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5T ABSTRACT

A support struciure For supporting and protecting the dia-
phragm of loudspeaker includes a first elastomer which has a
first imterface with a camber shape, a second elastomer which
has & second interface with a complemental shape of the first
interface, the first elastomer and the second clastomer com-
bine together from both sides of the suppon part of the loud-
speaker diaphragm. The scparate suppon struciure in the
present invention is fit for many Kinds of loudspeakers and
propitious to increase the technical characteristics of loud-

speakers.

10 Claims, 8 Drawing Sheets




US 8,094,863 B2

Page 2
LLS. PATENT DIXCUMENTS FOREIGN PATENT DOCUMENTS
20090010480 Al*® 12009 Ding ...ooeovens o ABLASS P 11-275690 A 10y 1999
201000220889 Al* 2010 Adelmen | I 1 T 1 P WNA-153778 A 2013
200 1AOD26TAT AL* 2720011 Takahashi @ . AR1AGT

200 10044490 AT* 22001 Makin oo oo 3817398 . _
20110116658 Al* 52011 Minwraetal ... 381120  * cited by examines




US 8,094,863 B2

Jan. 10, 2012 Sheet 1 of 8

U.S. Patent




U.S. Patent Jan. 10, 2012 Sheet 2 of 8 US 8,094,863 B2

\\\ )
A\ gt
FIG. 2
\\\ |/
T

FIG. 3




U.S. Patent Jan. 10, 2012 Sheet 3 of 8 US 8,094,863 B2




U.S. Patent Jan. 10, 2012 Sheet 4 of 8 US 8,094 863 B2

22

FIG. 5




US 8,094,863 B2

Sheet 5 of 8

Jan. 10, 2012

U.S. Patent

OSSR
SISO

ey S

LA L K]

€2

e




U.S. Patent Jan. 10, 2012

o

Sheet 6 of 8

Wty Waw
:t"#‘*‘
KO
5% 4
H-,”,

i# r‘

H 5

........

US 8,094,863 B2

FIG. 7




U.S. Patent Jan. 10, 2012 Sheet 7 of 8 US 8,094,863 B2

FIG. 8




U.S. Patent Jan. 10, 2012 Sheet 8 of 8 US 8,094,863 B2

FIG. 9




US 8,094,863 B2

1
SEPARATE SUPPORT STRUCTURE FOR
LOUDSPEAKER DIAPHRAGM

TECHNICAL FIELD

The invention relates (o the field of electroacoustical tech-
nology, more specially 1o a suppon struciure for positioning
ol a diapheagm in a loudspeaker and keeping vibration of the
diaphragm. In particutar, the present invention relates 0 a
separaie kind of support stracture for the diaphragm

BACKGROUND OF THE INVENTION

Diaphragms used in most of the cone and dome loud-
speaker in the present markel are supponed by means of a
fold-ring (some including a centering tab), the fold-ring sup-
ports the disphragm so that the disphragm vibrates under the
action of a electroacoustical driving force (o output the sound,
and the fold-ring and the diaphragm form an integral stric-
ture, Some fold-rings and disphragms are made of same
material, both being an integral structure; some fold-nings and
diaphragms are made of different materials, both also being
an integral structure by bomder means,

A lot of efforts are made on the diaphragm, fold-ring and
material, as well as technologies in the art in order 1o obiin
the better performance for the loudspeaker. However, the
maturated product which is characieristic of the imegral sup-
port strocture is difficult (o make a greal breakthrowgh in the
technical performance with the state of the an, in particular in
the high-piteh and super-high-pitch field.

