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For modelling industrial software programme COMSOL Multiphysics, based on FEM were
used. The dimensions of piezoceramic hemisphere (material — PZT-8) were: external diameter
D = 0,04 m, internal diameter d = 0,037 m, hight — 0,01 m. Three contacting points were applied
(d. = 0,003 m and hight h, = 0.002 m, material — high friction composite XRT-12).
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a) b)
Fig. 3. FEM model of hemisphere transducer: a) Side view, b) Bottom view

Contact point No.1

The aim of modeling was to find resonant frequencies and amplitudes of traveling wave in
three directions (along coordinates x, y and z) and establish trajectories of contacting points. 40 V
three harmonic electric signals were applied to the electrodes of the transducer with 2/3m phase
shift. The range of frequency control was 45...65 kHz with 200 Hz steps. Fig. 4 illustrates results
of numerical simulation where amplitude — frequency function and elliptical trajectories of contact
points No. | and No. 2 are presented. It can be seen that amplitude peaks are obtained at the
resonant frequencies 53.0 kHz and 63.0 kHz. Trajectories of both contact points are shown in
Fig. 4(c). It can be noticed that trajectories have ellipsoidal shapes. Direction of contact points
motion is opposite at the frequencies 53.0 kHz and 63.0 kHz. Ratio between major and minor axes
of the ellipses varies depending of excitation frequency.
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Fig. 4. Characteristics of piezoelectric hemisphere transducer in case when all 3 electrodes are activated in
traveling wave mode: a) Amplitude — frequency function of point No. 1 (Fig. 3); b) Amplitude — frequency
characteristics of point No. 2; c) Elliptical trajectories of contacting points No. 1 and No. 2
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3. Two modifications of piezoelectric rotary tables

First modification is shown in Fig. 1 and presents small diameter (18 mm) rotary table with
external encoder, aimed at using as high resolution additional source of movement for
microscopes. Table contains piezoelectric hemisphere transducer, manufactured by Morgan
Technical Ceramics (MTC ElectroCeramics, Bursledon Road, Thornhill, Southampton, SO19
7TG, England) with outside diameter 15mm and wall thickness Imm. Contact of hemisphere
transducer with encoder is realized with the help of three pads, made from high friction plastic.
Radial position (centering) of the table is ensured by sliding bearing and initial preload is
guaranteed by controlling the gap A between permanent magnet and ferromagnetic disk 3 (Fig. 5).
As can be seen from Fig. 1, the design of the table is simple and the cost is very low.
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a) c)
Fig. 5. Miniature rotary table with piezoelectric hemisphere transducer, oscillating in traveling wave mode:
a) Schematic (1 — hemisphere transducer, 2 — three contacting points, made from high friction material,
3 — ferromagnetic axis, 4 — permanent magnet — sliding bearing, 5 — rotating table with rotary position
encoder, 6 — elastic support, 7, 8, 9 — electrodes); b) General view; ¢) Disassembled view

Fig. 6. Rotary table with low height/diameter rate: a) General view; b) Disassembled view (general
schematics corresponds to Fig. 5(a)); ¢) Harmonic signal generators, supplying three-phase voltage and
measuring amplitude/phase — frequency characteristics

The same schematic is used in another rotary table (Fig. 6), where piezoelectric hemisphere
(outside diameter 54 mm; wall thickness 2.7 mm) ensures low height/diameter rate of the table.
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Fig. 7. Resolution of rotary table (Fig. 6) with low height/diameter rate: a) At frequency 32.1 kHz,
amplitude 80 V (burst of 5 cycles with period of 1 sec) and b) Trajectory of contacting point
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Fig. 8. Frequency response in vertical a) and lateral b) directions

Acknowledgement

This research is funded by a Grant ,,Piezo Table* (No. MIP 094/12), received from the
Research Council of Lithuania.

References

1

2]

131

[4]
[5]

[6]

(7

8]

191

144

Aronov B., Brown D. A., Bachand C. L., Yan X. Analysis of unidirectional broadband piezoelectric
spherical shell transducers for underwater acoustics. The Journal of the Acoustical Society of America,
Vol. 131, Issue 3, 2012, p. 2079-2790.

Robert E. Newnham, Joe K. Cochran, Sedat Alkoy Hollow sphere transducers. USA patent
US 6215231 B1, 10/04/2001.

Joe Wong, Kevin W. Hall, Eric V. Gallant, Rolf Maier, Malcolm B. Bertram, Don C. Lawton
Seismic Physical Modelling at the University of Calgary. Official publication of the Canadian Society
of Exploration Geophysicists, 2009.

John V. Mizzi, Bruce M. Smackey, Edward K. Woo Specialized actuators driven by oscillatory
transducers. USA patent US 6069420 A, 30/05/2000.

Boris Aronov, David A. Brown, Xiang Yan, Corey L. Bachand Modal analysis of the
electromechanical conversion in piezoelectric ceramic spherical shells. The Journal of the Acoustical
Society of America, Vol. 130, Issue 2, 2011, p. 753-763.

Hiroaki Shiratori, Masato Takizawa, Yuuka Irie, Shinnosuke Hirata and Hisayuki Aoyama
Development of the miniature hemispherical tilt stage driven by stick-slip motion using piezoelectric
actuators. Mecatronics-REM, Paris, France, 2012.

Bansevicius R. Latest trends in the development of piezoelectric multi-degree-of-freedom
actuators/sensors. Responsive systems for active vibration control. NATO Science Series, Vol. 85,
2002, p. 207-238.

Bansevicius R., Telksnyte S., Janusas G., Palevicius A. Hybrid numerical-experimental
investigation of two-degree-of-freedom piezoelectric positioning actuator. Scientific Journal
Mechanika, Vol. 17, Issue 2, 2011, p. 182-186.

Ragulskis K., Bansevicius R., Barauskas R., Kulvietis G. Vibromotors for Precision Microrobots.
Hemisphere Publishing Corp., USA, 1988.

JOURNAL OF MEASUREMENTS IN ENGINEERING. SEPTEMBER 2014, VOLUME 2, ISSUE 3



