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Description
NOTICE OF COPYRIGHT

[0001] A portion of the disclosure of this patent docu-
ment contains material which is subject to copyright pro-
tection. The copyright owner has no objection to any re-
production by anyone of the patent disclosure, as it ap-
pears in the United States Patent and Trademark Office
patent files or records, but otherwise reserves all copy-
right rights whatsoever.

CROSS REFERENCE OF RELATED APPLICATION

[0002] Thisis anon-provisional application that claims
priority  to international application number
PCT/CN2015/070682, international filing date Jan 14,
2015, which claims priority to first Chinese application
number 201410019799.9, filing data Jan 16, 2014, sec-
ond Chinese application number 201410328141.6, filing
data Oct 7, 2014, the entire contents of each of which
are expressly incorporated herein by reference.

BACKGROUND OF THE PRESENT INVENTION
FIELD OF INVENTION

[0003] The presentinventionrelates to an acoustic de-
vice, and more particularly to a wave-shaped suspension
edge structure of a vibration unit of a loudspeaker.

DESCRIPTION OF RELATED ARTS

[0004] 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.
[0005] 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
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results in sounds which are not pure. As shown in Fig.
1, a vibration unit of a typical conventional speaker is
illustrated, the vibration unit can be used as a vibration
system of a speaker to connect with the voice coil in re-
sponse 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 reproduce an auxiliary sound. As shown in the draw-
ings, avibration unit of atypical and conventional speaker
comprises an intermediate vibration block 1, a suspen-
sion 2 around the vibration block 1 and an outer frame
3. The suspension 2 is arch-shaped and is coaxial with
the vibration block 1. However, for the conventional vi-
bration unit during a vibration period, the suspension 2
cannot retains 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 being transferred to the connection of the suspen-
sion 2 and the outer frame 3. In other words, the suspen-
sion 2 cannot effectively prevent the vibration block 1
from deviating.

[0006] As shown in Fig. 2 and Fig. 3 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. 3, it is 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
adisplacement 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.

[0007] In addition, in order to obtain a better sound
quality especially the bass quality, the stroke of the vi-
bration unitor 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.
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SUMMARY OF THE PRESENT INVENTION

[0008] An advantage of the presentinvention is to pro-
vide a wave-shaped suspension edge structure of a vi-
bration unit, wherein the vibration unit comprises a vibra-
tion element, a supporting frame and an elastic suspen-
sion edge provided around the vibration element, the
elastic suspension edge forms a wave shape along a
circumferential direction of the center axis of the vibration
unit, thereby effectively preventing the vibration element
from shaking and deviating along the central axis direc-
tion.

[0009] 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 retaining ribs extending between the vibra-
tion element and the supporting frame, so that an undu-
lating structure is formed between the vibration element
and the supporting frame so as to retain and prevent
deviation.

[0010] Another advantage of the present invention is
to provide a wave-shaped suspension edge structure of
a vibration unit, each of the retaining ribs is coupled to
the supporting frame in a point-to-point connection and
the cross section of each retaining rib is triangular-
shaped so as to be firmly connected and to effectively
prevent shaking and deviating of the vibration unit, and
the axial displacement of the vibrating element will not
be affected to ensure the sound quality reproduced by
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 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.

[0012] 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.

[0013] 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-
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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.

[0014] 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 furtherradial displacement of the vibration
element.

[0015] Another advantage of the present invention is
to provide a wave-shaped suspension edge structure of
avibration 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.

[0016] 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.

[0017] 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.

[0018] 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.

[0019] According to the present invention, the forego-
ing and other objects and advantages are attained by a
wave-shaped suspension edge structure, which is pro-
vided between a vibration element and a supporting
frame, wherein the wave-shaped suspension edge struc-
ture comprises an elastic suspension edge provided
around the vibration element and extended between 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 movement di-
rection of the vibration element to an axial direction and
to prevent the vibration element from shaking and devi-
ating.

[0020] 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
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consisting of sinusoidal waveform, sinusoidal waveform,
triangular waveform and saw-tooth waveform.

[0021] 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.

[0022] In one embodiment, 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.

[0023] 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.
[0024] 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.
[0025] 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.

[0026] 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.

[0027] 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.

[0028] 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.

[0029] In one embodiment, each vibration element
connection end of each wave-shaped retaining section,
which is connected with the supporting frame, comprises
two portions forming one angle therebetween.

