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establishing a mathematical model of the

piezoelectric panel speaker by a finite | g0

element method in conjunction with an
energy method

performing an optimal solution procedure
on at least one variable parameter accordingr~ S110
to a simulated annealing method

obtaining the optimal variable parameter -~ §120

Fig. 4
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establishing a shape function of the finite element
imethod, and a relation formula of displacement for
the diaphragm, the piezoelectric plate, or the
spacer, and calculating a kinetic energy and a
strain energy of the above-mentioned three devices

~ S101
discretizing the diaphragm, the piezoelectric plate,
and the spacer to a plurality of single elements by
utilizing the shape function, so as to form a system
stiffness matrix and a system mass matrix ~ S102

deriving the mathematical model of the piezoelectric

panel speaker from utilizing a Lagrange equation, so
as to describe an acoustic enviroment of the

piczoelectric panel speaker of the present invention [ 5103

Fi1g.9
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setting parameters 'for the annealing /_\\/8121
process and a variable parameter
‘ $122

evaluating J(e;), wherein e, is a current solution ™~

S123

h 4

— obtaining ¢, ,, and then evaluating J(e,,,)

determining
whether J(e,,,) is greater

than J(e,)

determining
whether exp(-A/T)
1s greater than

F Y

€,,, 1s the current solution

S126

determining
whether the repeating times
is greater than Markov
chaings

S127

decreasing the annealing
emperature T, and determining wheth
T is lower than T

no

- Fig.9

S128

ending
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PIEZOELECTRIC PANEL SPEAKER AND
OPTIMAL METHOD OF DESIGNING THE
SAME

BACKGROUND OF THE INVENTION

[0001] 1.Field of the Invention

[0002] The present invention relates to a speaker, particu-
larly to a piezoelectric panel speaker and an optimal method
of designing the same.

[0003] 2. Description of the Related Art

[0004] Piezoelectric materials have found applications in
many areas of sensors and actuators since the discovery of
piezoelectricity by Curie brothers a century ago. However, it
was not until recently that designers started to explore the
possibility ofusing it as a driving mechanism for panel speak-
ers, e.g., Taiyo Yudan, Murata, NXT, etc. One advantage of
such devices is that the electroacoustic efficiency of piezo-
electric materials is considerably higher than their voice-coil
counterpatt.

[0005] 1In the panel speaker of the prior art, piezoelectric
materials are directly attached to a diaphragm, and the dia-
phragm is bound with a surrounding frame disposed on a case
of the panel speaker. For consolidating the whole structure,
the diaphragm supported by the piezoelectric materials is
bound very tightly with the surrounding frame. Therefore, the
structure of the panel speaker does not easily collapse. The
performance of the prior art panel speaker within the low
frequency range is not satisfactory due to the fact that the
stiffness of the panel speaker is hard. Thus, the piezoelectric
panel speaker is applied to a treble unit speaker such as a
buzzer.

[0006] Lee and White applied additional layers onto canti-
lever acoustic devices to reduce the fundamental frequency
and improve acoustic output. Woodard used tailoring vibra-
tion response, vibration topography, acoustic chamber and
tailoring damping to improve the acoustic performance. Chu
et al. optimized the shape of the piezoelectric plate to reduce
the fundamental frequency. Various approaches such as the
genetic algorithm and Taguchi method dealing with optimal
design were reported in writings. However, up to now, there
are no panel speakers effectively improving acoustic output at
lower frequency.

[0007] 1In view of the problems and shortcomings of the
prior art, the present invention provides a new configuration
of piezoelectric panel speaker and an optimal design method
of designing the same, which discloses a new piezoelectric
panel speaker structure and a simulated platform for fre-
quency response, so as to solve the afore-mentioned problems
of the prior art.

SUMMARY OF THE INVENTION

[0008] An objective of the present invention is to provide a
piezoelectric panel speaker and an optimal design method of
designing the same, which fixes at least one cantilever piezo-
electric plate ata surrounding frame of the piezoelectric panel
speaker, soas to supporta diaphragm. This structure results in
adifferent boundary effect and increases the frequency range.
[0009]  Another objective of the present invention is to pro-
vide a piezoelectric panel speaker and an optimal design
method of designing the same, which establishes a math-
ematical model and obtains an optimal design parameter for
the piezoelectric panel speaker by utilizing a simulated
annealing method. The optimal design parameter is helpful to
a skilled person in the art to design the piezoelectric panel
speaker.

