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Piezoelectric Analysis

Case Studies &D Murata Software

. (a) Apply voltage
Compressivé-orce Tensile Force
@ 0 - Surface Acoustic Wave
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(c) When the direction of applied
voltage changes alternately.
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== : Piezoelectric ceramics
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Buzzer Ultrasonic Motor
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Piezoelectric Material S i P s3hl Ykt + )V
[ (vt +2°
in (¥t +
i n(¥t) |
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アニメ/モーター.mpg

Piezoelectric Transformer

Driving Electrode

Detecting
Electrode

Impedance Characteristics

Z-parameter

120 A
110 \

] |
90 I \\""""'—"— :
70 V
\oltage Distribution

80
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Freq [MHz]

Z(dB)
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2.Functions of Piezoelectric Analy&Murata Software

(1)Analysis Condition
(2)Boundary Condition
(3) Material Property
(4) Body Attribute

(5) Results Display
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(1) Analysis Condition

Analysis Condition Setting

Constant Temp...
High-Level Setti...
Result Import

MNotes
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[ 1nitial stress

Thermoelastic Damping  T0= | 20.0 [deg]

Salver Piezoelectric Analysis
Piezoelectric An... e ) . .
Analysis Type Analysis Plane Variables to Constrain
Mesh @ (Static Analysis 2D Cross Section [ ]Volage
Open Boundary )
(O Resonant Analysis Thin Plate X Displacement
Resonant Analy... . )
Harmonic Analysis )
O i Y Displacement
Harmonic Analy... Transient
O Resonant Z Displacement
Transient Analysis Analysis
Acceleration -
Options
Angular Velocity
[] Acceleration [ ] Thermal load
Thermal Load
[ Angular Velocity

Specify static load for boundary ¢ -

Murata Software Co., Ltd.
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Analysis Type
Static
Harmonic
Resonant
Transient

Options
Acceleration
Thermal Load
Angular Velocity
Initial Stress Taken into Account

Analysis Plane

Used for 2D analysis

Variables to Constrain

Select [Voltage] to couple with
acoustic analysis without taking
piezoelectricity into account



Harmonic Analysis

Analysis Condition Setting

Solver
Piezoelectric An...
Mesh

Open Boundary

Resonant Analy...

Harmonic Analysis

Harmonic Analy... ‘

I (O Log Step

Transient Analysis
Acceleration
Angular Velocity
Thermal Load
Constant Temp...
High-Level Setti...
Result Import

Notes

Frequency
Sweep Type
(O Linear Step by Frequency
@ Linear Step by Division Number

(O Single Frequency
(O Table

Check Frequency

Sweep Values

Minimum frequency

Maximum frequency

Division number

w0l

aol® 5 0
.\

Frequency Sweep

Discrete sweep

N Enable each port's individual weight setting for

the superposed field display /_

(o [ wmtm [ aze |

All Rights Reserved, Copyright

If selected, the phase of the electrode
can be changed after calculation.

Murata Software Co., Ltd.
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Z-parameter
. !\
100 I \
] \

/

a0

7(dB)

80 ___‘--\
\/
70 V

G0
1580 181 182 183 154 185 186

| Freq [MHz] |

Frequency setting
for calculation

|
.  [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 uged.

* Option for Accelerator is required.




Resonant Analysis @ Mrsasder

6.862kHz 7.020kHz

Analysis Condition Setting

Solver Resonant Analysis

Piezoelectric An... )
Resonant Analysis

Mesh
The Number of

[=]
Modes 6 [=]

Open Boundary

(=]
[E' 8.322kHz

Resonant Analy... Approximated <10 [Hz] 8.378kHz
Frequency
Harmonic Analy...
0 3
Transient Analysis oLt Power 1.0 10 (W]
Acceleration
Angular Velocity Calculate the Q factor with high accuracy

[The Number of Modes]: Calculations done by this number
[Approximated Frequency]: Calculates frequencies near to this value
29.753kHz 30.146kHz
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アニメ/モード１.avi
アニメ/モード１.avi
アニメ/モード２.avi
アニメ/モード２.avi
アニメ/モード３.avi
アニメ/モード３.avi
アニメ/モード４.avi
アニメ/モード４.avi
アニメ/モード５.avi
アニメ/モード５.avi
アニメ/モード６.avi
アニメ/モード６.avi

Transient Analysis  @Mrsesdmer

Input Voltage
[Time-Voltage] Graph

Analysis Condition Setting
1.0
Solver ‘Transient Analysis 0.3
0.6

Piezoelectric An... )
Timestep Restart 04
Mesh ® Manual Continue from the last session %: 02
; o 00
Open Boundary (O Automatic % .

