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lllustrative Example

Black & Decker Buzz Ultrasonic Stain Removal
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£7eeomon)) Starting the Program

Double click icon | S TD)

PiezoTran - Transducer Modeling Teol | _I .X[
File Visw Model analysis Resilts Help

Model File: =n - 7 v e
|\ ol Fils ‘ ——— I Start Freg I Stop Freg I Freq, Step } PPyokage | Rlow
‘Madsl Deseript icknes: ; i E
| | Descriphion } —— I [2[z] } ] } Thickness I TanDela | G33 } K331 } 5330
I
|ODFiont  [ODResr 1D | Length | Radiss [Elomis | Mateidl | Dersly [ \
Miarisdussrfsserbhi =y | Total Lanth (mm) | [ Totsl Number of Components: | [ Distance from Tip to Selected Componant (). |

|ODFent  [DORes (1D | Lenth | e | Elemeits s [Demsty [

| Total Length (mml | | Total Humber of Companents; | | Distance from Tip to Selected Component (mm): |

tadel File

iSunn}l

Enter a file name and description of the transducer | > I MndelDescristinn
10 day piezo propertie



Tran }))

Input First Component

From Model menu select Edit Components

Note that it is convenient to leave this window

open

MNumber of

Eompone_rLType Elements

-l |

00 Front [mm)

’——*— Add ta Rear

0D Rear [mm) Insert Before
1D () L Inzert After

Maodify
Delete
Load

Length [rmm)

Fadiuz [mm]

Azzembly to Edit
& Tranzducer ¢ Center Bolt

I aterial Properties [51)

Diezcription

=]

Welocity af
Density Sound

Clage Editar

Start with the front radiating
cone (Component Type)
pre-selected

Pull down Materials
Properties menu and select
Aluminum DTD 5064

Enter OD Front =1,

OD Rear =6

Length = 3,

Number of Elements = 3

PiezoTran - Transducer Modeling Tool

File IM.:..:IEI Analvsis  Resulks  Help

Edit Components

Edit Fiezo Propetkies  — Analysiz
||- Sketch Sethings
Model Descriotion Mmoo

Load

Add this component to
the model by adding it to
the rear of the previous
component (none in this

MNumber of
Component Type Elements
| Core ~ |5
a0 Front [mm)
I T
0D Rear [mm] Insert Before
G
D frors | Ingert After
1]
b iy
Length [mm]
3 Delete
R adius ()

Azzembly to Edit
@ Tranzducer © Canter Bol

I aterial Properties [S1)
Degcription
|urinurn DTD 5046 ~|

Welocity of
Density Sound

27800 [5045.0

Cloge Editar

case since this is the
first)



£piezoTian)) Input 2nd Component

." 2 Piezolran {by Piezo Innovations)

File Model Analysis Resdlks Help
hodelBle Analysiz | StartFreq. | StopFreq. | Freq Step | P-PVoltage | Floss Y T
jsum}, e T T £ ran _))
Model Description Piezs | OO | ID | Thickness | TanDelta | G33 | K337 | 533D
J1Ddaypiezoproperties Propeties [ 0 | 0 [ o [ © | 0o T o [ o
H H Tramsdicer Assemig:
FIrSt Component IS . .TPDE ?lDD Front .DD Rear ID I:ength | Radius EElements _lMatPTriaIl ] ;.D.en.s.it-"' le
1 > | » |C 1 B 1] 3 ] 3 Alurni DTD 5046 2750 R045
entered in model > Cone
Component Editor = |
Murnber of
Component Type Elamants
y |Red =] 7
. . . . 00 Front [rmm)
Enter next component part by clicking in the editor B bddwoRe
Wi ndOW 0D Rear [mm) Inzert Befare
1D i) Inzert &fter
1]
Modify
Length ()
J'I? Delete
R adiuz [mm)
Load
y Azzembly to Edit -
Select rOd * Trangducer ¢ CenterBolt
17 elements e
-t aterial Properties [S1)
enter Description
. . [#aminum DT D G048 B
- dimensions _
d t . I o \-"%!omtydof
and materia et
|2r50.0 |5045.0
as shown
Cloze E ditor




