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The role of the power law index as a design criterion on the statically loaded
multilayered functionally graded piezoelectric plate in thermal environments
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ARTICLE INFORMATION ABSTRACT

This paper investigates the static behavior of multilayered functionally graded piezoelectric plates under
thermal loads. The plate with functionally graded piezoelectric material (FGPM) is assumed to be
graded through the thickness by a simple power law distribution in terms of the volume fractions of the
constituents. Considering the thermal coefficients of the piezoelectric material in the constitutive
Keywords equations -(the terms that will .couple the temperature effects to t-he piezoelectric properties, known as
Piezoelectric pyroelectrlc _constants)_ and using the kmema_tlc as_sumptlons of flrst-_ order_sh_ear plate _theory (FSDT),
FGPM the constitutive equation of the FGP plate is written. Then, by using principle of virtual work, the
Finite Element governing equations of the FGP plate are obtained. These equations are solved by finite element method
Thermal loading using eight node shell element. Case studies such asplate under static loading, different layers and
boundary conditions are considered and results in various thermal loadings have been obtained.
Deflection and voltage results for different power law exponents and different boundary conditions are
calculated and presented. The influence of power law index on the static behavior of FGPM plate
(including deflection and voltage) under thermal loading are investigated. These responses can be used
as a criterion for design of FGP sensors and actuators operating at high or low temperatures.

Original Research Paper

Received 29 August 2015

Accepted 12 October 2015
Available Online 05 December 2015

BRSO (UL T U NUORILIT] R CL I é;rﬂ‘géu&.c ‘LS’;)|)> TS
gy alads (8L lge 5l s (nl 9955 b g 8555 0 B (2l (S S

dodo- 1

».\.;5) 9 Q_AS)M Sl cs.\.a.o.ws.(b LgLQo)Lw 9 .)‘3.0 0)5.‘> c)o\ CY- ) 5.) )»)

[1] el oo b ol gleacacs 51 S olaosle i 6lp
5 3,00 097y Slge (pam )0 (panb Ojgod o S Slgrn Cools
(Jaly Sas gl sl cessar 1) Ol alerd coS 5 L Ul oo
SeySlsse @l Ol 5l wsz S s OlyTl (il psiisel Sliand
SUsS ey Slls oy o 6,500 (55 dlge Skl aiea

Please cite this article using:

boojlo b Sl ccd iy pl Yo 5l (SO il ooy 3,55 s0900
4 azsi b ogs 3 Sles 2ol b5 03,5 A okl o5 Cenl ot
51 S ol 055 eodlas p Aiilgi o 45 ool il arils | Lo
bl axals (b sbao )5 g wigd J S 590 ol
Sl S wiloswl 099 4 diedgn slaoile 5l (6,508 Jws yuized

Lanlod 03lisw! 133 & ke s cpl & gloyl gl

H. Nourmohammadi, B. Behjat, The role of the power law index as a design criterion on the statically loaded multilayered functionally graded piezoelectric plate in thermal
environments, Modares Mechanical Engineering, Vol. 15, No. 12, pp. 405-415, 2015 (in Persian)



RS AL 9 (S0 )95 (D

RESIFEN G)IL?)Q)A KVP-RV-Y ._ia).aﬂlg).u «Nm Y9 FSElawl Al sl sobse gl,.i.ctkg L,;I,.» -_ula).uia RTyye

[10] i, Ken g comge 2009 Jlo yo ol yiin oS o s o]
L1y onts S ilsy csla bl ofjT iles | 5 (Sanligs ( Sestind Jolos
(SSle oyl glgil T 50 aS Wby plil dgame yledl oy, 5l eolatul
5 Sy ol S s Ly lase i Jlael 5> 5 o525
il 5285 ilaan 5 Jeslty 5551 ol | 5T ¥lao ol ot 438
s ooliianl cansl S iSlg peyge s 31 ol a5 s sl A ye g o5
Spe 565 (Seelnd g (Slinl Faly 5o (5500 Lulyd g dlge S5 S
Seslbewl Ldos [11] 29 L5 2009 Jlo jo .0l sols 1,3 anlllas
Al ple )5Sl (51081 codd S5 Sy sy 6l jguins g Lo SKlas S
ool e il slian 1) ol i &l Slinl ol ol Lassls
o) 0 alS e ek Sy Ojsed Culbo Job jo cole plgs axlllas
5 lod s (TEMC) SilSag iUl oS 3G (59, (el aalllno s
5 Oboj el 00y plowil la Shos g oy (gdad ,l8, 5 Cualld Cond
JorS oSy p5 ohes 58, 2010 Jlo o [12] aSean
g lasols H18 gwyp 9550 1y SO sl b cod wiedan S xSl
axdllas 350 1, S Sl e 5 oo Sl (gl a5 ool 51 oolial L
Slp |, SeVlge o [13] oo de 2010 Jlo jo aisls 13
Sl il SoSlgrn by b sisdse gleE)y (Sebiwl IS0 s
4,98 Sy 9 Culied Cuz yo Al sl lesle sEASS S5 el sl
S [14] 950 Je 2011 JLo o cpizmon 28,5 ol Job cgz o
L ol aimban slogy (Setiod S8 s sl |y Set¥lya 5 J>
b, 10 5y olem alie ol yo ol @l o iSUlgs S0 slaasY
Gl s Sl o Sl alsy Cuns (Jy il (B8 Jly bt
Oyge 4 diis Gl ouls plxil Sl sles g ool o5AST (gl Judow
b ool Cosdts mdlyiss ¥olas 5 0d plil sl > o8 b Judow
2 9 OSedé b a8 0l a5 edal Cawsey Sl sl s,
5 e Sl s e )8 Grizren 5 () 15,6 )0 FOM L3,
o [15] Lwll5es 5 JoS 2011 Jlo o .ol (Slse 5,135 L
(Sl oS 5 b Cod gy @l SO pSlgr ey (Sl g
S sl 4o o Jin 5 slayss gl acsl y (Slse 5 (S0l
Sy 33308 B (o 090 Glisebl CublB g 8 (6l ;b 4o
oolaiwl Cwlrs glivl, ;o oole plod &l s o @ glp ool g
obedl g, 5 esliul b ([16] il Kew g &1 2012 Jlo jo 030,
Sz Sl sle Jae ln clis oole oS bl 4 sgue
aax Jle )5 oole Colpsye aSly (SO Sl 65,50 51 A colanl
e o |y ol g s (6l 59 ad gy jo oolatwl b8 oS (PMN33)
gl o Jobos 4 [17] (2012) il Sen 5 jmolp ais)S
Jd= oy 3l gl oSl mjae ool SO SNy slge 5l eads asLa
5y s )5 esliinl (SSlSe 5 (oS S sla L sl (helos
s plai 5 Jlael b Sgon o T 5 508 o (S
Sy 3l el Sz 5 Ogeln cups e (Sl Gl (Sl
hglin ® el 33105 L 1) oael sty @l oyl oS oo Cons s
5 Selbwl Jdo 4y [18] sl Ken o Sl 2013 Jls o s S
Sl s SlSe lal co aiban S iSlsy sla s Sl
Sl b 4 axgi b cwlbro glialy jo slge olss Ol s auizls

