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DESCRIPTION
Sound Generating Device

TECHNICAL FIELD

The present invention relates to a sound geherating
device.

BACKGROUND ART

As piezoelectric vibration plates, there are known
unimorphs comprised of a disk-shaped thin metal plate
with a piezoelectric ceramic layer formed on just one
side and bimorphs comprised of a disk-shaped thin metal
plate with piezoelectric ceramic layers formed on both
sides. These unimorph and bimorph type piezoelectric
vibration plates perform flexing oscillation wherein the
centers of the piezoelectric vibration plates alternately
flex in opposite directions when the voltage applied to
the piezoelectric ceramic layers are changed. Known in
the art is a speaker which uses such a flexing
oscillation of a piezoelectric vibration plate to
generate sound. In such a conventional speaker, the
peripheral portion of the piezoelectric vibration plate
was usually supported by the frame of the speaker, the
center of the piezoelectric vibration plate was connected
to an acoustic vibration plate, and the acoustic
vibration plate was made to oscillate by the
piezoelectric vibration plate so as to produce sound from
the acoustic vibration plate (for example, see Japanese
Unexamined Patent Publication (Kokai) No. 60-182300).

This piezoelectric vibration plate, however, has a
high natural frequency and a high Q value at the
resonance point and has the property of a reduction in
the sound pressure level along with a fali in the
frequency. Accordingly, there is the problem that when,
like in the past, the oscillation of the piezoelectric
vibration plate is mere;ywdlrectly transmltted to the
acoustic vibration plate ‘as 1te1$, the %pund bacqmes g%
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a driving device having at |east one
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distorted and the bass sound pressure level is
insufficient at the resonance point.

DISCLOSURE OF THE INVENTION

The object of the present invention is to provide a
sound generating device which is able to give a
sufficiently high sound pressure level even in the bass
region.

According to the present invention, there is
provided a sound generating device provided with a
driving device having a plurality of piezoelectric
vibration plates which are.arranged spaced from each
other in an axial direction, wherein either of the
peripheral portions or centers of adjacent piezoelectric
vibration plates are connected to each other and adjacent
piezoelectric vibration plates are made to flex in
opposite directions from each other, the piezoelectric
vibration plate positioned at one end of said plurality
of piezoelectric vibration plates being connected to an
acoustic vibration plate.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a cross-sectional side view of a type I
module, Fig. 2 is a front view of the module shown in
Fig. 1, Fig. 3 is a view for explaining the operation of
the module shown in Fig. 1, Fig. 4 is a cross-sectional
side view of a type II module, Fig. 5 is perspective view
of the module shown in Fig. 4, Fig. 6 is a view for
explaining the operation of the module shown in Fig. 4,
Fig. 7 is view showing various driving devices, Fig. 8 is
a cross-sectional side view of a speaker using the type I
module shown in Fig. 1, Fig. 9 is a partially enlarged
cross-sectional side view of Fig. 8, Fig. 10 is a cross-
sectional side view of part of a speaker showing another
embodiment, Fig. 11 is a cross-sectional side view of
part of a speaker showing still another embodiment, Fig.
12 is a cross-sectional side view of a speaker using the
type 11 speaker shown in Fig. 4, Fig. 13 is a partially
enlarged cross-sectional side view of Fig. 12, Fig. 14 is



pi ezoel ectric vibration plate, the central portion of said piezoelectric
vibratiqQpn plate being connected to said acoustic vibration plate for
~driving said acoustic vibration plate; and an elastic
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a perspective view of the type II module, Fig. 15 is a
cross-sectional side view of part of a speaker showing
another embodiment, Fig. 16 is a cross-sectional side
view of part of a speaker showing still another
embodiment, Fig. 17 is a cross-sectional side view of
part of a speaker showing still another embodiment, Fig.
18 is a cross-sectional side view of part of a speaker
showing still another embodiment, Fig. 19 is a cross-
sectional side view of part of a speaker showing a
modification of Fig. 18, Fig. 20 is a cross-sectional
side view of part of a speaker showing still another
embodiment, Fig. 21 is a cross-sectional side view of
part of a speaker showing still another embodiment, Fig.
22 is a partially enlarged cross-sectional side view of
Fig. 21, Fig. 23 is a view showing the relationship of
the frequency f and the sound pressure level P, Fig. 24
is a front view of a speaker showing another embodiment,
and Fig. 25 is a cross-sectional view seen along line
XXV-XXV of Fig. 24.

BEST MODE FOR CARRYING OUT THE INVENTION

Figure 1 and Fig. 2 show an example of a driving
device for driving an acoustic vibration plate of a sound
generating device. Referring to Fig. 1 and Fig. 2, the
driving device is comprised of a pair of disk-shaped
metal piezoelectric vibration plates 1 and 2 arranged
facing each other across a certain distance in the axial
direction. The centers of these piezoelectric vibration
plates 1 and 2 are connected to each other by a metal or
plastic connecting rod 3. On the two sides of each of the
piezoelectric vibration plates 1 and 2 are formed annular
piezoelectric ceramic layers 4. Accordingly, in the
example shown in Fig. 1 and Fig. 2, the-piezoelectric
vibration plates 1 and 2 are comprised of bimorphs.

Figure 1 shows the directions of polarization of the
piezoelectric ceramic layers 4 of the piezoelectric
vibration plates 1 and 2 by the arrows K. As shown in
Fig. 1, in the example shown in Fig. 1, the piezoelectric
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peri pheral portion of said piezoelectric vibration plate and radially
extending outward fromthe periphery of the piezoelectric vibration plate.
2. A sound generating device as set forth in cIa|n11 wherein said sound

generating device is provided with a - -

vibration plates 1 and 2 are connected by the connecting
rod 3 so that the direction of polarization K of the
piezoelectric ceramic layers 4 of one piezoelectric
vibration plate 1 becomes reverse from the direction of

5 polarization K of the piezoelectric ceramic layers 4 of
the other piezoelectric vibration plate 2. The
piezoelectric vibration plate 2 is for example grounded
through a lead wire 5. An identical driving voltage is
applied through the lead wires 6 to thin film electrodes

10 formed on the surfaces of the piezoelectric ceramic
layers 4.

When a voltage is applied to the thin film
electrodes of the piezoelectric ceramic layers 4 of the
piezoelectric vibration plates 1 and 2, the piezoelectric

15 ceramic layers 4 formed on one side of the piezoelectric
vibration plates 1 and 2 extend in the radial direction,
while the piezoelectric ceramic layers 4 formed on the
other side contract. As a result, the piezoelectric
vibration plates 1 and 2 flex. In the example shown in

20 Fig. 1, as mentioned above, the directions of
polarization K of the piezoelectric ceramic layers 4 of
the piezoelectric vibration plates 1 and 2 are reverse
from each other. In this case, when a positive voltage
and negative voltage are alternately applied through the

25 lead wires 6 to the thin film electrodes of the
piezoelectric ceramic Iayers 4, the piezoelectric
vibration plates 1 and 2 flex in reverse directions from
each other as shown in Fig. 3(A) and (B). That is, the
state of the piezoelectric vibration plates 1 and 2

30 flexing outward to form a convex shape as shown in Fig.
3(A) and the state of the piezoelectric vibration plates
1 and 2 flexing inward to form a concave shape as shown
in Fig. 3(B) are alternately repeated.

