;-e3el FFI N6T5@0 3 APR 2002 - 1 SPEAKER DI APHRAGM 1. Field of the

I nvention The present invention relates to a speaker di aphragm and[ﬂ?ﬁ?RZ%Z
particularly to a speaker di aphragm having a good quality of 10 radiation
sounds and an excell ent outer appearance. 1Conventionally, a speaker

di aphragmis nechanically reinforced by using ribs or the Iike. Such ribs
are used to prevent distortion of radiation sounds by suppressing
generation of division vibrations of the speaker diaphragm and fl attening

the frequency 15 characteristics. An exanple of a speaker mm m, Vi ng
such ribs is shown in the plan view of Fig. 6. As shown in Wﬂ mmmmms
spegker di gphraﬁm is formed with radially disposed groj ﬁcti ons,,3R.whi ch ﬁre
used as ribs. The 20 projectio t r di aphragm i ncreases the
mechani éal strength al ong the ﬁ%ﬁgﬁﬁ%ﬂﬂ?l@@gﬁ?ﬁ\? t he spea I to
suppress generation of division vibrations having nodes al m’mﬂmmm@mmg
circunferential direction. In Japanese Uility Mdel | aid-open . 2-0249
gazette, a cone 25 type speaker diaphragmintegrally formed wi PA%%piral

ribs is 0. 3_.APR (%2 2n.05 di scl osed. 2. Description of the Related Art
A speaker d*a%@@i—gm%—g—% such as those shown in Fig. 6 is not

mechanically reinforced in the area where the ribs are not forned.
Therefore, the rMEchamiasentsimvemgidn ofelates $peakspedendidaphhaggm,sandt
efficiently inproved over the whole area. A speaker diaphragm having

convent i ongh ok mﬁﬁﬂgi}lﬁw ICisBBALYr ﬂiQBh?ﬁgnﬂih‘éiv%ﬁ%’rh woBHah LGty of

particul arly di ations having nodeS along tThe radial ditection.

When a,gpealcer, 2P 290 1Y 19 LB RPO 3R bR R00

Conventionally, a speaker diaphragm 1is mechanically
reinforced by using ribs or the like. Such ribs are used to prevent
distortion of radiation sounds by suppressing generation of division
vibrations of the speaker diaphragm and {lattening the frequency

15 characteristics.

An example of a speaker diaphragm having such ribs is shown
in the plan view of Fig. 6.

As shown in Fig. 6, this speaker diaphragm is formed with
radially disposed projections 30 which are used as ribs. The

20 projections 30 of the speaker diaphragm increases the mechanical
strength along the radial direction of the speaker diaphragm to
suppress generation of division vibrations having nodes along the
circumferential direction.

In Japanese Utility Model laid-open No. 2-8249 gazette, a cone

25 type speaker diaphragm integrally formed with spiral ribs is



15 in Fig. 6 vibrates at a large anplitude, an air flow on the surface of

t he speaker diaphragmis linear fromthe outside to inside, sinilaf0%2¢ﬁzm2
speaker di aphragm wi thout ribs. Therefore, while the speaker diaphra
vibrates at a large anplitude, air is likely. to press the central area of

t he speaker diaphragm and the notion of the 20 speaker diaphragmis

hi ndered to thereby Iower the quality of radiation sounds. The ribs of a
conventi onal speaker di aphragm such as those shown in Fig. 6 have linear
shapes and a viewer receives only a sinple inpression. 25 Also in the case
of the cone type speaker di aphragm discl osed 0 3 APR 2002 - 3 5in
Japanese Utility Mdel | aid-open No. 2-8249 gazette, ribs are disposed

| ocal | y and the nechanical strength cannot be increased over the whole area
of the conedisghes&peaker di aphragm It is not possible to nitigate an air
pressure in the central area of the speaker di aphragm 10 The present

i nvention hasrReeprdiRAf ortHe R AR aRAve- described circunstances. It is an
obj ect of the present invention to provide a speaker di aphragm having a
good quality of radiation soynds. Lt iis another object of the present
Pnvention to profi HREKTSAEREREM HERE AGRT FRATHES 4 ASEcHl PERL otir
appearance. SUVMARY OF THE I NVENTION I n order to achieve the above objects,
accordi ng t6 is hot sheclsaeiallyf rdihéorpedsienthe nueat iwdreret ther eitiss ape ovotded a
speaker di aphragm having a generally cone shape, conprising: 20 a plurality

