13)V?] +[V? + (R3 — 33¢2)]+R;— =0

K. _
e(1+ V2 + [6,5V? + €2] + —%Vz + K2 e?| —ple=0
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L MATHEMATICAL EXPRESSION FOR LINEAR ELASTIC
MATERIALS WITH VOIDS

The equations of motion for isotropic LEMYV materials are given as
(A+ 2.“)(u,rr + r_lu,r - r_zu) +uu,, + 1+ .u)VV,ZZ + .BE,r = PUye
A+ (up +17"u,) + u(wer + 177w, ) + (A + 21w, + BE, = pwyy

—B(u,+7ru)—pw,+a(E,r + 77 E, + ¢ py) — SkEy — wE, —EE =0 (7)

Stress relation for adhesive material are

0 =@A+2Wu, +Ar u+ Aw, + B

Orz = .u(u,t + W,r)

For Equation (7) the following solution is consider
u = w,expi(kz + pt)

w = (%)Wexpi(kz + pt)

E = (%) E expi(kz + pt) (8)

The above solution in (7) and nondimensionl variables x and &, equation can be reduced as

A+ 2u)V? + M, —M, M,
M,V? avZ + M, M (U W,E) =0 9)
—M;V? Mg aV? + Mg

2
Where V2= a—+ 19

0x2  x0x

M1:%(Ch)2—ﬁ€2> M,=A+@e ,M;=p, M4:%(Ch)2—(i+ﬂ)€23M5:E€

M, = /%(ch)ZE —a@e? —iw(ch) — £

Equation (9) expressed as follows ,

(Ve + PV* + QV2 + R)(U,W,E) =0 (10)
The following solution consider for equation (10)
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U= Z[Aj]()(ajx) + B;yy (an)],

=3 al4(en)* (el

=1
3
E= z bj|AiJo(@x) + Bjyo(ex)],
=1

2 . . . 2
(ajx) are solution of the equation when replacing V2= —(ajx) .
a; and b; are got from

M,V? + (L V? + My)a; + Msb; = 0,
—M3V? + Msa; + (aV? + Mg)b; = 0

I BOUNDARY  CONDITIONS AND  FREQUENCY
EQUATIONS

The below mentioned boundary condition are consider to attain frequency equations

> On the grip free internal and external surface ', = 0}, = E!t = T' = 0 with [ = 1,3
> At the inner surface 0}, = 0,,; 0}, = 0,,; E' = 0;T' = 0; D! = 0.

Based on above boundary condition we acquired as a 22 by 22 determinant equation
|(F:)| =0, (j=123,...22)
Atx = xy Where j = 1,2,3,4
= afl 1 1)\~ = ol 45 - 1
Fij = 2C66(x_0)]1(a jxo) - [(a ja) €11 + {Ci3a’; + e3,¢b*j + fc j] ]0(“ jaxo)

Fyj = (( + aj1 + 9_15bj1)(aj1) jl(alfxo)

Fsj = bjJo(a"jx0)
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hl
Fyj = i]o(aljxo) - (ajl)jl(aljxo)

And the other nonzero elements Fy ji4,F; j44,F3 44 and Fy jy4are acquired by substituting
Jo by Jiand Yy by Y.

Atx = x;

Fs; = 2566(2—]1)]1(a1jx1) — [(alja)zc'll + {cy3alj + €3,0bY + ﬁ_clj] Jo(atjax,)
Fsjrs = —[2 (Z—i)]l(axl) + {—(/T + ﬂ)(aj)z + Bb; — /T(aj}jo(ajxl)

Fe; = (¢ +af + é1sb!)(a) 1 (atjax,)

Foj+e = —( + a;) ()1 (a;x1)

Frj = (@))i(ajx1)

F;ive = —(a;)]1(ajxy)
Foj = ajJo(jx1)

Fgjrg = —aﬂo(a}xﬂ
Fy; = b}]o(“}xo)

Fioj = ej(aj)ll (a’jlxﬂ

l
C.
Fi15 = x_]lfo(a}x1) - (“})]1(“}951)

and the continuing nonzero element at the inner surfaces x = x; can be acquired on swapping
Jo by J; and Y, byY; in the above elements. They are F; ;14 F;jigFijr11,Fijr14(ir =
5,6,7,8) and Fq 4 F10 j+4F11j+4, -At the inner surface x = x,, the nonzero elements along
the following rows F;;, (i = 12 to 18 and j = 8 to 20) are acquired on swapping x; by x;

and superscript 1 by 2 in order. Likewise, at the outer surface x = x5, the nonzero elements
Fij,(i=19to 22 andj = 14 to 22).