In this case, if the distance between the peripheral

35 portions of the piezoelectric vibration plates 1l and 2 in
the state shown in Fig. 3(A) is made S, and the distance
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frame, and the peripheral portion of the elastic plate nenber is supported
by said_ frane. 3. A sound generating device as set forth in claim
1, wherein said elastic plate nmenber is made of a rubber.

between the peripheral portions of the piezoelectric
vibration plates 1 and 2 in the state shown in Fig. 3(B)
is made S,, then amount of displacement AS of the
peripheral portions of the piezoelectric vibration plates
5 1 and 2 becomes AS = S, - S,. Accordingly, if the amount
of displacement is used as the output of the driving
device, the stroke of the output of the driving device
becomes AS (= S, - S,). This stroke is double the stroke
obtained when using a single piezoelectric vibration
10 plate. Accordingly, in the driﬁing device shown in Fig.
1, it is possible to produce an output of the stroke
double that in the case of use of a single piezoelectric
vibration plate.
In this way, it is possible to increase the output
15 ‘stroke by use of a pair of piezoelectric vibration plates
1 and 2. The pair of piezoelectric vibration plates 1 and
2 shown in Fig. 1 in this case shows the smallest unit of
combination of piezoelectric vibration plates enabling
increase of the output stroke. This smallest unit of
20 combination is referred to as a "module". Note that the
module obtained by connecting the centers of the pair of
the piezoelectric vibration plates 1 and 2 as shown in
Fig. 1 is referred to below as a "type I module".
Figure 4 and Fig. 5 show a module of a construction
25 different from the module shown in Fig. 1. Note that in
Fig. 4 and Fig. 5, constituent elements similar to those
of Fig. 1 are shown by the same reference numerals.
Referring to Fig. 4 and Fig. 5, the outer
peripheries of the pair of piezoelectric vibration plates
30 1 and 2 are affixed to a metal annular spacer 7 extending
along the outer peripheries of the piezoelectric
vibration plates 1 and 2. Accordingly, in the example
shown in Fig. 4 and Fig. 5, the pair of piezoelectric
vibration plates 1 and 2 are connected to each other
35 through the annular spacer 7. In the example shown in
Fig. 4 and Fig. 5 as well, the direction of polarization
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4. A sound generating device as set forth in claim1l, wherein said driving
devjce has a plurality of piezoelectric vibration plates which are arranged
spaced fromeach other in an axial direction, either of the peripheral
portions or centers of adjacent piezoelectri & vi bration plates being
connected to each other, adjacent piezoelectric vibration
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K of the piezoelectric ceramic layers 4 of one
piezoelectric vibration plate 1 is reverse to that of the
direction of polarization K of the piezoelectric ceramic
layers 4 of the other piezoelectric vibration plate 2 and
an identical drive voltage is applied through the lead
wires 6 to the thin film electrodes of the piezoelectric
ceramic layers 4. Accordingly, in this case too, when a
positive voltage and negative voltage are alternately
applied to the thin film electrodes of the piezoelectric
ceramic layers 4, the piezoelectric vibration plates 1
and 2 flex alternately in reverse directions as shown by
Fig. 6(A) and 6(B).

In this case, if the distance between the centers of
the piezoelectric vibration plates 1 and 2 in the state
shown in Fig. 6(A) is made S; and the distance between
the centers of the piezoelectric vibration plates 1 and 2
in the state shown in Fig. 6(B) is made S,, then the
amount of displacement AS of the centers of the
piezoelectric vibration plates 1 and 2 becomes AS = S, -
S;. Accordingly, if the amount of displacement is used as
the output of the driving device, the stroke of the
output of the driving device becomes AS (= S, - S;). This
stroke is double the stroke obtained when using a single
piezoelectric vibration plate. Accordingly, in the
driving device shown in Fig. 4, it is possible to produce
an output of the stroke double that in the case of use of
a single piezoelectric vibration plate. Note that the
module obtained by connecting the peripheral portions of
the pair of the piezoelectric vibration plates 1 and 2 as
shown in Fig. 4 is referred to below as a "type II
module".

The representative modules in the case of use of a
pair of piezoelectric vibration plates 1 and 2 are the
type I module and type II module explained above. These
modules may be used as the basis for preparing driving

devices comprised of various combinations of three or
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pl ates being made to flex in opposite directions fromeach other, the

pi ezoel ectric vibration plate positioned at one end of said plurality of
pi ezoel ectric vibration plates being connected to an acoustic vibration
plate, said elastic plate nenber being-attacfled to the peripheral portion
of said piezoelectric vibration plate positioned at the other end of
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more piezoelectric vibration plates. Typical examples of
these driving devices are shown in Fig. 7. Note that in
Fig. 7, the driving devices shown in the column with two
piezoelectric vibration plates are the type I module and
type II module explained above.

Referring to Fig. 7, the driving devices comprised
of combinations of three piezoelectric vibration plates
are shown as type III and type IV. The driving device
shown by type III is a combination of the type II module
with a single piezoelectric vibration plate 8 and is
formed by connecting the center of the piezoelectric
vibration plate 2 constituting part of the type II module
with the center of the single piezoelectric vibration
plate 8 by a connecting rod 3. In this driving device,
when a drive voltage is applied, the piezoelectric
vibration plate 2 and the piezoelectric vibration plate 8
flex in reverse directions from each other. Therefore,
this driving device gives an output stroke three times
the output stroke when using a single piezoelectric
vibration plate.

The driving device shown by type IV is also a
combination of a type II module and a single
piezoelectric vibration plate 9 and is formed by
connecting the center of the piezoelectric vibration
plate 1 constituting part of the type II module and the
center of the single piezoelectric vibration plate 9 by a
connecting rod 3. In this driving device as well, when a
drive voltage is applied, the piezoelectric vibration
plate 1 and the piezoelectric vibration plate 9 flex in
reverse directions from each other and therefore this
driving device also gives an output stroke three times
the output stroke when using a single piezoelectric
vibration plate.

On the other hand, as shown in Fig. 7, the driving
devices comprising combinations of four piezoelectric
vibration plates are shown as type V and type VI. The
driving device shown by type V is a combination of the
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type II module and two piezoelectric vibration plates 8
and 9. Seen in another way, a type II module is inserted
between the pair of piezoelectric vibration plates 1 and
2 of a type I module. That is, this driving device is
formed by connecting the center of one piezoelectric
vibration plate 1 constituting part of the type II module
and the center of the piezoelectric vibration plate 9 by
a connecting rod 3 and connecting the other piezoelectric
vibration plate 2 constituting the type II module and the
center of the piezoelectric vibration plate 8 by a
connecting rod 3. In this driving device, when a drive
voltage is applied, the piezoelectric vibration plate 1
and the piezoelectric vibration plate 9 flex in opposite
directions to each other and the piezoelectric vibration
plate 2 and the piezoelectric vibration plate 8 flex in
opposite directions to each other, so an output stroke
four times the output stroke when using a single
piezoelectric vibration plate can be obtained.

On the other hand, the driving device shown by type
VI is a combination of two type II modules and is formed
by connecting the centers of the piezoelectric vibration
plates 1 and 2 of the modules facing each other by a
connecting rod 3. In this driving device too, it is
possible to obtain a stroke four times the output stroke
when using a single piezoelectric vibration plate.

