
 

 

1. 1 Beam with connecting circuit  

The constitutive law is
 

Assume the field in the piezo patch is uniform, we have the relation after Laplace transform
 

Then the constitutive law can be transformed as
 

We define the capacity of piezo patch as
 

Beams with Circuits------Shaoyun Wang------2024-10-16

-1-



Then Eq. (3) can be rewritten as
 

where  is the open circuit admittance of the piezoelectric patch.
For shunted piezoelectric applications,

 

The first equation gives
 

and inserting into second equation gives
 

The mechanical compliance is
 

Upon noting that with constant stress
 

and that
 

equation (16) can be put in the form
 

where the matrix of non-dimensional electrical impedances is defined as
 

Here, we introduce the electromechanical coupling coefficients
 

or, in the notation used, for force in the  th direction and field in the  th direction
 

Substituting equation (25) into (23) gives
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1.1. 1.1 Shunted with negative capacity  
For our problem, the electric field is along  direction and stress is along  direction. So we have

 

Then we have
 

where .
If shunted with a negative capacity, we have

 

So the shunting Young's modulus is (see reference [1])
 

or
 

where , which is the result from reference [3,4].
Finally,

 

 
 

1.2. 1.2 Shunting circuit  
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Circuit diagram

Derivation of impedance

 

The impedance is derived in the following picture.

Now we have
 

Then we have impedance
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where  is very big and  can be neglected. The negative capacity is
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