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Fabrication and Simulation of Displacement Properties of Ultrasonic Generator Handpiece
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Absract: Ultrasonic wave technologies have been widely used in ultrasonic washing machines, ultrasonic surgery,
ultrasonic welding machines, ultrasonic sensors, and medical instruments. Ultrasonic surgery can be realized through the
cavitation effect of ultrasonic waves. In this study, piezoelectric ceramics were manufactured to achieve the optimum

design of a piezoelectric vibrator in a handheld generator for ultrasonic surgery. The best specimen showed the excellent
piezoelectric properties of kp=0.624, Qm = 1,531, and ds; = 356 pC/N. Numerical modeling based on the finite element
method was performed to find the resonance frequency, the anti-resonance frequency, and the displacement properties of

the handheld ultrasonic generator. Maximum displacement was observed in the six-step piezoelectric vibrator at 6.36 um.

Keywords. Ultrasonic generator handpiece, Piezoelectric, Piezoelectric vibrator
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Table 1. Material constants of PZT4 ceramics.

Material constants PZT4
Density (kg/cm?®) 7,500
S (10" N/im?) 12.3
S (10" N/im?) -4.05
Sz (10" N/Im?) 531
S (10" N/m?) 15.5
S (10" N/Im?) 39

ds (10%2 N/m?) 496
d (102 N/m?) -123
dx (102 N/m?) 289

63

4545 10 3 "

16.8 4.2

91.3

[ =

Fig. 1. Specification of ultrasonic generator handpiece.
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Fig. 2. Fabricated ultrasonic generator handpiece.
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Fig. 3. Materials of ultrasonic generator handpiece.
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Table 2. Physical properties of composition ceramics for ultrasonic
vibrator.

Dielectric constant
1,361

Density (g/em®)  kp
7.90 0.624

Qm
1,531

dss (PCIN)
356

Table 3. Physical properties of fabricated ultrasonic generator

handpiece.
Fr (kHz) Fa (kHz)  Keff Qn'  dss (PCIN)
2 Step 55585 56.3950 0.1689 2,231 376
4 Step 55365 562100 01727 2338 377
6 Step 55285 56.0600 0.1656 1,831 381
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Fig. 4. Tota displacements of ultrasonic generator handpeace. (a)
Tota displacements according to step and (b) total displacement
according to frequency.
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Fig. 5. Impedance properties of ultrasonic generator handpeace.
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