Further, as shown in Fig. 7, the driving devices
comprising combinations of five piezoelectric vibration
plates are shown as type VII and type VIII. The driving
devices comprising combinations of six piezoelectric
vibration plates are shown as type IX and type X. The
configurations of the type VII, VIII, IX, and X driving
devices are clear from Fig. 7, so no particular
explanation will be made, but in each of the driving
devices of the type VII, VIII, IX, and X, the mutually
adjoining piezoelectric vibration plates 1, 2, 8, and 9
flex in mutually opposite directions when a drive voltage
is applied. Accordingly, in the type VII and VIII driving



said plurality of piezoelectric vibration plates. 5. A sound
generating device as set forth in claiml, wherein said driving device is
conprised of a pair of piezoelectric vibratgon pl ates connected to each
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devices, an output stroke five times the output stroke
when using a single piezoelectric-vibration plate is
obtained, while in the type IX and X driving devices, an
output stroke six times the output stroke when using a
single'piezoelectric vibration plate is obtained. Note
that while not shown in Fig. 7, it is possible to form a
driving device comprising seven or more piezoelectric
vibration plates in a similar way.

Next, an explanation will be made of representative
examples of the sound generating device using the driving
devices shown in Fig. 7 to drive the acoustic vibration
plate.

Figure 8 and Fig. 9 show the case of application of
the present invention to a speaker and use of the type I
module shown in Fig. 1 as a driving device for the
speaker.

Referring to Fig. 8 and Fig. 9, reference numeral 10
shows a speaker frame and 11 an acoustic vibration plate.
The outer periphery of the acoustic vibration plate 11 is
bonded to the outer periphery of the speaker frame 10.
Further, a packing lla is bonded on the outer periphery
of the acoustic vibration plate 11. In the embodiment
shown in Fig. 8 and Fig. 9, the acoustic vibration plate
11 is formed from cone paper, but the acoustic vibration
plate 11 may be formed from wood, plastic, or a thin
metal sheet. The inner periphery of the acoustic
vibration plate 11 is connected to the outer periphery of
one of the piezoelectric vibration plates 1 of the
driving device 12, while the outer periphery of the other
piezoelectric vibration plate 1 of the driving device 12
is connected to the speaker frame 10.

As explained at the start, a piezoelectric vibration
plate has a high natural frequency and the sound pressure
level falls as this frequency falls. In the embodiment
shown in Fig. 8 and Fig. 8, however, the drive stroke
given by the driving device 12 to the acoustic vibration

plate 11 becomes twice that when using a single acoustic



their centers, the peripheral portion of one of said piezoelectric

vi bratign pl ates being connected to said acoustic vibration plate, said

el astic plate nenber being attached to the peripheral portion of the other
pi ezoel ectric vibration plate. - = 10 - '

vibration plate, so the amplitude of the acoustic
vibration plate 11 becomes larger even in the low
frequency region and therefore the bass sound pressure
level can be made higher. |

5 Further, if the pair of piezoelectric vibration
plates 1 and 2 are connected with each other by a
connecting rod 3, the natural frequency of the driving
device 12 becomes considerably lower than the natural
frequency of the piezoelectric vibration plates and as a

10 result the resonance point moves to the low frequency
side. Accordingly, from this viewpoint as well, the
amplitude of the acoustic vibration plate at the low
frequency region can be made larger and therefore the
bass sound pressure level can be raised much higher.

15 Figure 10 shows another embodiment. As shown in Fig.
10, in this embodiment, to lower the natural freqguency of
the driving device 13 and further to make the sound
pressure level flat over a wide frequency region, an
annular elastic member 13 comprised of rubber is attached

20 to the outer periphery of the piezoelectric vibration
plate 2. That is, as shown in Fig. 10, since the elastic
member 13 has a relatively large mass, it is possible to
further reduce the natural frequency of the driving
device 13 and therefore to further raise even the bass

25 sound pressure level. Further, if the natural frequency
of the driving device 13 is reduced, the resonance point
appears at the bass region, but the elastic member 13
functions to reduce the Q value at this resonance point
and to reduce the Q value at the next higher resonance

30 point appearing in the high frequency region.

That is, since the elastic member 13 has a
relatively large mass as explained above, this elastic
member 13 acts to suppress the movement of the peripheral
portion of the piezoelectric vibration plate 2 in the

35 forward-reverse direction due to its inertia.
Accordingly, as shown in Fig. 10, even if the elastic
member 13 is not supported by the speaker frame 10, the



6. A sound generating device as set forth in claim4, wherein said driving
menper has at | east one nodul e conprised of a pair of piezoelectric

vi bration plates connected to each other at their outer peripheries.

7. A sound generating device as set fortiihlctai mé,

acoustic vibration plate 11 is made to oscillate when the
piezoelectric vibration plates 1 and 2 engage in flexing
motion. When the speed of flexing motion of the
piezoelectric vibration plate 2 is slow, however, that
5 is, in the low frequency region, the elastic member 13
moves as a whole in accordance with the movement of the
peripheral portion of the piezoelectric vibration plate
2. As opposed to this, when the speed of flexing motion
of the piezoelectric vibration plate 2 is fast, that is,
10 in the high frequency region, the elastic member 13 as a
whole cannot follow the movement of the peripheral
portion of the piezoelectric vibration plate 2 and
therefore the movement of the outer periphery of the
elastic member 13 lags behind the movement of the inner
15 periphery of the elastic member 13. As a result, the
elastic member 13 deforms. This deformation motion is
repeated.
This deformation of the elastic member 13 occurs due
to the vibration energy and therefore the larger the
20 amount of deformation of the elastic member 13, the
greater the vibration energy consumed to cause the
deformation of the elastic member 13. In other words, the
larger the amount of deformation of the elastic member
13, the greater the vibration energy absorbed by the
25 elastic member 13. However, as explained above, the
amount of deformation of the elastic member 13 becomes
greater the higher the frequency. Accordingly, as shown
in Fig. 10, if the elastic member 13 is attached to the
piezoelectric vibration plate 2, it becomes possible to
30 attenuate the high frequency vibration by this elastic
member 13. As a result, it is possible to relatively
increase the amplitude of the low frequency region and
therefore to raise the bass sound pressure level.
On the other hand, at the resonance point, not only
35 does the amplitude become larger, but also the speed of
flexing motion of the piezoelectric vibration plate 2
becomes faster and therefore the oscillation at the



wherein the outer peripheries of said pair of piezoelectric vibration
pl at es are connected to each other by an annul ar spacer extending along the
outer peripheries of the piezoelectric vibration plates and wherein an air
danper chanber for attenuation of high freguehcy oscillation enclosed by
sai d annul ar spacer is fornmed between said pair of piezoelectric vibration

| at es.
P resonance point is attenuated by the elastic member 13.

- Accordingly, if the elastic member 13 is attached to the
piezoelectric vibration plate 2, the Q value becomes
smaller and therefore the sound pressure level can be.

5 made flat over a wide frequency region.

Figure 11 shows still another embodiment. In this
embodiment, the outer periphery of the annular elastic
member 13 is affixed to the speaker frame 10. If the
outer periphery of the elastic member 13 is affixed to

10 the speaker frame 10 in this way, the amount of
deformation of the elastic member 13 at the time of
occurrence of high frequency oscillation becomes further
greater and therefore it becomes possible to further
attenuate the high frequency oscillation and possible to

15 further reduce the Q value. Also, if the outer periphery
of the elastic member 13 is affixed to the speaker frame
10, it becomes possible to greatly suppress the amount of
movement of the outer periphery of the piezoelectric
vibration plate 2 in the forward-reverse direction at the

20 time of occurrence of low frequency oscillation. As a
result, it is possible to increase the amplitude of the
acoustic vibration plate 11 at the low frequency region
and therefore to increase the bass sound pressure level.