7- Electro-Mechanical Coupling
8- ANSYS

12 o jlesis 15 093 1394 siawl (o3 Sl wadie

(BaSTO) w,b bles (o9 oo aliss PZT (lgie 4 45) PbZrTiOs)
el (PVDF) wlysls L cpsuid lidgus o(PLZT) bl &sS 105 o pos
Sagronl b Sygot (oS5 b Sl Slse 5l
Se 2l cal 305 el oy nl (55, bsnkd Jos Wb cnlnly
ookd 55 o JsSge 5 08 o Jlasl oslo 4y |y (558 s S Sl loes
g5 Sl (S S o olwl ollss wosle g Wiy 18 s G o
[2] s o 1, U

S L als b uoldl s Sad el 6095 4 05 s
aie; 5 SoySllgs Sl 08 it [3] wnsS o S pSUls s
oSy slodlsh 5 )l silepgas e Ggole andl (g5l IS5
oSy olge el (058155 5558 (slajluylS)) (pulSe (rny90
S el 5 (sond S dlos 5o (6551 S o3Il sl e
[4] s )5

sl 00y ooyl Cls B ST g olge ple o a5 Lo i |
Tote 52U Slge 5 slosl pogde 4 ipgus o ined SlaaY Bd> L ol o0

. 5

buwg Jbodsh (FOM) psgie ) " S iSllg5y Slse sl (4FGM)
Slyatd 4 4295 b g 39 porde 99 <S5 b od plore (oly plaseils
[6,5] 5ol o (BFGPM) siedon <SG 1xSUlg j Olgo ol 4xd s

plxl &)l Lk od wedisn slge Julod 6l 6ol slo Siog
Dgd oo 41 Lol 5l (sogamte dlaxs 4 3 40 45 sl 00

oS auciwYlse 5 aliws gams 4w J> 4 [7] (2000) 15556 4 $UI
w ol aslassls WS oo Iy yudd Cwles liuly o 0ole ole> ol e
Iy oS po azao 0 39290 Sl il ded Al o 4 Wiloduw ) as )
> o |y SO paSlgpn abo jo (SO S o e g 0SS b))
)68, [8] (2002) (1Son 5 55 iyl Camsay goae by, I 1,48
a e Slas 95 b Culs Sy jo 1) Sl slagyg (Seleg 2]
aS Koyl Cawsts IS dole SO Loyl wsls 3wy e 3,90 YU
655 5l gl aly (rels gl glag)s 5 axbo g 5 4 Cudlys oo
L slalgnl Gy9 SO 5 des 5 Gogmin [L8; aslllae (gl YU 4
Sow dw g8 s 2003 Jlo o 00,5 eolaiwl oolw olass
Jebaias 5 6l [1] Sl g SOl Lamsgs diedons G xSlg 5 sl s,
iadon Sl Slge o slaaloles o plil ool sloolSaSs L
5 Slle plys a5 al 5,8 5 el Cussdy > slad céla,
LS o0 (69 CualBrs sliwly jo coln Slgv bl SO 5l slge o S sl

5 olyT Lol )l Ssbil e [9] Kby 4 KL 2007 Jles o
Cov s SO Sl dlge 3l eads Aty slo,Slee  Solins Ful
95 3lhisls Hl3 o)z 090 1) (S - (S xS - (Sl (oS 5L
aS w28 wole ilwJan Ho g ul eolaiwl Alie pl jo $Sligens
49 WS (o et Caalid Ll ) Galsy G pS j2ra Slse oles ples
sl o oyl olge oles sles a7 olo Klae 5 45 Wow, dis oy
S Sy oy hadd a5 Slo Slee a4y Sl allS o et Cuols

- lanthanum

- polling

- photo ferroelectric

- Functionally graded material

- FGPM

- Functionally graded piezoelectric material

DU WN B

406



RS AL 9 (S0 )95 (D

RESIFEN G)IL?)Q)A REVV-RV-Y ._in).aﬂlg).u «Nm Y9 FSElawl Al sl sobe gl,.i.ctkg U"IS" -_ub).uia RTyye

ceramic-rich z

3"
{4

metal-rich
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Fig. 3 Geometry of a clamped composite plate with attached
piezoelectric layer
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