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Fg.2 Ferrodectric ceremic subjected
to dectric field
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Fig.3 Theinitid shgpe of ODF Fg.4 Theintermediate shape of ODF
- 5 , 1
- 6 . Table 1 Propertiesof ferrodectric materia
, [3], Materid properties Vaue
Hastic modulus (Pa) 6. 8E10
, Poison’ s ratio 0.3
Didectric permittivity (f/ m) 5.625E- 8
, , Piezodectric coefficient dszz(mv v) 1.188E- 9
, Remnant stran€ 11 € 2 -7.2E- 4
,  Remnant strain€ g 1.44E- 3
Remnant polarization (C/ m?) 0.25
0.34MV/ m, 0.36MV/m,
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A MACROSCOPIC- MICROSCOPIC CONSTITUTIVE MOD EL
FOR FERROEL ECTRIC CERAM ICS"

Luwe Fang Daining Hwang Keh- Chih
(Department of Engineering Mechanics, Tsinghua University, Beijingl00084, China)

Abstract  Ferroelectric ceramics are an important classof modern engineering materials and have re-
celved increadng attention for their distinctive properties and gpplications. For example, they are
used as modulators, deflectors, optical memories imaging devices and 0 on. With the wider use of
the materials and harsher requirement of their performances, the study of coupling eectric and me-
chanica behavior has attracted great interests The main &fort of thispaper isto obtain the consti-
tutive relation of ferroelectric ceramics It iswell known that ferroelectric ceramics take on ferroelec
tric phases when the temperature is below the Courier point. Domains gpopear during the ferrodectric
trandormation. Experiments have shown that domain switchingisthe main ource of nonlinearity in
ferroelectric ceramics, which isa s the base of the theory proposed in thispaper. Inthe modd , fer-
roelectric ceramics are treated as an agglomerate of domains, and each grainis supposed to bea s
gle domain and assumed as an incluson. The Orientation Distribution Function, or noted as ODF, is
used to describe the domain patterns The Helmholtz f ree energy and the complementary Hel mholtz
free energy of a constituent eement are obtai ned by expanding the Mori - Tanaka mean field theory.

The clasdcinterna variable theory was a9 extended and gpplied to anayze the congtitutive relations
of ferroelectric ceramics Findly atheoretical congtitute law in termsof the interna functiona theo
ry was developed to describe the nonlinearities and hysteressin theferroelectric behavior. By way of
taking ODF as Fourier’ s expandon , we obtai ned the yiel ding conditions and the evol ution equations
of ODF.

The proposed congtitute relation is amplified to an in - plane problem in the paper, 9 that
ODF can be smplified as one dimengona Fourier s expandon. Two smple loading cases, dectric
field loading and compressve stressloading , are conddered for the numerical calculation. Numerical
results based on the theory are compared to the experimenta results, which indicates that the theory
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is reanable and gpplicable. The theoretica results give ingght into the evolution of the microstruc
tures asociated with domain switching and into the ource of the observed hysteressof ferrodectric
ceramics. In this mode , there are two contributions to the nonlinearities Oneisthe direct effect of
domain switching induced by either stressor eectric field, and the second is the dgpendence of the
macrosoopic piezoelectric coefficients of the ceramics on the overal polarization of the ferroelectric
materials It must be pointed out that the congtitutive law wasonly compared with the uniaxial ex-
perimenta data, thergfore, it must be substantiated ky the multia%i= |oadiig data though < far
there are not any available datafrom multiaxia testing tcr the ferroeectric ceramics

Key words ferrodectric ceramics, ODF, interna variable, congtitutive relation