[0030] In one embodiment, each supporting frame
connection end of each wave-shaped retaining section
comprises two portions forming one angle therebetween.
[0031] In one embodiment, supporting frame connec-
tion ends of each wave-shaped retaining sections are
connected to each other toform aring-shaped outer edge
coaxial with the vibration element.

[0032] 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.

[0033] 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.
[0034] In one embodiment, wave crests of the wave-
shaped retaining sections have higher height than alevel
surface of an outer surface of the vibration element.
[0035] In one embodiment, the plurality of wave-
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shaped retaining sections is arranged symmetrically rel-
ative to a center of the vibration element.

[0036] In one embodiment, the vibration element has
a shape which is selected from the group consisting of
circular, oval, rectangle, and polygon.

[0037] Inone embodiment, the vibration elementis 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.

[0038] 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.

[0039] In one embodiment, the area of the vibration
element is 0.005-0.2m2,

[0040] Inone 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.
[0041] In one embodiment, the elastic suspension
edge is bonded with the supporting frame and the vibra-
tion element.

[0042] 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.

[0043] 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.

[0044] In one embodiment, the main vibration speaker
and the vibration unit are arranged side by side.

[0045] In one embodiment, the main vibration speaker
and the vibration unit are coaxial arranged back-to-back.
[0046] According to another aspect of the present in-
vention, the present invention also provides a wave-
shaped suspension edge structure, which is provided be-
tween a vibration element and a supporting frame,
wherein the wave-shaped suspension edge structure
comprises an elastic suspension edge provided around
the vibration element and extended between the vibration
element and the supporting frame, wherein the elastic
suspension edge structure comprises a plurality sets of
connecting ribs, wherein each sets of the connecting ribs
comprise at least one top connecting rib extending from
a top side of an outer peripheral surface of the vibration
element to aninterior peripheral surface of the supporting
frame and at least one bottom connecting rib adjacent to
the top connecting rib and extending from a bottom side
of the outer peripheral surface to the interior peripheral
surface of the supporting frame, wherein an arc-shaped
connecting section is formed between the top connecting
rib and the bottom connecting rib so as to form the wave-
shaped structure around the vibration element.

[0047] In one embodiment, a groove is formed be-
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tween each 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 con-
sisting of sinusoidal waveform, sinusoidal waveform, tri-
angular waveform and saw-tooth waveform.

[0048] In one embodiment, each connecting ribs and
the connecting sections are made of different elastic ma-
terials.

[0049] In one embodiment, each connecting ribs and
the connecting sections are made of same elastic mate-
rials.

[0050] Inoneembodiment, anangleisformedbetween
two adjacent arc-shaped connecting sections.

[0051] In one embodiment, each sets of connecting
ribs comprise one top connecting rib and one bottom con-
necting rib, wherein a cross section of an inner edge of
the elastic suspension edge connected to the vibration
element is sinusoidal waveform shaped.

[0052] In one embodiment, each sets of connecting
ribs comprise two top connecting ribs and two bottom
connecting ribs, wherein the two bottom connecting ribs
are respectively positioned on two sides of the top con-
necting ribs and a cross section of an inner edge of the
elastic suspension edge connected to the vibration ele-
ment has a shape which is selected from the group con-
sisting of sinusoidal waveform, sinusoidal waveform, tri-
angular waveform and saw-tooth waveform.

[0053] In one embodiment, each top connecting ribs
are extended from the outer peripheral surface of the
vibration element to the interior peripheral surface of the
supporting frame vertically or aslant.

[0054] In one embodiment, each bottom connecting
ribs are extended from the outer peripheral surface of
the vibration element to the interior peripheral surface of
the supporting frame vertically or aslant.

[0055] In one embodiment, supporting frame connec-
tion ends of each elastic suspension edge connected with
the interior peripheral surface of the supporting frame
form a ring-shaped outer edge coaxial with the vibration
element.

[0056] In one embodiment, the vibration element has
a shape which is selected from the group consisting of
circular, oval, rectangle, and polygon.

[0057] Inone embodiment, the vibration elementis cir-
cular-shaped and each connecting ribs are arranged
along a radial direction of the vibration element.