Tan)) Further Component Input

Add rod to rear of the first cone

iﬁ.-P'ieznT'ran {by Piezo Innovations)

File Model Analysis Results Help
Model File r S T T . -
fnalpsic | StatFreq. | StopFreq. | Freq. Step | PPVoltage | FRloss i 7 \)
|Sunny Seffrgs | o | 0 | @ | 0 | © ran)
todel Description [ Pieza | 0D [ I | Thickness | TanDela | G33 | K337 | 533D
{10 day piezo properties Properties | ] | ] | 0 (e 1] [ 0 [ o
Tramsducer Assembly
Type | 0D Front | 0D Rear |ID |Length  |Radius | Elements | Material |Density | o
Caone 1 [ 0 3 i} 3 Aluminum DTD 5046 2750 5045
. | Red E i} 0 17 i} T Aluminun DTD 5045 2750 a045

Use editor to enter the next cone and add rod to the rear of the rod

iﬁ.-P'ieznT'ran {by Piezo Tnnovations)

File Model Analvsis Resulks  Help
kdodel File r =TT ol - y -
Analysiz | Start Freq, | StopFreq. | Freg Step | P-PVoltage |  Rloss i Tran)
|Sunny Settngs | o | 4o | o | o | o0 ran)))
Modsl Description | Pieza | 0D | I | Thickness | TanDela | G332 | K37 | 533D
!1 () day piezo properties Froperties | ] | ] | 0 [ o il | ] [ 0O
Frarsolces Asanti
Type | OO Front | OD Rear | 1D |Length | Radius | Elements | Material | Density |
Cone 1 E 1] 3 ] 3 Aluminum DTD 5046 2750 5045
Rod E 0 a 17 1] 17 Alumitum OTD BO4E - 2750 A045
4 Cone E 10.4 ] 2 ] 2 Aluminum DTD 5046 2750 5045




£7iezoTran))) Define Bolt Anchor Point

Number of
Component Type Elements

|Anchnr Paint j |

I'D‘E“Fl—o‘llt‘m"nl] Add to Rear
00 Rear [mm] Inzert Before
We are now at the junction between the rear e e |
face of the front mass and the front of the L

piezo stack. — =
adiz {mim) =

The center bolt (shown in red) is also posensh o=
. . . & Transducer ¢ Center Bolt
anchored at this point by using the component
H H H -t aterial Properties [S1]
editor and adding to rear of the previous rod g
Welocity of
Density Sound
File Model Analysis Results Help = s
Model File | analpsis | StatFreq. | StopFreq. | Freg Step | P-PVokage | RAloss i Tran Close Edtor
|Sunn}, Sl e ,E‘ ran ')).
Muodel Description | Piezo | 0OD D | Thickness | TanDeta | G33 K331 | 533
110 day piezo properties Properties | 0 | 0 (T 0 (]
Framsducer dzzamii
_Type 0D Front | _DD Fiear | ID :_L_ength | Radiuz E_Iements | Material o ] !ZI!ens_it}I e
| Caong 1 [ 1] 3 0 3 Aluminum DTD 5046 2750 5045
|Fod g 0 ] 17 0 17 Aluminum DTD 5046 2750 5045
|Cone g 10.4 1] 2 0 2 Aluminu DTD 5046 2750 5045
|Fiod 12 0 i] 5.5 0 g Aluminum DTD 5046 2750 5045
|Ficd 16 0 1] 5 0 5 Aluminum DTD 5046 2750 5045
|Fod 18 0 a 2 0 2 Aluminum DTD 5046 2750 5045
» Anchar Paint 1] 1] 1} 1] 1] 0 1] 1]




Tran)) Add Piezo Stack

The 4 ring piezo stack (shown in blue) comprises the piezo
elements and a beryllium copper shim electrode sandwiched
between them. The complete stack including piezo, shim

