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Abstract

Possibilities to employ bending type oscillatiorish® Langevin type piezoelectric transducer to@slider are analyzed |
the paper. Special aluminium plate with a driveisijdded in the middle of a typical half waveldngangevin transduce
Piezoceramic rings with two directional polarizatiare used. Elliptical trajectory of the driving is excited when electri
signal with shifted phase by2 is applied on different piezoceramic rings. Nuca and experimental investigation of t
actuator was carried out to analyze natural shapdsharmonic response to the different excitatets. Optimization of th
aluminium plate design was carried out to maxingiaeameters of the elliptical motion of drive tighélresults of numerice

and experimental study are discussed.
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1. Introduction

Langevin type piezoelectric transducers are widedgd

for different applications such as precision positig
devices, micromanipulation systems, robotic systams
etc [1, 2]. Langevin transducers have several citea
features such as high mechanical quality factow lo
impedance, good clamping possibilities [3, 4]. Aital
design of the piezoelectric Langevin transducesisis of

a piezoceramic stack and two metal blocks that are
clamped by means of a pre-stressed bolt [5]. Uguall
Langevin transducer operates in longitudinal vibrat
mode and transfer vibration energy to some mechhnic
structure. Large vibration amplitudes and high autp
power can be achieved when transducer operates in
longitudinal mode [6]. The goal of this paper is to
investigate bending type oscillations of the half
wavelength Langevin transducer and to employ them f
elliptical trajectories formation of the drivingpti Design

of typical Langevin transducer was modified for sthi
purpose. Numerical modeling and experimental study
were carried out to validate a new design concept a
operating principle of the actuator. Finally, tresults of
numerical simulation and experimental study ardyaed

and discussed.

2. Design concept

Design of a bending type transducer was starteth fro
typical half wavelength Langevin transducer thatsists

of the two steel cylinders, piezoceramic rings botl [7].
Special intermediate aluminium plate with a drivitig
was added in the middle of the transducer between
piezoceramic rings. Schematic Langevin transdueer i
shown in Fig. 1. Eight piezoceramic rings with two
directional polarizations are used to excite begdype
oscillations. Polarization of piezoceramic is otezhalong
thickness of the rings and has opposite directions
different sectors. Electrodes of the piezocerarnigsr are
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divided into two equal sectors and correspond t®
different polarization areas. Electric signal wihifted
phase byr/2 is applied on different piezoceramic rin
(Fig. 1). Elliptical trajectory of the drive tip rtion is
achieved by combining oscillations of the first by
mode of Langevin transducer and first bending mofi
aluminum plate. Direct and reverse elliptical motaf the
drive tip movement is controlled by changing phasge
electric signal on the different ring sets.

sin(@t)  cos(wt)

Fig. 1: Principle scheme of bending
transducer

type Langevin

3. Numerical Modeling and Results

Finite element modeling was used to perform mc
frequency and harmonic response analysis to cafc
trajectories of the drive tip and to find optimahgth of
the aluminium plate. Basic dynamic equation of
piezoelectric actuator are derived from the prilecipf
minimum potential energy by means of variatio
functionals and can be written as follows [8]:

Mi+Cu+Ku+Te=F
(1)

TTu-Sp=0Q

where M, K, T, S, C are matrices of mass, stiffn
electroelasticity, capacity and damping respedfive| o,
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F, Q are respectively vectors of nodes displacesnent

potentials, external mechanical forces and chargaepled
on the electrodes. Displacements of the contactt main
be found by solving eq.(1) when different excitatio
voltage is applied. Numerical simulation of the uator
piezoelectric motor was carried out by employingM~E
software Ansys. Finite element model of the actuaias
built (Fig. 2a). It contains all assembling partemntioned

in previous section. PZT-8 piezoceramic was usead fo

modeling rings and steel X20Cr13 was used for madeli
cylinders and bolt. Height of the aluminium platéially
was set to 20.0 mm. No mechanical boundary commditio
were applied in the model. Modal shape with dondidat
first bending mode of the transducer was determiaed
39.25 kHz (Fig. 2b).

Drive tip

a)

b)

Fig. 2: FEM model (a) and modal shape (b) of the bending
type Langevin transducer at 39.25 kHz.

Harmonic response analysis was performed with iims a
to find resonance frequency and to calculate trajess of

drive tip movement. 100V AC signal was applied on

electrodes as shown in Fig.1. A frequency rangenfro
35 kHz to 41 kHz with a solution at 0.5 kHz intdsravas
chosen to give an adequate response curve of timgtac
point. Suitable resonance frequency was found & 86z
and trajectory of drive tip was calculated (Fig. Bight

optimization of aluminum plate has been performed t
vibrations.

increase amplitude of contact point
Optimization problem can be written as follows:

U cont (hplate) = max
hmin < hplate < hmax (2)
a)min <w< a)max

where U,y is drive tip oscillation amplitudehy e is

height of the aluminium platé,,,, | iS lower and upper
limits of the cylinder lengthe is operating frequency of
the transducem,;, andw,xy is lower and upper limits of
the frequency. Close to the optimal length of ttetepcan

be calculated by equating formulas of
frequencies of the plate and Langevin transducet,irb
this case we meet with the problem of evaluatinggular

design of the transducer. Therefore parametric pwee
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resonance

harmonic response analysis was performed to <
optimization problem. The same frequency range
41 kHz was chosen for investigation. Height of

aluminium plate varied from 18.0 mm till 23.0 m
Optimal height was found and at 21.85 mm while nesb
frequency was 37.91 kHz. Elliptical trajectories dyfve
tip are presented in Fig.3, when initial and optieai
heights are used. It can be noticed that major axi
elliptical trajectory has been increased 4.76 timasfrom
1.09 um till 5.19 um.
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Fig. 3. Trajectories of drive tip movement in yz plane
when different height of the plate is used

Based on results of simulation it can be conclutfet
excitation frequency at 37.91 kHz should be usec
operating frequency of the Langevin transducer pltte
length equal to 21.85 mm.

4. Experimental investigation

Prototype of the bending type Langevin transducas
made for experimental investigation (Fig. 4). Thoalgof
experiment was to validate design and operatingcjpie
of the transducer and to verify results of numér
modelling.

Fig. 4: Prototype of the bending type Langevin transducer

Amplitude-frequency characteristic of the actuatmre
measured with the help of the impedance analyz@2A]
LF (Hewlett Packard). Results of the measuremeat
given in Fig. 5 when height of the aluminium plase
21.85 mm. Two lines show impedance measurer
results on two different electrode sets in Figlt&an be
indicated that resonance frequency is obtained 4t l8Hz
and difference between measured and calculatedhaet
frequency is 4.7%. Oscillation amplitudes of thevelttip
were measured direction using POLYTEC vibromete
Measurements were done using excitation schem
electrodes as shown in Fig. 1. Results of measurenaee
given in Fig. 6. Difference between drive pointitiaton
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Fig. 6: Measured vibration amplitudes of the drive tip
versus frequency

5. Conclusions

Bending type Langevin piezoelectric transducer was
developed and investigated. Optimal length of the
aluminium plate was found to achieve maximal oatidh
amplitudes of the drive tip. The major axis of ilcal
trajectory has been increased 4.76 times. Numesindl
experimental study confirms that elliptical trajmaés can

be obtained using proposed design of bending type
Langevin piezoelectric transducer.
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