1L NUMERICAL ANALYSIS

The following material constants of CdSe consider for numerical discussions

Cp =741 %X 10°°Nm™2, C,;, = 4.52 x 10°°Nm™2,; ;5 = 3.93 x 101°Nm™2,
Css = 8.36 X 101°Nm™2, C,, = 1.32 x 10°Nm™2, T, = 298 K,p = 5504 kg m™3,
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Cr=260]Kg 1K™, e;3=-0.160 Cm™2, e33 = 0.347 Cm™2, e;s = —0.138Cm ™2,
B, = 0.621 x 106 Nk~'m™2, B; = 0.621 x 10 Nk~'m™2, P, = —2.94 x 10° Ck~'m™2
K, =K =9Wm K1, e, =826 x 10" 112N 12

€11 =826 x 107 11C2N"Im~2 ,Tq = 0.9342 X 107125, Tq = 0.9342 X 107125,

Frequency

0 01 02 03 04 05 06 07 08 09 1
wavenumber

Fig 1. Dimensionless frequency versus wave number in presence and absences of gravity in
local elastic cylinder.

Frequency

0 0.1 02 03 04 05 06 0.7 08 09 1
Wavenumber

Fig 2 Dimensionless frequency versus wave number in presence and absences of gravity in
non-local Elastic cylinder.
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DPL Q=0
LST Q=0
DPLN=0.5
' LST 2=0.5

Frequency
N

0 0.1 02 03 04 05 06 07 08 09 1
Wavenumber

Fig 3. Dimensionless frequency versus wave number in presence and absences of rotation in
local Elastic cylinder.

DPL 0=0
LST =0

16 DPLO=05
. LST 0=05

Frequency

0 0.1 02 03 04 05 06 0.7 08 09 1
Wavenumber
Fig 4. Dimensionless frequency versus wave number in presence and absences of rotation in
non-local Elastic cylinder.

Fig. 1 represents the variation of wave number versus non-dimensional frequency against
DPL and LST theory with and without gravity for a local thermoelastic multilayered cylinder.
In the above formation the absence of non-local parameter (1 — €2V?) | attain local
thermoelastic multilayered cylinder results. Fig. 2 represents the variation of wave number
versus non-dimensional frequency against DPL and LST theory with and without gravity for
a nonlocal thermoelastic multilayered cylinder. From this, we observed similar changes in
local and nonlocal elastic cylinders in the presence and absence of gravity for DPL and LST

theory.

Fig. 3 represents the variation of wave number versus non-dimensional frequency against
DPL and LST theory with and without rotation for a local thermoelastic multilayered
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cylinder. Fig. 4 represents the variation of wave number versus non-dimensional frequency
against DPL and LST theory with and without rotation for a nonlocal thermoelastic
multilayered cylinder. From this, we observed similar changes in local and nonlocal elastic
cylinders, in the presence and absence of rotation for DPL and LST theory. Further rotation
parameter creates impact in Non-dimensional frequency against wave number in both cases.

Temputure Distribution

0 0.1 02 03 04 05 06 07 08 09 1
Wavenumber

Fig 5. Distribution of temperature versus wave number in presence and absences of gravity
in local Elastic cylinder.

DPL g=0
7+ LST g=0
DPLg=9.8

Temputure Distribution

1 L Il L

0 L " " L L
0 01 02 03 04 0.5 06 0.7 08 0.9 1

Wavenumber

Fig 6. Distribution of temperature versus wave number in presence and absences of gravity
in nonlocal Elastic cylinder.
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6
DPL =0
LST 02=0
5} DPL0=0.5
--------- LST 2=0.5

Temputure Distribution
w

0 01 02 03 04 05 06 07 08 09 1
Wavenumber

Fig 7. Distribution of temperature versus wave number in presence and absences of rotation
in local Elastic cylinder.

DPL £2=0
LST =0
DPLQ=0.5
""" LST 2=0.5]| 4

Temputure Distribution

0 01 02 03 04 05 06 0.7 08 09 1
Wavenumber

Fig 8. Distribution of temperature versus wave number in presence and absences of rotation
in non-local Elastic cylinder.