[0010] To achieve the abovementioned objectives, the
present invention provides a piezoelectric panel speaker com-
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prising a surrounding frame and at least one piezoelectric
plate attached on the surrounding frame. An end of the piezo-
electric plate is fixed at the surrounding frame, and the
another end of the piezoelectric plate extends toward the
center of the surrounding frame. A diaphragm is supported by
the piezoelectric plate whereby the diaphragm is disposed
inside the surrounding frame.

[0011] The present invention discloses an optimal design
method of the piezoelectric panel speaker, which comprises
steps of: using the finite element method to establish a piezo-
electric panel speaker model and calculating a strain energy
and a kinetic energy of the piezoelectric plate, the diaphragm,
and a spacer 1n the piezoelectric panel speaker by the finite
element method in conjunction with the energy method, so as
to establish a mathematical model of the piezoelectric panel
speaker. The modulation of at least one variable parameter
used in the mathematical model corresponds to the piezoelec-
tric panel speaker structure, and an acoustic loading of the
piezoelectric panel speaker structure is predicted by the math-
ematical model. The method continues with finding an opti-
mal solution of the variable parameter by a simulated anneal-
ing method and obtaining an optimal variable parameter
which corresponds to the piezoelectric panel speaker struc-
ture possessing an optimal sound pressure loading.

[0012] Following, the embodiments are described in detail
in cooperation with the drawings to make easily understood
the characteristics, technical contents and accomplishments
of the present invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013] FIG. 11is a perspective view showing a piezoelectric
panel speaker according to an embodiment of the present
invention;

[0014] FIG. 2 is a lateral view showing the piezoelectric
panel speaker according to an embodiment of the present
invention;

[0015] FIG. 3 is a sectional view showing the piezoelectric
panel speaker according to an embodiment of the present
invention;

[0016] FIG. 4 is a flow chart of the optimal method of
designing the piezoelectric panel speaker according to an
embodiment of the present invention;

[0017] FIG. 51is a flow chart of establishing the mathemati-
cal model of the piezoelectric panel speaker according to an
embodiment of the present invention;

[0018] FIG. 6isa diagram showing a single element for the
finite element method according to an embodiment of the
present invention;

[0019] FIG. 7is a diagram illustrating a complete mesh for
a diaphragm according to an embodiment of the present
invention;

[0020] FIG. 8is a diagram illustrating a complete mesh for
a piezoelectric plate according to an embodiment of the
present invention;

[0021] FIG. 9 is aflow chart of an optimal solution proce-
dure by utilizing a simulated annealing method according to
an embodiment of the present invention;

[0022] FIG. 10is a diagram illustrating the relative relation
between the optimal piezoelectric plate and the diaphragm
according to an embodiment of the present invention; and
[0023] FIG. 11 is a diagram illustrating the sound pressure
level of the non-optimal and optimal piezoelectric panel
speaker according to an embodiment of the present invention.

DETAILED DESCRIPTION OF THE INVENTION

[0024] Refer to FIG. 1-FIG. 3. The present invention pro-
vides a piezoelectric panel speaker, wherein FIG. 3 is a sec-
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tional view along a line of A-A' in FIG. 2. A piezoelectric
panel speaker 10 comprises a hollow surrounding frame 12
and at least one piezoelectric plate 14 extending toward the
inner of the surrounding frame 12. The embodiment is exem-
plified by two piezoelectric plates 14. An end of the piezo-
electric plate 14 is fixed at the surrounding frame 12 and
another end of the piezoelectric plate 14 is connected to a
diaphragm 18 through a spacer 16 having a small area
whereby the diaphragm 18 is fixed inside the surrounding
frame 12. The surface area that the spacer 16 contacts the
diaphragm 18 is less than or equal to the surface area of the
piezoelectric plates 14. Firstly, the piezoelectric plates 14
receive a voltage and vibrate due to the piezoelectric effect.
Then, the acoustic wave is induced and passed through the
diaphragm 18 such that the piezoelectric panel speaker pos-
sesses the frequency response property.

