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Description

BACKGROUND OF THE PRESENT INVENTION

FIELD OF INVENTION

[0001] The present invention relates to a wave-shaped
suspension edge structure of a vibration unit of a loud-
speaker.

DESCRIPTION OF RELATED ARTS

[0002] A conventional acoustic device, such as a
speaker, generally comprises a speaker frame, a vibra-
tion diaphragm supported by the speaker frame, a voice
coil coupled at the vibration diaphragm, and a magnetic
coil unit magnetically inducing with voice coil in order to
drive the vibration diaphragm to vibrate for sound repro-
duction. In particular, the vibration diaphragm is mounted
at an opening of the speaker frame, wherein when the
voice coil is magnetically induced to reciprocatingly
move, the vibration diaphragm is driven to vibrate corre-
spondingly. However, the vibration direction of the vibra-
tion diaphragm is uncontrollable, such that the vibration
diaphragm cannot reproduce good sound quality. In or-
der to achieve better sound quality, the vibration dia-
phragm should only be reciprocatingly moved along one
direction with even amplitude. For example, when the
vibration diaphragm is placed horizontally, the vibration
diaphragm should only be reciprocatingly moved in a ver-
tical (up-and-down) direction while the upward displace-
ment of the vibration diaphragm should be the same as
the downward displacement of the vibration diaphragm.
[0003] In other words, the conventional vibration dia-
phragm cannot move only along an axial direction, while
the conventional vibration diaphragm will produce offset
and shaking movement along the axial direction and will
result in sounds which are not pure. As shown in Fig. 1,
a vibration unit of a typical conventional speaker is illus-
trated, the vibration unit can be used as a vibration sys-
tem of a speaker to connect with the voice coil in response
to the input of the audio signals, or the vibration unit can
be used as a passive vibration unit to be driven by other
speaker systems due to air pressure changes to repro-
duce an auxiliary sound. As shown in the drawings, a
vibration unit of a typical and conventional speaker com-
prises an intermediate vibration block 1, a suspension 2
around the vibration block 1 and an outer frame 3. The
suspension 2 is arch-shaped and is coaxial with the vi-
bration block 1. However, for the conventional vibration
unit during a vibration period, the suspension 2 cannot
retain the vibration directions of the vibration block 1 in
the axial direction. Because when the vibration block 1
deviates from the axial direction, the suspension 2 cannot
apply a responding pulling force to prevent the deviating
movement of the vibration block 1, while an eccentric
force of the vibration block 1 does not decrease until be-
ing transferred to the connection of the suspension 2 and

the outer frame 3. In other words, the suspension 2 can-
not effectively prevent the vibration block 1 from deviat-
ing.
[0004] As shown in Fig. 2A and Fig. 2B of the drawings,
a conventional solution is illustrated. A plurality of rein-
forcing ribs 4 is provided between the suspension 2 and
the outer frame 3. The reinforcing ribs 4 provide a retain-
ing effect so as to prevent the vibration block 1 deviating
from the axial direction. In other words, when the vibration
block 1 is about to deviate, the eccentric force will be
transferred to these reinforcing ribs 4 so as to be offset.
However, as shown in Fig. 2B, it can be seen in a cross-
section of the vibration unit that these reinforcing ribs 4
contact with the vibration block 1 and the outer frame 3
line-to-line, so that when the vibration block 1 moves
along the axial direction, a pull force in the axial direction
will be affected by these reinforcing ribs 4. In other words,
although the reinforcing ribs 4 has a certain effect on
preventing deviating movement, the vibration block 1 has
a displacement along the axial direction which decreases
the stroke of the vibration unit, so that the whole stroke
of the vibration unit is affected and the sound quality es-
pecially the bass sound quality is poor.
[0005] In addition, in order to obtain a better sound
quality especially the bass quality, the stroke of the vi-
bration unit or the vibration diaphragm need to be as large
as possible, and the solutions in the traditional audio de-
vices usually are making a vibration unit or a vibration
diaphragm with large size, as a result the conventional
acoustic devices are not small enough. While many small
sized devices with audio arrangement such as flat-panel
TVs, mobile phones and laptops need to be flat and thin,
so that the small sized devices can maintain compact
product designs and unique shapes. The acoustic ar-
rangement with a big size is not suitable for these small
sized products.

SUMMARY OF THE PRESENT INVENTION

[0006] An advantage of the present invention accord-
ing to claim 1 is to provide a wave-shaped suspension
edge structure of a vibration unit, wherein the vibration
unit comprises a vibration element, a supporting frame
and an elastic suspension edge provided around the vi-
bration element, the elastic suspension edge forms a
wave shape along a circumferential direction of the cent-
er axis of the vibration unit, thereby effectively preventing
the vibration element from shaking and deviating along
the central axis direction.
[0007] Another advantage of the present invention is
to provide a wave-shaped suspension edge structure of
a vibration unit, the elastic suspension edge comprises
a plurality of wave-shaped retaining sections formed
around the vibration element, the plurality of wave-
shaped retaining sections form a wave shape along the
circumferential direction, so that the plurality of wave-
shaped retaining sections retain the vibration element
from radial deviation.
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[0008] Another advantage of the present invention is
to provide a wave-shaped suspension edge structure of
a vibration unit, in the conventional vibration unit, the ra-
dial cross section of the suspension is arch-shaped or
wave-shaped, while the vibration unit of the present in-
vention forms a wave-shaped shape along the circum-
ferential direction of the central axis of the vibration ele-
ment, thereby when the vibration element deviates from
the center axis and moves along a radial direction, the
wave-shaped structure formed by the wave-shaped re-
taining sections around can effectively prevent the radial
deviation, so that the vibration element is retained in the
axial direction.
[0009] Another advantage of the present invention is
to provide a wave-shaped suspension edge structure of
a vibration unit, a wave-shaped suspension of a conven-
tional vibration unit has a waveform extending along the
circumferential direction of the vibrating element and the
suspension of the conventional vibration unit cannot off-
set the eccentric force, while the elastic suspension edge
of the present invention the can effectively provide an
offset role to prevent the deviation of the vibrating ele-
ment.
[0010] Another advantage of the present invention is
to provide a wave-shaped suspension edge structure of
a vibration unit, a plurality of spaced grooves arranged
annularly is formed around the vibration element, so that
the elastic suspension edge forms a series of concave-
convex structures around the vibration element, and the
concave-convex structures can form a wave shape so
as to prevent a further radial displacement of the vibration
element.
[0011] Another advantage of the present invention is
to provide a wave-shaped suspension edge structure of
a vibration unit, the elastic suspension edge can be bond-
ed with the supporting frame and the vibration element
by glue, or during a forming process of the elastic sus-
pension edge, the elastic material can be simultaneously
coated on the vibrating element, so that the production
method is easy and has a low cost.
[0012] Another advantage of the present invention is
to provide a wave-shaped suspension edge structure of
a vibration unit, the vibration unit can be used to make
speakers or a passive vibration plate providing an auxil-
iary sound effect, and can also improve the sound quality
especially the bass quality.
[0013] Another advantage of the present invention is
to provide a wave-shaped suspension edge structure of
a vibration unit, the vibration unit has a small size and
volume and can reach to a larger stroke, so that the vi-
bration unit of the present invention can be applied to
compact digital products such as flat-panel TVs, mobile
phones, laptops and so on.
[0014] Additional advantages and features of the in-
vention will become apparent from the description which
follows, and may be realized by means of the instrumen-
talities and combinations particular point out in the ap-
pended claims.