< .
Resonant Analy... -0.4
) 086
Harmonic Analy...
Nn | Calrutati | Outeot = [ Timesteo Is 08
- - P 500 1 0.1
| Transient Analysis | 10
0 10 20 30 40 50

Acceleration

2

3
4 "

£ Time [us]

Displacement
Displacement -X Component

Angular Velocity

Thermal Load

I Exp 500
Constant Temp... 400
‘ Insert Rows | ‘ Delete pf.ows ‘ ‘ Import ‘
: : 300
High-Level Setti...
igh-Level Setti ‘ Tabke ‘
Recnlt Imnnrt

T
. / THANAAAAAN
o AR

-
>

About 1/10 of the reciprocal of the resonant frequency

The modes obtained in the resonant analysis are used.

Displacement -X Compaonent [pm|

[Inverse Fourier transform] is applied. =200
-300 ¥ i
-400
0.0u 10.0u 20.0u 30.0u 40.0u 50.0u
Time [5]
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Angular Velocity

&> Murata Software

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

Analysis Condition Setting

Solver
Piezoelectric An...
Mesh

Open Boundary
Resonant Analy...
Harmonic Analy...

Transient Analysis

Acceleration

}-Angul.ar Welocity -‘

Thermal Load

All Rights Reserved, Copyright

|Angular Velocity
Angular Velocity Point on Rotation Axis
[=] R =
0 = 3 ]
Y |0.0 X10 [deg/s] o100 X10 [m]
Z |10.0 2 0.0

*Centrifugal force is taken into account in
the static analysis.

Coriolis force is taken into account in the
harmonic piezoelectric analysis.

Murata Software Co., Ltd.

* The rotation axis goes through the
origin in Rayleigh.




Analysis with Initial Stress Taken into Accounfi Murata Software

Tensile Force Tensile Force
Analysis Condition Setting @ /W\
I c Analysi Tensile reverting force is
iezoelectric Ana .
o | taken into account
Piezoelectric An..
Analysis Type Analysis Plane Warigbles to Constrain
Mesh
® (O Static Analysis 2D Cross Section [(Jvolage
Open Boundary .
N O Resonant Analysis Thin Plate X Displacement AnaIyS|S MOdel
Resonant Analy...
Harmonic Analy... {® Harmonic Analysis ¥ Displacement
Cneient Al IDTrElnsient
ransient Analysis Resonant .
. . Analysis Z Displacement
Acceleration
Angular Velocity Options
Thermal Load i
] Accelerstion ] Constant Temp . Tensile Force and Frequency
Constant Tempe...
[ Angular Velocity
High-Level Setti... 50
Result Import Initial stress | Use analysis results (Result import) ~ | = _______..-__..--'"
Motes [J Thermoelastic Damping ~ ToO=  20.0 [deg] é 40
o
o
T 30
€
g
5 20
)
i
- - - . J_U
At first, static analysis is executed.
Its results are imported by [Result Import]. 0
0.5 1 1.5 2

Harmonic and resonant analysis are executed.

Pressure [GPa]
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£ Murata Software

(2) Boundary Condition

Mechanical
EIeCtrIC Boundary Condition Type
Lumped Vertex Simple Acoustic
Edit Boundan i @D . O Load Contact O Impedance
'®) Naormal 'e) Distributed Contact O Open
I:Imm I Electric Displacerment Edge Load Surface Boundary
J Rotational Distributed
Mechanical : O O Free
echanica Boundary Condition Type Displacement Face Load
S try/Conti... i
ymmemny-ant ®) Electric wall Surface impedance Acceleration O Pressure
Notes Torque Load
Open boundary Port
() Magnetic wal Integral path
ux .
Plating wall Lumped constant -3 %
U X0 [m]
7
Kz
Specty Vorage Symmetry and Continuity
_ =
Voltage X10 vl |S]rmmeh'ﬂ€onﬁnu'rl]r
=
Phase 0.0 %10 [deq] Symmetry
Time Dependency |\Weight Function [ reflective
Floating Electrode
Add a resistor across to ground D Periadic
B
Resistance ¥10 [Ohm]
Continuity