In the conventional ribbon loudspeaker, an aluminum rib-
hon diaphragm with thickness in the range of about O.006-
.02 mm is generally used, which is constructed as cormiga-
tiom 1o support and keep the vibration of the diaphragm.
Although this loudspeaker is an cxcellent high-pitch unil, the
corrugated aluminum ribbon diaphragm s susceptible 10
shack when it is operated by an electromagnetic force in long
term and other strong external force. The dinphragm may
become elongated and offset the center area of the magnetic
clearance 50 8s to penerate distortion at work, the problem
concerning the reliability and service life is hard o be
resolved over a long time of period,

Reeently o compound diaphragm of polyimide and alumi-
num Foil has been used in the ribbon loudspeaker, and in &
head of the ribbon diaphragm a metal spring in s wavelonm as
a transition section of the support-structural member serves
a5 the imegral suppoert structure, which improves the reliahil-
ity and service life of the ribbon diaphragm in a certain exient,
however the problem of stress concentration at a inlerface
between the strip compound disphragm and the waveform
supponing-stroctural member i8 still difficult 10 be resolved
sinea it is nol perfect technically.

In the planar-film loudspeaker, the diaphragm is 4 com-
pound plastic-aluminium-foil diaphragm, which is made of
the film such as polyester and polyimide as the basic material
by means of fiexible cirouit hoard technolegy, The planar-Gilm
diaphragm vibrales with the help of the elasticity generated
by the plastic film belween the retain ning around the planar-
film dizphragm and the flexible circuit board. In onder w
ensure that the diaphragm vibrates with sulficient elasticity,
the elastic retain ring of the planar-film diaphragm must have
a predetermined width, which results in inercasing the total
area of ihe disphragm of the planar-film loudspeaker.
Recently, some of the planar-film lousdspeakers available in
the marker are formed by polyimide as the basic malerial,
This type product is tested after signal input, as a resuld, it is
Foundd that partial or entire diaphragm has permanent defor-
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mation. This means that the elasticity of the supporting ring of
the diaphragm cannot sufficiently satisfy the requirement of
the diaphragm vibration. As a result of the permanent defor-
mation the diaphragm offsets the normal work area and pro-
duces distorton.

The ahove mentioned support structure of the three dia-
phragm has a common character that the suppon structure
and the diaphragm are formed as an integral piece. This Kind
structure has a certain lmitation in technology.

SUMMARY OF THE INVENTION

The object of the invention is 1o overcome the drawbacks
above mentioned in the prior arl. and o improve the perfor-
mance of loudspeaker.

T this end, the loudspeaker dinphragm according 1o the
imvention 15 a separate kind of support structure, this suppor
siruciure is used for positioning the lowdspeaker diaphragm
and keeping the vibration of diaphragm. wherein the support
structure comprises: a first elastic body which has a firsi
engaged face having a curved-surface shape: and a second
elastic body which has a sccond engaged face, a curved-
surface shape of the second engaged face complementarily
matches the curved-surface shape of the first engaged face:
the first engaged face of the first clastic body and the second
engaged face of the second elastic body engage each other o
clamp a supported portion of the loudspeaker diaphragm in
opposite relation from bwo sides of the supponed portion.

According o diaphragm support structure of the invention,
the elastic bodies clamp the supposted portion of the dia-
phragm by means of the engaged faces to keep supponting,
there is no other connecting means such as an adhesive or the
like between the elastic body and the diaphragm. hence a
separate support structure is formed between the supponed
portion of the diaphragm and the curved-surface elastic body.
I that manner, the curved-surface elastic bodies support and
locate the diaphragmm in a center work ares for diaphragm with
the supported portion, in work state the disphragm keeps
vibrating at the comesponding amplitude with the audio sig-
nal.

In the separate kind of suppon structure according 1o the
invention, the loudspeaker diaphragm may be flexible or
rigid.

In addition, compared with the integral suppon struclure,
for the cone and dome loudspeaker the separate support struc-
wre according (o the invention eliminates the fold-ring to
reduce the vibrating mass, which is particularly important for
playing high frequency signal. Funthermore when the support
struciure of the present invention is applied to the ribbon
loudspeaker and the planar-film lowdspeaker, it may over-
eome the deficiency of the insufficient elastic deformation of
the diaphragm material itself.

BRIEF DESCRIPTION OF THE DRAWING

FIC. 1 is an exploded perspective view of the suppor
structure of the loudspeaker diaphragm sccording to o first
embodiment of the invention.

FIG. 2is a sectional view of the support structire according
1o the loudspeaker diaphragm of the invention.