[0058] In one embodiment, the vibration element com-
prises a vibration weighted element and a coating layer
coated on the vibration weighted element and be made
of same material with the elastic suspension edge.
[0059] In one embodiment, the elastic suspension
edge is bonded with the supporting frame and the vibra-
tion element.

[0060] 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.

[0061] In one embodiment, the vibration unit is a pas-
sive vibrating plate sharing a vibration cavity with at least
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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.

[0062] Inone embodiment, the main vibration speaker
and the vibration unit are arranged side by side.

[0063] Inone embodiment, the main vibration speaker
and the vibration unit are coaxial arranged back-to-back.
[0064] According to another aspect of the present in-
vention, the present invention also provides a wave-
shaped suspension edge structure, which is provided be-
tween a vibration element and a supporting frame,
wherein the wave-shaped suspension edge structure
comprises an elastic suspension edge, wherein the elas-
tic suspension edge is provided around the vibration el-
ement and extended between the vibration element and
the supporting frame and the elastic suspension edge
forms a plurality of spaced grooves around the vibration
element, wherein the grooves are arranged along a cir-
cumferential shape and the elastic suspension edge
forms a wave-shaped structure around the vibration el-
ement along a circumferential direction and restricts a
movement direction of the vibration element to an axial
direction.

[0065] In one embodiment, the plurality of grooves is
radially arranged.

[0066] In one embodiment, the plurality of grooves is
arranged symmetrically relative to a center of the vibra-
tion element.

[0067] In one embodiment, the elastic suspension
edge comprises a plurality of arc-shaped connecting sec-
tions and each two adjacent arc-shaped connecting sec-
tions form the grooves and each two adjacent grooves
are respectively positioned on two opposite sides of the
elastic suspension edge.

[0068] In one embodiment, the number of grooves is
2-200.
[0069] Inone embodiment, an outer edge of the elastic

suspension edge is ring-shaped and the elastic suspen-
sion edge is coaxial with the vibration element.

[0070] Inone embodiment, the shape of an outer edge
of the elastic suspension edge is selected from the group
consisting of ring sinusoidal waveform, ring sinusoidal
waveform, ring triangular waveform and ring saw-tooth
waveform.

[0071] Inone embodiment, the shape of an inner edge
of the elastic suspension edge is selected from the group
consisting of ring sinusoidal waveform, ring sinusoidal
waveform, ring triangular waveform and ring saw-tooth
waveform.

[0072] 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.

[0073] 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-



9 EP 3 096 537 A1 10

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.

[0074] In one embodiment, the main vibration speaker
and the vibration unit are arranged side by side.

[0075] In one embodiment, the main vibration speaker
and the vibration unit are coaxial arranged back-to-back.
[0076] The present invention further provides a vibra-
tion unit which comprises a vibration element, an elastic
suspension edge, and a supporting frame, wherein the
elastic suspension edge is provided between the vibra-
tion element and the supporting frame, wherein the elas-
tic suspension edge comprises a plurality of wave-
shaped retaining sections forming a wave-shaped struc-
ture around the vibration element along a circumferential
direction so as to ensure a movement direction of the
vibration element is kept along an axial direction and pre-
vent the vibration element to shake and deviate

[0077] Stillfurther objects and advantages willbecome
apparent from a consideration of the ensuing description
and drawings.

[0078] 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
[0079]

FIG. 1 is a schematic view of a vibration unit of a
conventional speaker.

FIG. 2Ais 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 ac-
cordingto afirst preferred embodiment of the present
invention.

FIG. 4 is an exploded perspective view of the vibra-
tion unit according to above first preferred embodi-
ment of the present invention.

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
awave-shaped suspension edge according to a sec-

ond preferred embodiment of the present invention.

FIG. 7 is an exploded perspective view of the vibra-
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tion unit according to above second preferred em-
bodiment of the present invention.

FIG. 8 is a partially enlarged schematic view of the
FIG. 6 at a position of D.

FIG.9is 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 sec-
ond preferred embodiment of the present invention.

FIG. 10B is an exploded perspective view of the vi-
bration unit applied to the loudspeaker according to
above second preferred embodiment of the present
invention.

FIG. 11A is a perspective view of the vibration unit
applied to a passive vibration plate according to the
above second preferred embodiment of the present
invention.

FIG. 11B is an exploded perspective view of the vi-
bration unit applied to the passive vibration plate ac-
cording to above second preferred embodiment of
the present invention.