Figure 12 to Fig. 14 show the case of use of the

25 module of the type II shown in Fig. 4 as the driving
device of a speaker.

Referring to Fig. 12 and Fig. 13, the driving device
14 comprised of a module of type II is arranged between
the acoustic vibration plate 11 and the speaker frame 10.

30 The center of one piezoelectric vibration plate 1
constituting the type II module is connected to the
center of the acoustic vibration plate 11 through a metal
or plastic connecting rod 3a by for example a nut 15,
while the center of the other piezoelectric vibration

35 plate 2 constituting the type II module is connected to
the speaker frame 10 through a metal or plastic
connecting rod 3b by for example the nut 16. In this



8. A sound generating device as set forth in claim7, wherein said driving
menber is provided with a plurality of nodules, the centers of the

pi ezoel ectric vibration plates of nmutually adjoining nodul es are connect ed
to each other by hollow sl eeves, and air ®a ~ chanbers fornmed in the
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embodiment too, the drive stroke given by the driving
device 14 to the acoustic vibration plate 11 becomes
double that when using a single piezoelectric vibration
plate, so the amplitude of the acoustic vibration plate
11 becomes larger even in the low frequency region and
therefore it is possible to raise the bass sound pressure
level.

Further, when the pair of piezoelectric vibration
plates 1 and 2 are connected to each other by an annular
spacer 7 as in this embodiment, the natural frequency of
the driving device 14 becomes considerably lower than the
natural frequency of the piezoelectric vibration plates
and, as a result, the resonance point moves to the low
frequency side. Accordingly, from this viewpoint as well,
it is possible to increase the amplitude of the acoustic
vibration plate 11 in the low frequency region and
therefore the bass sound pressure level is raised much
higher. Further, in this embodiment, to make the natural
frequency of the driving device 13 lower and to make the
sound pressure level flat over a wide frequency region, a
pPlurality of communicating holes 17 are formed in the
annular spacer 7 and an air damper chamber 18
communicating through these communicating holes 17 to the
outside air is formed between the pair of piezoelectric
vibration plates.

If the air damper chamber 18 increases in volume due
to the flexing motion of the piezoelectric vibration
plates 1 and 2, outside air flows through the
communicating holes 17 into the air damper chamber 18,
while if the air damper chamber 18 decreases in volume,
air in the air damper chamber 18 flows out to the outside
air through the communicating holes 17. In this case,
time is required for the inflowing and outflowing action
of the air through the communicating holes 17, so the
faster the speed of flexing motion of the piezoelectric
vibration plates 1 and 2, that is, the higher the
frequency of vibration, the harder it becomes for the



are connected to each other through said hollow sl eeves. 9. A sound
gengrating device as set forth in claim?7, wherein through holes for
comuni cating the inside of the air danper chanber with the outside air are
formed in at |east one of said annul ar “spacek? and pi ezoel ectric vibration

piezoelectric vibration plates 1 and 2 to flex. That is,
if the piezoelectric vibration plates 1 and 2 attempt to
flex outward to give a convex shape as shown in Fig.
6(B), the pressure inside the air damper chamber 18
5 falls, so the flexing motion of the piezoelectric

vibration plates 1 and 2 is suppressed, while when the
piezoelectric vibration plates 1 and 2 attempt to flex
inward to give a concave shape as shown in Fig. 6(A), the
pressure inside the air damper chamber 18 rises, so the

10 flexing motion of the piezoelectric vibration plates 1
and 2 is suppressed. In this way, due to the damper
action of the air damper chamber 18, the faster the speed
of flexing motion of the piezoelectric vibration plates 1
and 2, the more the flexing motion of the piezoelectric

15 vibration plates 1 and 2 is suppressed. In other words,
the faster the speed of flexing motion of the
piezoelectric vibration plates 1 and 2, that is, the
higher the frequency of oscillation, the more the
oscillation of the piezoelectric vibration plates 1 and 2

20 is suppressed. Accordingly, by providing such an air
damper chamber 18, it is possible to relatively increase
the bass sound pressure level and further reduce the Q
value at the resonance point, so it is possible to make
the sound pressure level flat over a wide frequency

25 region. _

Figure 15 shows still another embodiment. In this
embodiment, the annular spacer 19 connecting the
peripheral portions of the piezoelectric vibration plates
1 and 2 together is formed from an elastic member such as

30 rubber and a plurality of communicating holes 20
communicating the air damper chamber 18 with the outside
air are formed in the peripheral portions of the
piezoelectric vibration plates 1 and 2. Accordingly, in
this embodiment too, it is possible to relatively raise

35 the bass sound pressure level by the attenuation action
of the air damper chamber 18 on the high frequency
oscillation and possible to make the sound pressure level
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flat over a wide frequency region. Further, in this
embodiment, the higher the frequency, the greater the
frequency of deformation of the elastic member 19, so the
higher the frequency, the greater the amount of
absorption of oscillation by the elastic member 19.
Accordingly, in this embodiment, it is possible to
further cause the high frequency oscillation to
attenuate.

Figure 16 shows still another embodiment. Referring
to Fig. 16, in this embodiment, the center of the elastic
plate 21 comprised of rubber is connected to the center
of the piezoelectric vibration plate 2 through a
connecting rod 3b by a nut 16. This elastic plate 21 acts
in a similar way as the elastic member 13 shown in Fig.
10.

That is, the elastic plate 21 has a relatively large
mass and therefore the elastic plate 21 acts to suppress
the movement of the center of the piezoelectric vibration
plate 2 in the forward-reverse direction by its inertia.
Accordingly, as shown in Fig. 16, even if the elastic
plate 21 is not supported by the speaker frame 10, the
acoustic vibration plate 11 is made to vibrate when the
piezoelectric vibration plates 1 and 2 engage in flexing
motion. On the other hand, when the speed of flexing
motion of the piezoelectric vibration plates 1 and 2 is
slow, that is, in the low fregquency region, the elastic
body 21 moves as a whole in accordance with the movement
of the center of the piezoelectric vibration plate 2. As
opposed to this, when the speed of flexing motion of the
piezoelectric vibration plates 1 and 2 is fast, that is,
in the high frequency region, the elastic body 21 as a
whole cannot follow the movement of the center of the
piezoelectric vibration plate 2 and therefore the
movement of the outer periphery of the elastic body 21
lags behind the movement of the center of the elastic
body 21. As a result, the elastic body 21 deforms and

this deformation motion is repeated.
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In this case, however, the larger the amount of
deformation of the elastic plate 21, the larger the
vibration energy absorbed by the elastic plate 21. The
amount of deformation of the elastic plate 21 shown in
Fig. 16 becomes larger the higher the frequency.
Accordingly, as shown in Fig. 16, if the elastic plate 21
is attached to the piezoelectric vibration plate 2, it is
possible to cause the high frequency oscillation to
attenuate by the elastic plate 21. As a result, it
becomes possible to relatively increase the amplitude at
the low frequency region and therefore to raise the bass
sound pressure level. .