[0015] According to the present invention, the forego-
ing and other objects and advantages are attained by a
wave-shaped suspension structure according to claim 1,
which is provided between a vibration element and a sup-
porting frame, wherein the wave-shaped suspension
edge structure comprises an elastic suspension edge
provided around the vibration element and extended be-
tween the vibration element and the supporting frame,
wherein the elastic suspension edge structure comprises
a plurality of wave-shaped retaining sections forming a
wave-shaped structure around the vibration element
along a circumferential direction so as to restrict a move-
ment direction of the vibration element to an axial direc-
tion and to prevent the vibration element from shaking
and deviating.
[0016] In one embodiment, a groove is formed be-
tween two adjacent wave-shaped retaining sections so
as to form the wave-shaped structure, wherein the shape
of the wave-shaped structure is selected from the group
consisting of sinusoidal waveform, sinusoidal waveform,
triangular waveform and saw-tooth waveform.
[0017] In one embodiment, each of the wave-shaped
retaining sections perpendicularly extends from an outer
peripheral surface of the vibration element to an interior
peripheral surface of the supporting frame.
[0018] According to the invention, each of the wave-
shaped retaining sections is slantedly extended from an
outer peripheral surface of the vibration element to an
interior peripheral surface of the supporting frame.
[0019] In one embodiment, each of the wave-shaped
retaining sections which is connected to the vibration el-
ement has a sinusoidal waveform shaped inner edge.
[0020] In one embodiment, an inner edge of each of
the wave-shaped retaining sections which is connected
to the vibration element has a shape selected from the
group consisting of sinusoidal waveform, sinusoidal
waveform, triangular waveform and saw-tooth waveform.
[0021] In one embodiment, each of the wave-shaped
retaining sections which is connected to the supporting
frame has an outer edge which is arc-shaped along a
circumferential direction.
[0022] In one embodiment, each of the wave-shaped
retaining sections which is connected to the supporting
frame has an outer edge which is sinusoidal-waveform-
shaped.
[0023] In one embodiment, each of the wave-shaped
retaining sections which is connected to the supporting
frame has an outer edge which is arc-shaped along a
circumferential direction.
[0024] In one embodiment, each of the wave-shaped
retaining sections which is connected to the supporting
frame has an outer edge which has a shape selected
from the group consisting of sinusoidal waveform, sinu-
soidal waveform, triangular waveform and saw-tooth
waveform.
[0025] In one embodiment, each vibration element
connection end of each wave-shaped retaining section,
which is connected with the supporting frame, comprises
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two portions forming one angle therebetween.
[0026] In one embodiment, each supporting frame
connection end of each wave-shaped retaining section
comprises two portions forming one angle therebetween.
[0027] In one embodiment, supporting frame connec-
tion ends of each wave-shaped retaining sections are
connected to each other to form a ring-shaped outer edge
coaxial with the vibration element.
[0028] In one embodiment, the angle formed between
the two portions of the vibration element connection ends
is selected from the group consisting of an acute angle,
a right angle and an obtuse angle.
[0029] In one embodiment, wave crests of the wave-
shaped retaining sections have lower height than a level
surface of an outer surface of the vibration element.
[0030] In one embodiment, wave crests of the wave-
shaped retaining sections have higher height than a level
surface of an outer surface of the vibration element.
[0031] In one embodiment, the plurality of wave-
shaped retaining sections is arranged symmetrically rel-
ative to a center of the vibration element.
[0032] In one embodiment, the vibration element has
a shape which is selected from the group consisting of
circular, oval, rectangle, and polygon.
[0033] In one embodiment, the vibration element is cir-
cular-shaped and each wave-shaped retaining sections
are arranged along a radial direction of the vibration el-
ement so as to form a radial configuration of the wave-
shaped retaining sections.
[0034] In one embodiment, the number of the wave-
shaped retaining sections is 2-200 and the ripple ampli-
tude of each wave-shaped retaining sections is
1-500mm.
[0035] In one embodiment, the area of the vibration
element is 0.005-0.2m2.
[0036] In one embodiment, the vibration element com-
prises a vibration weighted element and a coating layer
coated on the vibration weighted element, and is made
of same material with the elastic suspension edge.
[0037] In one embodiment, the elastic suspension
edge is bonded with the supporting frame and the vibra-
tion element.
[0038] In one embodiment, the vibration unit is con-
nected to a voice coil coupling with a magnetic coil system
so as to form a loudspeaker.
[0039] In one embodiment, the vibration unit is a pas-
sive vibrating plate sharing a vibration cavity with at least
one main vibration speaker, wherein the main vibration
speaker makes response to input of audio signals to vi-
brate to produce sounds and the vibration unit is driven
to vibrate to produce an auxiliary sound by the air pres-
sure changes within the vibration cavity.
[0040] In one embodiment, the main vibration speaker
and the vibration unit are arranged side by side.
[0041] In one embodiment, the main vibration speaker
and the vibration unit are coaxial arranged back-to-back.
[0042] Still further objects and advantages will become
apparent from a consideration of the ensuing description

and drawings.
[0043] These and other objectives, features, and ad-
vantages of the present invention will become apparent
from the following detailed description, the accompany-
ing drawings, and the appended claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0044]

FIG. 1 is a schematic view of a vibration unit of a
conventional speaker.
FIG. 2A is a schematic view of an improved vibration
unit of a conventional speaker.
FIG. 2B is a schematic cross section view of the FIG.
2A along an A-A line.
FIG. 3 is a perspective view of a vibration unit.
FIG. 4 is an exploded perspective view of the vibra-
tion unit according to figure 3.
FIG. 5A is a section view of the FIG. 3 along a B-B
line.
FIG. 5B is a section view of the FIG. 3 along a C-C
line.
FIG. 6 is a perspective view of a vibration unit with
a wave-shaped suspension edge according to a pre-
ferred embodiment of the present invention.
FIG. 7 is an exploded perspective view of the vibra-
tion unit according to the above preferred embodi-
ment of the present invention.
FIG. 8 is a partially enlarged schematic view of the
FIG. 6 at a position of D.
FIG. 9 is a section view of the FIG. 6 along a E-E line.
FIG. 10A is a perspective view of the vibration unit
applied to a loudspeaker according to the above pre-
ferred embodiment of the present invention.
FIG. 10B is an exploded perspective view of the vi-
bration unit applied to the loudspeaker according to
above preferred embodiment of the present inven-
tion.
FIG. 11A is a perspective view of the vibration unit
applied to a passive vibration plate according to the
above preferred embodiment of the present inven-
tion.
FIG. 11B is an exploded perspective view of the vi-
bration unit applied to the passive vibration plate ac-
cording to above preferred embodiment of the
present invention.
FIG. 12 is a perspective view of a vibration unit ac-
cording to an alternative mode of the preferred em-
bodiment of the present invention.
FIG. 13 is an exploded perspective view of the vi-
bration unit according to the alternative mode of
above preferred embodiment of the present inven-
tion.
FIG. 14 is a partially enlarged schematic view of the
FIG. 12 at a position of F.
FIG. 15 is a section view of the FIG. 12 along a F-F
line.
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FIG. 16 is a perspective view of a vibration unit with
a wave-shaped suspension edge.
FIG. 17 is an exploded perspective view of the vi-
bration unit according to the above figure 16.
FIG. 18 is a partially enlarged schematic view of the
FIG. 16 at a position of H.
FIG. 19 is a section view of the FIG. 16 along a I-I line.
FIG. 20 is a perspective view of a vibration unit ac-
cording to an alternative mode of the the above figure
16.
FIG. 21 is an exploded perspective view of the vi-
bration unit according to the alternative mode of
above figure 16.
FIG. 22 is a partially enlarged schematic view of the
FIG. 20 at a position of I.
FIG. 23 is a section view of the FIG. 20 along a K-K
line.
FIG. 24 is a perspective view of a vibration unit with
a wave-shaped suspension edge according to a sec-
ond preferred embodiment of the present invention.
FIG. 25 is an exploded perspective view of the vi-
bration unit according to above second preferred em-
bodiment of the present invention.
FIG. 26 is a partially enlarged schematic view of the
FIG. 24 at a position of L.
FIG. 27 is a section view of the FIG. 24 along a M-
M line.