FIG. 12 is a perspective view of a vibration unit ac-
cording to an alternative mode of the second pre-
ferred embodiment of the present invention.

FIG. 13 is an exploded perspective view of the vi-
bration unit according to the alternative mode of
above second preferred embodiment of the present
invention.

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.

FIG. 16 is a perspective view of a vibration unit with
awave-shaped suspension edge according to a third
preferred embodiment of the present invention.

FIG. 17 is an exploded perspective view of the vi-
bration unit according to above third preferred em-
bodiment of the present invention.

FIG. 18 is a partially enlarged schematic view of the
FIG. 16 at a position of H.

FIG.19is asection view of the FIG. 16 alonga I-1line.
FIG. 20 is a perspective view of a vibration unit ac-

cording to an alternative mode of the third preferred
embodiment of the present invention.
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FIG. 21 is an exploded perspective view of the vi-
bration unit according to the alternative mode of
above third preferred embodiment of the present in-
vention.

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
fourth preferred embodiment of the present inven-
tion.

FIG. 25 is an exploded perspective view of the vi-
bration unit according to above fourth 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

[0080] 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. The general
principles defined in the following description would be
applied to other embodiments, alternatives, modifica-
tions, equivalents, and applications without departing
from the spirit and scope of the present invention.
[0081] Referring to Fig. 3 to Fig. 5B of the drawings, a
vibration unit 100 according to a first preferred embodi-
ment 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.
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[0082] In this preferred embodiment, the vibration unit
100 further comprises a plurality of retaining ribs 40 ex-
tending between the vibration element 10 and the sup-
porting frame 30, so that an undulating structure is formed
between the vibration element 10 and the supporting
frame 30. The retaining ribs 40 is adapted for providing
a confining effect to prevent the vibration element 10 de-
viating from the center axis of displacement. More spe-
cifically, when the vibration element 10is about to deviate
from the center axis to cause an deviation, the corre-
sponding retaining ribs 40 produces an offset biasing
force to counteract an eccentric force which causes a
displacement of the vibration element 10. Itis worth men-
tioning that the retaining ribs 40 can extend along a di-
rection which is perpendicular to an outer circumferential
surface of the corresponding vibration element 10 and
an inner circumferential 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 arrange-
ment can produce a corresponding tensile force along
these directions so as to effectively prevent the vibration
element 10 producing offset along these directions.
[0083] 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.

[0084] 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-
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gated paper structure formed around the vibration ele-
ment 10.

[0085] As shownin Fig. 3, the plurality of retaining ribs
40 substantially divides the elastic suspension edge 20
to a plurality of suspension edge portion 201. The number
of the retaining ribs 40 is not intended to be limiting, and
can be adjusted according to different needs. In the em-
bodiment of the present invention in the Fig. 3, eight re-
taining ribs 40 divide the elastic suspension edge 20 into
eight suspension edge portion 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 sus-
pension edge 20. When the retaining ribs 40 and the
elastic suspension edge 20 are made of the same elastic
materials, the plurality 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 process, the predetermined elastic material can
be coated with the vibration element 10 so as to form a
elastic coating layer 12. In other words, the vibration el-
ement 10 comprises an internal vibration weighted ele-
ment 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 support-
ing frame 30 and the vibration element 10 using a con-
ventional method by glue.

[0086] 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
preferred embodiment, 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 be-
tween two adjacent retaining ribs 40, so that the elastic
suspension edge 20 and the retaining ribs 40 from a un-
dulating structure around the vibration element 10.
[0087] 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 embodiment of the present invention 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
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retaining ribs 40 can be connected 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.
[0088] 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.
Itis 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.
[0089] It is worth mentioning that this design makes
the connection strength of the 40 and the vibration ele-
ment 10 bigger than the connection strength of the re-
taining ribs 40 and the supporting frame 30, so that at
the same time the vibration element 10 is prevented from
shifting, the pushing force which pushes the vibration el-
ement 10 to move axially is not quickly transferred 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 po-
sition is not quickly transmitted to the vibration 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 po-
sition, the retaining ribs 40 shortens the axial displace-
ment due to the affect of a restoring force immediately
applied by the supporting frame 30.

[0090] Inotherwords, 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
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negative impact. Inthe presentinvention, one end ofeach
of the retaining ribs 40 is connected to the supporting
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.

