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A micromechanical study on the electro-elastic behavior of piezoelectric
fibrous composites using element free Galerkin method
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ARTICLE INFORMATION ABSTRACT
Original Research Paper A two dimensional generalized plane strain micromechanical model is developed to study electro-
Received 12 January 2014 elastic behavior of piezoelectric fiber reinforced composites (PFRC) with transverse polarization.

Accepted 26 February 2014

Available Online 13 July 2014 A small repeating area of the composite, representing a quarter of fiber surrounded by matrix is

considered as representative volume element (RVE). The composite system consists of long

parallel piezoelectric fibers with transversely isotropic properties and perfectly bounded to the

Keywords: : . A o .

Micromechanical Model isotropic matrix in a square array arrangement. In addition, the constituents are assumed to have
Element Free Galerkin Method both linear elastic and electrical behavior, whereas, the matrix is piezoelectrically passive. The
Piezoelectric Fibrous Composites element free Galerkin method is employed to obtain solution for the governing system of partial

Electro-Elastic Properties differential of equations. In this method, the Moving Least Square shape functionsare used to

approximate the field variable at arbitrary point. Comparison of the presented results with other
techniques available in the literature reveals good agreement. It is demonstrated that the
piezoelectric coefficient “e31” in the transverse polarization is considerably improved in
comparison with corresponding coefficient of pure piezoelectric material. Furthermore, as a
result, it is found that fibers with elliptical cross section may enhance the amount of electrical
sensitivity of PFRC several times than circular fibers in a specific direction.
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9- Particulate

10- Short-Fiber

11- Long-Fiber

12- Laminate

13- Networked

14- Mesh-Free Numerical Methods
15- Element Free Galerkin (EFG)

7 oplodds N E 0995 AYAY ) oo puigh (3w Sl Swliie

Slodds Cay g (S Sl

Gl aledga dlge glgl Gl (S plyie 4 &5 S8l olge
Al s s (Sl (SOl lite bLs )l o hls enisd oo
NSk Blie 53 g 0ols 590 (S Sl oleS 93l Sl jL Jlee!
Slge a5 Loyl 5135 oo ialed & 1y (SeilSe il s (oSl sla
i K0S 4 (S0l (Sl slagss Sl sS4 508 SoSUlgre
b e S 5 e yShos o clie Sl K glyse 4 bl 5l Y
[v] KYWps

Serlgin Scejeals ol IS o ok sl
5,505, b soaate el &il)) o] ams a5 ous plool atg> s LI
by SVl s cwleg] e 5 T sla)ld) Gl o (SlSes S
Sy ole o ) G sladae wgsae g (Ll slahs, cons
5 S ool slal cow JBUI (S0l lacyjelS
Sceials ol 2 sl Ve b)) J1ailes S ke (SSlSe
5ol cazen Sliime sla)lS 0 o5 55 egose (S (Ko ySlgin
SHSL 5 s ol ) dF] 6, 5 b [¥] 2ol S 5 LS Y]
Joe S byl e Y] 0550 i ol 53 s oy [V 5905090 4 [9]
T - 550 5 5 5losss slon 51 anos Gulioly @Bl 5 457 ol
Selgrn oty jeals SaVhgiSIl 5e ol Jlod 4w
Sy (sloyd (S pSlg e lata el 5h9e gl Y b SUI
S)lge sany ;0 Lol g LG - (5,90 Jo (Solw 4y a5 Jl> o o B0l Jow
P Iobs gy sl 2 [F] (5 5 Slos S o0 pmiin |y 65350 b
o jpals SVl 10 calpd iy & e Cuaglin g
Geeis sl ol il (pose gl Ve I o (S pSllsin
odpmlad oy Dygo & (S ySllgre S &S LlKia wisls ples b
4 Sl Lol @S ol Cajpeeld (SoiSllysen 3o Lolys wisd
AL S pSlgie oole S 3 calp Glos & s (g S 5k
25 SeSlae Jloel jsliie a5 530S slpiiy o] 0gd ol
S s (5055 Sl 4 5 Bl Calbs glial, o EpS,
Orzen gl odez SLl ol 5 Vb 50 (Silpe g a4 eajenelS (0950
Slaajonals cnl ko (sl 1y dgny slalame SIS iy, [0] s,
Dlas Cuglia g, » Grhite Lyl (ol 5 0 54 (Soysllyry
las Caslio By, 4l 2 [P S5 5 LS T3] 0,0 e
laceigals ol (Sl (Sl -Gl eaddsS ely>
Sl o & oy dxg b ol ols S8 o 0500 1) (S iSlg5
RO R L - JC e YO U
Ol b eizeon ils L)) il glosormm oS 4 o | oy joralS
S el g ofanl ek ane) WtV Jode (e (Sl
6o 5l oslitul a8 wals plis ey jemelS ! (oSl g (Sl
scwigals (SoSll Gl e oSl wWilge Spp
iy Ogete 1) (0258 gl Vor b (S0 Sy

elyr ailg oo (Silag Se oBaus jo Ll gla Jaw a5 pl L

- Actuator

- Sensor
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Mori-Tanaka

Method of Cells (MOC)
- Strength of Materials

- Thermal Coefficient
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5- Generalize Plane Strain
6- Weak-Form
7- Maxwell
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1- Square Array

2- Hexagonal Array

3- Representative Element

4- Normal Mode Sensing and Actuation
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3- Direct imposing Essential Boundary Conditions
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3- Global Weak-Form
4- Gauss Quadrature
5- Gauss Elimination
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1- Perfectly or Fully Bounded
2- Penalty Method
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