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Piezoelectric Analysis

Case Studies

&> Murata Software

. (a) Apply voltage
Compressive Force Tensile Force
@ 0 - Surface Acoustic Wave
@& 77777777 ﬁ / Electric ) Electric
\@ Signal I D Signal
(b) Opposite voltage
% 777777 D @ ‘ . Piezoelectric Substrate
Compressive Force @ Tensile Force warpage
o
Force=Electricity Electricity=Force Electricity=Force=Electricity

(c) When the direction of applied
voltage changes alternately.
Receiver Elesctrical signa

Sound wave
s generated!!

W)

I
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Ultrasonic wave
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d

== : Piezoelectric ceramics

Ultrasonic Sensor == : Metal plate Crystal
A_cceleratlo_n Sensor Plezoelec_:trlc Buzzer SAW FEilter
Piezoelectric Gyro Ultrasonic Motor Crystal Oscillator
Shock Sensor Actuator
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Acceleration Sensor Pressure Sensor

Piezoelectric
Material

Acceleration

Metal

Piezoelectri
Material

Mefal

\oltage

Distribution Displacement

Distribution
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Buzzer Ultrasonic Motor
sin (ot+4n/3)[V]
Piezoelectric Material sin (ot+37/3)[V] in (ot+m)[V]

in (ot+21/3)[V]
in (ot+1/3) [V]
in(ot)[V]

Metal Piezoelectric
Material
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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 \

I\
a0 I \""""'—"'- A
70 V

\oltage Distribution

80
18.0 18.1 182 183 154 185 18.6
Freq [MHz]

Z(dB)
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2.Functions of Piezoelectric Analysis & 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

[ 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

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
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Harmonic Analysis

Analysis Condition Setting

Solver
Piezoelectric An...
Mesh

Open Boundary

Resonant Analy...

Harmonic Analysis

Harmonic Analy... ‘

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

Notes

Frequency
Sweep Type

(O Log Step
I (O Single Frequency

(O Table

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

Check Frequency

Sweep Values

Minimum frequency

w0l

Maximum frequency

aol® 5 0

Division number

|

Frequency Sweep

Discrete sweep

N Enable each port's individual weight setting for
the superposed field display

e

(

OK.

J[ et J[ e |
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If selected, the phase of the electrode

can be changed after calculation.

&> Murata Software

Z-parameter
. !\
100 I \
] \

/

a0

7(dB)

80 ___‘--\
\/
70 V

6‘?8.{] 181 182 183 184 185 186
| 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 used.*

* Option for Accelerator is required.




Resonant Analysis @ Mretasoftwere

6.862kHz 7.020kHz

Analysis Condition Setting

Solver Resonant Analysis

Piezoelectric An... )
Resonant Analysis

The Number of
Ouen Bound Modes 6 %
— L= 8 320kHz

Mesh

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

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 % .
2 .
Resonant Analy... -0.4
) -0.6
Harmonic Analy...
Nn | Calrutati | Outeot = [ Timesteo Is 08
- - P 500 1 0.1
| Transient Analysis | F) 10
3 ] 10 20 30 40 50
0! i 4_ .
Acceleration = . Time [us]
Angular Velocit Dlsplacement
il v .
Displacement -X Component
Thermal Load
I Exp 500
Constant Temp... 400
‘ Insert Rows | ‘ Delete pf.ows ‘ ‘ Import ‘
. : 300
High-Level Setti...
igh-Level Setti ‘ Table ‘
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
| |
-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 (© Murata Software Co., Ltd.

|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.

* The rotation axis goes through the
origin in Rayleigh.




Analysis with Initial Stress Taken into Account € 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) ~ | —_ ___..--"__..--'"
N
MNotes [ Thermoelastic Damping ~ To= 20.0 [d=q] § 40
=
b ]
(I
€
T 20
1]
g
. . s s 10
At first, static analysis is executed.
Its results are imported by [Result Import]. 0
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
E I ECtI’I C Boundary Condition Type
Lumped Vertex Simple Acoustic
i @®@p : OLoad Contact O Impedance
'®) Naormal 'e) Distributed Contact O Open
Displacement Edage Load Surface Boundary
Rotational Distributed
- O O Free
Boundary Condition Type Displacement Face Load
®) Electric wall Surface impedance Acceleration O Pressure
Torque Load
Open boundary Port
() Magnetic wal Integral path
Mux .
Plating wall Lumped constant -3 %
Fuy X0 [m]
vz
Specty Vokage Symmetry and Continuity
_ =
Voltage X10 v |Symmeh]rfﬂonﬁnu'rl]r
=
Phase 0.0 %10 [deq] Symmetry
Time Dependency |\Weight Function [ reflective
Floating Electrode
Add a resistor across to ground D Periadic
=
Resistance %10 [ohrm]
Continuity

[ Discontinuous

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




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

Magnetic Wall

Electric Wall (\Moltage Specified)

Electric Field

Magnetic Wall

Electric Wall ‘
Electric field is perpendicular to the wall

Electric Wall

Electric Field
«— Electric Wall
i Voltage Met
- (Floating Electrode) oltage Meter
<«
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Mechanical Boundary Condition ® et efevere

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

T=p[Pa]
Pressure, Load

Acoustic Impedance (Resistance of Media such as Air and Water)

All Rights Reserved, Copyright (© Murata Software Co., Ltd. 17



Example: Acoustic Impedance © ™retasefevere

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=pc where p is
density, ¢ is sound speed of medium.