[0025] The diaphragm comprises, for example, polyethyl-
ene terephthalate (PET), polycarbonate resin (PC), carbon
fiber, metal, paper, glass fiber, etc. Other materials suitable for
the diaphragm are within the scope of the present invention.
Inthis embodiment ofthe present invention the material of the
piezoelectric plate 14 is lead zirconate titanate (PZT) and the
piezoelectric coefficient of the piezoelectric plate 141s d33. A
sealant is disposed between the diaphragm and the surround-
ing frame for sealing. In this embodiment the sealant is an
adhesive tape. In other embodiments of the present invention
adopts other sealant for sealing the diaphragm and the sur-
rounding frame.

[0026] The present invention provides an optimal method
of designing the piezoelectric panel speaker according to the
above-mentioned piezoelectric panel speaker. The purpose of
the optimal method is to design a piezoelectric panel speaker
having an optimal frequency response. As shown in FIG. 4,1in
Step S100 a mathematical model of a piezoelectric panel
speaker is established by a finite element method in conjunc-
tion with an energy method, wherein the mathematical model
adopts different variable parameters which are used to design
the piezoelectric panel speaker structure. The variable param-
eters comprise a relative position of the surrounding frame,
the spacer, the piezoelectric plate, and the diaphragm, and a
size, a material density, and a displacement of the spacer, or
the piezoelectric plate. As long as the motion condition of the
piezoelectric panel speaker having different specifications is
simulated, a sound pressure loading of the piezoelectric panel
speaker is evaluated by the mathematical model having at
least one variable parameter. Then, in Step S110, an optimal
solution procedure is performed on the variable parameter
according to a simulated annealing method. Finally, in Step
S120, the optimal solution of the variable parameter is
obtained and the sound pressure loading of the optimal piezo-
electric panel speaker is predicted through the mathematical
model.

[0027] Refer to FIG. 5, which is a detailed flow chart of
Step S100. Firstly, in Step S101, a shape function of the finite
element method and a relation formula of displacement for
the diaphragm, the piezoelectric plate, or the spacer are estab-
lished, and a kinetic energy and a strain energy of the dia-
phragm, the piezoelectric plate, and the space are evaluated.
Then, in Step S102, the diaphragm, the piezoelectric plate,
and the spacer are discretized into a plurality of single ele-
ments by utilizing the shape function so as to form a system
stiffness matrix and a system mass matrix. Finally, in Step
S103, the mathematical model of the piezoelectric panel
speaker is derived by utilizing a Lagrange equation so as to
simulate an acoustic environment of the piezoelectric panel
speaker of the present invention.

[0028] The present invention further provides an embodi-
ment to explain how the mathematical model of the embodi-
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ment is established by the finite element method. The present
invention establishes a relation formula for a shape function
and a displacement of a two-dimensional finite element
method, wherein the lateral displacement w interpolated by
cubic polynomials of physical coordinates in the finite ele-
ment method is expressed as an equation (1):

w=x'a 1
where
XXy x> xyy X Xyxyy’ Xyxy’ "
is the physical coordinate vector, and
a=(2,85,83,8,4,805,35:87,35:8058 01 1 12]
is the coefficient of the physical coordinate vector. As shown
in FIG. 6, each single element is of length 24 and width 2a.

The degrees of freedom of the element are grouped into a
vector

d:[wlsel’q)l5W2’625625W35e3s¢3sw4se4a¢4]Ts
where w,(i=1~ 2~ 3~ 4) is a lateral deflection, and

aw, Ow;

FrRa T

are rotations. To express the a,, j=1+ 2 .. . 12 in terms of the
physical ordinates and the slopes at four corners, let w,,

ow; - Ow; _
ax —¥bh B}C _¢l’

and i=1~ 2~ 3+ 4, in equation (1). And then an equation (2) is
obtained.

d=Ta, a=T71d 2)

Inserting equation (2) into equation (1) leads to an equation

w=xT-1d=Nd (3)
where the shape function matrix of the finite element N can be
identified as an equation (4):