[0091] Referring to Fig. 6 to Fig. 11B, a vibration unit
100A according to a second preferred embodiment of
the present invention is illustrated, wherein the vibration
unit 100A comprises a vibration element 10A and awave-
shaped suspension structure around the vibration ele-
ment 10A. The wary 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.
[0092] 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.

[0093] 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.

[0094] 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 10A will be im-
mediately applied by a reversed pulling force to the left
by the left wave-shaped retaining sections 21A so as to
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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.

[0095] 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
canform atriangle. 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.

[0096] 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.

[0097] This wave-shaped structure of the present in-
vention can preventthe 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.
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[0098] Itis worth mentioning that, in this preferred em-
bodiment, the joint strength of the wave-shaped retaining
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 atriangular-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.

[0099] 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.

[0100] Itis 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.

[0101] 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.

[0102] Itis 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
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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 21Ais 1-500mm and theripple
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.

[0103] AsshowninFig. 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.

[0104] AsshowninFig. 11A and Fig. 11B, the vibration
unit 100A according to the preferred embodiment of the
presentinvention 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 isimproved, and especially the bass quality
is strengthened.

[0105] 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 100A. 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. 11 A.
[0106] 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
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the speaker 1000A and the passive vibrating plate of the
speaker 1000A’.

[0107] Referring to Fig. 16 to Fig. 19 of the drawings,
a vibration unit 100B according to a third preferred em-
bodiment of the present invention is illustrated, wherein
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.

[0108] 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 100B according to the third embodiment and
the vibration unit 100A according to the second preferred
embodiment have a similar structure except that two
ends of each of the wave-shaped retaining sections 21B
which are a vibration 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 connected to form a triangle.

[0109] Itis worth mentioning that, in the third preferred
embodiment, the vibration element 10B is circular. The
plurality of wave-shaped retaining sections 21B is dis-
posed along a radial direction of the vibration element
10B so as to form a plurality of radial wave-shaped re-
taining sections 21B. In other words, the wave-shaped
retaining sections 21B can be radially and coaxially ar-
ranged. The plurality of wave-shaped retaining sections
21B retains the position of the vibration element 10B in
the radial direction to prevent the vibration element 10B
deviates along a certain radial direction, so that the vi-
bration element 10B only move along the axial direction.
[0110] Referring to Fig. 20 to Fig. 23 of the drawings,
a vibration unit 100C in an alternative mode according
to the third preferred embodiment of the presentinvention
is illustrated, wherein the vibration unit 100C comprises
a vibration element 10C and a wave-shaped suspension
structure around the vibration element 10C. The wavy
suspension structure comprises an elastic suspension
edge 20C and a supporting frame 30C. The elastic sus-
pension edge 20C is extended between the vibration el-
ement 10C and the supporting frame 30C. In this em-
bodiment, the elastic suspension edge 20C forms a
wave-shaped structure around the vibration element 10C
along a circumferential direction thereof.

[0111] Specifically, the elastic suspension edge 20C
comprises multiple sets of connecting ribs 22C. Each set
of the connecting ribs 22C comprise atleast one top con-
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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).

[0112] 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-
ingrib 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.
[0113] The connecting ribs 22C alternatively extends
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.

[0114] 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 second preferred embodiment is
obtained.

[0115] 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.

[0116] Referring to Fig. 24 to Fig. 27, a vibration unit
100D according to a fourth preferred embodiment of the
present invention is illustrated, wherein the vibration unit
100D comprises a vibration element 10A 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.

[0117] The vibration unit 100D according to the em-
bodiment and the wave-shaped structure according to
the second preferred embodiment have a similar struc-
ture, 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
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connection end 211D and a supporting frame connection
end 212D. An outer edge which is the vibration element
connection 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
formatrapezoid. These structures all form a groove 203D
around the vibration element 10D, so that a series of
concave-shaped structure forms an undulating wave-
shaped structure.

[0118] 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
third embodiment. 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.

[0119] 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.

[0120] 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.

[0121] Itwillthus be seenthatthe 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 spirit and scope of the following claims.
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Claims

1. Awave-shaped suspension edge structure, which is
provided between a vibration element and a support-
ing frame, wherein said wave-shaped suspension
edge structure comprises an elastic suspension
edge provided around said vibration elementand ex-
tended between said vibration element and said sup-
porting frame, wherein said elastic suspension edge
structure comprises a plurality of wave-shaped re-
taining sections forming a wave-shaped structure
around said vibration element along a circumferen-
tial direction so as to ensure a movement direction
of said vibration element is kept along an axial direc-
tion and to prevent said vibration element from shak-
ing and deviating.