Further, as explained above, not only does the
amplitude become larger at the resonance point, but also
the speed of the flexing motion of the piezoelectric
vibration plates 1 and 2 increases. Therefore, the
oscillation at the resonance point is attenuated by the
elastic plate 21. Accordingly, if the elastic plate 21 is
attached to the piezoelectric vibration plate 2, the Q
value becomes smaller and therefore it is possible to
make the sound pressure level flat over a wide frequency
region.

Figure 17 shows still another embodiment. In this
embodiment, the outer periphery of the elastic plate 21
is affixed to the speaker frame 10. If the outer
periphery of the elastic plate 21 is affixed to the
speaker frame 10 in this way, the amount of deformation
of the elastic plate 21 at the time of occurrence of high
frequency oscillation becomes larger and therefore it is
possible to further cause the high frequency oscillation
to attenuate and further cause the Q valué to fall. Also,
if the outer periphery of the elastic plate 21 is affixed
to the speaker frame 10, the amount of movement of the
center of the piezoelectric vibration plate 2 in the
forward-reverse direction at the time of occurrence of
low frequency oscillation on can be suppressed to a large

extent. As a result, it is possible to increase the



11. A sound generating device as set forth in claim7, wherein said
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generating device as set forth in claim 11,
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is formed froman elastic material. 12. A sound

amplitude of the acoustic vibration plate 11 in the low
frequency region and therefore to increase the bass sound
pressure level.

Up to now, the present invention has been explained
in relation to the case of application to a driving
device 12 comprised of type I module and a driving device
14 comprised of the type II module, but the constructions
of the embodiments explained up to here may be applied to
the various driving devices of the constructions shown as
type III to type X in Fig. 7. Below, an explanation will
be made of typical examples of application of the
constructions of the embodiments explained above to
driving devices of the constructions shown as type III to
type X.

Figure 18 shows the case of use of the driving
device of the type VI shown in Fig. 7 as the driving
device of a speaker. That is, in the embodiment shown in
Fig. 18, the driving device 22 has a construction of two
modules of type II shown in Fig. 4 connected in series.
The centers of the two piezoelectric vibration plates
positioned at the center among the four piezoelectric
vibration plates 1 and 2 are connected to each other by a
connecting rod 3c. In this embodiment, as explained
above, it is possible to obtain an output stroke four
times that of the case of use of a single piezoelectric
vibration plate as mentioned above.

Figure 19 shows a modification of the driving device
22 shown in Fig. 18. In this modification, the centers of
the two piezoelectric vibration plates 1 and 2 positioned
at the center among the four piezoelectric vibration
plates 1 and 2 are connected by a hollow sleeve 23.
Accordingly, in this embodiment, the air damper chambers
18 formed in the modules are communicated with each other
through the hollow sleeve 23.

Figure 20 shows the case of application of a
construction in which use is made of a driving device of
the type iII shown in Fig. 7 as the driving device of the



wherein said elastic material is conprised of a rubber. 13. A sound
gener ati ng device as set forth in claim6, wherein the center of one
pi ezoel ectric vibration plate of said pair_of piezoelectric vibration
plates is connected to an acoustic vibrarid® plate through a connecting
rod.

speaker ‘and use is made of the annular elastic member 13
shown in Fig. 11 to cause attenuation of the high
frequency oscillation of the driving device 24. That is,
in the driving device 24, the center of the piezoelectric

5 vibration plate 2 constituting part of the type II module
and the center of the single piezoelectric vibration
plate 8 are connected to each other through a connecting
rod 3b. The peripheral portion of the single
piezoelectric vibration plate 8 is connected to the

10 speaker frame 10 through an annular elastic member 13
comprised of a rubber.

Figure 21 and Fig. 22 show the case of application
of a construction in which use is made of a driving
device of the type V shown in Fig. 7 as the driving

15 device of the speaker and use is made of the annular
elastic member 13 shown in Fig. 11 to cause attenuation
of the high frequency vibration of the driving device 25.
That is, in the driving device 25, the center of the
piezoelectric vibration plate 2 constituting part of the

20 type II module and the center of the single piezoelectric
vibration plate 8 are connected to each other through a
connecting rod 3b by a bolt 26 and nut 16. The peripheral
portion of the single piezoelectric vibration plate 8 is
connected to the speaker frame 10 through an annular

25 elastic member 13 comprised of a rubber. Further, in this
driving device 25, the center of the piezoelectric
vibration plate 1 constituting part of the type II module
and the center of the single piezoelectric vibration
plate 9 are connected to each other through the hollow

30 sleeve 27. The outer periphery of the single
piezoelectric vibration plate 9 is connected to the inner
periphery of the acoustic vibration plate 11.

Further, in this driving device 25, the front end of

the hollow sleeve 27 opens to the outside. The opening of
35 the hollow sleeve 27 is closed off by a plug 28 made of a

plastic material, for example. The plug 28 is not

inserted before assembling the driving device 25. When



14. A sound generating device as set forth in. claim6, wherein said
driving .device is provided with a single piezoelectric vibration plate
arranged adjacent to said nodule, the center of said single piezoelectric
vibration plate is connected to the center &P one piezoelectric
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the driving device 25 is being assembled, the plug 28 is
inserted into the opening of the hollow sleeve 27 after
bolting the piezoelectric vibration plates 2 and 8. This
forms an air damper chamber 18 between the piezoelectric
vibration plates 1 and 2. In this driving device 25,
further, a diaphragm 29 is attached to cover the single
piezoelectric vibration plate 9.

With this driving device 25, an output stroke four
times the case of use of a single piezoelectric vibration
plate is obtained. Further, with this driving device 25,
the resonance frequency of the driving device 25 becomes
much smaller and, further, the high frequency oscillation
is attenuated to a large degree by the high frequency
attenuation action of the air damper chamber 18 and the
high frequency attenuation action of the elastic member
13, so the Q value is made much lower. As a result, it is
possible to maintain a high sound pressure level overall
and to obtain a flat sound pressure level over a wide
frequency region.

Figure 23 shows the results of an experiment
investigating the relationship between the frequency f
and the sound pressure level P. In Fig. 23, A shows a

speaker of the construction shown in Fig. 12, while B

shows a speaker of the construction shown in Fig. 21.
Note that Fig. 23 shows the case of application of a
drive voltage giving a substantially equal sound pressure
level P at a frequency f of 1000 Hz to the driving
devices 14 and 25. From Fig. 23, it is learned that the

speaker of the construction shown in Fig. 21 has a flat

-sound pressure level P across a wide frequency region.

Figure 24 and Fig. 25 show still another embodiment.
Referring to Fig. 24 and Fig. 25, reference numeral 30
shows a speaker frame and 31 shows an acoustic vibration
plate. In this embodiment, a plurality of driving devices
22 of the type VI in Fig. 7 are arranged in parallel
between the speaker frame 30 and the acoustic vibration
plate 31. Accordingly, in this embodiment, the acoustic



]

vibration plate constituting the nodule, and the peripheral portion of
sal d single piezoelectric vibration plate is connected to the acoustic

vi bration plate. 15. A sound generating device as set forth in claim
14, wherein the center of said single pi&zolectric vibration

vibration plate 31 is simultaneously driven by a
plurality of driving devices 22. Note that in this case,
it is possible to use any of the types of driving devices
‘shown in Fig. 7.

5 The speaker using the piezoelectric vibration plates
of the present invention not only has the advantage of
being much lighter in weight compared with the
conventional dynamic speakers, but also has the advantage
of not requiring the use of permanent magnets as in

10 dynamic speakers and therefore not requiring anti-
magnetic devices.

