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1. Introduction

Recently, while the electronic devices are
becoming slim style, the thin type speaker is
demanded to design for the devices. The thin type
moving-coil loud speaker has been developed for
the mobile devices such as mobile phone, GPS, and
DMB-TV. However, the speaker needs a massive
magnet to induce the driving force for the
low-range frequencies. To design the thin type
speaker, piezoelectric speaker has been developed
using a bimorph or a unimorph actuator'. Because
of high quality factor of the piezoelectric vibrator,
the frequency range of fidelity of the speaker is
limited in narrow bandwidth. The characteristics of
the piezoelectric bimorph actuator are changed
according to its shape. In this study, the
characteristics change by the shape is analyzed
theoretically. The exponentially tapered
piezoelectric bimorph acuators are fabricated, and
the characteristics change are confirmed
experimentally. The array of the differently tapered
actuators could be drived in wideband frequency
range.

2. Theory

As shown in Fig. 1(a), we assumed that the
width of the piezoelectric bimorph, which an elastic
material with thickness 27, inserted into two
piezoelectric plates, is changed exponentially.
Poling direction of two piezoelectric plates is
parallel with z-axis. If length / is long enough to

comparing thickness #, and width b, as shown in Fig.

2(b), the constitutive equation is written as
follows™:

S, =spT, +dy, B, (1)
Dy =d,T, + ‘93T3E3 (2)

where S, is strain, s’ is elastic constant, 75 is stress,

dy, 1s dielectric constant, £5 is electric field, Ds is
electric density, and &, 1is permittivity under

constant stress.
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Including the tapered shape into the analysis of the
bending mode’, the wave of equation can be
obtained as following equation.
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To obtain the solution of displacement, following
mechanical boundary conditions are applied to the
differential equation.
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From some manipulation, the displacement of the
actuator is obtained as
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From the relation between electric current and
voltage input admittance of the bimorph is given by
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Fig. 1 Calculation model for bimorph actuator
3. Experiment and Results

To confirm the characteristic change by the
shape, four piezoelectric bimorph actuators are
designed as shown in Fig. 2, and data about the
actuators are listed in Table 1. In calculation, the
elastic material between the piezoelectric plates is
ignored, and the mechanical loss is estimated
astano =0.012. The four bimorph actuators are
fabricated using CNC milling machine with
CAD/CAM program, and one ends of them are

mounted by epoxy to satisfy the fixed-end condition.
The results of input admittance are shown in Fig. 3.
In this figure, lines show the theoretical results and
scattered marks are measured one.

(a)e—=0 (b) a=11.1 (c) =17.6 (d) =25.8
Fig. 2 Photograph of tapered piezoelectric bimorphs
Table 1 Design factors of bimorph actuators

p (kg/m®) 52" k3 b(mm)
7.370x10° 1.6690x10™" 0.3861 12.7
833T ds; /(mm) 1,(mm)
3.2669x10° 2.8123x107° 62.45 0.44
Tvl T:rZ Tx} Tv4
(mm) 12.7 6.3 42 3.2

o=11.099
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Fig. 3 Input admittance change with shape
4. Conclusion

A theoretical analysis method is derived for
the piezoelectric bimorph actuator of exponentially
tapered shape. The differently tapered four bimorph
actuators are fabricated and their characteristics are
investigated. The experimental results coincide well
with theoretical results. Using the analyzing method,
the piezoelectric bimorph actuator with proper
characteristics could be designed. We can expect
that a wideband acoustic speaker could be designed
with the array of the actuators with different
resonant.
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