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2. Small Deflection
3. Large Deflection
4. Elastic Behavior
5. Plastic Behavior
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. Membrane Theory

. Bending Theory
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. Plane Elasticity Theory (PET)
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. Mirsky

. Hermann



[0] ws 5 @)1 1, ausss oz slaslgiul sloaiwg il oo & gl (sas po sy JS5
5 S3U bvain g alizee glaay ,lai L] s o> sailgiw | g0 polae (\ﬁ?o)vd&_’{;
dged dunlie pud

255 Gl A8 (pl 4 Gl o0 |) s ladtug (sogee o,k

fad sainiYl ey ks -

(s S et gl Y

b (i (g ylas (A

sl U b olgs oo a5 010 0929 aolan VO (gam dw (geiom i Yl g a5 o IS b 4
Gdoles i () Joles gadolae w13l Wil )lie Y olas 50)51 s |y Jogzmo VO
o 5l Wl be DY geme 5 (LW5,5-05) )3, alsbee b 5 (plralr— 5,5) Seileien
Sadlie dw g (i3S (y)lie Ho—udli) (35,5 sadlie il (S O)like je—il) i (gadlhe
a ) latng 5,08, Slasin wiz e on 4w oYl s b (Lbal> o) obal>
5 05lse oz e Ol SVl o (5 05800 380 S 41 i 5 05 oo irogi JolS y5b

5ol 2als | YU SYolas s o slowgtionls Slod 3 b el dbelSal baeT 6 o5 154 Soe

Sl )0 0 B bl ol Jlod 6l p ) (o) ons 59 iVl g4 )0
3o ilyinl (635 50 j9om 2 Ogac (Soimme abolie 45 09 b0 (58 (St (SATiY]
9 = OyS Sl ys iile oo (Sl jee 2 Sgas 5 (S5me lizen (SO i 9 (5,150
2 2laly (SHU sleaie 5 SIS g las OIS Lol 05l o a8 S a5 ys yho (D p S

lgtn | sl aa¥ | e (nliosd (ood i85 500 She plaw lral> plp e o 5 alais

1. First-Order Shear Deformation Theory (FSDT)
2. Greenspon
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1. Elasticity Modulus

2. Density

3. Poisson's Ratio

4. Heat Conduction Coefficient

5. Thermal Linear Expansion Coefficient
6. Piezoelectric Constants

7. Dielectric Constants
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1. First Order Electrical Potential Theory (FEPT)
2. First Order Temperature Theory (FTT)
3. Matched Asyomptotic Expansion (MAE)
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D2i,, = —c2, *h,** R,*; D2i,, = —12ks cg, *h, *R,*; D2i,, = —kscg, *h, **;
D2i,, = —ksey, *h,**; D2i,, = —kscg, *h,**; D2i,, = —kscg, *h, *° R,*;
D2i,, = —kse3 *h,** R, * D2i,, = —e5 *h, **; D2i,, =—e5 *h, ** R *;
D2i, =<, *h, * R *

D1i, = c3, *h, **; D1i,, = —3, *h,**; Dli,, =12ksc *h, *R,*;

D1i,, = kscg, *h,** —c, *h, ** —c2, *h, **; D1i,, = —12kscg, *h, * R *;
Dli,, = —12kseg *h, *R,*; Dli,, = —kscg, *h, ** +c5, *h, ** +¢, *h, **;
D1i,, = —ks ¢ *h,** R,*; D1i,, = —ks ey, *h, **; Dli,, =12e5, *h *R,*;
Dli,, = €3 *h, **; Dli, = —e2, *h, **; Dli;, = —e% *h, ** +e_, *h, **;

Dli,, = €5, *h,**;

DOi,, =12¢%, *h, * R *; DO, =12¢%, *h,*; DOi,, =12¢’, *h, *R,*; (OF-¥)
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DOi,, =12¢% *h, *+12¢2, *h, *~12¢%, * R, *m,*; DOi,, =12c% *h, *R,*;
DOi,, =122, *h, *+12¢%, *h, *—12c2, * R, *m,*;

DOi,, =12¢% *h, *R, *+12¢%, *R, *> m, *~12¢%, *R, *h,*;

DOi,, =12€%, *h, * R *; DO, =12e% *h, *R,*; DOi, =12, *h, *R, *
DOi,, =12¢% *h, * R *; DOi,, =12€’, *h,*; DOi,, =126 *h, *R *;

DOi, =—12&2 *h, *R, *

FOi, = —12F1, *R *; FOi, = —12F 2,*; F 0i, = —12F 3, *

FOi, =—12F4,*; F0i, =—12F5, *R,*; FOi, = —12F 6, *

Fli, = —377(40102*dR0 h,*U2, +4 e’ *R, *dh, ¢, +4cy,*dh, U’
1

+4c, *R,*dh, U2, +c2, *h,** dh, %+4e&*dRO h, * o5, (\o-F)
n

+4c5, *dRy by *Vy; +4¢5,* R, *dh, Vy, +4 F1, *dR, )
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Fli, = —12kscy *ndR, h,*U+, —3 ksc *h, ** ndh,