Note that while the present invention was explained

heretofore with reference to the case of application to a
speaker, the present invention may be applied to all

15 sound generating devices for producing sound, such as
telephones or buzzers. Further, needless to say,
unimorphs may be used as the piezoelectric vibration

plates.



4

“connect-ed to
generating de
singl e piezoel éct fi ct

pl ate and thé\EEﬁfé‘*Uf -sai-d..ane piezoel ectric vibration Etﬁmg a

ﬁumm" "ﬂo Zn;whlﬁ gf)ral.lnﬁ'lcg.iﬂrnngl:]g?el n the c
Vi

%}ﬁﬁ"g{%ﬁg BEEN

Ler

pl ate and Thelcenter of said one

pi ezoel ectric vibration

10

15

20

25

30

35

CLAIMS

1. A sound generating device provided with a
driving device having a plurality of piezoelectric
vibration plates which are arranged spaced from each
other in an axial direction, wherein either of the
peripheral portions or centers of adjacent piezoelectric
#ibration plates are connected to each other and adjacent
piezoelectric vibration plates are made to flex in
opposite directions from each other, the piezoelectric
vibration plate positioned at one end of said plurality
of piezoelectric vibration plates being connected to an
acoustic vibration plate.

2. A sound generating device as set forth in claim
1, wherein said sound generating device is provided with
a frame and the piezoelectric vibration plate positioned
at the other end among the above plurality of
piezoelectric vibration plates is connected to the frame.

3. A sound generating device as set forth in claim
1, wherein an elastic member is attached to the
piezoelectric vibration plate positioned at the other end
among the above plurality of piezoelectric vibration
plates.

4. A sound generating device as set forth in claim
3, wherein said sound generating device is provided with
a frame and said elastic member is supported by said
frame.

5. A sound generating device as set forth in claim
1, wherein said driving device is comprised of a pair of
piezoelectric vibration plates connected to each other at
their centers and the peripheral portion of one of the
piezoelectric vibration plates of said pair of
piezoelectric vibration plates is connected to said
acoustic vibration plate.

6. A sound generating device as set forth in claim
5, wherein said sound generating device is provided with
a frame and the other piezoelectric vibration plate of
said pair of plezoelectrlc v1bratlon plates is connected

haH%BmmR hwd

T




EY

plate are con
ai r danper ch

cl osed by a plug

air.

10

15

20

25

30

35

ch ot her through a hollow sl eeve
B ﬂl’ tside air and wherein said

hpHisogHsETeRXS BEEN

off the airzganper chanbeil} fr onreReAQEDSI de

to said frame.
7. A sound generating device as set forth in claim

5, wherein an elastic member is attached to the other
piezoelectric vibration plate among said pair of

piezoelectric vibration plates.
8. A sound generating device as set forth in claim

7, wherein said sound generating device is provided with
a frame and said elastic member is supported by said

frame. _
9. A sound generating device as set forth in claim

1, wherein said driving member has at least one module
comprised of a pair of piezoelectric vibration plates
connected to each other at their outer peripheries.

10. A sound generating device as set forth in claim
9, wherein the outer peripheries of said pair of
piezoelectric vibration plates are connected to each
other by an annular spacer extending along the outer
peripheries of the piezoelectric vibration plates and
wherein an air damper chamber for attenuation of high
frequency oscillation enclosed by said annular spacer is
formed between said pair of piezoelectric vibration
plates.

11. A sound generating device as set forth in claim
10, wherein said driving member is provided with a
plurality of modules, the centers of the piezoelectric
vibration plates of mutually adjoining modules are
connected to each other by hollow sleeves, and air damper
chambers formed in the modules are connected to each

other through said hollow sleeves.
12. A sound generating device as set forth in claim

10, wherein through holes for communicating the inside of
the air damper chamber with the outside air are formed in
at least one of said annular spacer and piezoelectric
vibration plates. '

13. A sound genérating device as set forth in claim
10, wherein said annular spacer is formed from a metal

material.
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14. A sound generating device as set forth in claim
10, wherein said annular spacer is formed from an elastic
material.

15. A sound generating device as set forth in claim
14, wherein said elastic material is comprised of a
rubber.

16. A sound generating device as set forth in claim
9, wherein the center of one piezoelectric vibration
plate of said pair of piezoelectric vibration plates is
connected to an acoustic vibration plate through a
connecting rod.

17. A sound generating device as set forth in claim
9, wherein said driving device is provided with a single
piezoelectric vibration plate arranged adjacent to said
module, the center of said single piezoelectric vibration
plate is connected to the center of one piezoelectric
vibration plate constituting the module, and the
peripheral portion of said single piezoelectric vibration
plate is connected to the acoustic vibration plate.

18. A sound generating device as set forth in claim
17, wherein the center of said single piezoelectric
vibration plate and the center of said one piezoelectric
vibration plate are connected to each other through a

connecting rod.
19. A sound generating device as set forth in claim

17, wherein the center of said single piezoelectric
vibration plate and the center of said one piezoelectric
vibration plate are connected to each other through a
hollow sleeve communicating the air damper chamber with
the outside air and wherein said hollow sleeve is closed
by a plug so as to shut off the air damper chamber from

the outside air.
20. A sound generating device as set forth in claim

9, wherein said driving device is provided with a

plurality of modules connected in series.
21. A sound generating device as set forth in claim

20, wherein the centers of the piezoelectric vibration

e A e e
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plates of said modules are connected to each other
through connecting rods.

22. A sound generating device as set forth in claim
9, wherein said sound generating device is provided with
a frame and the center of one piezoelectric vibration
plate of said pair of piezoelectric vibration plates is
connected to said frame..

' 23. A sound generating device as set forth in claim

9, wherein an elastic plate is attached to the center of
one piezoelectric vibration plate of said pair of
piezoelectric vibration plates.

24. A sound generating device as set forth in claim
23, wherein said sound generating device is provided with
a frame and said elastic plate is supported by said

frame.
25. A sound generating device as set forth in claim

9, wherein said sound generating device is provided with
a frame, said driving device 1is provided with a single
piezoelectric vibration plate arranged adjacent to said
module, and the peripheral portion of said single

- piezoelectric vibration plate is connected to said frame.

26. A sound generating device as set forth in claim
9, wherein said driving device is provided with a single
piezoelectric vibration plate arranged adjacent to said
module and wherein an elastic member is attached to the
peripheral portion of said single piezoelectric vibration
plate. '

27. A sound generating device as set forth in claim
26, wherein said sound generating device is provided with
a frame and said elastic member is supported by said
frame.

28. A sound generating device as set forth in claim
1, wherein a plurality of driving devices are provided in
parallel with respect to the acoustic vibration plate so
as to drive the acoustic vibration plate.

29. A sound generating device as set forth in claim

1, wherein said plezoelectrlc v1bratlon plate is
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parallel wth respect to the acoustic vibration plate so as to drive the
acoust. ¢ vibration plate. 20. A sound generating device as set
forth in claiml, wherein said piezoglectrgc vibration plate is conprised

of a bi norph.