2. Thewave-shaped suspension edge structure, as re-
citedin claim 1, wherein a groove is formed between
two adjacent wave-shaped retaining sections so as
to form said wave-shaped structure, wherein the
shape of said wave-shaped structure is selected
from the group consisting of sinusoidal waveform,
sinusoidal 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 is perpendicularly extended from
an outer peripheral surface of said vibration element
to an interior peripheral surface of said supporting
frame.

4. The wave-shaped suspension edge structure, as re-
cited in claim 1, wherein each of said wave-shaped
retaining sections is extended aslantfrom an outer
peripheral surface of said vibration element to an
interior peripheral surface of said supporting frame.

5. The wave-shaped suspension edge structure, as re-
cited in claim 1, wherein each of said wave-shaped
retaining sections which is connected to said vibra-
tion element has a sinusoidal waveform shaped in-
ner edge.

6. The wave-shaped suspension edge structure, as re-
cited in claim 1, wherein an inner edge of each of
said wave-shaped retaining sections which is con-
nected to said vibration element has a shape select-
ed from the group consisting of sinusoidal waveform,
sinusoidal waveform, triangular waveform and saw-
tooth waveform.

7. The wave-shaped suspension edge structure, as re-
cited in claim 5, wherein each of said wave-shaped
retaining sections which is connected to said sup-
porting frame has an outer edge which is arc-shaped
along a circumferential direction.
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The wave-shaped suspension edge structure, as re-
cited in claim 5, wherein each of said wave-shaped
retaining sections which is connected to said sup-
porting frame has an outer edge which is sinusoidal-
waveform-shaped.

The wave-shaped suspension edge structure, as re-
cited in claim 6, wherein each of said wave-shaped
retaining sections which is connected to said sup-
porting frame has an outer edge which is arc-shaped
along a circumferential direction.

The wave-shaped suspension edge structure, as re-
cited in claim 6, wherein each of said wave-shaped
retaining sections which is connected to said sup-
porting frame has an outer edge which has a shape
selected from the group consisting of sinusoidal
waveform, sinusoidal waveform, triangular wave-
form and sawtooth waveform.

The wave-shaped suspension edge structure, as re-
cited in claim 1, wherein each vibration element con-
nection end of each of said wave-shaped retaining
sections, which is connected with said supporting
frame, comprises two portions forming one angle
therebetween.

The wave-shaped suspension edge structure, as re-
cited in claim 11, wherein each supporting frame
connection end of each of said wave-shaped retain-
ing sections comprises two portions forming one an-
gle therebetween.

The wave-shaped suspension edge structure, as re-
cited in claim 11, wherein supporting frame connec-
tion end of said wave-shaped retaining sections,
which are connected with said supporting frame, are
connected to each other to form aring-shaped outer
edge coaxial with said vibration element.

The wave-shaped suspension edge structure, as re-
cited in claim 11, wherein said angle formed between
two said portions of said vibration element connec-
tion ends is selected from the group consisting of an
acute angle, a right angle and an obtuse angle.

The wave-shaped suspension edge structure, as re-
cited in claim 1, wherein wave crests of said wave-
shaped retaining sections have lower height than a
level surface of an outer surface of said vibration
element.

The wave-shaped suspension edge structure, as re-
cited in claim 1, wherein wave crests of a part of or
all of said wave-shaped retaining sections have high-
er height than a level surface of an outer surface of
said vibration element.
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The wave-shaped suspension edge structure, as re-
cited in any one of claims 1-16, wherein said plurality
of wave-shaped retaining sections is arranged sym-
metrically relative to a center of said vibration ele-
ment.

The wave-shaped suspension edge structure, as re-
citedin any one of claims 1-16, wherein said vibration
element has a shape which is selected from the
group consisting of circular, oval, rectangle, and pol-

ygon.

The wave-shaped suspension edge structure, as re-
citedin any one of claims 1-16, wherein said vibration
element is circular-shaped and each wave-shaped
retaining sections are arranged along a radial direc-
tion of said vibration element so as to form a radial
configuration of said plurality of wave-shaped retain-
ing sections.