[Examples]
Air: Z = 1.205[kg/m3]*340[m/s]=409.7[kg/(m2+5)]=409.7 [N =s/m3]
Water: Z = 997[kg/m3]*1500[m/s]=1.496e6[kg/(m2-5)]=1.4596€6[N -s/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

—

Log Z

Freq [KHZz]
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Symmetric/Periodic Boundary Condition & Murata Software

Full Model Symmetric Model

Symmetric

Periodic Boundary

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



Edit Material Property [000_P-4]
Piezoelectric Constants | ... esecriay
ﬁ Material Type Anisotropy Piezoelectricity Type
- . Viscoelastici i " -
E I astl Clty tseostasticity ® Piezoelectric 0 Dielectric Material 0 Perfect Isotropic Oe-type Oh-type
Motes Material (non-piezoelectric) Conductor ) )
. . . Anisotropic ® d-type O g-type
Piezoelectricity
aat. " Elasticity matrix (complance) 1/Qm (Mechanical Damping)
Permittivity . EmE
. — 5 X10
Loss (1/Qm, tand) 2 erTooe 13 s ]
3 [017 |17 |osz | X0 [1/pa]
4 g 0 0 1.85 tanD (Electrical Attenuation)
5 3
0 0 0 0 185 | =
6 |0 0 0 0 0 |1.85 | D X10
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 0 247
[ 0 71 |0 0 3 [0 g 2 |
3 |-0.7 -0.7 5.8 0 0 0 1 2 3
1 2 3 4 5 6

Density

Piezoelectricity

Viscoelasticity 3 L]

Notes X10 [kag/m3]
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e-type (often used for single-crystal)

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! I €
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 01 0 : 03 0 : 05 |1.355 | g-type
[s]=[s>]r ]+ [e] D]
[B]=-[e.Ir]+ [s7]D]
Piezoelectricity matrix [
11 4 ol where
1[0 0 0 0 = 71 o[cm] T: Stl’e_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

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



Piezoelectric Materials in the Database® Murata Software

Project Tree L 4
Body Attribute/Material Property Setting
*‘E’ Favorites %g?:ehttribute |piezo v| Edtt Data
E||J Common DBs —
& Body Attributes Material Name | EDNERE] || Edtpa
EI@ Materials Material DB -~ User DB &
E User DB B3 01_Fluid
pri. Usert -3 02_Metal
-3 01_Fluid - 03_Resin
53 02_Metal g 03 Dlelectic
: - agnetic
- 03 Resin s g
&L 04 Dielectric f @ 0oo_p-4
_ (i 001_P-5E
g 05_Magnetic % 002_p-6C
= 06 _Piezoelectric . . L -{lal) 003_P-6E
@) 000.P4 Pleéoet:ectrlc Ceramic % 004_P-6X
- made (i) 005_P-7
-{ial] 001_P-5E r y - (lal) 006_P-7A
) not for sale ~{lal] 100_Barium_titanate
g 003_P-6E ( ) % 101_Lead_zirconate_titanate(PZT)
004_P-6X -{lal) 103_Sapphire
. dal| 0os_P-7 (i) 201_Lithium_tantalate
o DDE_F' A ~{lal) 202_Lithium_niobate
- 203_Bismuth_germanate
@ oo7_P-TB ~{al] 204_Bismuth_siicone v
ﬂ 100_Banium_titanate Delete Attribute 0K | | Cancel
@ 101 Lead zirconate titanate(PZT)
-{al 103_Sapphire L Single-crystal
@ 200_Lithium_tantalate
(] 202_Lithium_niobate
@ 203_Bismuth_germanate Click on “+>.
--{al] 204 Bismuth_silicone The list of materials shows up.
@ 205_Barium_sodium_niobate
@ 206_Barium_titanate_silicone
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(4) Body Attribute ® Murata Software

Thickness/Width Direction

The axis direction of polarization and

The thickness of sheet body crystallization is specified.

Is for the 3D analysis.

Edit Body Attribute [metal]

Edit Body Attribute [metal]

hhickness\.rwmth ‘ |Th"=|m=55m"'dth Thickness/Width |Di'ed50n
Direction Thickness of Sheet Body E 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

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




Default Setting
Direction

Specfied by Piezoelectric Transformer
® Vector Es:dtgﬂﬂta

O ande 5 eon”

Z' Vector

X

Y

z

|Diledion
Specified by
Centripetal
@ Vector o
Euler Anale Circurnferel
© g Direction
Z' Vector
X
Y
z
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Crystallization Axis Setting by Euler Angle

|Dimcﬁun
Specified by . -
i) Vector (C::;ig%etal Direction .
Circurnferential H
Direction
Euler angle
y
X [deg]
z

Euler angle (6, ¢, v) is an angle rotated around Z axis by
angle 0, around X’ axis by angle ¢, and around Z” axis
by angle v.