DETAILED DESCRIPTION OF THE PREFERRED EM-
BODIMENT

[0045] The following description is disclosed to enable
any person skilled in the art to make and use the present
invention. Preferred embodiments are provided in the fol-
lowing description only as examples and modifications
will be apparent to those skilled in the art.
[0046] Referring to Fig. 3 to Fig. 5B of the drawings, a
vibration unit 100 according to an example which is not
part of the present invention is illustrated, wherein the
vibration unit 100 comprises a vibration element 10 in
the middle, and a suspension structure around the vibra-
tion element 10. The suspension structure comprises an
elastic suspension edge 20 and a supporting frame 30
positioned around the elastic suspension edge 20. In oth-
er words, the elastic suspension edge 20 is made of an
elastic material and extends between the vibration ele-
ment 10 and the supporting frame 30 to confine the vi-
bration of the vibration element 10. The shape of the vi-
bration element 10 can be implied as circular, oval,
square or other polygonal shape, in this preferred em-
bodiment, the vibration element 10 is elliptical. The elas-
tic suspension edge 20 correspondingly forms a substan-
tially elliptical shape around the vibration element 10. The
supporting frame 30 can have a variety of shapes, the
present invention is not intended to be limiting in this as-
pect.
[0047] In this example, the vibration unit 100 further
comprises a plurality of retaining ribs 40 extending be-

tween the vibration element 10 and the supporting frame
30, so that an undulating structure is formed between the
vibration element 10 and the supporting frame 30. The
retaining ribs 40 are adapted for providing a confining
effect to prevent the vibration element 10 deviating from
the center axis of displacement. More specifically, when
the vibration element 10 is about to deviate from the cent-
er axis to cause an deviation, the corresponding retaining
ribs 40 produces an offset biasing force to counteract an
eccentric force which causes a displacement of the vi-
bration element 10. It is worth mentioning that the retain-
ing ribs 40 can extend along a direction which is perpen-
dicular to an outer circumferential surface of the corre-
sponding vibration element 10 and an inner circumfer-
ential surface of the corresponding supporting frame 30.
As shown in Fig. 3, the retaining ribs 40 can be provided
along a radial direction of the vibration element 10 or be
provided aslant. This arrangement can produce a corre-
sponding tensile force along these directions so as to
effectively prevent the vibration element 10 producing
offset along these directions.
[0048] It is worth mentioning that the retaining ribs 40
can be uniformly arranged around the 10 and is symmet-
rically arranged with respect to the center of the vibration
element 10. For example, as shown in Fig.3, the retaining
ribs 40 comprises a left retaining rib 401 and a right re-
taining rib 402. When the vibration unit 100 is positioned
vertically and operated normally, the vibration element
10 moves up and down along an axial direction. When
the vibration element 10 is about to deviate to the left,
the right retaining rib 402 immediately exerts a reverse
tensile force along a right direction on the vibration ele-
ment 10 so as to prevent the vibration element 10 from
further deviating to the left. On the contrary, when the
vibration element 10 is about to deviate to the right, the
left retaining rib 401 immediately exerts a reverse tensile
force along a left direction on the vibration element 10
so as to prevent the vibration element 10 from further
deviating to the right. Thus, the elastic suspension edge
20 and the retaining ribs 40 can effectively confine the
vibration direction of the vibration element 10 between
the upward and downward direction of the axial direc-
tions.
[0049] The elastic suspension edge 20 can have a
structure as shown in Fig. 1, wherein the elastic suspen-
sion edge 20 is provided coaxially with the vibration ele-
ment 10 and has a wave-shaped or arched cross section
along a radial direction of the vibration element 10 as
shown in Fig.5B so as to form a ring embossing along a
central axis of the vibration element 10. It is worth men-
tioning that each of the retaining ribs 40 is protruded from
the elastic suspension edge 20 to form the undulating
structure in a circumferential direction of the vibration el-
ement 10. In other words, the "wave-shaped" of the
present invention is not strictly similar to a wave formed
by water, but is a drape structure or is similar to a corru-
gated paper structure formed around the vibration ele-
ment 10.
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[0050] As shown in Fig. 3, the plurality of retaining ribs
40 substantially divides the elastic suspension edge 20
to a plurality of suspension edge portions 201. The
number of the retaining ribs 40 is not intended to be lim-
iting, and can be adjusted according to different needs.
In the example in the Fig. 3, eight retaining ribs 40 divide
the elastic suspension edge 20 into eight suspension
edge portions 201. Each of the retaining ribs 40 is made
of elastic materials and can be made of same or different
elastic materials with the elastic suspension edge 20.
When the retaining ribs 40 and the elastic suspension
edge 20 are made of the same elastic materials, the plu-
rality of retaining ribs 40 and the elastic suspension edge
20 can be molded in one piece. In other words, a mould
is injected with a predetermined elastic material in one
molding step, so that a combination with the plurality of
retaining ribs 40 and the elastic suspension edge 20 is
made. It is worth mentioning that the in the molding proc-
ess, the predetermined elastic material can be coated
with the vibration element 10 so as to form a elastic coat-
ing layer 12. In other words, the vibration element 10
comprises an internal vibration weighted element 11 and
the external elastic coating layer 12. It is worth mentioning
that the elastic suspension edge 20 and the retaining ribs
40 can be bonded with the supporting frame 30 and the
vibration element 10 using a conventional method by
glue.
[0051] As shown in Fig. 5B, it is worth mentioning that
the arched structure of the elastic suspension edge 20
can form a ring-shaped groove 202. Each of the retaining
ribs 40 can be disposed on two sides of the elastic sus-
pension edge 20 and bulges outwardly, or can be dis-
posed on one side of the vibration element 10. In this
example, each of the retaining ribs 40 and the ring-
shaped groove 202 are positioned on two sides of the
elastic suspension edge 20. In other words, each of the
retaining ribs 40 is not extended into the ring-shaped
groove 202 and is extended on one side of the vibration
element 10, as shown in Fig. 5B, each of the retaining
ribs 40 protrudes from the upper side of the vibration
element 10. While a groove 203 is formed between two
adjacent retaining ribs 40, so that the elastic suspension
edge 20 and the retaining ribs 40 from a undulating struc-
ture around the vibration element 10.
[0052] As shown in Fig. 3 and Fig. 5A, the shape of
the cross section of each of the retaining ribs 40 can be
triangle, trapezoidal, rhombus and so on, so that not only
each of the retaining ribs 40 is firmly located and con-
nected with each other, but also does not hinder an axial
motion of the vibration element 10. More specifically, in
the example as shown in Fig.3 and Fig. 5A, each of the
retaining ribs 40 is sheet-shaped and has a triangular
cross section. The retaining ribs 40 can be connected
with the vibration element 10 by one base of the triangle
and is connected with the supporting frame 30 by one
vertex of the triangle, or the retaining ribs 40 can be con-
nected with the supporting frame 30 by one base of the
triangle and is connected with the vibration element 10