The wave-shaped suspension edge structure, as re-
cited in any one of claims 1-16, wherein the number
of said wave-shaped retaining sections is 2-200 and
the ripple amplitude of each wave-shaped retaining
sections is 1-500mm.

The wave-shaped suspension edge structure, as re-
cited in any one of claims 1-16, wherein the area size
of said vibration element is 0.005-0.2m?2.

The wave-shaped suspension edge structure, as re-
citedin any one of claims 1-16, wherein said vibration
element comprises a vibration weighted elementand
a coating layer coated on said vibration weighted
element, wherein said coating layer is made of same
material with said elastic suspension edge.

The wave-shaped suspension edge structure, as re-
cited in any one of claims 1-16, wherein said elastic
suspension edge is bonded with said supporting
frame and said vibration element.

The wave-shaped suspension edge structure, as re-
citedin any one of claims 1-16, wherein said vibration
unitis connected to a voice coil coupling with a mag-
netic coil system so as to form a loudspeaker.

The wave-shaped suspension edge structure, as re-
citedin any one of claims 1-16, wherein said vibration
unit is a passive vibrating plate sharing a vibration
cavity with at least one main vibration speaker,
wherein said main vibration speaker vibrates to pro-
duce sounds in response to an input of audio signals,
wherein said vibration unit is driven to vibrate to pro-
duce an auxiliary sound by means of the air pressure
changes within said vibration cavity.

The wave-shaped suspension edge structure, as re-
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cited in claim 22, wherein said main vibration speak-
er and said vibration unit are arranged side by side.

The wave-shaped suspension edge structure, as re-
cited in claim 22, wherein said main vibration speak-
er and said vibration unit are coaxial arranged back-
to-back.

A wave-shaped suspension edge structure, which is
provided between a vibration elementand a support-
ing frame, wherein said wave-shaped suspension
edge structure comprises an elastic suspension
edge provided around said vibration element and ex-
tended between said vibration element and said sup-
porting frame, wherein said elastic suspension edge
structure comprises a plurality sets of connecting
ribs, wherein each sets of said connecting ribs com-
prise at least one top connecting rib extending from
a top side of an outer peripheral surface of said vi-
bration element to an interior peripheral surface of
said supporting frame and at least one bottom con-
necting rib adjacent to said top connecting rib and
extending from a bottom side of said outer peripheral
surface to said interior peripheral surface of said sup-
porting frame, wherein an arc-shaped connecting
section is formed between said top connecting rib
and said bottom connecting rib so as to form said
wave-shaped structure around said vibration ele-
ment.

The wave-shaped suspension edge structure, as re-
cited in claim 28, wherein a groove is formed be-
tween each wave-shaped retaining sections so as
to form said wave-shaped structure, wherein the
shape of said wave-shaped structure is selected
from the group consisting of sinusoidal waveform,
sinusoidal waveform, triangular waveform and saw-
tooth waveform.

The wave-shaped suspension edge structure, as re-
cited in claim 28, wherein each connecting ribs and
said connecting sections are made of differentelastic
materials.

The wave-shaped suspension edge structure, as re-
cited in claim 28, wherein each connecting ribs and
said connecting sections are made of same elastic
materials.

The wave-shaped suspension edge structure, as re-
citedinclaim 28, wherein an angle is formed between
two adjacent arc-shaped connecting sections.

The wave-shaped suspension edge structure, as re-
cited in claim 28, wherein each sets of connecting
ribs comprise one top connecting rib and one bottom
connecting rib, wherein a cross section of an inner
edge of said elastic suspension edge connected to
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said vibration element is sinusoidal waveform
shaped.

The wave-shaped suspension edge structure, as re-
cited in claim 28, wherein each sets of connecting
ribs comprise two top connectingribs and two bottom
connecting ribs, wherein two said bottom connecting
ribs are respectively positioned on two sides of said
top connecting ribs and a cross section of an inner
edge of said elastic suspension edge connected to
said vibration element has a shape which is selected
from the group consisting of sinusoidal waveform,
sinusoidal waveform, triangular waveform and saw-
tooth waveform.

The wave-shaped suspension edge structure, as re-
cited in claim 28, wherein each top connecting ribs
are extended from said outer peripheral surface of
said vibration element to said interior peripheral sur-
face of said supporting frame vertically or aslant.