U,

~12kscg, *R, *n7dh, U, =12 kscg, *R, *r7dh, +3dh, ¢y, *h, ** U,

1
ddf] —12ks €3 *R, *ndh, w,, —12kseS *ndR, h, *y,,

—3ksey, *h,** ndh,

du?l. d?ul,
—12ksc’ *ndR h *—20 4 3¢% *h *2 p R *dh X0i
55 1] URg Ty dy 2 Th ™ 1Ry o d772 O5-%)
+3dh, e, *h, ** ¢, +3dh, ¢, *h, ** U}, +3dh, c3, *h, ** V,

! 21 )
+dROC32*hO*3 %—I—CSZ*ho*gndR ddL’J7x0| +30102*h *277dh d(LjJZOI

dv,,
0
dn

+3¢y, *h, ** ndh, dUZO' +3 e, *h,** ndh, d%' +3c5, *h,*
dn dn

dUiOi

+3dh, c%, *h, ** R, * i

211
Fli, =-12¢), *ndh, ¢, —12¢2, *ndh, U, +3kscd, *h, *? dhoOI UZ;“

0 0 0 2 dep, 0 dUy,
-12¢,, *ndm, U, +3kse,, *h, * dh, — +12ksc,, *dR, h, * —=
dn dn

1 0

Ve +12ks ¢, dhy R, Y0

dn dn
AU
dn
CIZLJZOOi

+12kscy *dR, h, *U,, +3kscd hy** dh,

+12¢2, *R, *ndm U . +12c2, *ndR, m,*U}, +12kscd, *R, *n7dh,
(V-¥)

+12dR, ksey, *h, *y,, +12ksdh, 3, *R, *w,, +12kscd *R, *ndh,

du; d’U fo.

+12kscg, *ndR, h, * 5 —20 1 12kscy *ndR, hy* 5 +12ksdh, c3 * R, *U},;
n 7

+12kse2 *7dR; h *dd"”o' +3ksel *h, ** ndh, dd%' ~12¢% *ndh, U2,
7 7

+12ksey, *R, *ndh, %
n
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Fli, =—12¢% *7dh, U, —12¢% *5dh, US, +3kscS, *h, ** 7 dh,R, *

+12.¢5, * 1 dR, hy *U 5, —12¢5,* Ry ** iy dm, U +3ks ez, *hy ** 77.dhy ddl'in
n

2

2
+12¢2, *ndR, m,*U°, +12¢2, *R, *;dh UL, +3ksed *h, ** ndh, R, »Lon
22 z0i 0 ™~ z0i 35 0 0 d

du;

200
dn
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~12¢;, *n7dR, hy *U o, —12€], * R, *17dh, @ +ks €5 *hy ** 17 AR, ‘ Uzzm

—12¢%*R, *ndh, V,, —12¢% *dR, 771, *V,, +3ksdh, c2, *h, ** R, *

1
+3ksdh egs*h *2 l//0|+3deh CO *h *2 Ui0|+dR kseo *h %3 dd¢0i
n

dUlei
dn

du’, du’

_3C102*h0*277dh0 dn _3C23*h0*277dh d7;0|+dR ksc O *h *3

210 210
—d Uso +3ksc2 *h ** dh a0 —12¢? *ndR, h *(01-
2 55 1o 17Ul 2 11 o o ™ Doi

+3ksdh, c2 *h, *?

2
+kse *h,** ndR, dd;pO' —24¢%*R,*ndR, m, *U’, —12c% *R, *ndh, U,

1

+3ksdh, €% *h, ** R, ~ 4oy +3ksc2 *h, ** ndh, d:’xo' +12¢% *R, *ndm, U2,
"

dn

F1i, :-377(— 2, *h, ** dh, dg +4e% *dR h, *UL +4el *R, *dh U,
dn

0
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1
42 *h, *2 gh, Wo

0
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dn
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Abstract

In this research, an analytical solution is presented for piezoelectric
heterogeneous variable wall cylindrical shells that are subjected to
mechanical, thermal, and electrical loads in their inner and outer layers. The
non-homogeneity variations of properties are considered as a power
function. Using the first-order electric potential theory, the first-order
temperature theory, and the first-order shear deformation theory, and
applying the energy method, the governing equations for different boundary
conditions at the two ends of the cylinder are derived. The governing
differential equation system is a system of ordinary differential equations
with variable coefficients, which is solved by using the analytical method of
the matched asymptotic expansion method of the perturbation technique, for
a cylinder with two clamped heads and with specific potential and
temperature. The results of the electric potential distribution, temperature,
displacement field, and stress distribution for variable wall cylinders are
extracted and the non-homogeneity effects of the properties on the electro-
thermo-mechanical behavior of the cylinder are investigated and compared
with the results predicted by the finite element method. The results show that
the non-homogeneity of properties has a significant effect on the electro-
thermo-mechanical behavior of the structure and the present analytical
solution can be used as an objective function to optimize and, design a

structure with optimal behavior.

Key words: varying thickness cylinder, functionally graded piezoelectric
material (FGPM), first-order shear deformation theory (FSDT), finite
element method (FEM), electro-thermo-mechanical analysis,
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