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Fig. 1. Geometry and cross-section of the axisymmetric piezoelectric cylinder
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2 Finite Element Method (FEM)

1 First Order Electrical Potential Theory (FEPT)

MA



oop(z,x
0= p(z,2) = p(0,x) + z 22X
aZ z=0
Fo(z.5) )
zZ Op\z,x 0 1
—_— +...: +Z
21 o |, vy

el X (659700 daizes 1 ol lps 4 00gy S xSUI
3okl 5 slaslginl Glaize o Lol 5 Ly, 5l eolawl b

Sydss gl (So Sl oo 9 (S plase (B) 5 (F) L)

1o]
0 1
e =U gg:UZ +ZUZ’
R+z
du!  dU!
&, = +z R *)
dx dx
0 1
y, =9 4
dx dx

9 gsh""“’ ‘LSC'L*‘“" LJL")" GLAL)“"; w): ] gx 9 849 ‘gz
Lol (g )97 olads Shp (5,5 VL, Geized bl oo (597
0 1

E.=—¢', E, =0, Ex:—%—z% )

by o i i (S pSIl e slaadlye B, 5 By (E,

Gl wYoles aalol jo aiil oo (g9 9 aase ( olads

2 oo bbb o 9 Kilees wlgil gl
33,5 oo obe [PF] 5l oslinal b el slea,

0, =C 6 +Cp &+ 6~k

Oy =Cp&, +Cp&yt+Cyé, —eykE,

0, =Cp&, +Cp&y+Cyé —e,k,

T, =Css Vo —€35E, )
D, =e,¢ +e,¢6,+e,6.+¢€, E,

Dx :e35 }/zx_EZZ Ex

1 Transversely Isotropic
2 Polarized

MA

el 09 n et (R) ailgl )85 55200 b oo Y alold ogdleay

Seb 0 Z Al e il i s g daBie posd cow S
Iyy-vy] (dr, (r, x)— dz, (z, X))

PR KPR A%GT Lazg b

r=R+z, R= 5 s h=r —r, M
w0 X 5 Z Slyeass o5l sl iz
h h
-—<z<—-,0=x<L )
2 2

8 sl ol g S Ay i SS9
S Sy (IS 585 5l Gy Sl amio 3500 g Cesly bglas
e S s e gloe amio y Sgos LIl g wiile e
Ol ailgil gl plrale Gl 005 oo B by (15
25 Loyt S adpe by IS s 4k sl esliiul b (55550
Iyl ses o ole
U, =U.(z,x) =U(x)+zU(x) =U_ + zU!
U,=0 )
U,=U(z,x)=U)(x)+zU\(x)=U +zU.

bl s slals o sailse U 5 U, U, o] 0 a5
4 4 4z b puizes b oo g e (lad
St 5 ke aye sealie i Ul 5 U (ohn JS5 s
Sy g o adye sbadlie coiia Uy 5 Uy 5 sles gloal>
idlion X (55970 daisee I (a5 oS Sl (55970 olal>
0o ol @b dlas o9 sy olie B8 4 4z L
bt a5l (ol s allgiul o @ (S Sl Jeily @8
L g oo a5 (9(2,X)) 09 wle> Job X Jsb daise 42
a0 g (2= dlgtul (Sl Y Jo> | &b cpl ks
ety Sl &5 Sl Gl 2 (58 S5 A e (S Sl ity
Ol e &8y ) 9 Sl (> D)j90 4 Culis bl po (S Sl
A5 ol sk g 5l akez g0 b sn s L) b LS,
lol cs 5



Support

(boundary conditions)
t

Axial
—_—
!

| Radial

Support
(boundary conditions)

Fig. 2. Cross-section of the piezoelectric cylinder under electro-mechanical loading in inner and outer surfaces
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Table 1. Mechanical and electrical properties of the piezoelectric cylinder
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Fig. 4. Distribution of electrical potential and radial and axial displacements in piezoelectric cylinders with various boundary
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Table 2. Numerical results of analytical and finite element solution of the piezoelectric cylinders (x=L/2)
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