by one vertex of the triangle.
[0053] Preferably, each of the retaining ribs 40 com-
prises a vibration element connecting end 41 and a sup-
porting frame connecting end 42. The vibration element
connecting end 41 and a outer peripheral surface 101 of
the vibration element 10 are line-to-line connected, in
other words, the base of the triangle of the retaining ribs
40 and the outer peripheral surface 101 of the vibration
element 10 are connected to contact. The supporting
frame connecting end 42 and an interior peripheral sur-
face 301 of the supporting frame 30 are point-to-point
connected, in other words, the vertex of the triangle of
the retaining ribs 40 and the interior peripheral surface
301 of the supporting frame 30 are connected to contact.
It is worth mentioning that the shape of the triangle which
is the cross section of the retaining ribs 40 can be any
triangle shape, such as right-angled triangle, isosceles
triangle, regular triangle and so on. It is worth mentioning
that each side of these triangles can be straight line and
curved line. As shown in Fig. 5A, the connected portion
of each of the retaining ribs 40 and the elastic suspension
edge 20 can be connected to form an arc shape.
[0054] It is worth mentioning that this design makes
the connection strength of the retaining ribs 40 and the
vibration element 10 bigger than the connection strength
of the retaining ribs 40 and the supporting frame 30, so
that at the same time the vibration element 10 is prevent-
ed from shifting, the pushing force which pushes the vi-
bration element 10 to move axially is not quickly trans-
ferred to the supporting frame 30, while the stroke which
is the axial displacement of the vibration element 10 is
not greatly affected. In other words, the pulling force
which is applied to the retaining ribs 40 by the supporting
frame 30 and which pulls the vibration element 10 back
to its initial position is not quickly transmitted to the vi-
bration element 10, while the vibration element 10 is
pulled to reach the maximum axial displacement as far
as possible. In other words, it cannot make that when the
retaining ribs 40 just begins the axial displacement from
the middle initial position, the retaining ribs 40 shortens
the axial displacement due to the affect of a restoring
force immediately applied by the supporting frame 30.
[0055] In other words, as shown in Fig. 2A and Fig. 2B,
the reinforcing ribs 4 and the vibration block 1 are con-
nected line-to-line and have substantially rectangular
cross-sections, in this way two ends of the reinforcing
ribs 4 have a same connection structure with the vibration
block 1 and with the outer frame 3, so that two ends of
the reinforcing ribs 4 have a same connection strength.
Thus, the pulling force which the outer frame 3 and the
reinforcing ribs 4 pull back the vibration block 1 can apply
to the vibration block 1 in real time, and the axial dis-
placement of the vibration block 1 is influenced. In other
words, although the reinforcing ribs 4 has an affect on
reducing the shifting of the vibration block 1, at the same
time the stroke of the vibration block 1 has a serious
negative impact. In the present invention, one end of each
of the retaining ribs 40 is connected to the supporting
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frame 30 point-to-point, while other end thereof is con-
nected to the vibration element 10 line-to-line, which not
only prevents the vibration element 10 from swaying and
shifting, but also not affect the axis displacement of the
vibration element 10.
[0056] Referring to Fig. 6 to Fig. 11B, a vibration unit
100A according to a first preferred embodiment of the
present invention is illustrated, wherein the vibration unit
100A comprises a vibration element 10A and a wave-
shaped suspension structure around the vibration ele-
ment 10A. The wavy suspension structure comprises an
elastic suspension edge 20A and a supporting frame
30A. The elastic suspension edge 20A extends between
the vibration element 10A and the supporting frame 30A.
In this embodiment, the elastic suspension edge 20A
forms a wave-shaped structure around the vibration el-
ement 10A along a circumferential direction thereof.
[0057] Specifically, the elastic suspension edge 20A
comprises a plurality of wave-shaped retaining sections
21A disposed along the circumferential direction, so that
the plurality of wave-shaped retaining sections 21A form
the wave-shaped structure around the vibration element
10A. While the suspension 2 in Fig.1 only forms an
arched or wave-shaped structure in a radial direction of
the vibration block 1, so that the shifting of the vibration
element 10A is not effectively prevented.
[0058] The plurality of wave-shaped retaining sections
21A of the present invention is for providing a retaining
effect, so as to prevent a displacement of the vibration
element 10A deviating from a center X-axial. More spe-
cifically, when the vibration element 10A is about to de-
viate from the center X-axial to deviate in a certain direc-
tion, the corresponding wave-shaped retaining sections
21A applies a pulling force in an opposite direction to
offset a deviation force which results in a deviation of the
vibration element 10A. It is worth mentioning that these
wave-shaped retaining sections 21A can be arranged
evenly around the vibration element 10A and be arranged
symmetrically relative to a center of the vibration element
10A.
[0059] For example, as shown in Fig. 6, each of the
wave-shaped retaining sections 21A comprises a left
wave-shaped retaining section 21A and a right wave-
shaped retaining section 21A. When the vibration unit
100A is positioned vertically and operated normally, the
vibration element 10A moves up and down along a X-
axis. When the vibration element 10A is about to deviate
to left along a Y-axial as shown in Fig. 6, the vibration
element 10A will be applied by a reversed pulling force
to the right by the right wave-shaped retaining sections
21A so as to prevent the vibration element 10A from fur-
ther deviating to the left. Otherwise, when the vibration
element 10A is about to deviate to right along the Y-axial
as shown in Fig. 6, the vibration element l0A will be im-
mediately applied by a reversed pulling force to the left
by the left wave-shaped retaining sections 21A so as to
prevent the vibration element 10A from further deviating
to the right. Thus, the elastic suspension edge 20A is

able to effectively limit a vibration direction of the vibration
element 10A along an upward and downward direction
of the X-axial.
[0060] Each of the wave-shaped retaining sections
21A comprises a vibration element connection end 211A
and a supporting frame connection end 212A. As shown
in Fig. 8, a cross section along a circumferential direction
of the vibration element connection end 211A is wave-
shaped and the vibration element connection end 211A
is connected to an outer peripheral surface 101A of the
vibration element 10A. The supporting frame connection
end 212A is an outer edge, which is connected to an
interior peripheral surface 301A of the supporting frame
30A. More specifically, to be described in more detail, as
shown in Fig. 8, in this preferred embodiment, the vibra-
tion element connection end 211A has two lower con-
nection sites 2111A, 2112A and an upper connection site
2113A. The lines connecting the two lower connection
site 2111A, 2112A and the upper connection site 2113A
can form a triangle. Three connecting sites 2121A, 2122A
and 2123A are respectively extended from the two lower
connection site 2111A, 2112A and the upper connection
site 2113A to the interior peripheral surface 301A of the
supporting frame 30A. The three connecting sites 2121A,
2122A and 2123A are formed in the supporting frame
connection end 212A and lines connecting the three con-
necting sites 2121A, 2122A and 2123A are along the
interior peripheral surface 301 and are arc-shaped. In
other words, in this embodiment, the wave-shaped re-
taining sections 21A has an inner edge and an outer
edge, and the inner edge connecting to the outer periph-
eral surface 101A of the vibration element 10A is wave-
shaped or arch-shaped, the outer edge connecting to the
interior peripheral surface 301A of the supporting frame
30A extends along the interior peripheral surface 301A
of the supporting frame 30A and is arc-shaped and is
positioned in a same level surface perpendicular to the
center X-axis of the vibration element 10A.
[0061] In other words, the vibration element connec-
tion end 211A of each of the wave-shaped retaining sec-
tions 21A is divided into two portions, an angle is formed
between the two portions. The formed angle can be
acute, right or obtuse angle.
[0062] This wave-shaped structure of the present in-
vention can prevent the vibration element 10A from skew-
ing, and the pushing force which pushes the vibration
element 10A to move axially will not quickly transferred
to the supporting frame 30A, while the stroke of the vi-
bration element 10A which is an axial displacement will
not be greatly affected. In other words, a tensile force
which the supporting frame 30A applies to the wave-
shaped retaining sections 21A and which pulls the vibra-
tion element 10A back to its initial position will not be
quickly transmitted to the vibration element 10A, so that
the vibration element 10A reaches a maximum axial dis-
placement to the greatest extent.
[0063] It is worth mentioning that, in this preferred em-
bodiment, the joint strength of the wave-shaped retaining
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sections 21A and the vibration element 10A is bigger
than the joint strength of the wave-shaped retaining sec-
tions 21A and the supporting frame 30A. In other words,
a connection structure of the inner edge of the wave-
shaped retaining sections 21A and the vibration element
10A is triangular-shaped and is more stable, so that the
joint strength of the wave-shaped retaining sections 21A
and the vibration element 10A is stronger than the joint
strength of the outer edge of the wave-shaped retaining
sections 21A and the supporting frame 30A. One skilled
in the art shall understand that the connection type can
be reversed. In other words, the outer edge of the wave-
shaped retaining sections 21A and the supporting frame
30A have a triangular-shaped connection structure, while
the outer edge of the wave-shaped retaining sections
21A and the vibration element 10A have an arc-shaped
connection in a same level surface rather than an undu-
lating-shaped connection.
[0064] In addition, a groove 203A is formed between
the two adjacent wave-shaped retaining sections 21A,
so that a series of the groove 203A which are arranged
spaced apart are formed along a circumferential direction
of the vibration element 10A and the wave-shaped struc-
ture is formed.
[0065] It is worth mentioning that the wave-shaped re-
taining sections 21A in the preferred embodiment of the
present invention can be molded in one piece by using
a mould injected with the predetermined elastic material
in a molding step. It is worth mentioning that the in the
molding process, the predetermined elastic material can
be coated on the vibration element 10A so as to form an
elastic coating layer 12A. In other words, as shown in
Fig. 9, the vibration element 10A comprises an internal
vibration weighted element 11A and the external elastic
coating layer 12A. It is worth mentioning that the elastic
suspension edge 20A can also be bonded with the sup-
porting frame 30A and the vibration element 10A using
a conventional method by glue.
[0066] Referring to Fig. 12 to Fig. 15 of the drawings,
an alternative mode according to the preferred embodi-
ment of the present invention is illustrated. The structure
configuration in the alternative mode is similar to the
structure configuration in the preferred embodiment ex-
cept the formed wave height of the wave-shaped retain-
ing sections 21A. As shown in Fig. 9, the wave crest of
each of the wave-shaped retaining sections 21A can be
lower than an outer surface 102A of the vibration element
10A and can be lower than an outer surface 302A of the
supporting frame 30A. However, as shown in Fig. 15, the
wave crest of each of the wave-shaped retaining sections
21A� can be higher than the outer surface 102A of the
vibration element 10A and can be higher than the outer
surface 302A of the supporting frame 30A.
[0067] It is worth mentioning that according to the em-
bodiment, the resonant frequency of the vibration unit
100A is 5-200Hz, and the elastic suspension edge 20A
can be made of any thermoset rubber or thermoplastic
elastomer material. The elastic suspension edge 20A al-