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

o=0° z w=90°
2

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

AT-cut quartz (0, 125.15, )

&> Murata Software

Fotate by o around v axis

g=30"
Vil

z

25



(5) Results Display - Field & MurataSoftware

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

~ Displacement

@ The charge on the electrode is not uniform.

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



Results Display £ Murata Software

Numerical Summary of Harmonic Analysis

“Admittance” Tab

- Charge of electrode with voltage specified [C] Admitance)
- Current of electrode with voltage specified [A]

Frequenoy [Hz] Fort 1 w¥i11) /4 Real part | ¥(1 1) /7 Imaginary part
0: 5 5000002 +03Hz 5 600e+3 hot 1 486e-6 127024

. V It g f fl t- g I t d [V] 1: 5 6020008 +08 Hz 5 602243 hat 1 506e-6 127024
Oltage O oating €lectrode 2: 5 6040008 +03Hz 5604e+3 hat 1517e-6 127184
3: 5 0A000E +03Hz 5 G0Ge+3 bt 1507e-6 127164

*[Add a resistor across to ground] is deselected. “Charge [C]” Tab

Charge [C] |

Frequency [Hz] | hot # Real mart

0: 5 600000e+03Hz 5600e+3 3.605e-8
1: 5 G0Z000e+03Hz 5602e+3 360%e-2
2: 5 B04000e+03Hz 560de+3 3 608e—8
3: 5 606000e+03Hz 5 G00e+3 3.603e-3

“Floating electrode potential [V]” Tab

@ The sum of charges on the floating
electrode is zero.
The current is zero as well.

Floating electrode potential [V] |

Frequency [Hz] | float / Real part | float / Imaginary mart

0: 5 G00000e+03Hz 5.600e+3 o} 0
1: 5 602000e+03Hz 5602e+3 o} ol
2: 5 604000e+03Hz 5604e+3 o} a
3 B E06000e+03Hz 5608e+3 o] ol

“Current [A]” Tab

| curent 1A1]

Frequency [Hz] | hot # Real gart
0 5 BO0000e+03Hz 5 6i00=+3 1 49656
1. 5 B0Z000e+03Hz 5 602e+3 1 508=—6
2. 5 BO4000e+03Hz 5 604a+3 151786
3 5 BOGO0DE+03Hz 5 fi0Be+3 152706
The data of the numerical table can be
‘Piezc:electric Analy v| |Sh0w all results summary v| ‘Display Options‘ ‘ Graph ‘ | Export |

exported to csv file and used on Excel

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



Results Display é.D Murata Software
Numerical Summary of Resonant Analysis

“Damping Capacitance [F]” Tab

Damping capacitance [F] ‘

Fraquency [Hz] [ Darping capacitance [F] |

- Damping capacitance: Cd [pF]

-Free capacitance: Cf [pF] R Em e

-Resonant frequency: Fr[Hz]

- Difference between resonant freq.
and anti-resonant freq.: DF[HZ] | |

- COUp|Ing Coe-ﬂ:ICIent k [%] Frecuency [Hz] | Resarant frequensy [Hz] # Real part | Resonant frequency [Hzl / Imaginary mart

0: 3.371928e+03Hz 3.372e+3 3372e+3 0286
1: 343401 8e+03Hz 3434e+3 34534e+3 02a1

[ Resonant resistance: Rn[Ohm] 2:5 9261 61e+03Hz 5 526a+3 5 526e+3 0583

- Equivalent capacitance: Cn[pF] “Coupling Coefficient [%]” Tab
- Equivalent inductance: Ln[ H]

“Resonant Frequency [Hz]” Tab

Coupling coefficient[%]

Frecquency [Hz] | Cougling coefficient [%]
0: 3.3 928e+03Hz 3372e+3 1.786e-1
1:3.434018e+03Hz 3434e+3 1749e-2
2:5926161e+03Hz 5826Ge+d 4 G74etD

“Equivalent Capacitance [F]” Tab

Equivalent capacitance [F] |

Frequency [Hz] | Equivalent capacitance [F] [

0:3371928e+03Hz 3372e+3 1134e-14
1:3.43401 8e+05Hz 3434e+3 1.087e-16
2:5926161e+03Hz 5926e+3 7.766e-12

Piezoelectric Analy ~ ary ™| Display Options Graph Export

All Rights Reserved, Copyright (© Murata Software Co.,




Equivalent Circuit @ Murata Software

Equivalent circuit is obtained
in the resonant analysis.