N=xT"! @
[0029] Substituting the equation (3) into the internal energy
U, of the piezoelectric plate leads to an equation (5). The

internal energy of the piezoelectric plate is expressed in
matrix:

U, =L D"K\D+ LD KyD+ LDTK3D + LD Kyg + Isg” - D" KD (9)
where
L= -4)/6, b =cliz-2)/6,
L=ch(@-3)/6 Iy=hy (G -3)/24,.
Is = sz —2) [ 2Ae, 1o =2B%(5-23)/3,

> [P &N
K=Y, f f BBidxdy, we=Bid. By =7,
b/ —a

n=lv

> [P N
1<2=fo3532dm¢y, Wy =Bady Br= 5,
b —a

n=lv

S b a S b fa
K3=foBerz(dey, K4=Zf r(Bl+Bg)dedy
b/ —g

n=1" n=l ¥ b —a
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-continued

L} b ra
KG:ZIJ B Bsdxdy,
nel VbV -a

N >
Wy =Bsd, By = W, D=Zd,

n=l1

where s is the total number of elements, D;=q/A_, q is the
electric charge on the electrodes, A_ is the area of each ele-
ment, D is the system stiffness matrix, and f,;°+hsy,~C,
vC PN Cys” are the material coefficients of piezoelectric
plate.

[0030] By the same token, the total strain energy and
kinetic energy of the diaphragm, the piezoelectric plates and
the spacers can be expressed as an equation (6) and an equa-
tion (7):

Ur =1 DTK\D+ LD Ky D+ DK D + (6)

1 1
LD Ksg+ Isq® — IcDTKgD + iDTK7 + ;DTKgD
1 .7 . 1 .7 . 1 .r .
Tr = 5ppD MoD + 5p0" MD + 500" M.D

The relevant symbols in the equation (6)-(7) are defined as
follows:

b
D=dD/dr, K7=ff(B7TDk,,B7)a¢.m¢y,
—bJ—a

b ra
Kg:ff(B;DhBﬂdxdy, B;=[B B, 2B:],
—bJ-a

b g
M,=M,=M,= f f NTNdxdy,
—bv—a

D, w,D, 0
Dy = vpD, D, 0 _and
(I=vp)
0 0 D
2 P
D,  vDg 0
veDs Dy 0
Dy =
(1-vs)
0 0 3 Dy

where D, is the bending stiffness of the diaphragm, D is the
bending stiffness of the spacers, and M,, M,, and M_ are the
mass matrixes of the diaphragm, spacers, and piezoelectric
plates. Therefore, when the equation (3) is discretized by the
equation (6) and the equation (7), the total energy of the
system is discretized into a plurality of single elements. And
then, the stiffness matrix and the mass matrix of the single
element are obtained.
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[0031] The virtual work is done by the external force f,
which is written as an equation (8):

OW,;, = 06D7 f +v,0q where 3

s rb
f:Zbe:f(x, v, Ddxdy, and

n=l ¥

il b
vZ:fogvl(l)dxdy.

n=1v-bv-a

And the Lagrange equation is written as an equation (9),
wherein L=U-T;.

d(aL] aL ©
a5y ) "o =

BL_

R

Therefore, the mathematical model of the piezoelectric panel
speaker of the present invention, which is written as an equa-
tion (10), is obtained.

(0p M, + pM, +p M )" + 20, K| - (10
D—LKyg=f
202Ky —2I3K3 + 2IsKg — K7 — Kg
—LKID-2I5g=v,

[0032] Wherein p,, p,, and p, are densities of the dia-
phragm, the spacer, and the piezoelectric plate, respectively.
M, M, and M, are the mass matrixes of the diaphragm, the
spacer, and the piezoelectric plate, respectively. D is the sys-
tem stiffness matrix, B=v=jwD, and D=-w’D.