so has a predetermined rigidity. For example, the shore
hardness of the elastic suspension edge 20A preferably
is about 5-85A. The ripple amplitude of each of the wave-
shaped retaining sections 21A is 1-500mm and the ripple
number of each of the wave-shaped retaining sections
21A is 2-100. Preferably, the area size of the vibration
element 10A is 0.005-0.2m2. It is worth mentioning that
these detailed numerical values are only examples and
are not intended to be limiting, and can be adjusted ac-
cording to needs in practical use. It is worth mentioning
that these detailed numerical values are suitable for the
vibration units obtained in other embodiments of the
present invention.
[0068] As shown in Fig. 10A and Fig. 10B, the vibration
unit 100A according to the preferred embodiment of the
present invention can be used as a vibration system of
a speaker 1000A. The vibration element 10A of the vi-
bration unit 100A is connected with a voice coil 110A.
The voice coil 110A has an electromagnetic induction
with a magnetic coil system 120A, so that when the
speaker 1000A is input with the audio signal, the voice
coil 110A is magnetically induced to reciprocating move
in the magnetic field of the magnetic coil system 120A,
so that the vibration element 10A is driven to vibrate to
produce sound. The elastic suspension edge 20A of the
present invention retains the movement of the vibration
element 10A in the axial direction by the wave-shaped
structure, so that the reproduced sound is purer.
[0069] As shown in Fig. 11A and Fig. 11B, the vibration
unit 100A according to the preferred embodiment of the
present invention can be used as a passive vibrating plate
of a speaker 1000A�. Specifically, the speaker 1000A�
comprises a main vibration speaker 1100A� and the vi-
bration unit 100A. The main vibration speaker 1100A�
vibrates to produce sounds in response to the input of
the audio signal. The vibration unit 100A and the main
vibration speaker 1100A� share a vibration cavity 1200A�.
When the main vibration speaker 1100A� vibrates, the
vibration unit 100A is also driven to vibrate to produce
an auxiliary sound effect by means of the air pressure
changes within the vibration cavity 1200A�, so that the
sound quality is improved, and especially the bass quality
is strengthened.
[0070] The main vibration speaker 1100A can be a
conventional speaker structure and it can also be a horn
or speaker made by the vibration unit 100A of the present
invention. The speaker 1000A� comprises one or more
main vibration speakers 1100A� and one or more vibra-
tion units 1100A and the main vibration speakers 1100A�
and the vibration units 100A are arranged side by side
or coaxial arranged back-to-back as shown in Fig. 11A.
[0071] It is worth mentioning that the speaker 1000A
and the passive vibrating plate of the speaker 1000A both
use the vibration unit 100A according to the preferred
embodiment of the present invention. The vibration unit
according to other embodiment can be applied to make
the speaker 1000A and the passive vibrating plate of the
speaker 1000A�.
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[0072] Referring to Fig. 16 to Fig. 19 of the drawings,
a vibration unit 100B according to an example which does
not form part of the present invention is illustrated, where-
in the vibration unit 100B comprises a vibration element
10B and a wave-shaped suspension structure around
the vibration element 10B. The wary suspension struc-
ture comprises an elastic suspension edge elastic sus-
pension edge 20B and a supporting frame 30B. The elas-
tic suspension edge 20B is extended between the vibra-
tion element 10B and the supporting frame 30B. In this
embodiment, the elastic suspension edge 20B forms a
wave-shaped structure around the vibration element 10B
along a circumferential direction thereof.
[0073] Specifically, the elastic suspension edge 20B
comprises a plurality of wave-shaped retaining sections
21B disposed along the circumferential direction, so that
the plurality of wave-shaped retaining sections 21B form
the wave-shaped structure around the vibration element
10B. The vibration unit 100B according to the example
and the vibration unit 100A according to the example
have a similar structure except that two ends of each of
the wave-shaped retaining sections 21B which are a vi-
bration element connection end 211B and a 212B have
the same structure. In other words, an inner edge and
an outer edge of the wave-shaped retaining sections 21B
are wave-shaped or arch-shaped. As shown in Fig. 18,
an upper vertex and two lower bottom points are con-
nected to form a triangle.
[0074] It is worth mentioning that, in the example, the
vibration element 10B is circular. The plurality of wave-
shaped retaining sections 21B is disposed along a radial
direction of the vibration element 10B so as to form a
plurality of radial wave-shaped retaining sections 21B.
In other words, the wave-shaped retaining sections 21B
can be radially and coaxially arranged. The plurality of
wave-shaped retaining sections 21B retains the position
of the vibration element 10B in the radial direction to pre-
vent the vibration element 10B deviates along a certain
radial direction, so that the vibration element 10B only
move along the axial direction.
[0075] Referring to Fig. 20 to Fig. 23 of the drawings,
a vibration unit 100C in an alternative mode according
to the example is illustrated, wherein the vibration unit
100C comprises a vibration element 10C and a wave-
shaped suspension structure around the vibration ele-
ment 10C. The wavy suspension structure comprises an
elastic suspension edge 20C and a supporting frame
30C. The elastic suspension edge 20C is extended be-
tween the vibration element 10C and the supporting
frame 30C. In this embodiment, the elastic suspension
edge 20C forms a wave-shaped structure around the vi-
bration element 10C along a circumferential direction
thereof.
[0076] Specifically, the elastic suspension edge 20C
comprises multiple sets of connecting ribs 22C. Each set
of the connecting ribs 22C comprise at least one top con-
necting rib 221C and at least one bottom connecting rib
222C adjacent to the top connecting rib 221C. The elastic

