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Flat Speaker Design by Optimization of Plane Actuator
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ABSTRACT

In this study, a design method using plane actuator is
developed to make new speaker system, whose shape is much
thinner than that of conventional loudspeaker. Piezofilm
(PVDF) is used as plane actuator of flat speaker. To avoid the
distortion of sound radiated from flat speaker, the frequency
response of radiated sound to be flat is taken as the design
objective. The electrode pattemn and orientation angle of
piezofilm actuator is optimized to satisfy the design objective.
The formulation is based on the coupled finite element and
boundary element method. Genetic algorithm is used in the
optimization process, which is useful in the optimization of
discrete design variables. Frequency response with optimized
piezofilm actuator is made flat enough to satisfy the design
objective. For the enhancement of sound power, double-layered
piezofilm actuators are also considered. The sound power with
double-layered actuator becomes larger than that with single-
layered actuator as expected. :
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Fig.1 An example of frequency response of sound radiated
from vibrating structures
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Fig. 2 An example of dividing the segments of
the elctrode in an element
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Fig. 3 The configuraion of flat speaker
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Table 1 Material properties of Graphite/Epoxy

E, (Gpa) 122.5

E, (Gpa) 7.929

G, (Gpa) 0.329

vy 3.585

p (kg/m’) 1600
thickness (m) 0.125x10°

Table 2 Material Properties of piezofilm (PVDF)[8]

E (Gpa) 3.0
G (Gpa) 1.128
v 0.33
p(kg/m*) 1780
thickness () 52x10¢
ds, (m/m)A(V/m)} 2.3x10
a5, (WmY(V/m)) Ix107
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Fig. 4 Frequency response in the case of the piezofilm actuator
with fully covered electrode

Table 3 Natural frequency of flat speaker

Mode F“(ql;‘:)“"y Mode F’e:';:)“"y
1 241 6 1233
2 415 7 123.7
3 747 8 164.4
4 88.9 9 186.8
5 99.7 10 196.3
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Fig. 5 The designed electrode pattern of piezofilm actuator
( mode | wanted, mode 3 unwanted )
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Fig. 6 Frequency response by the designed piezofilm
actuator ( mode 1 wanted, mode 3 unwanted )
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Fig. 7 The optimal electrode pattern of piezofilm actuator
{ mode 1 wanted, mode 3,6,8,9,10 unwanted )
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Fig. 8 Frequency response by the optimal piezofilm actuator
{ mode 1 wanted, mode 3,6,8,9,10 unwanted )
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piezofilm actuator with fully covered electrode



\

ol i)
%0
| ___ Double-layered J

- Single-layered

Sound Power dB
3
{

20 40 60 80 100 120 140 160 180 200
Hz

Fig. 10 Comparison of the single-layered piezofilm actuator
and double-tayered piezofilm actuator

(a) Outer layer

(b) Inner layer

Fig. 11 The optimal electrode pattern of double-layered
piezoftlm actuator
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