[0033] The optimal method of designing the piezoelectric
panel speaker of the present invention further considers that a
radiation impedance of the speaker exists. The radiation
impedance is relative to the estimated pressure vector p and
speed vector v at a point on a surface of the speaker, and a
radiation impedance matrix 7, which is written as an equation

(11

p=Zv (11)
For a baffled planar radiator, the radiation impedance matrix
7. is discretized in order to be obtained. Hence, the external

force f'is expressed by the sound pressure vector p, which is
written as an equation (12):

=A p=A_Zv=jwA ZD (12)

The optimal method of designing the piezoelectric panel
speaker of the present invention adopts the proportional
damping to calculate a damping matrix C of the piezoelectric
panel speaker of the present invention, as shown by an equa-
tion (13):

C=0M+pK,; (13)

wherein o and f§ are constants, M, and K, denote the mass
matrix and the stiffness matrix, as shown by an equation (14)
and an equation (15), respectively.

M2S(p,Mo+p MM, (14)

K =2 (-2, K,-2LE,-2LK -2 K ~K,~Kg)+
LK.K," 15)
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Incorporating the damping matrix C into the equation (10)
enables rewriting the displacement vector D as an equation

(16):

D=~ LK + jwC) ™ Kyv, (16)
where

2
K2l (ppMp + psM, + p M )w™ + 21K, -

s + LKKT
2Ky —213K3 + 2IgKg — K7 — K3 —]/wAgZ

[0034] After evaluation, the radiated sound pressure is
p/~Ev, where p_is the radiated sound pressure vector, and v is
the surface velocity vector that can be evaluated by differen-
tiating displacements D. For the baffled planar radiator, a

sound pressure loading matrix E is written as an equation
(17):

ek 2 e Hrin 17
1 T2 - Tin
ek iy e Hrm
E= j/p—OC;:AE 2 o
e Hml gk o Hrmn
o T T

where A, is the area of the element and r,,, is the distance
between a microphone m and each element n where n and m
are both positive integers. Therefore, for the piezoelectric
panel speaker, the curve of sound pressure versus frequency is
evaluated by the sound pressure loading matrix E.

[0035] The present invention provides an embodiment of
an optimal solution procedure for the piezoelectric panel
position in the piezoelectric speaker by the optimal method of
designing the piezoelectric speaker. Firstly, the piezoelectric
panel position relative to the diaphragm is set to be used as the
variable parameter whereby the mathematical model of the
present invention is established. Then, refer to FIG. 7. Before
optimizing the variable parameter, upper-left corners of the
two spacers 16 serve as base corners which are located on the
diaphragm positions of 57 and 96 respectively. As shown in
FIG. 8, the diaphragm is discretized into 144 elements by the
finite element method and the piezoelectric panel is dis-
cretized into 56 elements. Also, the material parameters of the
diaphragm, the piezoelectric panel, and the spacer used in the
mathematical model are shown in Table 1.

TABLE 1
Material Parameter Value
Diaphragm Polycatbonate  size 0.06 m x 0.06 m x
(PC) 0.000254 m
density 1200 kg/m®
Young’s 7 GPa
modulus
Poisson’s 0.37
ratio
Spacer Polycarbonate  size 0.005 m x 0.035 m x
(PC) 0.000254 m
density 1200 kg/m®
Young’s 7 Gpa
modulus

Jul. 21,2011

TABLE 1-continued

Material Parameter Value

Poisson’s 0.37
ratio

Piezoelectric Lead zirconate size 0.02mx 0.035m x

plate titanate (PZT) 0.002 m
density 7800 kg/m?®
Bss® 3.52x 107
hyy -3.6772 x 10% v/m
c,? 12.236 x 10'% N/m?
C,P 5.244 % 10'° N/m?
Cee® 3.496 x 10'° N/m?

Therefore, the sound pressure loading of the panel speaker is

simulated by the mathematical model of the panel speaker.

Then, the solution of the variable parameter is found by a

simulated annealing method. Refer to FIG. 9, the simulated

annealing method can be summarized as follows.

[0036] (1) In Step S121, the parameters for the annealing
process and the variable parameters ¢,, e,=¢,(€, €5, .. ., €,)
are set. The initial state of the predetermined variable
parameters is that the two piezoelectric plates are located
on the diaphragm positions of 57 and 96 respectively. The
parameters for the annealing process are shown in Table 2:

TABLE 2
Parameter Value
Initial temperature, Ty 10
Final temperature, T, 107
Markov chains 4
Temperature reduction rate 0.85

[0037] (2)InStep S121, a goal function J(e,) of the variable
parameters e, is evaluated, wherein the goal function is
expressed as an equation (18):

10Pavg=94/20 (18)
J=———— x10000
0

[0038] wherein f, is a fundamental frequency whose
sound pressure loading is greater than 40 dB; P, is an
average sound pressure loading which is greater than {;
and ¢, is a current solution.