suspension edge 20C further comprises a connecting
section 23C respectively extended between the adjacent
connecting ribs 22C (221C, 222C).
[0077] In the preferred embodiment of the present in-
vention, the top connecting rib 221C is extended from
the top side of an outer peripheral surface 101C of the
vibration element 10C to an interior peripheral surface
301C of the supporting frame 30C. The bottom connect-
ing rib 222C is extended from the bottom side of the outer
peripheral surface 101C to the interior peripheral surface
301C of the supporting frame 30C. The arc-shaped con-
necting section 23C is formed between the top connect-
ing rib 221C and the bottom connecting rib 222C.
[0078] The connecting ribs 22C alternatively extend
from the top side and the bottom side of the vibration
element 10C to the supporting frame 30C, so that the
elastic suspension edge 20C forms the wave-shaped
structure around the vibration element 10C. Similarly, the
plurality of grooves 203C is also formed around the vi-
bration element 10C.
[0079] The connecting ribs 22C and the connecting
section 23C can be made of different or same elastic
materials. When the connecting ribs 22C and the con-
necting section 23C are made of the same elastic mate-
rials, the elastic suspension edge 20C is made by inject-
ing an elastic material into a mould such that the con-
necting ribs 22C and the connecting section 23C are in-
tegrally formed, so that a similar structure to the vibration
unit 100B in the above first preferred embodiment is ob-
tained.
[0080] The vibration element 10C in the preferred em-
bodiment of the present invention can be circular, so that
these connecting ribs 22C are disposed along a radial
direction of the vibration element 10C, so that the plurality
of radial connecting ribs 22C are formed to prevent the
vibration element 10C from skewing to the radial direc-
tion.
[0081] Referring to Fig. 24 to Fig. 27, a vibration unit
100D according to a second preferred embodiment of
the present invention is illustrated, wherein the vibration
unit 100D comprises a vibration element 10D and a wave-
shaped suspension structure around the vibration ele-
ment 10D. The wavy suspension structure comprises an
elastic suspension edge 20D and a supporting frame
30D. The elastic suspension edge 20D is extended be-
tween the vibration element 10D and the supporting
frame 30D. In this embodiment, the elastic suspension
edge 20D forms a wave-shaped structure around the vi-
bration element 10D along a circumferential direction
thereof.
[0082] The vibration unit 100D according to the em-
bodiment and the wave-shaped structure according to
the first preferred embodiment have a similar structure,
and the vibration unit 100D comprises a plurality of wave-
shaped retaining sections 21D. each of the wave-shaped
retaining sections 21D has a vibration element connec-
tion end 211D and a supporting frame connection end
212D. An outer edge which is the vibration element con-
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nection end 211D and which is connected to an outer
peripheral surface 101D of the vibration element 10D
does not form a sharp corner, and a rectangular will be
obtained if connecting each vertexes. In other words, dif-
ferent with the waveforms in above three embodiments
which are formed as sinusoidal waveform, the waveform
in this preferred embodiment is about square wave. It is
expected that each above vertexes can be connected to
form a trapezoid. These structures all form a groove
around the vibration element 10D, so that a series of
concave-shaped structure forms an undulating wave-
shaped structure.
[0083] It is worth mentioning that the vibration unit
100D in this embodiment of the present invention is ob-
tained by a transform of the vibration unit 100C in the
previous example. In other words, in the multiple sets of
the connecting ribs 22C of the elastic suspension edge
20C of the vibration unit 100C, when each set of the con-
necting ribs 22 comprises two adjacent top connecting
rib 221C and two bottom connecting ribs 222C adjacent
to the two top connecting ribs 221C, the vibration unit
100D in the embodiment of the present invention is ob-
tained.
[0084] It is worth mentioning that, similarly, two ends
of the elastic suspension edge 20D which are respec-
tively connected to the vibration element 10D and the
supporting frame 30D have a same or different connec-
tion configuration. As shown in Fig. 26, the vibration el-
ement connection end 211D which is an inner edge of
the wave-shaped retaining sections 21D and which is
connected to the outer peripheral surface 101D of the
vibration element 10D can be a poly-line comprising dif-
ferent line segments, while the supporting frame connec-
tion end 212D which is an outer edge of the wave-shaped
retaining sections 21D and which is connected to the
interior peripheral surface 301D of the supporting frame
30D only forms one line, so that the connecting strength
of the elastic suspension edge 20D and the vibration el-
ement 10D is bigger than the connecting strength of the
elastic suspension edge 20D and the supporting frame
30D.
[0085] One skilled in the art will understand that the
embodiment of the present invention as shown in the
drawings and described above is exemplary only and not
intended to be limiting.
[0086] It will thus be seen that the objects of the present
invention have been fully and effectively accomplished.
The embodiments have been shown and described for
the purposes of illustrating the functional and structural
principles of the present invention and is subject to
change without departure from such principles. There-
fore, this invention includes all modifications encom-
passed within the scope of the following claims.

Claims

1. A wave-shaped suspension edge structure for a

speaker which comprises a vibration element (10A)
and a supporting frame (30A), wherein said wave-
shaped suspension edge structure comprises an
elastic suspension edge (20A) arranged for extend-
ing around said vibration element (10A) and extend-
ing between said vibration element (10A) and said
supporting frame (30A), wherein said elastic suspen-
sion edge comprises a plurality of wave-shaped re-
taining sections (21A) forming a wave-shaped struc-
ture around said vibration element (10A) along a cir-
cumferential direction so as to ensure that a move-
ment direction of said vibration element (10A) is kept
along an axial direction and to prevent said vibration
element (10A) from shaking and deviating,
characterized in that a ripple amplitude of each of
said wave-shaped retaining sections (21A) is de-
creasing from an outer peripheral surface (101A) of
said vibration element (10A) to an interior peripheral
surface (301A) of said supporting frame (30A).

2. The wave-shaped suspension edge structure, as re-
cited in claim 1, wherein a groove (203A) is formed
between two adjacent wave-shaped retaining sec-
tions (21A) so as to form said wave-shaped struc-
ture, wherein the shape of said wave-shaped struc-
ture is selected from the group consisting of sinusoi-
dal waveform, triangular waveform and saw-tooth
waveform.

3. The wave-shaped suspension edge structure, as re-
cited in claim 1, wherein each of said wave-shaped
retaining sections (21A) is perpendicularly extended
from an outer peripheral surface (101A) of said vi-
bration element (10A) to an interior peripheral sur-
face (301A) of said supporting frame (30A).

4. The wave-shaped suspension edge structure, as re-
cited in claim 1, wherein each of said wave-shaped
retaining sections (21A) which is configured to be
connected to said vibration element (10A) has a si-
nusoidal waveform shaped inner edge, wherein
each of said wave-shaped retaining sections (21A)
which is configured to be connected to said support-
ing frame (30A) has an outer edge which is an arc-
shape along a circumferential direction or a sinusoi-
dal-waveform-shape.

5. The wave-shaped suspension edge structure, as re-
cited in claim 1, wherein an inner edge of each of
said wave-shaped retaining sections (21A) which is
configured to be connected to said vibration element
(10A) has a shape selected from the group consist-
ing of sinusoidal waveform, triangular waveform and
saw-tooth waveform, wherein each of said wave-
shaped retaining sections (21A) which is configured
to be connected to said supporting frame (30A) has
an outer edge which is arc-shaped along a circum-
ferential direction or has a shape selected from the
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group consisting of sinusoidal waveform, triangular
waveform and saw-tooth waveform.

6. The wave-shaped suspension edge structure, as re-
cited in claim 1, wherein each vibration element con-
nection end (211A) of each of said wave-shaped re-
taining sections (21A), which is configured to be con-
nected to said vibration element (10A), comprises
two portions forming one angle therebetween,
wherein supporting frame connection ends (212A)
of said wave-shaped retaining sections (21A), which
are configured to be connected with said supporting
frame (30A), are configured to be connected to each
other to form a ring-shaped outer edge coaxial with
said vibration element (10A).

7. The wave-shaped suspension edge structure, as re-
cited in claim 1, wherein wave crests of said wave-
shaped retaining sections (21A) have lower height
than a level surface of an outer surface of said vi-
bration element (10A).

8. The wave-shaped suspension edge structure, as re-
cited in claim 1, wherein each of wave crests of at
least one of said wave-shaped retaining sections
(21A) has a height higher than a level surface of an
outer surface of said vibration element (10A).

9. The wave-shaped suspension edge structure, as re-
cited in claim 1, wherein said wave-shaped retaining
sections (21A) are arranged symmetrically relative
to a center of said vibration element (10A).

10. A vibration unit (100A) comprising a vibration ele-
ment (10A), a supporting frame (30A) and a wave-
shaped suspension edge structure according to any
one of the claims 1 to 9.

11. The vibration unit (100A), as recited in claim
10,wherein said vibration element (10A) has a shape
which is selected from the group consisting of circu-
lar, oval, rectangle, and polygon, wherein a number
of said wave-shaped retaining sections (21A) is
2-200 and the ripple amplitude of each wave-shaped
retaining section (21A) is 1-500 mm, wherein the ar-
ea size of said vibration element (10A) is 0.005-0.2
m2.

12. The vibration unit (100A), as recited in claim 10,
wherein said vibration element (10A) comprises a
vibration weighted element (11) and a coating layer
(12) coated on said vibration weighted element (11),
wherein said coating layer (12) is made of the same
material as said elastic suspension edge (20A).

13. The vibration unit (100A), as recited in claim 10,
wherein said elastic suspension edge (20A) is bond-
ed with said supporting frame (30A) and said vibra-

tion element (10A), wherein said vibration unit
(100A) is connected to a voice coil (110A) coupling
with a magnetic coil system (120A) so as to form a
loudspeaker.

14. The vibration unit (100A), as recited in claim 10,
wherein said vibration unit (100A) is a passive vibrat-
ing plate sharing a vibration cavity (1200A�) with at
least one main vibration speaker (1100A�), wherein
said main vibration speaker (1100A�) vibrates to pro-
duce sounds in response to an input of audio signals,
wherein said vibration unit (100A) is driven to vibrate
to produce an auxiliary sound by means of the air
pressure changes within said vibration cavity
(1200A�), wherein said main vibration speaker
(1100A�) and said vibration unit (100A) are arranged
side by side.