of projecti rm i odi,cal e e T e, J
direction i%?ghés ‘ant Z‘g“ %re gchrebf q?ﬁe rg%%léé%? i a%k?g n}? g)zlgcﬁﬂgfr o%rgéc;g#%]n
extending radia~ly froma central area to an edge portion and curving al ong
t he ci A@unf@ie@iinegim dis eeet gfigienthe ispREREd HEFhthgmvderes ai8ar t6H the
edge portion; and

speaker diaphragm having conventional ribs cannot efficiently

suppress division vibrations, particularly division vibrations having
nodes along the radial direction.
When a speaker diaphragm having ribs such as those shown
15 in Fig. 6 vibrates at a large amplitude, an air flow on the surface of
the speaker diaphragm is linear from the outside to inside, similar to
a speaker diaphragm without ribs. Therefore, while the speaker
diaphragm vibrates at a large amplitude, air is likely to press the
central area of the speaker diaphragm, and the motion of the
20 speaker diaphragm is hindered to thereby lower the quality of
radiation sounds.
The ribs of a conventional speaker diaphragm such as those
shown in Fig. 6 have linear shapes and a viewer receives only a
simple impression.

25 Also in the case of the cone type speaker diaphragm disclosed



25 a plurality of recesses fornmed between the plurality of 0 3 APR 2002 -
4 5 projections, wherein at | east one surface is curved in an area%gréﬂ?ﬂmz
each projection to 'each recess. The projection extending radially inh%t
slanted area curves along the circunferentsial direction as the speaker

di aphragm cones 10 near to the edge portion. Wile the speaker di aphragm
vibrates at a large anplitude and the central area and the slanted area
nove toward the bottom side, a force along the circunferential direction
can be applied to air which is likely to concentrate upon the central area,
so that the air can be rotated. An air pressure to the speaker 15 di aphragm
can be lowered so that the quality of radiation sounds can be inproved. One
surface in an area from each _projection to each recess preferaply has a
bent pobti om. JERSnAESehSHilE I\E@dfénbalﬁ-@pe@ hb0s pealdst© dganshiaghs &9 t he
radial direction can therefore be 20 increased to suppress division
vibrations @sggow@rmguph&n@ua{e e @ arh R aéw@ﬁ%&p,tumqtm@ Ritteaypger of
projections as counted along the circunferential direction are preferably
fornmed, and the rq&e tion has preferably a cross section |like a screw
propel | er. Ti SN l'z‘ge\ﬁr&aa?féﬁg PR ?loﬁ??cﬁieﬁ RV a8% i fefQton can
be forcibly 0 3 APR 2002 - 5 5 suppressed and the quality of radiation
sounds can hsssibl avadtigAtdaht aimpmessunt irghle cenessarsa pf eherspeakerade

t hi cker than another area. Generation of division vibrations in the slanted
?LS?OSZS b%ﬁ%ﬁ%?thX suppressed and the quality of radiation sounds can be

10 The present invention has Dbeen made under the
above-described circumstances. It is an object of the present
invention to provide a speaker diaphragm having a good quality of
radiation sounds.

It is another object of the present invention to provide a

15  speaker diaphragm having an excellent outer appearance.

SUMMARY OF THE INVENTION

In order to achieve the above objects, according to a first
aspect of the present invention, there is provided a speaker
diaphragm having a generally cone shape, comprising:

20 a plurality of projections forming a periodical structure along a
circumferential direction in a slanted area of the speaker diaphragm,
each projection extending radially from a central area to an edge
portion and curving along the circumferential direction as the
speaker diaphragm comes near to the edge portion; and