[0039] (3) In Step S123, perturb e, to obtain neighboring
parameter ¢, ; and evaluate I(e,, ).

[0040] (4)In Step S124, determine whether J(e,, ;) is larger
than J(e,). If the answer is yes, the process proceeds to Step
S126. If the answer is no, the process proceeds to Step
S125. In Step S125, decide whether e, is replaced withe,, |
used as the current solution according to whether a success
probability exp(- A/T) is greater than t. If the answer is
ves, the process proceeds to Step S126. If the answer is no,
the process returns to Step S123. A is a difference in value
between goal function values of the new solution e, , and
the old solution e;; T is a random number in a interval of
[0,1]; and T is an annealing temperature.

[0041] (5) In Step S126, e, is replaced with e, ; used as the
current solution, and then the next step is executed.

[0042] (6) In Step S127, determine whether the repeating
time is greater than Markov chains. If the answer is yes, the
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process proceeds to the next step. If the answer is no, the
process returns to Step S123.

[0043] (7) In Step S128, decrease the annealing tempera-
ture T and determine whether the annealing temperature T
is lower than the final temperature T, If the answer is yes,
the process proceeds to end the annealing process. If the
answer is no, the process returns to Step S123 so as to
continue finding the optimal solution.

[0044] After the annealing process, the optimal variable
parameter is obtained. In this embodiment the physical mean-
ing of the optimal variable parameter is that the upper-left
base corners of the spacer 16 are respectively located on the
diaphragm positions of 42 and 124 as shown in FIG. 10. Refer
10 FIG. 11 which illustrates a graph comparing non-optimal
piezoelectric plate positions and optimal piezoelectric plate
positions with the sound pressure level of the piezoelectric
panel speaker. As shown in FIG. 11, the fundamental fre-
quency has been reduced with the optimal design by approxi-
mately 300 Hz and the average sound pressure level is 82.6
dB. The present invention also adopts one variable param-
eters or a plurality of variable parameters to perform the
optimal mathematical calculation for the simulated annealing
method. For example, the position, the geometrical shape,
and the material change for at least one piezoelectric plate.
[0045] In conclusion, the present invention discloses a
piezoelectric panel speaker and an optimal design method of
designing the same, wherein at least one cantilever piezoelec-
tric plate of the piezoelectric panel speaker is fixed at the
surrounding frame and supports a diaphragm inside the sur-
rounding frame. This kind of speaker structure improves the
sound magnitude and sound quality within the low-frequency
range. Also, the present invention further provides an optimal
method of the designing piezoelectric panel speaker. Firstly, a
mathematical model is established by the finite element
method in conjunction with the energy method so as to predict
the sound pressure loading of the piezoelectric panel speaker.
Then, the optimal parameter is obtained by the simulated
annealing method automatically. The optimal method is used
as the reference for fabricating the speaker whereby the
speaker is more efficiently designed by a skilled person in the
art. Moreover, the optimal design method of the piezoelectric
panel speaker of the present invention is further applied to
design a similar speaker structure.
[0046] The embodiments described above are only to
exemplify the present invention but not to limit the scope of
the present invention. Therefore, any equivalent modification
orvariation according to the shape. structures, characteristics
and spirit disclosed in the present invention is to be also
included within the scope of the present invention.

What is claimed is:
1. A piezoelectric panel speaker comprising:
a surrounding frame;
at least one piezoelectric plate attached at the surrounding
frame and extending toward an interior of the surround-
ing frame; and
a diaphragm disposed inside the surrounding frame, and
the diaphragm is supported by the piezoelectric plate.
2. The piezoelectric panel speaker according to claim 1,
further comprising at least one spacer inserted between the
piezoelectric plate and the diaphragm whereby the piezoelec-
tric plate supports the diaphragm through the spacer.
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3. The piezoelectric panel speaker according to claim 2,
wherein an area that the spacer contacts the piezoelectric plate
is less than or equal to a surface area of the piezoelectric plate.