15. The vibration unit (100A), as recited in claim 10,
wherein said vibration unit (100A) is a passive vibrat-
ing plate sharing a vibration cavity (1200A�) with at
least one main vibration speaker (1100A�), wherein
said main vibration speaker (1100A�) vibrates to pro-
duce sounds in response to an input of audio signals,
wherein said vibration unit (100A) is driven to vibrate
to produce an auxiliary sound by means of the air
pressure changes within said vibration cavity
(1200A�), wherein said main vibration speaker
(1100A�) and said vibration unit (100A) are coaxial
arranged back-to-back.

Patentansprüche

1. Wellenförmige Aufhängungskantenstruktur für ei-
nen Lautsprecher, welche ein Vibrationselement
(10A) und einen Tragrahmen (30A) umfasst, wobei
die wellenförmige Aufhängungskantenstruktur eine
elastische Aufhängungskante (20A) umfasst, die an-
geordnet ist, um sich um das Vibrationselement
(10A) herum zu erstrecken und sich zwischen dem
Vibrationselement (10A) und dem Tragrahmen
(30A) zu erstrecken, wobei die elastische Aufhän-
gungskante mehrere wellenförmige Halteabschnitte
(21A) umfasst, die entlang einer Umfangsrichtung
um das Vibrationselement (10A) herum eine wellen-
förmige Struktur bilden, um sicherzustellen, dass ei-
ne Bewegungsrichtung des Vibrationselements
(10A) entlang einer axialen Richtung beibehalten
wird, und um zu verhindern, dass das Vibrationse-
lement (10A) wackelt und abweicht,
dadurch gekennzeichnet, dass eine Wellig-
keitsamplitude von jedem der wellenförmigen Halte-
abschnitte (21A) von einer Außenumfangsoberflä-
che (101A) des Vibrationselements (10A) zu einer
Innenumfangsoberfläche (301A) des Tragrahmens
(30A) abnimmt.
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2. Wellenförmige Aufhängungskantenstruktur nach
Anspruch 1, wobei zwischen zwei benachbarten
wellenförmigen Halteabschnitten (21A) eine Rille
(203A) gebildet ist, um so die wellenförmige Struktur
zu bilden, wobei die Form der wellenförmigen Struk-
tur aus der Gruppe bestehend aus einer sinusförmi-
gen Wellenform, einer dreieckigen Wellenform und
einer Sägezahnwellenform ausgewählt wird.

3. Wellenförmige Aufhängungskantenstruktur nach
Anspruch 1, wobei sich jeder der wellenförmigen
Halteabschnitte (21A) im rechten Winkel von einer
Außenumfangsoberfläche (101A) des Vibrationse-
lements (10A) zu einer Innenumfangsoberfläche
(301A) des Tragrahmens (30A) erstreckt.

4. Wellenförmige Aufhängungskantenstruktur nach
Anspruch 1, wobei jeder der wellenförmigen Halte-
abschnitte (21A), der dazu ausgebildet ist, mit dem
Schwingungselement (10A) verbunden zu werden,
eine sinuswellenförmige Innenkante aufweist, wobei
jeder der wellenförmigen Halteabschnitte (21A), der
dazu ausgebildet ist, mit dem Tragrahmen (30A) ver-
bunden zu werden, eine Außenkante aufweist, die
eine Bogenform entlang einer Umfangsrichtung oder
eine Sinuswellenform ist.

5. Wellenförmige Aufhängungskantenstruktur nach
Anspruch 1, wobei eine Innenkante von jedem der
wellenförmigen Halteabschnitte (21A), die dazu aus-
gebildet ist, mit dem Vibrationselement (10A) ver-
bunden zu werden, eine Form aufweist, die aus der
Gruppe bestehend aus einer Sinuswellenform, einer
Dreieckswellenform und einer Sägezahnwellenform
ausgewählt wird, wobei jeder der wellenförmigen
Halteabschnitte (21A), der dazu ausgebildet ist, mit
dem Tragrahmen (30A) verbunden zu werden, eine
Außenkante aufweist, die bogenförmig entlang einer
Umfangsrichtung ist oder eine Form aufweist, die
aus der Gruppe bestehend aus Sinuswellenform,
Dreieckswellenform und Sägezahnwellenform aus-
gewählt wird.

6. Wellenförmige Aufhängungskantenstruktur nach
Anspruch 1, wobei jedes Vibrationselementverbin-
dungsende (211A) von jedem der wellenförmigen
Halteabschnitte (21A), welches dazu ausgebildet ist,
mit dem Vibrationselement (10A) verbunden zu wer-
den, zwei Abschnitte umfasst, die dazwischen einen
Winkel bilden, wobei Tragrahmenverbindungsen-
den (212A) der wellenförmigen Halteabschnitte
(21A), die dazu ausgebildet sind, mit dem Tragrah-
men (30A) verbunden zu werden, dazu ausgebildet
sind, miteinander verbunden zu werden, um eine
ringförmige Außenkante koaxial mit dem Vibrations-
element (10A) zu bilden.

7. Wellenförmige Aufhängungskantenstruktur nach

Anspruch 1, wobei Wellenberge der wellenförmigen
Halteabschnitte (21A) eine geringere Höhe als eine
ebene Oberfläche einer Außenoberfläche des Vib-
rationselements (10A) aufweisen.

8. Wellenförmige Aufhängungskantenstruktur nach
Anspruch 1, wobei jeder von Wellenbergen von min-
destens einem der wellenförmigen Halteabschnitte
(21A) eine Höhe aufweist, die höher als eine ebene
Oberfläche einer Außenoberfläche des Vibrationse-
lements (10A) ist.

9. Wellenförmige Aufhängungskantenstruktur nach
Anspruch 1, wobei die wellenförmigen Halteab-
schnitte (21A) relativ zu einer Mitte des Vibrations-
elements (10A) symmetrisch angeordnet sind.

10. Vibrationseinheit (100A), umfassend ein Vibrations-
element (10A), einen Tragrahmen (30A) und eine
wellenförmige Aufhängungskantenstruktur nach ei-
nem beliebigen der Ansprüche 1 bis 9.

11. Vibrationseinheit (100A) nach Anspruch 10, wobei
das Vibrationselement (10A) eine Form aufweist, die
aus der Gruppe bestehend aus kreisförmig, oval,
rechteckig und vieleckig ausgewählt wird, wobei ei-
ne Anzahl der wellenförmigen Halteabschnitte (21A)
2-200 beträgt und die Welligkeitsamplitude von je-
dem wellenförmigen Halteabschnitt (21A) 1-500 mm
ist, wobei die Flächengröße des Vibrationselements
(10A) 0,005-0,2 m2 beträgt.

12. Vibrationseinheit (100A) nach Anspruch 10, wobei
das Vibrationselement (10A) ein Vibrationsge-
wichtsbelastungselement (11) und eine Beschich-
tungslage (12), die auf dem Vibrationsgewichtsbe-
lastungselement (11) aufgebracht ist, umfasst, wo-
bei die Beschichtungslage (12) aus demselben Ma-
terial wie die elastische Aufhängungskante (20A)
hergestellt ist.

13. Vibrationseinheit (100A) nach Anspruch 10, wobei
die elastische Aufhängungskante (20A) mit dem Hal-
terahmen (30A) und dem Vibrationselement (10A)
verbunden ist, wobei die Vibrationseinheit (100A) mit
einer Schwingspule (110A) verbunden ist, die mit
einem Magnetspulensystem (120A) gekoppelt ist,
um einen Lautsprecher zu bilden.

14. Vibrationseinheit (100A) nach Anspruch 10, wobei
die Vibrationseinheit (100A) eine passive Vibrations-
platte ist, die sich einen Vibrationshohlraum (1200A�)
mit mindestens einem Hauptvibrationslautsprecher
(1100A�) teilt, wobei der Hauptvibrationslautspre-
cher (1100A�) vibriert, um als Reaktion auf eine Ein-
gabe von Audiosignalen Töne zu erzeugen, wobei
die Vibrationseinheit (100A) angesteuert wird, um
zu vibrieren, um einen Zusatzton mittels der Luft-
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druckänderungen innerhalb des Vibrationshohl-
raums (1200A�) zu erzeugen, wobei der Hauptvibra-
tionslautsprecher (1100A�) und die Vibrationseinheit
(100A) Seite an Seite angeordnet sind.