25 a plurality of recesses formed between the plurality of



10 According to a second aspect of the present invention, there is provided
a speaker di aphragm having a general cone shape, the speaker diaphral?gglP 2000
havi ng projections ‘and recesses formng a screw propeller shape to g & g
force along the circunferential direction4o air flowing toward a centra
area of the speaker diaphragm 15 According to the present invention, a
force along the circunferential direction is applied to air which is likely
to flow toward the central area, so that the air pressure to the centra
area can be | owered. Sounds can be efficiently radiated and the quality of
sounds can be inproved. 2D The speaker diaphragmis preferably manufactured
by ejection nolding of material containing polypropylene as a main

conposi tion. The speaker diaphragm having a characteristic structure can be
manuf actur eRFB&SEPYS: By using a variety of colors, an excellent outer
appearance wth a visually strong inpression can be provided. 25 0 3 APR
2002 - 6 5 BRI ERhPESGREPTEER OheTEErRRAWNGEr¢d).inl ahs ageplfammyvieavhof a
speaker di aphragm according to an enbodi nent of the invention. Fig. 2 is a

pl an vi ew show hV] area of the speaker diaphragm of the
enbodi nent .prfée%?%gﬁé%aghak%%%és sectional view of the speaker diaphragm of

the enbodinment. Fig. 4 is a cross sectional view of the speaker diaphragm
of the enbodi merthe Pmpjestion extgndgramadiallyt mattheg skemtadr aftaveweas t he
surface of 15 the speaker diaphragm of the enbodinent. Fig. 6 is a plan

¥i|—|EWI mgmr "lof Oﬁe/;amc@m@ferenﬁapu%cit@@ﬁbsngéaﬁé@amﬁﬁfﬁglﬁl\/&%lewm OF
speaker di aphragm according to an enbodi nent of the

10 near to the edge portion. While the speaker diaphragm vibrates at a
large amplitude and the central area and the slanted area move
toward the bottom side, a force along the circumferential direction
can be applied to air which is likely to concentrate upon the central
area, so that the air can be rotated. An air pressure to the speaker

15 diaphragm can be lowered so that the quality of radiation sounds
can be improved.

One surface in an area from each projection to each recess
preferably has a bent portion. The mechanical strength of the
speaker diaphragm along the radial direction can therefore be

20 increased to suppress division vibrations and improve the quality of
radiation sounds.

The odd number of projections as counted along the
circumferential direction are preferably formed, and the projection

has preferably a cross section like a screw propeller. Division

25 vibrations having nodes in the radial direction can be forcibly



invention will be described with reference to the acconpanyi ng draw ngs.
Fig. 1 is a plan view of a speaker di aphragm 10 according to an enbgﬁ%g&yh&
of the invention. Fig. 2 is a plan view showi ng each 25 divided are

a structural difference of the speaker diaphragm 0 3 APR 200Z 5 10 so as
to facilitate the description relating to the speaker diaphragm 10. The
speaker di aphragm 10 has, for exanple, a dianeter of about 30 cm and can be
manuf act ured by ejection nolding of resin containing polypropylene as its
mai n conposition. As shown in Fig. 10 2, the speaker diaphragm 10 is
constituted of a central area |, a slanted area 2, and an edge portion 3.
The central area 1 has a voice coil bobbin, for exanple, adhered at the

bottom thereof and is used as a.vibratiaon generation source for,vibrating
Che speakerihmipeehantb tia B0sley o sanidio? SRS BAna% L8Rt i one i n
the central area 1 to peripheral air. As shown in Fig. 1, the slanted area

2 has a plural ity bofttanoae iobreschy peaesisl i pegfieesbht edadsy thigieakthame 4 and
a plurality of recesses typically represented by a bottomline 5. In the

exanpl e sh t.n._Fj 1, . A, 4 t:hr i I ons
typically ?’%ﬂégén‘%rgﬁ ' b;g %ﬁa?eog{:bﬁjﬁglsgﬁéﬁabtﬁ%ﬁggsrlglcggeségal%ég %%Hiy
represented by the bottomline 5. The slanted area 2 can efficiently
suppr ess diGams PENfOFEIRLALS DR eSsaAt e the GuAbLY -di KAHREANY FOR BES RN
consi derably degrading the characteristics of the speaker diaphragm 10,
anong di vi sjeonnﬁ'r@\r@j,i ons havi ng nodes 25 along the radial direction. The
slanted area 2 having three 0 3 APR 2002 5 projections typically

represgated by the panky ne d.a0d A8 of $LSSAREHRHGBh b SHEE8 e b
provided a speaker diaphragm having a general cone shape, the
speaker diaphragm having projections and recesses forming a screw
propeller shape to give a force along the circumferential direction to
air flowing toward a central area of the speaker diaphragm.