FIG. 3 iz a sectional view of the support structure of the
louds peaker dizphragm sccording wa second embodiment of
the invention.

FIG. 4 is a sectional view of the support structure of the
londs peaker diaphragm acconding (o a third embodiment of
the inveniion,
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F1G. 5 shows an overall configuration of varions support
structures,

FIG. & is a representative view of the cone loudspeaker
usedd with the separate suppart struciure.

FIG. 7 is a representative view of the dome high-piich
lomdspeaker used with the separate suppon structure,

FIG. 8 is a representative view of the extra-long ribbon
lowdspeaker (a portion with the diaphragm) wsed with the
SEpArale SUPPOn structure,

FIG. 9 is the exemplar diagram of the planar-film loud-
speaker (a portion with the diaphragm} used with the separate
SUpport structure,

DESCRIPTION OF REFERENCE NUMERALS

1 first curved-surface elastic body

2 second curved-surface elastic body

3-1 flexible supported portion

32 rigid supported portion

4 first fixation member of the curved-surface elastic body

§ second fixation member of the curved-surfoce elastic
body

& adhesive layer

7 flexible diaphragm

B rigid diaphragm

B first macromolecular corved-surface elastic body of hol-
low structure

18 second macromolecular curved-surface elastic body of
hollows structure

11 fixed section of Aexible diaphragm

12 engaged face of first curved-surface elastc body

13 engaged face of second curved-surface elastic body

14 fixed section of first meallic curved-surface elastic

15 fined section of second metallic curved-surface elastic -

hody

6 first metallic corved-surface elastic body

17 second metallic curved-surface elastic body

18 first curved-surface elastic body in bar shape

19 second curved-surface elastic body in bar shape

20 second curved-surface elastic body in circular shape

21 second curved-surface elastic body in square shape
(with rounded comer)

22 second curved-surface elastic body in U-shape

23 cone diaphragm

24 voice codl (winding)

25 dome diaphragm

26 electrical terminal of diaphragm conducting circuit Tor
a planar-film loudspeaker

27 diaphragm conducting circuit for a planar-film lowd-
speaker

DETAILED DESCRIPTION OF THE INVENTION

Hereinafter, embodiments of the iovention will he
described in further detail with reference to the drawings.

In FIG, 1, there is shown a separate support structure for the
lowdspeaker diaphragm according to the first embodiment of
the imvention, and this kind of support structure is used for
retaiming the positioning of the dinpheagm and keeping the
vibration of the loudspeaker diaphragm. The support struc-
ture includes a first curved-surface elastic body 1, a second
curvied-surface clastic body 2 and a supporied portion 3-1 of
the loudspeaker diaphragm. In this embodiment. the first
curved-surface elastic body 1 has a firsi engaged (ace 13 with
g convex curved-surface shape, and the second curved-sur-
face clastic body 2 has a second engaged face 13 with a
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concave curved-surface shape which is complementary to the
curved=surface shape of the first curved-surface elastic body,
The: first engaged face 12 of the first curved-surface elastic
body and the second engaged face 13 of the second curved-
surface clastic body engage oppositely from both sides of the
supported portion 3-1 of the loudspeaker diaphragm 7 and
clamp the supported portion 3-1. 1t should be noted that there
is no any connection means, such as an adhesive, between the
first engaged face and the second engaged face, which is
particularly benefit 1o the loudspeaker performance.

As shown in FIG. 2, in the first embodiment of the inven-
tion the diaphragm for the loudspeaker is a lexible diaphragm
7. The supporied portion 3-1 of the diaphragm is sandwiched
betwesn hath engaged faces oF the two curved-surfacoe elastic
bodies 1 and 2, for example, the Nexible disphragm 7 may be
a ribbon diaphragm for the nbbon loudspeaker or a planar-
film diaphragm for the planar-film loudspeaker. A first fixa-
fion member for connecting o the curved-surface elastic
body is denoted by reference numeral 4 in FIG. 2. the first
curved elastic body 1 is fixed in the first fixation member 4 by
means of insertion. A second fixation member for connecting
10 the curved-surface elastic body is denoted by the reference
numeral 5, as shown in the Tigure, the second curved-surface
elastic body 2 is fixed in the second fixation member § by
means of an adhesive layer 6. It should be noted that the
connection means belween the fixalion members amd the
elastic bodies is nod [imited, and the connection means may be
selected according o the aperation environment and man-
facture technology.