MHurnber of

electrodes and joints, is treated as a single component . In the U Ll B

. . Piezo Stack  ~| |4
component editor, select Piezo Stack and note that the number Ptk =

of elements is the number of piezo rings that make up the stack. e

&2 Piezo Iran (by Piezo Innovations) s e ol =

File Model Analysis Results Help
|5unr‘|_l,l IEEAE ?23:_:32 | S_t_qrt_Dfrn_ag: StDpDFreq. | fn_eg.DS_te_p SRR "-.-"glt_agn_a | _!_:I_Lgsss g- Frand ’})>
kodel Description = oD I | Thickness | TanDelta | G33 K33T [ s3mD
]‘ID day piezo properties Properties | ] o o Ec| o o o
Frameducer Aseaemibge
Tupe a0 Front 0D Rear | ID | Length R adius Elements | Maternial D enzity (i3
|Cane 1 E o 3 o 3 Alurninurn DTD 5045 2750 045
|Rod B u] a 17 u] 17 Aluminum DTD 5048 2750 5045
| Cone E 10.4 a 2 u] 2 Aluminum DTD G048 2750 B045
|Rod 12 u] a 55 u] E Aluminum DTD 5048 2750 5045
|Rod 16 u] a 5 u] 5 Aluminum DTD 5048 2750 5045
|Rod 18 u] a 2 u] 2 Alurninum DTD 50468 2750 5045
» Anchor Point o o o o a n] o o
Piezo Stack o o a a o 4 o o




Tran))) Add Rear Mass

The remaining components | \
are assembled in the same

——

T PiezoTran (by Piezo Innovations)

File Model Analvsis Results Help
Boeels Analysis | StartFreq. | StopFreq. | Freq Step | PP Valtage |  Rlass i Tran’ '
1Sunn}| Settings I.j..._.. L =it E| o ._..._.Ij e 2l _ |j i _._.Ij S ran J})
todel Description | PFieza | 0D | ID | Thickness | TanDelta | G33 | K337 | 5330
110 S —— e G - Eem o 0 3 0
Frameducer Azsambiy
[ Type 0D Front | OD Rear | ID |Length | Radius Elements | katerial Density | ¢
fEu:une 1 G 1 3 n 3 Alurinum DTD 5046 2750 G045
i |Rod 5 1] 1 17 1] 17 Alurinum DTD 5046 2750 G045
| Cane G 104 i 2 n 2 Alurinum DTD 5046 2750 G045
|Rod 12 1] 1 856 1] g Aluminum DTD 5046 2750 B045
|Fod 16 1] i g ] a] Aluminum DTD 5046 2750 B045
|Fod 1a 1] 1 2 ] 2 Alurinum DTD 5046 2750 G045
P |Anchor Paint 1] 1] 1] 1] 1] a 1] 1]
Piezo Stack 1] 1] 1] 1] 0 4 1] 1]
Red 15 1] 1] 5 1] B Alurninurn DTD 5048 2750 4950
Red 15 1] ] 45 1] 4 Alurninurn DTD 5045 2750 4950




Mumber of
Component Type Elements
fea =] [17
10 Frant [mm]
F;r““"_“““‘ Add to Rear |
0D Rear [mim] Irisert Before |
I frorn] Inzert &fter |
ID
Fdodify |
Length [mnm)
11? Delete |

R adius [mm]
Load

1

—Aszzembly to Edit
7 Transducer % Tenter Balt

—Material Propertiez [SI] ———

Desgcription
Gtainless Steel 316 R4

Welocity of
Dengity Sound

|7750.0 |5200.0

Cloze Editor I

Define Center Bolt

| Transducer &zzembly =» | Total Length [mm);| 45 | Selected Component; | 8 of 10 | Distance from Tip [mm); | 345

Type . | 0D Front | OD Rear | ID |Length | Radius | Elements | Material | Density | e

Rod 4 1] 1] 17 1] 17 Stainless Steel 316 7750 5200

In this simplified model the bolt shank is a rod (shown in
red). In a practical design conical elements would be
used to model the exposed thread in the region of the
anchor point in order to determine cyclic stress
concentration.



f‘. Tran }))

From the Model pull down menu select Edit Piezo Properties.
From pull down material menu select Navy Type I. Enter piezo
ring dimensions. Enter beryllium copper shim electrode
properties. Initially ignore the effects of joints. After data input
has been completed, select Apply Properties button and close
the editor. Note that the total length of the stack components
and the number of piezo rings now appear in the transducer
assembly model.