[ Discontinuous
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Magnetic Wall
Electric field is parallel to the wall Example: Piezoelectric Transformer

Magnetic Wall

Electric Wall (Voltage Specified)

Electric Field

Magnetic Wall

Electric Wall
Electric field is perpendicular to the wall

Electric Wall

Electric Field
«— Electric Wall
' \oltage Met
- (Floating Electrode) oltage Meter
<«
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pr |
[ )

u=0 (Constrained) u=1[mm] Forced Displacement

T=p[Pa]
Pressure, Load

Acoustic Impedance (Resistance of Media such as Air and Water
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pr |
A R

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.

|l n the harmonic analysis, awbesti ¢ ior
density, ¢ is sound speed of medium.

[Examples]
Air: Z = 1.205[kg/m3]*340[m/s]=409.7[kg/(mZ)]=409.7 [N s/m3]
Water: Z = 997[kg/m3]*1500[m/s]=1.496e6[kg/(n)]=1.4596e6[Ns/m3]

45
44
43
42 |

41 \

4 —Za=0
39 | ‘?L__ ——Z7a=1000
3.8 == Za=5000
o | \

3.6
5.00 5.20 540 560 580 £.00

Freq [KHZz]

—

Log Z
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Symmetric/Periodic Boundary Conditi¢® Murata Software

Full Model Symmetric Model

Symmetric

Periodic Boundary

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



(3) Material Property st =fwers

Edit Material Property [000_P-4]

Piezoelectric ConstantS..., ||
ﬁ Material Type Anisotropy Piezoelectricity Type
.. Viscoelastici i g -
ElastICIty tseostasticity ® Piezoelectric 0 Dielectric Material 0 Perfect Isotropic Oe-type Oh-type
Motes Material (non-piezoelectric) Conductar ) )
. .. Anisotropic ® d-type O g-type
Piezoelectricity
WL Elasticity matrix (complance) 1/Qm (Mechanical Damping)
Permittivity . EmE
~ X -
Loss (1)Qm, tanu ;e 1 s xwo
3 [017 |17 |osz | X0 [1/pa]
4 g 0 0 1.85 tanD (Electrical Attenuation)
EE
5 o 0 0 0 185 | 3 =
6 |0 0 0 0 0 |1.85 | DXN
1 2 3 4 3 b
Relative permittivity matrix
Piezoelectricity matrix 2 %
AL X10
X10 [C/N] 1 |2.47
1[0 0 0 0 7.1 0 z |0 247
2 |0 0 0 71 |0 [ 3 [0 g 2 |
3 |-0.7 -0.7 5.8 0 0 0 1 2 3
1 2 3 4 5 6

D ens | ty Edit Material Prol

Piezoelectricity

Density
Viscoelasticity 3 %
Notes X10 [ka/m3]
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Piezoelectric Constant @ MurataSoftware

e-type (often used for singlerystal)

Edit Material Property [000_P-4] [E" ] = [C' £ I.S' ] - [e IE ]
ety Prcosiecticty [D]= e Is]+ [ ]2]
st | wrerai oe nsotropy | Pezoslecncey Tyve / d-type (often used for ceramic)
:::::Iastlclt)r ® ;‘:g:f;mic 5 Eﬁﬁ_ﬁé{éﬂﬁéﬂﬁ'ﬂ o Eﬁnrf;ftctm Iso.tr0|3|c | O e-type (O h-type [S]= [5 . :[f‘]+ [d IE]
Anisotropic ® d-type O g-type [D ] [d ]:T ]+ [ r:[E]
= |d, =
Elasticity matrix (compliance) 1/Qm (Mechanical Damping)
1 |76 N % h-t! l €
2 (16 |076 1 R L [T] = ['5' D IS]_ [h ID]
3 017 |-017 [os2 | X0 [1/pa] P
4 [q 0 0 1.85 [E]=_[hr:[3]+[)ﬁ ID]
5 o 0 0 0 185 | =
6 |0 0 0 0 0 |1.85 | g-type
T [5]=*IrJ+ [e]D]
[B]=-[e.Ir]+ [s7]D]
Piezoelectricity matrix %
11 4 where
1[0 0 0 0 = 71 o[cm] T stre_ss,
2 [0 0 0 71 |0 0 | S strain,
307 [o7 [58 o 0 0 2 3 D: electric flux density,
S > ° E electric field