15 According to the present invention, a force along the
circumferential direction is applied to air which is likely to flow
toward the central area, so that the air pressure to the central area
can be lowered. Sounds can be efficiently radiated and the quality
of sounds can be improved.

20 The speaker diaphragm is preferably manufactured by ejection
molding of material containing polypropylene as a main composition.

The speaker diaphragm having a characteristic structure can be
manufactured easily. By using a variety of colors, an excellent outer

appearance with a visually strong impression can be provided.

25



efficiently suppress division vibrations other than four-division
vibrations. Fig. 3 is a cross sectional view of the speaker diaphrag 12 aZs
10 taken along line A-A shown in Fig. 1. As shown in Fig. 3, the spe PR 2002
di aphragm 10 has a generally cone shape -b#&si-ng upon a parabol a shape, with
the projection typically represented by the peak line 4. A broken line in
Fig. 3 indicates a ridge of the projection drawn by the peak line 4. 1 5 As
i ndicated by the peak Iine 4 shown in Fig. 1, the projection of the speaker
di aphragm 10 extends radially fromthe central area 1 to the edge portion
3, and curves along the circunferential direction as it cones near to the
edge portion 3. Narrely the projection and recess of the speaker diaphragm
10 form_a sha [ erefore as the speaker
dlaphraéml , S Zpplied to the air flow on the
surface of the speaker d| aphragm 10. Fig. 4 is a cross sectional view of
the slanted areaFi.of ithe pigeakew di apspegiarlGiapicgrfesaedridahg ytot aken
along line B—B shovvn 25 in Fig. 1, as viewed along a direction indicated by
an arrow D 9 5 2. As shown in Fig. 4, one surface
of the spe glp%l q%h%dﬁé@%?lgi%él ng fromthe projection represented by

t he peak I|ne 4 to the recess is curved. The other surface opposite to the
curved surface iEig.fdis explap sieve shosdngresah Hvigedkartdanef 4he sndadeapot t om
line S and 10 bent at the bottomline S. Wth this shape, the speaker

di aphragm 18i.hasa3 fMPhasEBedRHERF. appearance |ike the screw propel | er
and increases the nmechani cal strength of the projection functl on| ng as a

rib . Also as shaogwn jn Fi 4, bottom ar he recess
Cpeaked0a aonr so 6 TsoidoeSiwPLpBe ik of Rhe slinak s AP HReRe 06 iBe L he
speaker di aphragm 10 can prevent division vibrations

embodiment.

Fig. 4 is a cross sectional view of the speaker diaphragm of the
embodiment.
Fig. 5 is a diagram illustrating an air flow near the surface of
15 the speaker diaphragm of the embodiment.
Fig. 6 is a plan view showing an example of a conventional

speaker diaphragm.

EMBODIMENT OF THE INVENTION

20 A speaker diaphragm according to an embodiment of the
invention will be described with reference to the accompanying
drawings.

Fig. 1 is a plan view of a speaker diaphragm 10 according to
an embodiment of the invention. Fig. 2 is a plan view showing each

25 divided area having a structural difference of the speaker diaphragm



in the recess and inprove the quality of radiation sounds. The edge portion
3 shown in Fig. 2 is used for fixing the speaker diaphragm 10 to an audio
apparatus. For exarple, the 20 speaker diaphragm 10 is fixed to a fga R 2002
wWith screws or to a cabinet of a speaker gystemw th adhesive. A specific
exanpl e of the speaker diaphragm applied to an audi o apparatus according to
t he enbodi nent of the invention will be described. 25 In nounting the
speaker di aphragm 10 on the audio 0 3 APR 2002 - 10 5 apparatus, a
process simlar to that used for a general speaker diaphragm can be used
for mounting it. Specifically, the speaker diaphragm 10 is fixed to a frane
wth screws or to a cabinet of a speaker systemw th adhesive, and a voice

il bopbin is adhered to the bottom.of th tral to_thereb
Const i LAte 1 miing® do10REiaH { BeydPPePAgPeU aPEl Hot RBC RN

circuit, the speaker diaphragm 10 vibrates to generate radiati on sounds.
Ceneral |y, diapheagnspaker di aphragm vibrates at a | arge anplitude and
noves toward the bottom side thereof, an atnospheric pressure in the