C,— GC,— C,——
C, : equivalent series capacitance
L Ll% L, % Lsé Lk : equivalent series inductance
@ C Rk : equivalent series resistance
Cd : damping capacitance
Ré Rzé R, § C f : free capacitance

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




Equivalent Circuit & Resonance & Murata Software

f, =1/2x,/L,C,
f, =1/2~,/L,C,

Equivalent circuit is obtained
In the resonant analysis.

1.0E+09

1.0E+08

1Z]

R N

~o b A

ng Rzé R3§ 1.0E+06

””NR

1.0E+05 @ @ @ @ (D
0 200 400 600
Frequency [KHZz]

The equivalent circuit has multiple resonators. The number of resonators corresponds to the number of modes
which is defined on the [Resonant Analysis] tab of the analysis condition setting. In the right figure above
shows 8 resonant points, which means the calculation was performed with at least 8 modes.

The harmonic analysis results take into account all modes included in the range of analysis frequencies.

800

30



Damping Capacitance & Free Capacitance &D Murata Software

Equivalent circuit is obtained
In the resonant analysis.

C, : Damping Capacitance C; : Free Capacitance
Cannot move freely Freely moving
C,=Cy+>.C,
k

R —
———
A~
Y

&

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



Other Parameters £ Murata Software

In the resonant analysis, resonant frequency, difference of the resonant
frequency and anti-resonant frequency, and coupling coefficient are output.

Resonant Frequency 1.0E+09
The re?istance IS at ItS minimum.

- 1.0E+08 \ v fa
Anti-resonant Frequency
The resistance is at is maximum. /\

fo =1 y1+C, /C, _ 1.0E+07 < \
Coupling Coefficient
Conversion efficiency between 10506 /
electrical and mechanical
k=yCi/Cy 1.0E+05 f. A
0 50 100 150 200
Freq [KHZ]

32



Complex Resonant Frequency & Q & Murata Software

In the resonant analysis, complex resonant frequency is obtained by
entering Q of material, tano, and acoustic impedance. Frequency
response of displacement is obtained in the harmonic analysis.

Q is the ratio of the real part and the imaginary part. —
fo =t +If" %
, , =
0= f, _ 1 |L, _ f, §%
f.,-f_.'" R, \VC, 2f" o 5
2
Q is large (large loss) LV PR P

Frequency

7 )

e
AN ANYANY.
v/ WV

Q is small (small loss)

Amplitude
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3.Points of Piezoelectric Analysis @M e

(1) Mesh Size
(2) Symmetric Model

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



(1) MeSh Size é.D Murata Software

Elongation of a Bar Frequency of the vertical vibration

n |E
fn = oL ; (Tl = 1,2,3,4)

= ==
A= N7

Displacement

X L X/ o @ 3 divisions of a wavelength:1%
S N 6 divisions of a wavelength: 0.1%

Frequency Error of the 2" Order Element Division Numbers of a Wavelength and Error

1.0E+00 1.0E+00 ‘ ‘ ‘
—
1.0E-01 — st 1.0E-01 — st
N —2nd \< ——2nd
1.0E-02 D
NN 1.0E-02
NN — 3rd \7\\ ——3rd
_ 1.0E-03 N — 4th 1.0E-03 E;Q —— 4th
I 1.0E-04 N i 1.0E-04
8 1.0E—0 \\ 'S
S 10E-05 g _
§ N \\\ g 1.0E-05 N
Z 1.0E-06 2 1.0E-06 <<
N N\
1.0E-07 \ 1.0E-07 ~
1.0E-08 1.0E-08 A
1.0E-09 1.0E-09
1 10 100 1 10 100

Number of Division Number of Division / Wave Length

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



(2) Symmetric Model D Murata Software

By analyzing a part of the domain, calculation is performed
In shorter time with less memory usage.

= P

Eull Model Symmetric Model
Domain Memory Time
1/2 1/2 1/4  (25.0%)
1/4 1/4 1/16 ( 6.3%)
1/8 1/8 1/64 ( 1.6%)
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(2) Symmetric Model @ MorstaSofware
Set symmetric boundary condition on the faces of symmetry.

Symmetric Boundary\/\

Calculation with a Full Model

um

120

10

100

a0

a0

70

B0

( 50
40

a0

20

Masimum value: 117651
Minimum value: 23736

Symmetric Boundary

l E Contuur|~4 h Displatemenq Select Vertex ~ i | .
@Element\feclm %Streamlines hMan(i mmmmm d Minimui m g Z dISp|aC8ment
iy Suﬂ;ce ::ctur B, meshes & cross section ~ ; i ?;;I::;E matches
ispl

urn
120

1o

Convert the symmetric model

to the full model »
) p

30

. 20

Calculation with a symmetrlc model
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__ (2) Symmetric Model  ®Mrstasofowere

In the axisymmetric analysis of XZ plane, the analysis time is greatly reduced.