15. Vibrationseinheit (100A) nach Anspruch 10, wobei
die Vibrationseinheit (100A) eine passive Vibrations-
platte ist, die sich einen Vibrationshohlraum (1200A�)
mit mindestens einem Hauptvibrationslautsprecher
(1100A�) teilt, wobei der Hauptvibrationslautspre-
cher (1100A�) vibriert, um als Reaktion auf eine Ein-
gabe von Audiosignalen Töne zu erzeugen, wobei
die Vibrationseinheit (100A) angesteuert wird, um
zu vibrieren, um einen Zusatzton mittels der Luft-
druckänderungen innerhalb des Vibrationshohl-
raums (1200A�) zu erzeugen, wobei der Hauptvibra-
tionslautsprecher (1100A�) und die Vibrationseinheit
(100A) koaxial Rückseite an Rückseite angeordnet
sind.

Revendications

1. Structure de bord de suspension ondulée destinée
à un haut-parleur qui comprend un élément vibrant
(10A) et un cadre de support (30A), ladite structure
de bord de suspension ondulée comprenant un bord
de suspension élastique (20A) prévu pour s�étendre
autour dudit élément vibrant (10A) et s�étendant
autour dudit élément vibrant (10A) et dudit cadre de
support (30A), ladite bord de suspension élastique
comprenant une pluralité de sections de retenue on-
dulées (21A) formant une structure ondulée autour
dudit élément vibrant (10A) le long d�une direction
circonférentielle de façon à garantir qu�une direction
du mouvement dudit élément vibrant (10A) est main-
tenue le long d�une direction axiale et à empêcher
ledit élément vibrant (10A) de branler et de dévier,
caractérisée en ce qu’une amplitude d�ondulation
de chacune desdites sections de retenue ondulées
(21A) décroît d�une surface périphérique extérieure
(101A) dudit élément vibrant (10A) à une surface
périphérique intérieure (301A) dudit cadre de sup-
port (30A).

2. Structure de bord de suspension ondulée selon la
revendication 1, dans laquelle une gorge (203A) est
formée entre deux sections de retenue ondulées
(21A) adjacentes de façon à former ladite structure
ondulée, dans laquelle la forme de ladite structure
ondulée est sélectionnée dans le groupe constitué
d�une forme d�onde sinusoïdale, d�une forme d�onde
triangulaire et d�une forme d�onde en dents de scie.

3. Structure de bord de suspension ondulée selon la
revendication 1, dans laquelle chacune desdites
sections de retenue ondulées (21A) s�étend perpen-
diculairement d�une surface périphérique extérieure

(101A) dudit élément vibrant (10A) à une surface
périphérique intérieure (301A) dudit cadre de sup-
port (30A).

4. Structure de bord de suspension ondulée selon la
revendication 1, dans laquelle chacune desdites
sections de retenue ondulées (21A) qui est configu-
rée pour être reliée audit élément vibrant (10A) pré-
sente un bord intérieur en forme d�onde sinusoïdale,
dans laquelle chacune desdites sections de retenue
ondulées (21A) qui est configurée pour être reliée
audit cadre de support (30A) présente un bord ex-
térieur qui est une forme d�arc le long d�une direction
circonférentielle ou une forme d�onde sinusoïdale.

5. Structure de bord de suspension ondulée selon la
revendication 1, dans laquelle un bord intérieur de
chacune desdites sections de retenue ondulées
(21A) qui est configurée pour être reliée audit élé-
ment vibrant (10A) a une forme sélectionnée dans
le groupe constitué d�une forme d�onde sinusoïdale,
d�une forme d�onde triangulaire et d�une forme d�on-
de en dents de scie, dans laquelle chacune desdites
sections de retenue ondulées (21A) qui est configu-
rée pour être reliée audit cadre de support (30A) pré-
sente un bord extérieur qui est en forme d�arc le long
d�une direction circonférentielle ou a une forme sé-
lectionnée dans le groupe constitué d�une forme
d�onde sinusoïdale, d�une forme d�onde triangulaire
et d�une forme d�onde en dents de scie.

6. Structure de bord de suspension ondulée selon la
revendication 1, dans laquelle chaque extrémité
(211A) de liaison à l�élément vibrant de chacune des-
dites sections de retenue ondulées (21A), qui est
configurée pour être reliée audit élément vibrant
(10A), comprend deux parties formant un angle entre
elles, dans laquelle des extrémités (212A) de liaison
au cadre de support desdites sections de retenue
ondulées (21A), qui sont configurées pour être re-
liées audit cadre de support (30A), sont configurées
pour être reliées les unes aux autres afin de former
un bord extérieur annulaire coaxial avec ledit élé-
ment vibrant (10A).

7. Structure de bord de suspension ondulée selon la
revendication 1, dans laquelle des crêtes d�ondula-
tion desdites sections de retenue ondulées (21A) ont
une plus faible hauteur qu�une surface de niveau
d�une surface extérieure dudit élément vibrant (10A).

8. Structure de bord de suspension ondulée selon la
revendication 1, dans laquelle des crêtes d�ondula-
tion d�au moins une desdites sections de retenue
ondulées (21A) ont chacune une hauteur supérieure
à une surface de niveau d�une surface extérieure
dudit élément vibrant (10A).

23 24 



EP 3 096 537 B1

14

5

10

15

20

25

30

35

40

45

50

55

9. Structure de bord de suspension ondulée selon la
revendication 1, dans laquelle lesdites sections de
retenue ondulées (21A) sont agencées symétrique-
ment par rapport à un centre dudit élément vibrant
(10A).

10. Unité vibrante (100A) comprenant un élément vi-
brant (10A), un cadre de support (30A) et une struc-
ture de bord de suspension ondulée selon l�une quel-
conque des revendications 1 à 9.

11. Unité vibrante (100A) selon la revendication 10, dans
laquelle ledit élément vibrant (10A) a une forme qui
est sélectionnée dans le groupe constitué de circu-
laire, ovale, rectangulaire et polygonale, dans la-
quelle le nombre desdites sections de retenue on-
dulées (21A) est de 2 à 200 et l�amplitude d�ondula-
tion de chaque section de retenue ondulée (21A) est
de 1 à 500 mm, dans laquelle l�aire dudit élément
vibrant (10A) est de 0,005 à 0,2 m2.

12. Unité vibrante (100A) selon la revendication 10, dans
laquelle ledit élément vibrant (10A) comprend un élé-
ment vibrant lesté (11) et une couche de revêtement
(12) revêtant ledit élément vibrant lesté (11), dans
laquelle ladite couche de revêtement (12) est faite
du même matériau que ledit bord de suspension
élastique (20A).

13. Unité vibrante (100A) selon la revendication 10, dans
laquelle ledit bord de suspension élastique (20A) est
collé audit cadre de support (30A) et audit élément
vibrant (10A), ladite unité vibrante (100A) étant reliée
à une bobine acoustique (110A) assurant le coupla-
ge à un système de bobine magnétique (120A) de
façon à former un haut-parleur.

14. Unité vibrante (100A) selon la revendication 10, la-
dite unité vibrante (100A) étant une plaque vibrante
passive partageant une cavité de vibration (1200A�)
avec au moins un haut-parleur vibrant principal
(1100A�), ledit haut-parleur vibrant principal (1100A�)
vibrant pour produire des sons en réponse à une
application de signaux audio, ladite unité vibrante
(100A) étant amenée à vibrer pour produire un son
auxiliaire au moyen des variations de pression d�air
à l�intérieur de ladite cavité de vibration (1200A�),
ledit haut-parleur vibrant principal (1100A�) et ladite
unité vibrante (100A) étant agencés côte à côte.

15. Unité vibrante (100A) selon la revendication 10, la-
dite unité vibrante (100A) étant une plaque vibrante
passive partageant une cavité de vibration (1200A�)
avec au moins un haut-parleur vibrant principal
(1100A�), ledit haut-parleur vibrant principal (1100A�)
vibrant pour produire des sons en réponse à une
application de signaux audio, ladite unité vibrante
(100A) étant amenée à vibrer pour produire un son

auxiliaire au moyen des variations de pression d�air
à l�intérieur de ladite cavité de vibration (1200A�),
ledit haut-parleur vibrant principal (1100A�) et ladite
unité vibrante (100A) étant agencés coaxiaux dos à
dos.
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