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Piezoelectric Constitutive Equations
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❖ Constitutive Equations

Pyroelectriceffect

Simplify

▪ Pyroelectric ->  0

▪ Ignore entropy

▪ Assume constant   θ, H

- Linear piezoelectric constitutive Eq.

1-54



Active Aeroelasticity and Rotorcraft Lab., Seoul National University

Piezoelectric Constitutive Equations

0 0 0 0

1 1 1
......

2 3 4

1 1
......

2 3

  = − − − −

− − −

mn m n mn m n mn p m n p

ijkl ij kl ijklmn ij kl mn

G E E E E E E E E E

s T T s T T T

0

mn

......

2 ....

2 ...

....

2 2 ...

......

 

 
= − 

 

 
=    

= + +

+ +

+ +

= + +

+ + +

+ + +

T

m

m

E

ij

ij

m mn n mn m n

mijkl ij kl mnij n ij

mij ij mnij n ij

ij ijkl kl ijklmn kl mn

mijkl m kl mnijkl m n kl

mij m ij m n

G
D

E

G
S

T

D E E E

u T T r E T

d T m E T

S s T s T T

u E T r E E T

d E m E E

❖ Constitutive Equations

......

.....

− − −

− − −

mijkl m ij kl mnijkl m n ij kl

mij m ij mnij m n ij

u E T T r E E T T

d E T m E E T

1-55

- Gibbs free energy
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❖ Quadratic Electrostrictor Equations

, , 0ijmn mnijm m d q u= →

Simplifications….electrostrictors are symm.

→ odd rank permittivity → 0

→                                                

→ Drop higher order terms                      

2

2

: electrostrictivecoupling

:electrostriction
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❖ Piezoelectric Constitutive Behavior

: electrical displacement =

charge/area
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❖ Piezoelectric Constitutive Behavior
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Electric field and stress are similar
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❖ Electric field and stress are similar

Poling

IEEE Standard STD-176-1978

ferroelectric : - able to be poled by electric field  

- transversely isotropic in 1-2 directions,

- poling in 3-direction

In the beginning

Apply large electric field

E

S

poling poling

“Butterfly Curve”

Used
S

E
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❖ Relation of Coupling terms from Form 2

1st eqn. of Form 2
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Compare to Form #1
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Clamped dielectric < free dielectric

- Example 2

from Form 2   

Substitute into equation for S
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❖ Material Constants
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❖ Modes of Operation
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-Uni-axial stress cases

• Longitudinal mode  
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❖ Transverse mode
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Coupling Coefficient

❖ Form Relationships

Piezoelectric Constitutive Equations
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❖ Coupling Coefficient

Definition : Ratio of Electrical/Mechanical 

i) Load up mechanically,  

ii) Field
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❖ Change of coordinates

Longitudinal
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Define a transformation
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