Theoretical analysis of material constants in thermopiezoelasticity

.. Niraula
Department of Physics

“Tribhuvan University Amrit Campus
Kathmandu

Nepal

Abstract

Muidle with themopesocac prperies bave both thoreicl and. racknl
significance in solid-state physics and materals science. Thermopiezoclastic media
exhibit coupling among the. therma, electric znd e T S oo
ess, lectric
mesgaton is comened with 1 iyt of noinor mopésodasicry i
thermodynaric principles. Strain, electric displacement and entropy are expunded into.
Taylor seies. Zeroth to cighth rank tensors are derived for describing material constants
Relaonsip of maeral constans o stin, umnc displacement and entropy are

el e WG s o enors s e g, s, o ol of
thematicsl may be useful for future

Among some recent works, Balakina (2007) deduced analytical expressions for the pyro-
optical polymer elecirets. Grigoriey et al.
Errotecies at hgh clecic

of a shear deformable finctionally graded material (FGM) plate with
surface-bonded piezoelectric fiber reinforced composite actuators (PFRC) in thermal
environments. Yiqi and Yiming (2010) considered nonlinear dynamic response
active radedpl

Present analysis deals with thermodynamic Gibbs function. Srain, electric displacement

I order fo derve materil constants from zeroth o eighth rank tensor, themmodynaric

Thermopiezoelasticity and thermodynamics

In hermapiezolsticy,Germadynuies Gib fureion G o the Gibspoenal)can
be written
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Further, thermodynamics Gibbs finction can be writien as
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I equation (8, indices n the ower part ofverticalline on th partal derivatives indicate

Also, equations (4) and (8) yield

Introduction
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Mechanical, electrical, and thermal filds are coupled in thermapiezoslasiity. Nonli

ehavior piezoelectric ceramic ina wide electric field and

ol of e Jemiveiod e spheicl sl sl iall GO0) g on
averview of nce jerstanding of nonlingar diclectic, lastic
piezoclectric relationships in memlecmc ceramics.

Futhermore, Alay and Domed 0007 dc ar rod theory for high-
frequency vxbmwns of temopiszodecic mn':mls wmmz and ngx owD
analyzed material co to sixth

e e henomens . percne ety s (908 recried
noninea longadnal vikstions of non-sdende piezosranko ros. M\lkh:ns and
Chandhuri (2005) deduced inear dynamic analysis of
peznlectic smetres. Bleckbum and Can (2006 e e s
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Material constants obtained from strain.,,

Second order lasticity constant (fourth rank tensor)
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In equation (15) and all other equations of material constants, superscript indices are
constant.
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“Third order piezo-calorific constant (fourth rank tensor)
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Fourth order thermo-electro-elastic constant (third rank tensor)
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Material constants obtained from entropy S
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‘Second order electric heat constant (firstrank tensor)
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Second order thermal capacity constant (zeroth rank tensor)
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“Third order piezo-calorific constant (fourth rank tensor)
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‘Third order thermal expansion constant (secord rank tensor)
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Specficd. St sss, cecric ld and cecie dspncementare dncted by 2 1
E, and D, Following Einstein's summation convention, the summation sign Y is
omitted. For example, its detal can be found in Weber, Balashova and Kizhaev (2000).

Differential form of Gibbs function s expressed as
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As far as the first and second law of thermodynarics are concerned, differential form of
intemal energy is represented by

a

s, + EdD, +TdS @

It follows from equations (2) and (3) that

5,40, ~D,dE, ~SdT @

Fouth order elasticity constant (ighth rank tenscr)
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‘Third order thermal expansion constant (second rank fensor)
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Fourth order piezo-calorific constant (sixth rank tensor)
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Fourth order thermal expansion constant (fourth rank terser)
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Fourth order thermoelectro-elastic constant (third rank tensor)
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Material constants are obtained by the
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ymamic Gibbs finction. Strain, clectric

thermodyy
displacement and entropy are expanded into Taylor sercs.

Nonlinear equations in thermopiezoelasticity

Up to third order differentiation, Strsin, electric displacement and entropy can be
expressed in Taylor Serics as follows:
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‘Third order piezoeectric constant (ffth rank tensor)
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“Third order electrostriction constant (fourth rank tensor)
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Fourth order thermo-<lasti (sceond rank tensor)
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‘Second order piczoclectric constant (third rank tensor)
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‘Second order piezo-calorific constant (second rank tensor)
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“Third order piezoelectric constant (fifth rank tensor)
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Fourth order piezo-calerific constant (sixth rark tensor)
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Fourth order thermo-electro-elastic constant (third ran tensor)
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By wsing equations (158) to (170) into equations (12) to (14), this results nonline
cquations
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In equation (22).4, B, Care busic effects, and
respectively. The basic and conjugate effects are given by
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It is obvius that cquations (24) to (26) are linear constiuive equations of
thermopiczoclasticity.

Conclusion

Nonlinear thmopiezsastity prbln s ben s, Eplosing trodymanic

es, onstants are derived from zeroth to cighth
k. ensers. I Highe crder motetl constants (ighes fank ensrs) are ngleced in
oniear st i et e ataned Nl snd I siors <O

city constite system of symmetry with basic effects and conjugate

et Al e o obarod sl r emcnnt 10 b v ool
complicated problems in thermopiezoeastic materals. Further investigation may be
caied out considering the work of Fum (1952), Fieshi and Funi (1953) and Abrahams
(1904),
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