3D Model
Analysis Space Setting
Model unit Analysis Space

Oum Oz
® mm e 10 [mm]
Om ® Axisymmetric

[@EN]

I 0K | | Cancel | | Help

Axisymmetric Model
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Y Piezoelectric Analysis
1. Case Studies

2. Functions

3. Points

Y Acoustic Analysis
4. Case Studies

5. Functions

6. Points

w Piezoelectric-Acoustic Coupled Analysis
7. Case Studies
8. Points
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Acoustic Analysis

Case Studies

&> Murata Software

Reflection and Diffraction

Open Boundary No Reflection Reflection Diffraction

Obstacle
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アニメ/反射と回折.avi
アニメ/反射と回折.avi

Speaker and Interference of Sound Waves & Murata Software

Interference of Sound Waves
Sound Pressure of Speaker 1[kHz]

All Rights Reserved, Copyright (© Murata Software Co., Ltd. 41


アニメ/干渉縞.mpg
アニメ/干渉縞.mpg

5. Functions of Acoustic Analysis & Murata Software

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

(5) Results Display
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_ (1) Analysis Condition & "ressSefwere.

-_— | Analysis Type
e Harmonic

(® Harmonic Analysis
Open Boundary (O Transient Analysis

e Transient

High-Level Setti...

Result Import

Motes

ok || cancel || e
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Harmonic AnaIySiS § Murata Software

Analysis Condition Setting

Salver Harmonic Analysis

Acoustic Analysis

Frequency
Mesh Sweep Type Sweep Values
Open Boundary O Linear Step by Frequency Minimurm frequency -
Harmonic Analy... (®) Linear Step by Division Number x10 [Hz] Settl ng Of Frequency
JP— O Log Step —- i

Transient Analysis o . Maximum frequency L1 for Cal Cu Iatl On
High-Level Setti.. Single Frequency 0 Hz] ./

O Table -
Result Import L

Division number

Frequency Sweep

|I}iscrete sweep v| ’ 
—— Select [Discrete Sweep] or

a3 SO SR Tr e [Fast Sweep].

If using high-spec computer
with enough memory,
[Parallel Discrete Sweep] is
available*

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

T

*Option for Accelerator is required.
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Analysis Condition Setting

. In the acoustic transient analysis, if timestep is set
[Automatic], timestep is set based on the CFL

<olver |Transien1 Analysis

Acoustic Analysis

- Timeste Restart number so as to prevent numerical instability.
O Manual Continue from the st session
Open Boundary (®) Automatic

Harmonic Analy...
e O O

High-Level Setti... Na. | Galculatic | Output 5t

Result Import

Motes

Exp 0 3

Insert Rows Delete Rows Import

| Table

High-speed mode
Cuse fastspeed mode . 3 B *CFL. Number is the number_ of meshes that tra_vel during
one timestep. If the number is too large, numerical
instability occurs. The number is determined by the mesh
size and the sound speed.
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(2) Boundary Condition & Murata Software

Edit Boundary Condition [OPEN]

Open Boundary

Wi ] Bt

Symmetry/Conti...

Rigid Wall

Boundary Condition Type
Motes y

Mo ftems to set
(C Displacement (O Pressure

O speed ® Open boundary

O Acceleration O Rigid wall

O Acoustic Impedance

Speed/Prﬁure p
(=

ok || cancel || el
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_(3) Material Property  ®Mustasofwere

Edit Material Property [000_Air]

Density Beine | [oersy

Sound Speed .
Density

MNotes 0 [N

Edit Material Property [000_Air]

Sound Speed Density ‘Sound Speed

l;und Speed :|
Sound Speed

MNates 0 %

Real Part 340.0 X10 [m/s]
Imaginary Part D ¥10 e

ok [ Cancel §  Hep
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By setting imaginary part of the sound  Speed Damping .

d. the dampina of th d Boundary Material Acoustic
speed, the damping of the soun i Impedance
waves can be expressed. .

I Air Air /
Fig 1 shows the damping material T

between air. Fig 1. Sound Pressure [Pa]

As Fig 2 shows, the sound waves are
damped in the damping material.

Fig 2. Sound Pressu?e [Pa]

]
|
|
|

3

Fig 3 shows the level on the left side

of the damping material is not
uniform. It indicates the reflection is
occurring.

Fig 3. Sound Pressure Level [dB]

All Rights Reserved, Copyright (© Murata Software Co., Ltd.
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&> Murata Software

Damping of Sound

Loss of the Medium

|So-u nd Speed

Sound Speed

=]

Real Part 340.0 X10 [m/s]
[
0 =

Imaginary Part x10

Set the imaginary part and damping coefficient of the sound speed here.

ﬂ The imaginary part indicates the attenuation, which sometimes cannot be ignored in the caze of ultrazonics.
irchhoff's equation iz given below. The sound speed increazes
az the frequency increaszes.