ABSTRACT

A driving device (14) of an acoustic vibration plate

(11) is arranged between a speaker frame (10) and the

5 acoustic vibration plate (11). The driving device (14) is
comprised of a pair of piezoelectric vibration plates (1,
2) arranged facing each other across a certain distance.
The outer peripheries of the piezoelectric vibration
plates (1, 2) are connected to each other by an annular

10 spacer (7). When a drive signal is applied to the
piezoelectric vibration plates (1, 2), the piezoelectric
vibration plates (1, 2) repeatedly undergo flexing motion
wherein their centers flex alternately in opposité
directions. At this time, the flexing directions of the

15 piezoelectric vibration plates (1, 2) are always reverse

to each other.



21. A sound generating device conprising:

vi bration pl ate;

1/22 |

an acoustic



a driving device having at |east one piezoelectric vibration plate, the
peri pheral portion of said piezoelectric vibration plate being connected to
said acoustic vibration plate for driving said acoustic vibration plate;

and

Fig.3
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an elastic plate menber attached to the central portion of said
pi ezoel ectric vibration plate via a connectlng rod and radially extendlng

outmard fromthe connectlng rod.
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22. A sound generating device as set forth in claim21, wherein said sound

generati'ng device is provided with a frame, and the peripheral portion of
the elastic plate nenber is supported by said frane.

Fig.6
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23. A sound generating device as set forth in claim21, wherein said

el astic plate nenber is made of a rubber. . 24. A sound generating
device as set forth in claim 21, wherein said driving device has a
plurality of piezoelectric




vi bration plates which are arranged spaced from each other in an axi al
direction, either of the peripheral portions or centers of adjacent
pi ezoel ectric vibration plates being connected to each other, adjacent
pi ezoel ectric vibration pl ates being nade to flex in opposite directions
from each ot her, the piezoelectric vibration plate positioned at one
end of said plurality of piezoelectric Vviptation plates being

: - 22
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connected to an acoustic vibration plate, said elastic plate menber bei ng
attached to the central portion of said pi ezoel ectric vibration plate
positioned at other end of said plurality of piezoelectric vibration,
pl at es. 25. A sound generating device as set forth in claim 21,

V22




wherein said driving nmenber has at | east one nodul e conprised of a pair of
pi.ezoel ectric vibration plates connected to each other at their outer
peri pheri es. 26. A sound generating device as set forth in claim 25,
wherein the central portion of one of said piezoelectric :

s

Fig.11
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vi bration plates being connected to said acoustic vibration plate, said
el.astic plate menber being attached to the central portion of other
pi ezoel ectric vibration plate. 27. A sound generating device as set
forth in claim. 25, wherein the outer perlpherles of said pair of
pi ezoel ectric
10
22

Fig.12




vibration plates are connected to each other by an annul ar spacer extending
al-ong ¢ he outer peripheries of the piezoelectric vibration plates and
wherein an air danper chanber for attenuation of high frequency oscillation
encl osed by said annul ar spacer is fornmed between said pair -of
pi ezoel ectric vibration plates.
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28. A sound generating device as set forth in claim27, wherein said
driving nmenber is provided with a plurality of modul es, the centers of
t he piezoelectric vibration plates of
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mut ual | y adj oi ni ng nodul es are connected to each other by hol | ow sl eeves,
and air danper chanbers fornmed in the nodul es are connected to each ot her
t hrough sai d hol | ow sl eeves. 29. A sound generating device as set
forth in claim 27,
the air

wher ei n through hol es for comunicating the inside of
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danper chanber with the outside air are forned in at |east one of said
annul ar spacer and piezoelectric vibration plates. 30. A sound
generating device as set forth in claim27, wherein said annular spacer is

formed froma netal material. .
- 15/
22
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wherein said

mat eri al .

31. A sound generating device as set forth in claim 27,

annular spacer is forned froman el astic
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32, A sound generating device as set forth in claim31, wherein ‘said
elasti& material is conpri sed of a rubber. 33. A sound generating
device as set forth in claim25, wherein said driving device is prow ded
with a plurality of nodul es connected in series.

Vs




34., A sound generatlng device as set forth in claim 33, wherein the centers
of the ‘pi ezoel ectric vibration plates of said nmodules are connected to each
other through connecting rods.

b

Fig.22
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35. A sound generating device as set forth in claim?24, wherein said
driving device is provided with a single piezoelectric vibration plate
arranged adj acent to said nodule, the center of said single piezoelectric
vibration plate is connected to the center of one piezoelectric

Sw
" 1e8s
I & ~ 18
d M\ S
/‘l 4 |
Q
\o,/ 18

\
.i><.
2000

./o
d S
m 4
N :
) Vi ls
— S B
AN
L )
/ \ o
0\. O\o 4 8
\o }>
S 18
/S /S« =
o\. O\o
\, \L o
\ 10
n—\
. \.
18

P(dB)
120+
100



22




: - hl

vibration plate constituting the nodule, and the peripheral portion of said
skngl e piezoelectric vibration plate is connected to the acoustic vibration
plat®e. :
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36. A sound generating device as set 22/22h in claim35, wherein the center,
of* ggi*d single piezoelectric vibration plate and the center of said one
pi ezodel ectric vibration plate are connected to each other through a

connecti ng rqd. LIST OF REFERENCE NUMERALS

1, 2, 8, 9 ... Piezoelectric vibratién plate
3, 3a, 3b, 3c ... Connecting rod '

4 ... Piezoelectric ceramic layer

5, 6 ... Lead wire

7, 19 ... Annular spacer

10 ... Speaker frame

11 ... Acoustic vibration plate

12, 14, 22, 24, 25 ... Driving device

18 ... Air dam?er chamber
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37. A sound g il ' | s set forth in claim35, wherein t red cHBY 4996
of said singl r,ngmnﬂmﬁﬁmbrat ion plate and the center JAEPEACEMENTeSHEET
bhezoe4ectric vl brét iton®pl at e» are connected to each ot her tQﬂgu?E&ﬁgggafo

sl eeve communi cating the air danper deasnteaimsg h the. out side ai f “and™ ‘ﬁ;

wherein said hollow sleeve is closed by a plug so as to shut

1. A sound generating device comprising:
an acoustic vibration plate;

a driving device having at least one
piezoelectric vibration plate, the central portion of said
piezoelectric vibration plate being connected to said
acoustic vibration plate for driving said acoustic vibration

plate; and

an elastic plate member attached to the
peripheral portion of said piezoelectric vibration plate and
radially extending outward from the periphery of the
piezoelectric vibration plate.' '

2. A sound generating device as set forth in claim 1,
wherein said sound generating device is provided with a
frame, and the peripheral portion of the elastic plate member

is supported by said frame.

3. A sound generating device as set forth in claim 1,

wherein 5aid elastic plate member is made of a rubber.

4, A sound generating device as set forth in claim 1,
wherein said'driving.device has a plurality of piezoelectric
vibration plates which are arranged spaced from each other in
an axial direction, either of the peripheral portions or ~
centers of adjacent piezoelectric vibration plates being
connected to each other, adjacent piezoelectric vibration
plates being made to flex in opposite directions from each
other, the piezoelectric vibration plate positioned at one
end of said plurality of piezoelectric vibration plates being
connected to an acoustic vibration plate, said elastic plate
member being attached to the peripheral portion of said
piezoelectric vibration plate positioned at the other end of

- 21 -
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generating device as set forth in clarm reln=*a pluralit driving
devices are provided in parallel with respect to the acoustic V|brat|on
pl ate so assaébddplvralhtyaobupiecoeléctrionvpbyagion plates.