4. The piezoelectric panel speaker according to claim 1,
further comprising a sealant sealing the diaphragm and the
surrounding frame.

5. The piezoelectric panel speaker according to claim 4,
wherein the sealant is adhesive tape.

6. The piezoelectric panel speaker according to claim 1,
wherein the diaphragm comprises polyethylene terephthalate
(PET), polycarbonate resin (PC), carbon fiber, metal, paper,
or glass fiber.

7. The piezoelectric panel speaker according to claim 1,
wherein the piezoelectric plate comprises lead zirconate
titanate (PZT).

8. The piezoelectric panel speaker according to claim 7,
wherein a piezoelectric coefficient of the piezoelectric plateis
d33.

9. An optimal method of designing a piezoelectric panel
speaker comprising steps of:
establishing a mathematical model of a piezoelectric panel
speaker by a finite element method in conjunction with
an energy method, wherein at least one piezoelectric
plate is attached at a surrounding frame of the piezoelec-
tric panel speaker and extends toward an interior of the
surrounding frame to connect a diaphragm disposed
inside the surrounding frame through at least one spacer,
and wherein a sound pressure loading of the piezoelec-
tric panel speaker is evaluated by the mathematical
model which comprises at least one variable parameter;

performing an optimal solution procedure on the variable
parameter according to a simulated annealing method;
and

obtaining optimal variable parameter corresponding to the
piezoelectric panel speaker having an optimal sound
pressure loading.

10. The optimal method of designing the piezoelectric
panel speaker according to claim 9, wherein the variable
parameter is a relative position, a size, a material properties
like stiffness, density, or a various materials of the surround-
ing frame, the spacer, the piezoelectric plate, or the dia-
phragm.

11. The optimal method of designing the piezoelectric
panel speaker according to claim 9, wherein the step ofestab-
lishing the mathematical model of the piezoelectric panel
speaker by the finite element method in conjunction with the
energy method further comprises steps of:

Establishing a shape function of the finite element method,
and a relation formula of displacement for the dia-
phragm, the piezoelectric plate, or the spacer, and cal-
culating a kinetic energy and a strain energy of the
diaphragm, the piezoelectric plate, and the spacer;

Discretizing the diaphragm, the piezoelectric plate, and the
spacer into a plurality of single elements by utilizing the
shape function so as to form a system stiffness matrix
and a system mass matrix; and

Deriving the mathematical model of the piezoelectric
panel speaker by utilizing a Lagrange equation.
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12. The optimal method of designing the piezoelectric
panel speaker according to claim 11, wherein the sound pres-
sure loading is expressed as:
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wherein E is the sound pressure loading; r,,, is a distance
between a microphone and each element; n and m are both
positive integers; A, is an area of each element; and P, is a
sound pressure vector.

13. The optimal method of designing the piezoelectric
panel speaker according to claim 9, wherein the step of per-
forming the optimal solution procedure on the variable
parameter according to the simulated annealing method fur-
ther comprises steps of:

setting an annealing process;

starting the annealing process to determine whether an old

solution is replaced with a new solution used as a current
superior solution by a goal function or a variation suc-
cess probability; and

ending the annealing process.

Jul. 21,2011

14. The optimal method of designing the piezoelectric
panel speaker according to claim 13, wherein in the step of
setting the annealing process, an initial annealing tempera-
ture, a final annealing temperature, an annealing speed, or the
variable parameter are all set.

15. The optimal method of designing the piezoelectric
panel speaker according to claim 13, wherein the step of
determining whether the old solution is replaced with the new
solution used as the current superior solution is executed
according to whether the variation success probability exp(-
A/T) is greater than T; wherein A is a difference in value
between goal function values of the new solution and the old
solution; T is a random number in a interval of [0,1]; and T is
an annealing temperature.

16. The optimal method of designing the piezoelectric
panel speaker according to claim 13, wherein the goal func-
tion is express as:
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wherein f; is a fundamental frequency, whose sound pressure
is greater than 40 dB; and P, is an average sound pressure,
which is greater than f,.
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