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Force to Electricity



All Rights Reserved, Copyright Murata Software Co., Ltd.

Metal

Piezoelectric

Material

sin(ɤt)[V]
sin (ɤt+ˊ/3) [V]

sin (ɤt+2ˊ/3)[V]
sin (ɤt+ˊ)[V]

sin (ɤt+4ˊ/3)[V]

sin (ɤt+5ˊ/3)[V]Piezoelectric Material

Metal

6

Electricity to Force
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Crystal Oscillator Piezoelectric Transformer
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Electricity to Force to Electricity
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2.Functions of Piezoelectric Analysis

(1)Analysis Condition

(2)Boundary Condition

(3) Material Property

(4) Body Attribute

(5) Results Display
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Options

Acceleration

Thermal Load

Angular Velocity

Initial Stress Taken into Account

Analysis Type

Static

Harmonic

Resonant

Transient

Analysis Plane

Used for 2D analysis

Variables to Constrain

Select [Voltage] to couple with 

acoustic analysis without taking 

piezoelectricity into account
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(1) Analysis Condition
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Frequency setting

for calculation

If selected, the phase of the electrode

can be changed after calculation.
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* Option for Accelerator is required.

Harmonic Analysis

[Discrete Sweep] is recommended.

[Fast Sweep] is selectable but the convergence 

will be deteriorated in the piezoelectric analysis.

If your PC has enough memory,

[Parallel Discrete Sweep] can be used.*
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[The Number of Modes]: Calculations done by this number

[Approximated Frequency]: Calculates frequencies near to this value

6.862kHz 7.020kHz

8.322kHz
8.378kHz

29.753kHz 30.146kHz
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Resonant Analysis
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Input Voltage

Displacement

About 1/10 of the reciprocal of the resonant frequency
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The modes obtained in the resonant analysis are used.

[Inverse Fourier transform] is applied.

Transient Analysis
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By specifying the angular velocity, Coriolis force can be taken into account.

Angular Velocity
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Tensile reverting force is 

taken into account

Analysis Model

Tensile Force and Frequency
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Tensile Force Tensile Force

At first, static analysis is executed.

Its results are imported by [Result Import].

Harmonic and resonant analysis are executed.

Analysis with Initial Stress Taken into Account
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Electric

Symmetry and Continuity
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(2) Boundary Condition

Mechanical
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Magnetic Wall

Electric field is parallel to the wall

Electric Wall

Electric field is perpendicular to the wall

Example: Piezoelectric Transformer

Electric Wall (Voltage Specified)

Electric Wall

(Floating Electrode)

Magnetic Wall
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V

Voltage Meter

Electric Field

Electric Wall

Electric Field

Magnetic Wall

Electric Boundary Condition
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u=0 (Constrained) u=1[mm]

Pressure, Load

Vibration Air, Water, etc.

Forced Displacement

T=p[Pa]

Acoustic Impedance (Resistance of Media such as Air and Water)
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Mechanical Boundary Condition
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Example: Acoustic Impedance
Acoustic impedance represents the resistance of media such as air or water.

By applying the acoustic impedance as a boundary condition to the face that is in 

contact with the media, the resistance of air or water can be taken into account.

In the harmonic analysis, acoustic impedance is expressed by Z=ɟcwhere ɟ is 

density, c is sound speed of medium.

[Examples]

Air: Z = 1.205[kg/m3]*340[m/s]=409.7[kg/(m2s)]=409.7 [N s/m3]

Water: Z = 997[kg/m3]*1500[m/s]=1.496e6[kg/(m2s)]=1.4596e6[Ns/m3]



All Rights Reserved, Copyright Murata Software Co., Ltd.

Full Model Symmetric Model

Periodic Boundary

Symmetric

Boundary
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Symmetric/Periodic Boundary Condition
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Density

Piezoelectric Constants

Elasticity

Piezoelectricity

Permittivity

Loss (1/Qm, tanŭ)
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(3) Material Property
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e-type(often used for single-crystal)

d-type (often used for ceramic)

Set the value for each vibration mode

The resonant amplitude is proportional to Qm

Resonant resistance is inversely proportional to Qm

where

T stress,

S strain, 

D: electric flux density,

E electric field

h-type

g-type

21

Piezoelectric Constant
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Piezoelectric Ceramic

made by

Murata Mfg. Co., Ltd.

(not for sale)

Single-crystal

Click on ñ+ò.

The list of materials shows up.

22

Piezoelectric Materials in the Database
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Thickness/Width Direction

The thickness of sheet body 

is for the3D analysis.

The axis direction of polarization and

crystallization is specified.
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(4) Body Attribute
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Polarization

Polarization

Piezoelectric Transformer

Default Setting
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Crystallization Axis Setting by Vector
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Euler angle (ɗ, ű, ɣ) is an angle rotated around Z axis by 

angle ɗ, around Xô axis by angle ű, and around Zò axis 

by angle ɣ.

Crystallization Axis Setting by Euler Angle
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Displacement [m] Potential [V]

Strain Electric Field [V/m]

Mechanical Stress [Pa] Electric Flux Density [C/m2]

Displacement Electric Flux Density Potential

The charge on the electrode is not uniform.

26

(5) Results Display - Field
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The sum of charges on the floating 

electrode is zero.

The current is zero as well.
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ñAdmittanceò Tab

ñCharge [C]ò Tab

ñFloating electrode potential [V]ò Tab

ñCurrent [A]òTab

Results Display

Numerical Summary of Harmonic Analysis

Charge of electrode with voltage specified [C]

Current of electrode with voltage specified [A]

Voltage of floating electrode [V]

*[Add a resistor across to ground] is deselected.

The data of the numerical table can be 

exported to csv file and used on Excel 