5. A sound generating device as set forth in claim 1,
wherein said driving device is comprised of a pair of
piezoelectric vibration plates connected to each other at
their centers, the peripheral portion of one of said
piezoelectric vibration plates being connected to said
acoustic vibration plate, said e}astic plate member being
attached to the peripheral portion of the other piezoelectric

vibration plate..

6. A sound generating device as set forth in claim 4,
wherein said driving member has at least one module comprised
of a pair of piezoelectric vibration plates connected to each

other at their outer peripheries.

7. A sound generating device as set forth in claim 6,
wherein the outer peripheries of said pair of piezoelectric
vibration plates are connected to each other by an annular
spacer extending along the outer peripheries of the
piezoelectric vibration plates and wherein an air damper
chamber for attenuation of high frequency oscillation
enclosed by said annular spacer is formed between said pair

of piezoelectric vibration plates.

8. A sound generating device as set forth in claim 7,

wherein said driving member is provided with a plurality of
modules, the centers of the piezoelectric vibration plates of

mutually adjoining modules are connected to each other by™
hollow sleeves, and air damper chambers formed in the modules
are connected to each other through said hollow sleeves.

9. A sound generating device as set forth in claim 7,
wherein through holes for communicating the inside of the air
damper chamber with the outside air are formed in at least
one of said annular spacer and piezoelectric vibration

plates.
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10. A sound generating device as set forth in claim 7,
wherein said annular spacer is formed from a metal material.

11. A sound generating device as set forth in claim 7,

wherein said annular spacer is formed from an elastic

material.

12. A sound generating device as set forth in claim 11,

wherein said elastic material is comprised of a rubber.

13. A sound generating device as set forth in claim 6,
wherein the center of one piezoelectric vibration plate of
said pair of piezoelectric vibration plates is connected to
an acoustic vibration plate through a connecting rod.

14. A sound generating device as set forth in claim 6,
wherein said driving device is provided with a single
piezoelectric vibration plate arranged adjacent to said
module, the center of said single piezoelectric vibration
plate is connected to the center of one piezoelectric
vibration plate constituting the module, and the peripheral
portion of said single piezoelectric vibration plate is

connected to the acoustic vibration plate.

15. A sound generating device as set forth in claim 14,
wherein the center of said single piezoelectric vibration
plate and the center of said one piezoelectric vibration
plate are connected to each other through a connecting rod.

16. A sound generating device as set forth in claim 14,
wherein the center of said single piezoelectric vibration
?iate and the center of said one piezoelectric vibration
plate are connected to each other through a hollow sleeve
communicating the air damper chamber with the outside air and
wherein said hollow sleeve is closed by a plug so as to shut

off the air damper chamber from the outside air.
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17. A sound generating device as set forth in claim 6,
wherein said driving device is provided with a plurality of

modules connecteéd in series.

18. A sound generating device as set forth in claim 17,
wherein the centers of the piezoelectric vibration plates of
said modules are connected to each other through connecting

rods.

19. A sound generating device as set forth in claim 1,

wherein a plurality of driving devices are provided in
parallel with respect to the acoustic vibration plate so as

to drive the acoustic vibration plate.

20. A sound generating device as set forth in claim 1,
wherein said piezoelectric vibration plate is comprised of a

bimorph.
21. A sound generating device comprising:
an acoustic vibration plate;

a driving device having at least one
piezoelectric vibration plate, the peripheral portion of said
piezoelectric vibration plate being connected to said
acoustic vibration plate for driving said acoustic vibration

plate; and

an elastic plate member attached to the
central portion of said piezoelectric vibration plate via a
connecting rod and radially extending outward from the

connecting rod.

22. A sound generating device as set forth in claim 21,

wherein said sound generating device is provided with a
frame, and the peripheral portion of the elastic plate member

is supported by said frame.
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23. A sound generating device as set forth in claim 21,
wherein said elastic plate member is made of a rubber.

24. A sound generating device as set forth in claim 21,
wherein said driving device has a plurality of piezoelectric
vibration plates which are arranged spaced from each other in
an axial direction, either of the peripheral portions or
centers of adjacent piezoelectric vibration plates being
connected to each other, adjacent piezoelectric vibration
plates being made to flex in opposite directions from each
other, the piezoelectric vibration plate positioned at one
end of said plurality of piezoelectric vibration plates being
connected to an acoustic vibration plate, said elastic plate
member being attached to the central portion of said
piezoelectric vibration plate positioned at other end of said
plurality of piezoelectric vibration plates.

25. A sound generating device as set forth in claim 21,
wherein said driving member has at least one module comprised
of a pair of piezoelectric vibration plates connected to each

other at their outer peripheries.

26. A sound generating device as set forth in claim 25,
wherein the central portion of one of said piezoelectric
vibration plates being connected to said acoustic vibration
plate, said elastic plate member being attached to the
central portion of other piezoelectric vibration plate.

27. A sound generating device as set forth in claim~ 25,
wherein the outer peripheries of said pair of piezoelectric
vibration plates are connected to each other by an annular

spacer extending along the outer peripheries of the
piezoelectric vibration plates and wherein an air damper

chamber for attenuation of high frequency oscillation
enclosed by said annular spacer is formed between said pair

of piezoelectric vibration plates.
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28. A sound generating device as set forth in claim 27,
wherein said driving member is providéd with a plurality of
modules, the centers of the piezoelectric vibration plates of
mutually adjoining modules are connected to each other by
hollow sleeves, and air damper chambers formed in the modules

are connected to each other through said hollow sleeves.

29. A sound generating device as set forth in claim 27,
wherein through holes for communicating the inside of the air
damper chamber with the outside air are formed in at least
one of said annular spacer and piezoelectric vibration

plates.

forth in claim 27,
a metal material.

30. A sound generating device as set
wherein said annular spacer is formed from

31. A sound generating device as set forth in claim 27,
wherein said annular spacer is formed from an elastic

material.

32. A sound generating device as set forth in claim 31,

wherein said elastic material is comprised of a rubber.

33. A sound generating device as set forth in claim 25,

wherein said driving device is provided with a plurality of

modules connected in series.

34. A sound generating device as set forth in claim 33,
wherein the centers of the piezoelectric vibration plates-of
said modules are connected to each other through connecting

rods.

35. A sound generating device as set forth in claim 24,
wherein said driving device is provided with a single
piezoelectric vibration plate arranged adjacent to said
module, the center of said single piezoelectric vibration

plate is connected to the center of one piezoelectric
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vibration plate constituting the module, and the peripheral
portion of said single piezoelectric vibration piaten;s,_

connected to the acoustic vibration plate.

36. A sound generating device as set forth in claim 35,
wherein the center of said single piezoelectric vibration
plate and the center of said one piezoelectric vibration
plate are connected to each other through a connecting rod.

37. A sound generating device as set forth in claim 35,
wherein the center of said single piezoelectric vibration
plate and the center of said one piezoelectric vibration
plate are connected to each other through a hollow sleeve
communicating the air damper chamber with the outside air and
wherein said hollow sleeve is closed by a plug so as to shut
off the air damper chamber from the outside air.

38. A sound generating device as set forth in claim 21,

wherein a plurality of driving devices are provided in
parallel with respect to the acoustic vibration plate so as

to drive the acoustic vibration plate.

33. A sound generating device as set forth in claim 21,
wherein said piezoelectric vibration plate is comprised of a

bimorph.
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