The wave-shaped suspension edge structure, as re-
cited in claim 28, wherein each bottom connecting
ribs are extended from said outer peripheral surface
of said vibration element to said interior peripheral
surface of said supporting frame vertically or aslant.

The wave-shaped suspension edge structure, as re-
cited in claim 28, wherein supporting frame connec-
tion ends of each elastic suspension edge connected
with said interior peripheral surface of said support-
ing frame form a ring-shaped outer edge coaxial with
said vibration element.

The wave-shaped suspension edge structure, as re-
cited in any claims 28-37, wherein said vibration el-
ement has a shape which is selected from the group
consisting of circular, oval, rectangle, and polygon.

The wave-shaped suspension edge structure, as re-
cited in any claims 28-37, wherein said vibration el-
ement is circular-shaped and each connecting ribs
are arranged along a radial direction of said vibration
element.

The wave-shaped suspension edge structure, as re-
cited in any claims 28-37, wherein said vibration el-
ement comprises a vibration weighted element and
a coating layer coated on said vibration weighted
element and be made of same material with said
elastic suspension edge.

The wave-shaped suspension edge structure, as re-
cited in any claims 28-37, wherein said elastic sus-
pension edge is bonded with said supporting frame
and said vibration element.

The wave-shaped suspension edge structure, as re-
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cited in any claims 28-37, wherein said vibration unit
is connected to a voice coil coupling with a magnetic
coil system so as to form a loudspeaker.

The wave-shaped suspension edge structure, as re-
cited in any claims 28-37, wherein said vibration unit
is a passive vibrating plate sharing a vibration cavity
with at least one main vibration speaker, wherein
said main vibration speaker makes response to input
of audio signals to vibrate to produce sounds and
said vibration unit is driven to vibrate to produce an
auxiliary sound by the air pressure changes within
said vibration cavity.

The wave-shaped suspension edge structure, as re-
cited in claim 43, wherein said main vibration speak-
er and said vibration unit are arranged side by side.

The wave-shaped suspension edge structure, as re-
cited in claim 43, wherein said main vibration speak-
er and said vibration unit are coaxial arranged back-
to-back.

A vibration unit, comprising a wave-shpaed suspen-
sion edge structure as recited in one of claims 1-16
and 28-37, wherein said vibration unit further com-
prises a vibration element, an elastic suspension
edge with a plurality of wave-shaped retaining sec-
tions, and a supporting frame, wherein said elastic
suspension edge is provided between said vibration
element and said supporting frame, so as to ensure
a movement direction of said vibration element is
kept along an axial direction and prevent said vibra-
tion element to shake and deviate.

The vibration unit, as recited in claim 46, wherein
said vibration unit is a passive vibrating plate sharing
a vibration cavity with at least one main vibration
speaker, wherein said main vibration speaker vibrate
to produce sounds in response to an input of audio
signals, wherein said vibration unitis driven to vibrate
to produce an auxiliary sound by means of an air
pressure changes within said vibration cavity.

The vibration unit, as recited in claim 47, wherein
said main vibration speaker and said vibration unit
are arranged side by side or coaxially arranged back-
to-back.

The vibration unit, as recited in claim 46, wherein
said vibration element has a shape which is selected
from the group consisting of circular, oval, rectangle,
and polygon.

The vibration unit, as recited in claim 46, wherein
said vibration element is circular-shaped, wherein
each of the wave-shaped retaining sections is radi-
ally arranged with respect to said vibration unit, so
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as to form a plurality radial wave-shpaed retaining
sections.

The vibration unit, as recited in claim 46, wherein the
number of said wave-shaped retaining sections is
2-200 and the ripple amplitude of each wave-shaped
retaining sections is 1-500mm, wherein the area size
of said vibration element is 0.005-0.2m?2.

The vibration unit, as recited in claim 46, wherein
said vibration element comprises a vibration weight-
ed element and a coating layer coated on the vibra-
tion weighted element, wherein said coating layer is
made of same material with said elastic suspension
edge.

The vibration unit, as recited in claim 46, wherein
said elastic suspension, said supporting frame and
said vibration element are adhered with each other.

The vibration unit, as recited in claim 46, wherein
said vibration unit is connected to a voice coil which
couples with a magnetic coil system so as to form a
loudspeaker.
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