Set the value for each vibration mode
The resonant amplitude is proportional to Qm
Resonant resistance is inversely proportional to Qm
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Piezoelectric Materials in the Datalf&sturata Software

Project Tree L 4
Body Attribute/Material Property Setting
*‘E’ Favorites %g?:ehttribute |piezo v| Edtt Data
EIU Common DBs —r
& Body Attributes Material Name | EDNERE] || Edtpa
EI@ Materials Material DB -~ User DB &
ﬁ USEF DB ﬁ Ul_FIUld
-3 02_Metal
-3 01_Fluid - 03_Resin
-5 02_Metal g 03 Dlelectic
: - agnetic
- 03 Resin s g
- 04 Dielectric f ~{lal) 000_P-4
-3 05 Magnetic oo o
Z-C3 06 Piezcelectric . ) . {2 003_P-6E
@) 000.P4 Piezoelectric Ceramic (&) 004_P-6X
@) oo1_p-st _ made by - 00557
- {ial no6_p-7A
@ D[]Z_F'-E-l: / Murata Mfg. CO., I..td. % 007_P-7B
) not for sale ~{lal] 100_Barium_titanate
@ 003_P-6E ( ) --{lal) 101_Lead_zirconate_titanate(PZT)
(]| 004_P-6X g 103_Sapphire
_ -{lal] 201_Lithium_tantalate
@ 005.P-7 ~{fal] 202_Lithium_niobate
% 006_P-7A @ 203_Bismuth_germanate
007_P-7B --{lal] 204_Bismuth_siicone v
ﬂ 100_Banium_titanate Delete Attribute 0K | | Cancel
@ 101 Lead zirconate titanate(PZT)
-{al 103_Sapphire _ Singlecrystal
@ 200_Lithium_tantalate
(] 202_Lithium_niobate
@ 203_Bismuth_germanate Click on i+o0.
--{al] 204 Bismuth_silicone The list of materials shows up.
@ 205_Barium_sodium_niobate
@ 206_Barium_titanate_silicone

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




Thickness/Width Direction

The axis direction of polarization and

The thickness of sheet body crystallization is specified.

Is for the3D analysis.

Edit Body Attribute [metal]

Edit Body Attribute [metal]

Thickness/Width ‘ |Th"=|m=55m"'dth Thickness/Width |Di'ed50n
Direction Thickness of Sheet Body ﬁ Specified by
Centripetal Direction )
Analysis Domain 3 % Analysis Domain ® vector (Radial) Polar Anisotropy
Notes X10 [mm] Notes () Euler Angle Crcumferentil Halbach
Direction
Z' Vector

X¥Z is a coordinate system of modeling window.

X X'Y'Z' is a coordinate systern of material property.
5 %
X10 [mm2] Y

2

0 Enter two vectors and
specify 3 directions

X' Vector
X 0.0 [Juse distrbution data
v 0.0 Use Z' vector distribution
7 0.0 Use X' vector distribution
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Default Setting
|Direcﬁc:-n
Specfied by Piezoelectric Transformer
® vector E;:gg%em
(O Euler Angle giirrg:__tﬂgire
Z' Vector
X
Y
2
|Diler:lion
Specified by
® vector E:RE:&FE:%EHI
(O Euler Angle Siirrgl::tr?girm
Z' Vector
.
Y
z

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



Crystallization Axis Setting by Euler An

|Dimcﬁun
Specified by
Centripetal Direction
O Vector (Radial) P
Euier Anole Circurmfarential H
@ Euler An gle Do
Euler angle
z
. e
z

Eul er angle (d, G,
angle d, around X0
by angl e y.

The piezoelectric ceramics polarized in x axiz (0, 50, -50)

o=0° z w=90°

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

AT-cut quartz (0, 125.15, )

Fotate by o around v axis

g‘*f@ Murata Software

around

ound

g=30"
Vil

z

Z (



__(5) Results Display Field ®Mrstasefere.

Displacement [m] Potential [V]
Strain Electric Field [V/m]
Mechanical Stress [Pa] Electric Flux Density [C/r]

~ Displacement

@ The charge on the electrode is not uniform.
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Results Display é.D Murata Software
Numerical Summary of Harmonic Analysis

ARAdmi ttanceo Tab

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. ACharge [C]0 Tab

-1

FIl oating el ectrode pot
@ The sum of charges on the floating

electrode is zero.
The current is zero as well.

-1

Curremmb [ A] O

The data of the numerical table can be
exported to csv file and used on Excel
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