File Model Analysis Resulks Help

Enter Piezo Properties .

Fiezo Ring Properties

ap 18] Thickness
|15 |7 |2
M aterial Density
My Type | | |7600
Tan Delta G33
|n.015 |0.0245
533D K337
85312 1300
Electrode Properties
Welocity of
Thickness Dengity Sound
001 |5300 |3911
Joint Properties
Welocity of
Thickness D ensity Sound

¥ Include ElectradesAloints at Stack Ends

Apply Properties | Cloze Editor

Model File

|Sunn_l,l ggﬁ!_:gz S_t_art_DFreq: StDpDFreq. _Frethte_p : F' P '\-’;Itage ELE'uss E. T D)
tdodel Description Piezo oo D Thickness | Tan Delta G33 k33T 5330
10 day pieza propetties Properties 15 7 TTE 0015 0.0245 1300 B53E-12
Framsducer dzsemii
Type 00 Front | 0D Rear | 1D Length Radius Elementz | b aterial Diensity s
| Cone 1 B 1 3 1 3 Alurninum DTD 5046 2750 B045
|Fod B 1] 1] 17 1] 17 Alurninum DTD 5046 2750 A045
|Cone g 104 1 2 1 2 Alurninum DTD 5046 2750 B045
|Fod 12 1] 1 55 1 G Alurinum DTD 5046 2750 B045
|Fod 16 1] i a i 4] Aluminum DTD 5046 2750 a045
|Fod 18 1] 1 2 n 2 Alurninum DTD 5046 2750 G045
Anchor Point a 1] 1] 1] 1] 1] ] 1]
[ | Pieza Stack a 1] 1 12099999 0 4 1] 1]




gPiezoTian))) Sketch Viewer

File | Model Analysis Results  Help

Edit Camponents

Edit Pieza Properties At
I-L Sketch St
Fan | Zoom | Refit | [CE. | Dueer| [ Component Selection | Fiint | Print Preview | PageSetup | Closs |
<=Next || Prev=>
F Tran :j)

From the Model pull down menu select Sketch.

Individual components can be identified by selecting them in the n
assembly script and then selecting the component highlight
option in the viewer window or scrolling using Next/Prev buttons. |

File Model Analysis Results Help
odel File
Analysis Start Freq, StopFreq. | Freq. Step | P-P Yoltage Floss g 5
[Sunny B e e — ,E Tran _D
Model Description Fieza D_D D Ihic_:kngss_ Tan _Delta _533 KB?fT : S_33D
|10 day piezn properties Fraperties 15 i & 0.015 0.0245 1300 88312
Tramzducar Azzambi:
Type 0D Front | 0D Rear | 1D Length Fadiuz Elements | Material Density c
|Cane 1 B 0 3 1] 3 Aluminum DTD 5046 2750 5045
Rod g 1] 1] 17 1] 17 Aluminum DTD 5046 2750 5045
r [ 6 g Jo o]0 12 JAlminum DTD 5045|2750

The sketch viewer is a very useful tool to check for
possible errors in the text data input. It should be
used prior to the analysis of the model. For
convenience and clarity the transducer and center
bolt can be viewed separately.



ff_ - Tran "D)

From the Analysis pull down menu select Analysis Settings. In the
Earwicker model the accumulated mechanical losses (R Loss) are
calculated from the mechanical acoustic efficiency by including a
resistive network that is added to the radiation impedance. For the
ultrasonic cleaning application the R Loss can be calculated by
PiezoTran by inputting the measured value of the low power Q factor
in air. Alternatively an estimated Q factor can be used (250). Since
the high power radiation impedance associated with cavitation is not
able to be calculated, an empirical measured Q factor should be
used. Thus, for the cavitation load the Q might drop from the ‘in-air”
value of 250 to 150. It would be normal practice to initially set a wide
frequency sweep and large step frequency and then zoom in on the
resonant mode of interest.

It is recommended that you save the data file before analyzing the

model. Select the Apply Settings button followed by the Close button.

From the File pull down menu select Save.

Enter Analysis Set up

Analysiz Frequencies [Hz.)

