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Optimal Structural Design of a Tonpilz Transducer Considering the
Characteristic of the Impulsive Shock Pressure
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(Kookjin Kang' and Yongrae Roh??)

Abstract

The optimal structure of the Tonpilz transducer was designed. First, the FE model of the transducer
was constructed, that included all the details of the transducer which used practical environment. The
validity of the FE model was verified through the impedance analysis of the transducer. Second, the
resonance frequency, the sound pressure, the bandwidth, and the impulsive shock pressure of the
transducer in relation to its structural variables were analyzed. Third, the design method of 2°
experiments was employed to reduce the number of analysis cases, and through statistical multiple
regression analysis of the results, the functional forms of the transducer performances that could
consider the cross-coupled effects of the structural variables were derived. Based on the all results, the
optimal geometry of the Tonpilz transducer that had the highest sound pressure level at the desired
working environment was determined through the optimization with the SQP-PD method of a target
function composed of the transducer performance. Furthermore, for the convenience of a user, the
automatic process program making the optimal structure of the acoustic transducer automatically at a
given target and a desired working environment was made. The developed method can reflect all the
cross—coupled effects of multiple structural variables, and can be extended to the design of general
acoustic transducers.
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Fig. 1. Model of the Tonpilz transducer.

(a) gas compensated transducer

Compliant element

(b) composite filter transducer
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Fig. 2.
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Piezoelectric Tonpilz transducer good for
hydrostatic pressure.
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(a) air (b) water
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Fig. 3. Finite element model of the Tonpilz
transducer.
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Fig. 4. Impedance spectrum of the Tonpilz
transducer(in air).
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Fig. 5. Impedance spectrum of the Tonpilz
transducer(in water).
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Table 1. Design variables for the Tonpilz
transducer.
Design variables Variation range
Thickness of the PZT-4(x;) {80 ~ 24.0 mm
Thickness of the tail massixs) | 9.0 ~ 27.0 mm
Thickness of the head masslxs) | 9.7 ~ 20.1 mm
Radius of the head massix) | 9.0 ~ 19.4 mm
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Table 2. Fixed material properties of the parts
in the Tonpilz transducer.

Young's modulus {Density Poisson's ratio
(GPa) (kg/m?)
Head mass 70.3 2,770 0.33
Tail mass 206.0 7,955 0.30
Bolt 185.0 7,920 0.30
b -
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Fig. 6. Analysis model of impulsive shock
pressure.
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Fig. 7. Plastic strain occurrence point of the
Tonpilz transducer.
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Fig. 8. Optimal design program for the acoustic
transducer.
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—— Radius of the head mass=9.0 mm
--------- Radius of the head mass=11.1 mm
Radius of the head mass=13.2 mm
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Fig. 9. Variation of sound pressure in relation
to radius of the head mass.
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Fig. 10. Variation of resonance frequency and
bandwidth in relation to radius of the
head mass.
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Fig. 11. Variation of impulsive shock pressure
in relation to radius of the head mass.
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Table 3. Variation of the transducer performance
in relation to design variables.

X1 X2 X3 X4
increase of £, ! l | d
Increase of BW ! ¥ ' 1
increase of Pr 1 ! i 1
Increase of Ps - - 1 !

f~=Resonance frequency, BW=-3dB bandwidth,
P,=Maximum sound pressure,
Ps=Impulsive shock pressure.
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x3= Thickness of the head mass ,

a= Diameter of the head mass ,

Y= Young's modulus of the head mass , ©|t}.

p = Density of the head mass ,

v = Poisson’s ratio of the head mass .
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Table 4. Results of the optimization for the
Tonpilz transducer with the SQP-PD
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method.

X1 X2 X3 X4 P P, BW Ps
(mm) [(mm) | (mm)|(mm)} " | (Pa) | (Hz) {(MPa)
2296] 9.36 |15.52]13.20] 1.0 | 4,427.5]2,448.3| 58.4
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