4 1
C zmage?———ﬁ r-z
e 3p ¥ pC

w :angular frequency, o sound speed, 4 viscosity coefficient, o density
7 - heat capacity ratio, & thermal conductivity, Cu: specific heat at constant valume

It ks 27x10 'Fin the alr, and 28x10 " fIn the water,
where fiz the frequency.
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(4) Body Attribute @ MurataSoftware

Analysis Domain

Edit Body Attribute [OUTSIDE]

Thickness/Width |Analrsis Domain | EXamp|e 8

Soer st Dot Seting View by the Directivity Calculation Method
Emsis Domaiq | Electric Analysis / Coulomb

Motes ~| Magnetic Analysis / Gauss Setting Table
| Thermal Analysis / Watt

Stress Analss/ Gl Calculated domain with the
e e o s directivity calculation method

| Piezoelectric Analysis / Rayleigh [AiUse the directivity calculation method.:
[~ Acoustic Analysis / Mach

~| Simple Fluid Anabysis / Pascal

Calculation Domain
for the Finite
Element Method
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Huygens' Principle

Radiations from the sound
sources in the open boundary

_ _ are calculated. An observation point of the
Analysis Domain for directivity is placed outside the
Finite Element Method analysis domain.
'/ -

The outside sound waves are

calculated with the Huygens’
principle.

Open Boundary
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(5) Results Display - Field & MurataSoftware

Sound Pressure [Pa]
Sound Pressure Level[dB]
Particle Velocity [m/sec]
Acoustic Intensity [W/m?]

Sound Pressure Sound Pressure Level Particle Velocity

........

........
Seemes g

-------------------
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&> Murata Software

Results Display - Numerical Table

Radiation Energy : Power[W]
Radiation Impedance : Zr[Ns/m]

Example
Power [W] = 2.60245624e-005 7.47853134e-005j
Zr [Ns/m] = 4.33208345e+000 1.24488632e+001]

Real Part of Power
Energy lost in radiation

Zr: ratio of power of sound source and velocity
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Results Display - Graph of Directivity

Sound Waves Directivity

Mode: Frequency [Hz]

Must be spacified outside

- o
é g-g%;ggg“mmﬂ (O sound prassure [N/rm2] (Real) s
3: 314320002131E:§% @ e
4: 9.486000e+01[H7] v O Sound pressure [N/m2] (Abs) Finish
Observation Point ® Sound pressure level [dB] Help

Coordinate system

f [m]

Plane of Symmetry

XY plane
min | 0.0 = :
Tiax [1¥Z pne
step |0

[Jzx plne

min [deq]
max [deq] Horzontal Axis
° O

Progress:

Based on the Huygens’ principle, the sound
pressure outside the domain is calculated,
where the finite element method is not
applied.

[XY Plane]
@ :min 0/max 360/step 100
0:min 0/max 0O/step O
Horizontal axis: @

[XZ Plane]
®:min 0/max 0O/step O
®:min -180/max 180/step 100
Horizontal axis: 0

[YZ Plane]
®:min 90/max 90/step 0
®:min -180/max 180/step 100
Horizontal axis: 0

[—— 2 nnin0e+04[H) ¢ = 00ldee]) |

Directivity

607 0
-
04 1 AN
40+ - \\
\ o
WL Eéﬁln . \ i
ant \‘\&3{ ; //
/

50+ —— e

- 7
g0l —

180
& ( —180deg to 180deg )

Example of Directivity of [XZ Plane]
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Results Display

é.D Murata Software
Graph of Freqguency Response

Frequency Response of Sound Pressure

Outside of Analysis Domain

160.00

150,00 }/jf\\\
140.00 ’//)f \
\_________
130.00 !,,/f/
120.00
Inside of Analysis Domain

110.00 Use Graph function of the contour diagram.
n.ao G.00 10.00 15.00 20.00
Freq [KHz] Outside of Analysis Domain
Refer to [Acoustic Analysis Example 8].
Or use macro in the Technical Note [Frequency
Response of Sound Pressure Level].

nside of Analysis

Sound pressure level -Value [dE]
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6. Points of Acoustic Analysis © ™S

(1) Analysis Domain

(2) Mesh Size

(3) Multiple Sound Sources

(4) Frequency-dependent Sound Speed

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



(1) Analysis Domain _ ®rrstesommers

Create air body around the sound source

Air Body

The radius of the air body is R.

R is 0.2 times the wavelength of the
frequency of your interest.

If the value is small, a warning will show
up as below.

** \Warning **

Distance between the wave source and the
open boundary is too short. Separate them
at least 0.2 wavelength.
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(2) MeSh Size é.D Murata Software

Mesh size is somewhere between Finer mesh must be applied to the
a fourth and sixth of the wavelength. complicated form near the sound source.

Project Tree 1 x

E-42 mac_ex3
9 Ex2
[=)-4:P mac_ex2*

@b Body Attributes
@ Materials

-2 Boundary Conditions
EE Mesh Sizes

X Wariables
E‘ii Results™
- &) Field
ég Global Coordinates
.3 Table
P Chart
- Favorites
E§|---|J Common DBs
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(2) Mesh Size £ Murata Software

Ultrasonic Analysis
To prepare the mesh of a sixth of the wavelength, the number of meshes becomes

large if the analysis domain is wide.
In such case, a quarter model or axisymmetric model are helpful.