Start Freq. Stop Freq. Step Freq.
50000 53000 |20
Mechanical Losses P-P aoltage [v]

50
" R Loss Lozs Walue [ —
' [ Factor EED Capaiit:nce
1E12
Tuning Inductor - Fiadiation
L

" On Inductance Dfe;

& n

+ off | it
Fadiation Loss Settings - -

Welocity of
Fluid b ediurn Diengity Sound
(= ] Aray S_pacing [rm]
~
Apply Seltings | Close

File Maodel Analysis Results Help

M odel File Analysic | StartFreq | StopFreq. | Freq Step | P-PVolage
|Suriry Settings 50000 59000 20 50
todel Description Piazo oo 18] Thicknesz | Tan Delta
|1 [ day piezn properties Froperties 15 7 3 ' 0.015

f'. Tran }D

k33T 5330
1300 8.53E-12

! Tramedicar Azsamii:




£piczctian))) Analyzing the Model

The model can be run immediately after entering all the data by selecting
Analyze Model from the Analysis menu.

To start and run the model with a previously saved data file

. . ;‘:-. Sunmy
Double click icon | > m i ) IETKF‘E‘FHE

The input data file can also be viewed and printed o -
in text format by adding a text extension to the file LE’J Tet Dorument
name =

) ] =7 sunny.phr_results
After analyzing the model a text results output file "?—;J Tect Docuimant

'|

will be created.
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Elle Edit Format Miew Help

Description 10 day piezo properties

Resonant Freguency = 34200.0
Maximum Conductance = 0.019192

Anti-Resonant Freguency = 56860.0
Maximum Resistance = 19864

G = 250.2097

RLoss = 1.82

Coupling Coefficient (k) = 0.3022

Low Freguency (1000 Hz) Capacitance = 1.9576E-009
Maximum Tip Displacement = 1.5071E-005

Applied voltage (P-P) = 50.0000

Applied voltage (RMS) = 17.6803
Power (watts) = §5.9904

real Current Camps) = 0.3393 ol
[&]] | =i

The text output file also contains tabulated data that is automatically plotted
within PiezoTran. The maximum conductance is the reciprocal of the real part of
the load resistance. Thus, for high Q transducers, the minimum impedance at
resonance is approximately 1/G,_,

Adding a cable increases the low frequency capacitance and decreases the
effective coupling coefficient.

The model assumes that constant voltage is applied and that the resonance
frequency corresponds with the maximum conductance frequency. Power and
current are calculated at the resonance frequency.



£iezoan))) Graphical Output

Graphical output data can be viewed and printed by selecting Plots in the
Results Menu. Plot options can be viewed and selected from a pull down menu
in the Results Viewer. Plots of Susceptance vs. Conductance and Projector

Sensitivity are applicable to sonar transducer analysis.

PlatT ype Ilmpedance vz, Frequency LI

Impedance vz Freguency
Susceptance va Conductance

pedance ve. Frequency Eremmy) s Projectar Sensitivity vs. Frequency
(10 day piezo properties - Sunny.txt) 1074 Tranzducer Displ. at Resonance
ww— 150 Transducer Stresses at Resonance
I : : : ) T Center Bolt Strezses at Besonance
100+ 4 100
a4 | m
o o= 50 g
E 2
= =
o
o [
E w
e 100+ -T-0 e
2 3 =
Ja: [
c 1 5
. g
105 T E
1 i
s <o =100
10° —_—t 150
43 50 52 54 56 58 60
Frequency (Hz) (1013)




&) Qutput — Displacements & Stress Maps

ons)
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T 150

Axlal Displacement Magnitude (micr:

0

Distance from Tall {mm)

100

=+ 50

=+ =100

Axial Displacement Phase [degrees)

Stress (MPa)

80 +————

Transducer Stresses
(10 day piezo propertie:

at

" Select Model to overlay the sketch of the transducer

Resonance
s - Sunny.ptr)

70 ”
80 --
50 ,,
40 ,,
30 ”

201

i I
t t —+—f—+—+—
10 20 30

i
+—t——+—+—+—f—+—+—+—+—F—+—+—+—
40 50 60 70

Distance from Tail (mm)
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