ez 3 % UL E 4 UL, 01 EALFAY
&1\.."—‘ o]
e MY E‘E&lOIRI o2 A7t Sickalehi-5), whe
A 2% EBAFAY A 458

HISYEHX]| H22H MBS pp. 637~ 644 (2003)

OSIQAMHS 0|28t Tonpilz EMAFAQ|
™R MA

Optimal Structural Design of a Tonpilz Transducer
by Means of the Finite Element Method
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In this study, with the FEM we analyzed the variation of the resonance frequency, bandwidth, and sound pressure
of the Tonpilz transducer in relation to its design variables, Through statistical mwultiple regression analysis of the
results, we derived functional forms of the resonance frequency, bandwidth, and sound pressure in terms of the design
variables, By applying the constrained optimization technique, SQP—FD, to the derived function, we determined the
optimal structure of the transducer that could provide the highest sound pressure level at the resonance frequency
of 80,000 Hz and having the —3 dB bandwidth more than 10% The validity of the optimized results was confirmed
through comparison of the optimal performance with that of the FEA, The optimal design method proposed could reflect
all the cross—coupled effects of multiple structural variables, and could determine the detailed geometry of the
transducer with great efficiency and rapidity.

Keywords: Optimal design, FEM, Tonpilz transducer, Constrained optimization method, Regression analysis

ASK subject classiffeation: Ultrasonic and elastic waves (4.1)
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Fig. 2. Finite element madel of the Tonpilz transducer.
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Table 1. Fixed dimensions and material properties of the parts in the ransducer.

S CYeung's.h . Develty | Pdsson‘s |- Thickness | Damping | Inner radus | Outer radius
C .o peoduis (GPaY| {ka/m) | - alio {rm) ratio[t5f - | - (mm) o)
Head mass 70.3 2,770 033 19.4 0.020 25 132
Tail mass 206.0 7,955 0.30 18.0 0.020 25 9.0
Bolt 185.0 7,920 0.30 0.020 25 40
Piezoelectric _
P PZT-4[14}) 8.0%2 0.001{14} 49 90
2. REIRA MM AFZE PZT-49 SME(14) 100k ——— r

Table 2. Material properties of the PZT-4 in the FEA[14].

Relative dielectric constant ei/ey | 730
(&p=28.854 x10~"2 { C*/Nm™)) e | 635
en -52

Piezi'»eleﬁi(yrt:!J )conslaril ex 151
e 127

e 139

A 115

Elastic stifiness cq | 286

(10" N & 206

ek 7.78

cfy 7.43
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Fig. 3. Impedance spectrum of the Tonpilz transducer
{in air).
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Fig. 4. Impedance spectrum of the Tonpilz transducer
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Table 3. Design variables of the Tonpilz transducer.

Design .variables Variation range {mm}
Thickness of the PZT-4 {x;) 80 ~ 240
Thickness of the tail mass {x;) 9.0 ~ 270
Thickness of the head mass (x;) 97 ~ 29.1
Radius of the head mass (x} 90 ~ 174

Pressure

iy

&

Pressure

J8 5. X §iM od
Fig. 5. Static analysis model.
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Fig. 6. Optimal design algorithm for the Tonpilz transducer.
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Table 4. Summary of the transducer performances.

X} X2 X3 X¢

|ncréase of 1 } l l
increase of BW ! L } 1
Increase of P, 1 1 ! 1

/> =Resonange frequency
BW =-3 dB bandwidth
P, =Maximum sound pressure

H 5. JAHs50 BEE gt
Table 5. Normalized factors of the design variables.

' Nomﬂizailon x | xz X3 Xy
- faeor - | (o) | (men) {mm} {mm)
-1 80 9.0 9.7 9.0
-0.5 120 135 146 1
0 6.0 1840 194 132
a5 20.0 25 243 15.3
1 24.0 270 29.1 17.4
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# 6. 2{X3 dn
Table 6. Results of optimization.

oromarncs | Optimized valus | Normalization factor
x; 22.56 mm 0.82
x2 10.16 mm -0.87
X3 10.68 mm -0.90
X4 17.03 mm 0.91
I 30,000 Hz
BW 3.880 Hz
P, 5,843 Pa

E 7. fEe4a ofHoff oot &gl uin X2 33 Fif,
s o Mo
Table 7. Resonance frequency, bandwidth, and maximurn
sound pressure calculated through FEA at the
optimum value and comparative dimensions.

Xi X2 X3 | Xe® ﬁ. %
2256 | 10.16 | $10.68 | 17.03 (29.985| 3,924 | 5855
2256 | 965 | 11.21 | 17.03 | 30,060 | 3786 | 5837
2256 | 1067 § 10.15 | 17.03 | 29,835 | 3994 | 5771
2143 | 1016 | 1068 | 17.22 | 30460 | 4,177 | 5719
2367 | 10.16 | 10.68 | 16.84 [ 29488 | 3594 | 5759
2143 | 1067 | 10.68 | 17.22 | 30,154} 4,057 | 5670

21432 | 1016 | 11.21 | 17.22 | 30,287 | 3,946 | 5652
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