Fig. 5 represents the variation of wave number versus temperature distribution against DPL
and LST theory with and without gravity for a local thermoelastic multilayered cylinder. Fig.
6 represents the variation of wave number versus temperature distribution against DPL and
LST theory with and without gravity for a nonlocal thermoelastic multilayered cylinder. In
this, we detected similar changes in local and nonlocal elastic cylinders in the presence and
absence of gravity for DPL and LST theory.
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Fig. 7 represents the variation of wave number versus temperature distribution against DPL
and LST theory with and without rotation for a local thermoelastic multilayered cylinder. Fig.
8 represents the variation of wave number versus temperature distribution against DPL and
LST theory with and without rotation for a nonlocal thermoelastic multilayered cylinder. In
this, we detected similar changes in local and nonlocal elastic cylinders, in the presence and
absence of rotation for DPL and LST theory. Further rotation parameter creates more impact
in temperature distribution against wave number in both cases.

0.12
DPL g=0
LST g=0
01} DPLg=9.8
- LST g=0.8
@ 0.08 | 1
=
&
g
o er ]
B
@
w
0.04
002

0 4 A A A A A 1 L ' A
0 01 0.2 03 04 05 06 0.7 08 09 1
Wavenumber

Fig 9. Distribution of electric potential versus wave number in presence and absences of
gravity in local Elastic cylinder.

Fig. 9 denotes the variation of wave number versus electric potential against DPL and LST
theory with and without gravity for a local thermoelastic multilayered cylinder. Fig. 10
represents the variation of wave number versus electric potential against DPL and LST theory
with and without gravity for a nonlocal thermoelastic multilayered cylinder. In this, we
observed that the electric potential retains an increasing nature in local elastic cylinders,
while it exhibits the same behavior only at lower values of wave number in nonlocal
cylinders, both in the presence and absence of gravity for DPL and LST theory.

Fig. 11 denotes the variation of wave number versus electric potential against DPL and LST
theory with and without rotation for a local thermoelastic multilayered cylinder. Fig. 12
represents the variation of wave number versus electric potential against DPL and LST theory
with and without rotation for a nonlocal thermoelastic multilayered cylinder. In this, we
detected slight variation in electric potential for local and nonlocal elastic cylinders, in the
presence and absence of rotation for DPL and LST theory.

Received: August 10, 2025 341



International Journal of Applied Mathematics

Volume 38 No. 5s, 2025
ISSN: 1311-1728 (printed version); ISSN: 1314-8060 (on-line version)

14 ! T ' . : ! . r .

Electric Potential

0 01 02 03 04 05 06 07 08 09 1
Wavenumber

Fig 10. Distribution of electric potential versus wave number in presence and absences of
gravity in non-local Elastic cylinder.

0.14 T T T T T T T T T
—DPLO=0
LST 0=0
0.12 DPLQ=05
""""""" LST =05
01}
©
=
8008t
Q
o
o
5 0.06
o
|
0.04 F
0.02f
0 " A L ' L ' i L ' L

0 0.1 02 03 04 05 06 0.7 08 09 1
Wavenumber

Fig 11. Distribution of electric potential versus wave number in presence and absences of
rotation in local Elastic cylinder.
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1.4
1ot ’A\__/—F”
1F
=
=
S08F
(o]
o
o
S 06F
o)
w
] DPL Q=0
0.4r LST Q=0
] DPLQ=0.5
/ G ST Q=05
0.2 1
/
/

0 0.1 0.2 03 04 05 06 0.7 08 09 1
Wavenumber

Fig 12. Distribution of electric potential versus wave number in presence and absences of
rotation in non-local Elastic cylinder.

Conclusions
This problem is framed by the analysis of the local and non-local effects of

Piezothermoelastic layered Composite LEMV Cylinder with stimuli of rotation and gravity.
To attain that, the modeling of mechanical, thermal and electric parameters is framed for the
above-mentioned case and that modeling is exactly solved by the linear theory of elasticity
and appropriate boundary conditions. For performing the numerical results, the material
constants of cdSe were considered. The numerical calculation was carried out through
MATLAB and their results are expressed in a graphical illustration. Through that, in both
cases, gravity creates similar effects in frequency and thermal distribution as well as rotation
creates slight variation. The variation in electric potential retains some significant variation in
the nonlocal elastic cylinder compared to the local elastic cylinder.
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