The first and second curved-surface elastic bodies 1, 2 may
be made of macromolecular resilient matenal, such as rubber,
polyamino-rubber gic, In the ribbon loudspeaker and the pla-
nar-film loudspeaker, [or example, the elastic bodies may
preferably be made rom thermal-resistant resilient material
of macromolecule, such as Auo-rubber, silicon rubber etc,
since the current flows through the conductive circuit in the
diaphragm and the iemperature may arise up o 100° C or
ahove under 8 maximum power,

Also, the suppont structure shown in FIG. 2 is the combi-
nation of the curved-surface elastic body and the supported
portion in the ribbon loudspeaker and the planar-film loud-
speaker which comprise the fexible diaphragm. Mormally,
the fexible diaphragm has a fixed section or a fixed arcs
where the diaphragm is fixedly connected to a londspeaker
body =0 as to fix the diaphrogm, the separate suppor structure
formied by the curved-surface elastic bodies serves 1o suppon
and tension the flexible diaphragm so that the diaphragm is
positioned st a center working region. When the supported
portion of the diaphragm is under the action of the drive
forcing from an audio signal, both the engaged faces of the
twio curvied-surface clastic bodies open or close so that the
diaphragm can streich or withdraw; the separale support
structure supports and keeps the diaphragm vibrating within
a predetermined amplitude. while ensures thal the vibration
of the diaphragm does not exceed an elasticity limit. In the
ribbon loudspeaker, the position of the curved-surface elastic
bodies 1, 2 5 generally provided in the inside of the fixed
section of ribhon diaphragm, and the elastic body may be
provided cn either end or both ends of the ribbon diaphragm.
In mddition, in the extra-long ribbon looadspeaker diaphragm
and the support structure of the curved-surface elastic body
shown in FIG. &, if the length of the ribbon diaphragm is
longer than 300 mm in the extra-long nbbon loudspeaker as
shown in the figure, one pair or move pairs of curved-surface
elastic bodies may be arranged at the middle of the diaphragm
in order o further support and stabilize the Mexible dia-
phragm. As shown in FIG. 9, in the planar-flm loudspeaker,
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the position of the separite support structure including
curved-surface elastic bodies 1 and 2 15 generally between a
flexible conduciive circuit 27 and a retaining ring of the
diaphragm.

Furthermore, in the case that the loudspeaker diaphragim is
Aexible one, the minimuom curvaluee radivs of the firs curved
surface elastic body 1 and the second curved-surface clastic
body 2 is larger than or equal (o the minimom allowable fAex
radius of U Nexible diaphragm 7. Meanwhile, the difference
hetween a length of a curved-surface ling of s section plane of
the first and second elastic bodies and a length of a straight
line of the section plane of the first and second elastic bodics
is larger than or equal to the difference berween & line length
of the diaphrazm at its maximum amplitade and a line length
of the diaphragm at minimum amplitude.

FIG. 3 shows the support structure of the loudspeaker
diaphragm according to the second embodiment of the
present invention, Similarly, the structure shown in FIG. 3is
also n separate support structure for the loudspeaker dia-
phragm. In comparison with the structure shown in FIG. 2, the
loudspeaker diaphragm in FIG. 3 is a rigid diaphragm 8,
which hus a rigid supported portion 3-2, The first curved-
surfuce elastic body 9 and the second curved-surface elastic
by 10 are both hollow elastic pieces, which are made of
resilient material of macromolecule. Similary, the supporied
partion 3-2 of the rigid diaphragm 8 is sandwiched between
the first engaged face of the first curved-surface elastic body
9 and the second engaged face of the second curved-surface
elastic body 10 so that it is able to support and retain the
loudspeaker disphragm. As shown in the figure, the first hol-
low curved-surface clastic body 9 has & convex curved-sur-
face shape and the second hollow curved-surface elastic body
10 has a concave curved-surface shape, the both curved-
surface faces of the elastic bodies 9 and 10 engage and malch