[Example]
Axisymmetric Model (1MHz)
Ultrasonic waves show strong straightness

[r—
—
—_—
—_
—
—
—
—
—

Wave Source
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(3) Multiple Sound Sources & MurataSeftware

Wave Source
[V1]

Wave Source
[V2]

Salver
Acoustic Analysis
Mesh

Open Boundary

Harmonic Analy..

Transient Analysis
High-Level 5etti...
Result Import

Motes

Harmonic Analysis

Frequency
Sweep Type Sweep Values

(O Linear Step by Frequency Minimurn frequency

(®) Linear Step by Division Number ¥10 [Hz]

@] Log Step
Maximum frequen
(O Single Frequency auency

[
O 4
able
Division number

Frequency Sweep

Discrete sweep e

Enable each port's individual weight setting for the
superposed field display

Select [Enable each port’s individual weight
setting for the superposed field display]

Acoustic Analysis Example 3
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&> Murata Software

(3) Multiple Sound Sources

B Field Superposition Setting b4
E CI)I'III)IJH ‘ Displacement | |Select Vertex ~ '“ﬁ :.: 3 x '\:j o SCaI e facto r an d p h aSe
& Element Vector S Streamlines | g Maximum an d Minimum thllL g | po ‘ & - & PartName MAG | PHASE[dee] | .
& surface Vector & Meshes He Section ;i ssegf:;v; %r::;gve "b - b . ]:D gg Can be Sh Ifted fo r each
Display Setting

boundary condition of
the results.

ﬁ Graphics Setting

1 X BodyTree
&5 Bodies: 1
G- 0/ Solid / Air / 000_Air [

Sound
Pressure

1| Set field superposition
Set field superposition for harmonic

15
T s o ==

Phase Difference: 0 Phase Difference: 90 Phase Difference: 180

3 )
S

Sound
Pressure
Level
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(4) Frequency-dependent Sound Speed & Murata Software

Project Tree > Right-click on Variables > Select [New Variables]

Analysis Condition Setting

Project Tree o ox Salver Harmonic Analysis
- & Acoustic Anal
= @ mac_ex2 coustic Analysis Frequency
EI"Q EE Mesh Sweep Type Sweep Values
""" i Modlel Open Boundary (O Linear Step by Frequency Frequancy
----- Model unit: m/3D ) - |
@ . -, . . X Harmonic Analy... (O Linear Step by Division Nurnber 10 [Hz]
- Analysis Condition:Acoustic/Harmonic Analysis
& % Bl}dy Attributes Transient Analysis OLOg Step
E]"Iﬁl Materials High-Level Settl. ® Single Frequency
[#-2Z, Boundary Conditions Result Import O Table
=B Mesh Sizes
e .
Py General Mesh Size: 0.5
X
X c_pil MNew Variables
X pi
B[ Results R o
- Favorites B E"Iﬂl Materials ) Edit Material Property [000_Air]
-3 Common DBs List Variables - (&l 000_Air
[ ] Material Data Density |Sound S
. ensl peed
Apply Edit F5 [#-2L Boundary Conditions
_— kN )
. . == Mech Sizes Sound Speed
\ﬂ Apply Edit Automatically m BN Gereral Mesh Size: 0.5 Sound Speed
- L 0.
. . Mot Le]
"5 Parametric Analysis - Variables ores 0 =
- cpi Real Part M o [m/s]
w-X f 0 =
&-X pi =]
EZI---E, Results Imaginary Part D X10 [m/s]
Favorites
. Commen DBs
Variable Mame Content
f | = | 1000
| 0K | | Cancel |
I oK || Cancel | | Help

Prepare variables f and t.

-h Analysis Condition Setting > Harmonic Analysis > Set f to Frequency.
Initial value can be any values.

Edit Material Property > Set t to Sound Speed.
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(4) Frequency-dependent Sound Speed

Run Mesher/Solver > Submenu > Parametric Analysis

Pe W - &

T ||a N >

f (S70 =
Madel

E9 mac_ex2:Ex?

$

Analysis
Condition

Analys

4

Run
Mesher/Solver ~

Execute the analysis
P Run Mesher/Solver
Run Mesher
Run Solver

ﬁ Run Solver with Existing Meshes

| "B Parametric Analysis

b RunhesherSolvertor Selected Projects
pp  Run Mesher/Salver for All Projects
pp  Adivate Batch Execution Tool

By setting in the [Sweep Table],
analysis can be performed while

changing frequencies (f) and sound

speed (t).

