A Study on the Resonant Characteristics
of a Tonpilz Transducer with a Fixed Tail Mass
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In this paper, the resonant characteristic of a Tonpilz transducer with a fixed tail mass has been researched and
the feasibility to utilize the transducer in that resonant frequency has been analyzed, The additional resonance is
occurred by adhering an elastic tube to the tail mass of a conventional Tonpilz transducer and fixing the other end of
the tube, The characteristic of this low resonant mode is analyzed by means of the finite element method, then it is
shown that this mode is affected by the variation of the stiffness of the tube as well as the mass of the head mass and
tail mass, Based on the analysis results, the Tonpilz transducer is designed to meet specific performance conditions,
Keywords. Transducer, Tonpilz, Multi—mode Transducer, FFEA
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Table 1. Material property of the Tonpilz transducer.
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Fig. 2. Geometry of the tube.

Parts Material density (kg/m3) Poisson ratio Young's modulus (GPa)
Aluminum 2,700 0.33 69
Head mass Steel 7,700 0.28 195
Beryllium Copper 8,250 0.3 128
Tail mass Steel 7,700 0.28 195
Tube Modified plastic 1,180 04 75
Piezoelectric ceramic PZT-4
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Fig. 3. Impedance magnitude spectra of Tonpilz transducers
without a tube and with the tube.
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Fig. 4. TVR spectra of Tonpilz transducers without a tube
and with the tube.
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Table 2. The variation range of structural variables.

Structural variable Variation range (mm)

Position of the tube Top ~ Bottom (of the tail mass)

Thickness of the tube (z,) 08 ~ 20
Thickness of the head mass 95 ~ 155
Thickness of the tail mass 195 ~ 255
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Fig. 7. TVR spectra in accordance with the tube attachment

position.
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Table 3. Design dimensions of Model 1.

Location of the tube bottom
Radius of head mass 13.2 mm
Radius of tail mass 13.2 mm
Thickness of the tube () 2.0 mm
Inner Radius of the PZT 1.75 mm
Outer Radius of the PZT 7.75 mm
Thickness of the head mass 8.5 mm
Thickness of the tail mass 25.5 mm
Total length 54.4 mm

Aluminum

Steel

2 19. Model 1
Fig. 19. Model 1.
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Table 4. Design dimensions of Model 2.

Location of the tube bottom
Radius of head mass 13.2 mm
Radius of tail mass 13.2 mm
Thickness of the tube () 2.0 mm
Inner Radius of the PZT 1.75 mm
Outer Radius of the PZT 7.75 mm
Thickness of the head mass 3.2 mm
Thickness of the tail mass 23.4 mm
Total length 47.0 mm

Steel

Steel

T8l 21. Model 2
Fig. 21. Model 2.
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Table 5. Design dimensions of Model 3.

Location of the tube bottom
Radius of head mass 13.2 mm
Radius of tail mass 13.2 mm
Thickness of the tube () 2.0 mm
Inner Radius of the PZT 1.75 mm
Outer Radius of the PZT 7.75 mm
Thickness of the head mass 3.5 mm
Thickness of the tail mass 22.0 mm
Total length 45.9 mm

Steel

T3 23. Model 3
Fig. 23. Model 3.
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