each oiher, the supported portion 3-2 of the rigid diaphragm is

sandwiched between the two complementary curved sur-
fuces., and the supporied portion 32 of the rigid diaphrgm
hus & suitable shape thal matches with the curved surfaces of
the curved-surface elastic bodies 9, 10. Meanwhile. in order
1o maintain the stability in a radial direction during the com-
pression of hollow curved-surface elastic hodies. the hollow
curved-surface elastic bodies may be configured in o drum
structure. Similarly, the supported portion 3-2 of the rigid
diaphrugm and the first and second elastic hodies 9, 10 form
as a separate structure, that is, there is no any connection
means, such as an adhesive, between them,

The first curved-surface elastic body 9 is fixed in the first
fixation member 4 by means of insertion, while the second
elastic body 10 is fixed in the second fixation member 8 by
means of an adhesive. The connection means hetwsen the
fixation member and the elastic bodies is not fimited., and the
conpection means may be selected according to the operation
environment and manufaciure technalogy,

It is to be again noded that the separale suppont struciurs

shown in FIG. 3is the combination of rigid supponted portion S

32 and the curved-surface elastic bodies 9. 10, this kind of
support structure can subject 1o vibration and maintin i
curved shape. The support structure of curved-surface elastic
body allows the rigid diaphragm o vibrate under a driving
force in the direction of the vertical axis {perpendicular o a
plane of the diaphragm), and the support structure with the
curved-surface elastic bodies can further stahilieze the radial
positien of the rigid diaphragm.

When the loudspeaker diaphragon is ngid one, the mini-
mum resilient displacement of the elastic body is larger than
or equal 10 the maximum vibration amplitude of the foud-
speaker diaphragm.
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FIG, 4 shows a support siructure of metallic thin plate for a
digphragm according Lo the third embodiment of the present
imvention, The support structure includes a first metallic
curvied-surlace elastic body 16 having a first engaged face and
a second metallic curved-surface elastic body 17 having &
second engaged face, the engaged faces of the two metallic
curved-surface elastic bodies 16 and 17 have S-shape curved
matching surlaces, & diaphragm is sandwiched between the
two engaged faces which are complementarily matched
together. It should be noded that the separate support structure
is formed of the supported portion and the first and second
elastic bodies 16, 17, that is, there is no connection means,
such as an mlhesive, between them.

The first and second metallic curved-surface elastic bodies
have fixation sections 14 and 15 for the elastic bodics, respec-
tively, so that they may be connected 10 the loudspeaker body
by means of welding. a fastener, or an insertion slot. In the
illusirated embodiment the flexible diaphragm 7 is sand-
wiched berween the metallic curved-surface elastic bodies. 1n
such & manner. the metallic curved-surface elastic bodies can
support and maingain the positioning of the rigid diaphragm
and keep its vibration as well, The metallic curved-surface
elastic body may be made of material such as phosphor
bronze and beryllium copper, elc.

The eurved-surface shape of the elastic body in the suppon
stuctures may be various, for example in the shapes of wave-
form, sinusoidal waveform, S-form, V-form, U-form,
C-form, M-form, W-form and so on.

Tt can be found from the above mentioned embodiments
that the separate supporn structure according to the invention
may be not only used in the loudspeaker having the Nexible
diaphragm, such as the ribbon loudspeaker, planar-film loud-
gpeaker as well as the dome-section high-pitch loudspeaker,
but also may he used in the loudspeaker having the rigid
diaphragm, such as the cone loudspeaker as shown in FIG. 6
and the dome high-pitch loudspeaker as shown in FIG. 7, As
shown in FIG. 6, acone diaphragm 23 in the cone loudspeaker
is sanchwdched and fixed hetween the first curved-surface elas-
tic body 1 and the sccond curved-surface elastic body 2; as
showr in FIG. 7, adome diaphragm 25 in the dome high-pitch
loudspeaker is sandwiched and fixed between the first curved-
eurface elastic body 1 and the second curved- surface elastic
body 2.