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

Parametric Analysis

Sweep Setting  Sweep Table Output Setting

Settings
®) Linear Step by Step Value

(O Linear Step by Division Number

(O Log Step
O Single Value
Start Value | 30| [Modify |
Stop Value ’”—F’|

StepValue | 1]
=

Parametric Analysis

Sweep Setting Sweep Table  Qutput Setting

t

g
=
er
T

1]10000 3300
210000 3310
310000 320
410000 3330
5 1000.0 3340
6 1000.0 3360
710000 336.0
g 1000.0 3370
q|10000 380
10 | 10000 3390
11| 10000 3400
12 | 10000 3410
13 | 10000 420
14 | 10000 3430
15 | 10000 440
16 | 10000 3460
17 | 10000 G460
15 | 10000 70
19 | 10000 3480
20 | 10000 3440
21 (20000 3300
22 | 20000 3310
el Annn 0 anan

&> Murata Software

Variable Name  Type Start Value Stop Value Step

f Linear Step by Step Value 1000 20000 1000
t Linear Step by Step Value 330 349 1




Y Piezoelectric Analysis
1. Case Studies

2. Functions

3. Points

Y Acoustic Analysis
4. Case Studies

5. Functions

6. Points

s Piezoelectric-Acoustic Coupled Analysis
7. Case Studies
8. Points
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Piezoelectric-Acoustic Coupled Analysis

Case Studies

&> Murata Software

Ultrasonic Sensor

Piezoelectric Analysis Acoustic Analysis

Resonating Element

Metal Plate

Piezoelectric
Ceramic

Terminal
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アニメ/音波.mpg
アニメ/音波.mpg
アニメ/超音波センサー.mpg
アニメ/超音波センサー.mpg

8. Points of Piezoelectric-Acoustic
Coupled Analysis

Analysis Condition

&> Murata Software

Analysis Condition Setting Analysis Condition Setting

Select [Piezoelectric Analysis]

and [Acoustic Analysis]

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

Salver ] |5"""""l <olver |mezoe|ecuic-nmusﬁc
Fiezoelectric-Ac.. Mechanical Stress / Piezoelectric Piezoelectric-Ac..
M Piezoelectric Analysis Type Analysis Plane \ariables to Constrain
esh . 3
Strass Aralysis Galileo Mesh
Open Boundary (O Resonant Analysis 2D Crass Section
Piezoelectric Analysis Rayleigh COpen Boundary
Resonant Analy... . . . .
Resanant Analy.. (® Harmonic Analysis Thin plate X-displacement
Harmonic Analy... Acdustic / Fluid
) _ Harmonic Analy... * 1 ic i Y-displacement
Acceleration M Acovetic Aralysis Mach ¥ ‘Acoustic analysis is preset P
IR with harmonic analysis.
An iy AcCCeleration .
Angular Velocity Simple Fluid Aralysis Pascal Z-displacement
Thermal Load Fluid Aralysis Bernoulli Angular Velocity
Constant Tempe... Thermal Load .
High-Level Setti Thermal =
igh-Level Setti... Constant Tempe... Y .
Thermal aralysis Watt Strong-coupling analysis (*)
Result Import High-Level Setti...
Notes Elactric—Therrmal Coupled Arghysis Curie [ Acceleration
Result Import
Naotes [J Angular Velocity
[ 1nitial stress | Specify static load for boundary condi

Select [Strong-coupling analysis].
Select [Voltage] if [piezoelectricity] is
not taken into account.




8. Points of Piezoelectric-Acoustic & Murata Software
Coupled Analysis

Body Attribute

Edit Body Attribute [OUTSIDE]

Thickness/\Width

Direction

I-Analjrsis Domain |

Maotes

|Analysis Domain

Sobver
Electric Analysis / Coulomb
Magnetic Analysis | Gauss

Thermal Analysis / Watt Select [Piezoelectric Analysis] for solid.
Stress Analysis / Galieo Select [Acoustic Analysis] for media.
- Both cannot be selected at the same time.

Piezoelectric Analysis / Rayleigh
[liAcoustic Analysis / Mach:

Simple Fluid Analysis / Pascal
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__Strong-coupling Analysis ™M seitvers.

Weak-coupling Analysis Strong-coupling Analysis
(Unidirectional from piezoelectric to acoustic) (Bidirectional between piezoelectric and acoustic)
The vibrating effect of the structure by the sound
The vibrating effect of the structure by the sound waves can be calculated and the sound waves outside
waves cannot be calculated. The sound waves outside the shielding plate can be calculated as well.
the shielding plate cannot be calculated either. However the calculation time is long.

Analysis Condition Setting
alver ic-s i
Ca I n g Piezoelectric Analysis Type Analysis Plane Variables to Constrain

Mesh -

() Resonant Analysis 2D Cross Section ivolaae
Open Boundary
Resonan t Analy... ® Harmonic Analysis Thin plate X-displacement

Harmonic Analy... *Acoustic analysis is preset Y-displacement
with harmonic analysis.
Acceleration Z-displacement

Angular Velacity

CaVity Thermal Load Options

Censtant Tempe... I [ strong-coupling analysis (*) I

High-Level Setti...

Acceleration
Result Import o
Notes [ Angulr Velocity

[ initial strass |Speafy static load for boundary condi

Piezoelectric Material
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アニメ/圧電音波連成.avi
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&> Murata Software

Thank You
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