The entire configuration of the elastic body may have many
embodiments according to the type of the loudspeaker and the
diaphragm structure, FIG, 5 shows some configurations,
wherein reference numerals 18 and 19 show a bar-shaped
curved-surface elastic body, reference numeral 20 shows a
circular curved-surface elastic body, reference numeral 21
shows a sguare curved-surface elastic body with rounded
comer, and reference numeral 22 shows a L-shaped corved-
sirface elastic body, Furthermore the elliptical shape may
nlso be adopled as the entire shape.

The foregoing description is representative, The skilled in
the art may make modifications without departing the main
intension and spirit of the invention, for example, the hollow
curved-surface elastic body can be used in combination with
the flexible diaphragm. or the golid curved-surface elastic
by can be used in combination with the rigid diaphragm.
The scope for pratection of the invention is determined by the
attached claims,

What is claimed is:

1. A support structure for a loudspeaker diaphragm,
wherein the support structure is used For positioning the loud-
speaker diaphragm and keeping the diaphragm vibrating, and
the suppurl structure is 4 separate SUpport stmciure. which
COMPIiseEs:
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a first elastic body which has a first engaged face having a
curved-surface shape;

& second clastic body which has a second engaged face, a
curved-surface shape of the second cngaged Face
coaniplementarily matches the curved-surface shape of
the first engaged face; and

a supported portion of the loudspeaker diaphragm;

the first engapged face of the first elastic body and ihe
second engaged face of the second elastic body engage
each other o clamp the supported pontion in opposite
relation from two sides of the supponted portion of the
loudspeaker disphragm, there is no other connecting
means between the elasiic bodies and the diaphragm.

2. The support structure according to claim 1, wherein an
engaged face belween the first curved-surface elastic body
and the second curved-surface elastic body is curved, the
shape of the engaged Face for the curved elastic body is one of
the following: waveform, sinuscidal waveform, S-form,
L-form, ¥-form. C-form, W-form and M-form.

3. The suppon structure according to claim 1, wherein the
diaphragm is flexible, from the two sides of the Rexible dia-
phragm, the first engaged face of the first elastic body and the
second engaged face of the second elastic body engage 10
clamp the supported portion of the flexible diaphragm in
opposile relation,

4. The suppon structure according 1o clsim 3, wherein the
Aexible diaphragm has a fixed section which connects the
diaphragm to the loodspeaker body, the elastic body is
arranged al inside of the fixed section, and the curved-surface
elastic bodies are provided on ecither or bath ends of the
flexible diaphragm.

5. The support structure according to claim 4, wherein the
loudspeaker is a ribbon loudspeaker, and a length of the
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dhaphragm is not smaller than 300 mm, there is al least one
pair of clastic bodies arranged a1 the middle of the digphragm,
the elastic bodies have the complementary engaged Faces
with the curved shape and clamp the diaphragm from the two
sides.

6. The support structure aceording to claim 1, wherein the
loudspeaker is a planar-film loudspeaker, and the position of
the support structure with the elastic bodies i between a
flexible conductive circuit and a retaining ring of the dia
phragm.

7. The suppon structure according o claim 1, wherein the
diaphragm is rigid. from the (wo sides of the rigid diaphragm,
the first engaged face of the first elastic body and the second
engaged face of the second clastic body engage with cach
aiher to clampihe supported pontion of the rigid diaphragm in
opposite relation,

8. The support struciure according (o claim 1, wherein
minimum curvature radiuses of the first curved-surface elas-
tic body and the second curved-surface elastic body are larger
than or equal 1o 8 minimum allowable fAex radive of the
flexible diaphragm.

8. The suppon structure according to claim 1, wherein the
difference betweun a length of a curved line and a length of a
straight line of a section plane of the first and second elastic
bodies is larger than or egual to the difference between a line
length of the diaphragm at its maximum amplitude and a line
length of the diaphragm at its minimum amplitude,

1. The support structure sccording (o claim 7, wherein a
einimum resilicat displacement of the curved-surface elastic
baxcly is larger than or equal (0 a maximum ampliwde of the
loudspeaker dizphragm,

Kk * * &