central area of r 'ﬁﬁ}ér 5 : oLe: Wi t

speaker di aphragrlt:r7}111]%05‘3%%L gwgga hg?%gwolr}%gﬁé? ?ﬁ%ﬁg?%’séad%ae@ggﬁ%y&fhat
air concentrates fromthe edge portion to the central area. According to

t he speakeratiipBPagm aodotan the BrAsvdiagsRre®fbit Riestiony ameliddng qftrasas a

t hree-di nensional structure |ike the screw 20 propeller, air flow ng toward

the centr alcoaft%i%goﬁom@oﬁgﬁ%eés disapiHiABrhB 08 AT L CRK Ve dwhHaFiQN
force. Fig. 5 shows an”air Tlow near the surface of the speaker diaphragm

10 nikg e gheaaydiophiaaT L0 M BLAL R gl 2al 21 0 arplL{ bl opdihe
slanted area 2, and an edge portion 3.

The central area 1 has a voice coil bobbin, for example,
adhered at the bottom thereof and is used as a vibration generation
source for vibrating the speaker diaphragm 10.

15 The slanted area 2 propagates vibrations in the central area 1
to peripheral air. As shown in Fig. 1, the slanted area 2 has a
plurality of projections typically represented by a peak line 4 and a
plurality of recesses typically represented by a bottom line 5.

In the example shown in Fig. 1, the slanted area 2 is has three

20 projections typically represented by the peak line 4 and three
recesses typically represented by the bottom line 5. The slanted
area 2 can efficiently suppress division vibrations, particularly
four-division vibrations considerably degrading the characteristics of
the speaker diaphragm 10, among division vibrations having nodes

25 along the radial direction. The slanted area 2 having three



0 3 APR 2002 - 11 5 As shown in Fig. 5, in such a case, air which is

likely to concentrate upon the central area 1 of the speaker di aphragrg zfﬂ”ﬂﬂl
near the surface thereof, receives the force along the circunferential
direction by the projections of the speaker .di aphragm 10 typically
represented by the peak line 4. In other words, the projections of 10 the
speaker di aphragm 10 give the rotation force to the air which is likely to
concentrate upon the central area of the speaker diaphragm10. It is
therefore possible to lower the air pressure to the central area 1 of the
speaker di aphragm 10 and efficiently radiate sounds at 15 a | arge sound

vol unme. The slanted area 2 has three projections typically represented by

the peak line 4 and three recesses t¥pic 1y repre egted by the bottomline
5. Ther &f orE0j¢HEORH e BKIFAHY apBP ERE1OD c &) ftBFcipﬁlai‘ Ubpr &s 80 vitgiesn

vibrations, particularly four-division vibrations 20 consi derably degradi ng

the charactieckssdsstygfichhe sppedkemtdi apyr agim 10ottam®Nniindi 3 Sican valkbat i ons
havi ng nodes along the radial direction. The frequency characteristics of

t he speaker di aphragm 10 _can ther.ef ore, he,. e f nd_t he qual ity of
radi ati on seéﬁﬁltﬁ: tb’anS‘ngﬁ%sﬁ nBeveg. vip atég%%Roébg% ?h%% Q%Ullzh(fltVf.Pé¥I,’l t he
bottom area 6 of the recess is nade thicker than the other area so that

di vi si on vivobedtiomsi n the recess of the speaker diaphragm 10 can be
suppressed. The frequency characteristics of the speaker diaphragm 10 can

rereone b, Tadsgl ot ARCASANSRY Yok arksen aneisa i 10

10 taken along line A-A shown in Fig. 1.

As shown in Fig. 3, the speaker diaphragm 10 has a generally
cone shape basing upon a parabola shape, with the projection
typically represented by the peak line 4. A broken line in Fig. 3
indicates a ridge of the projection drawn by the peak line 4.

15 As indicated by the peak line 4 shown in Fig. 1, the projection
of the speaker diaphragm 10 extends radially from the central area 1
to the edge portion 3, and curves along the circumferential direction
as it comes near to the edge portion 3. Namely, the projection and
recess of the speaker diaphragm 10 form a shape like a screw

20 propeller. Therefore, as the speaker diaphragm 10 vibrates, a
rotation force is applied to the air flow on the surface of the speaker
diaphragm 10.

Fig. 4 is a cross sectional view of the slanted area 2 of the

speaker diaphragm 10 circumferentially taken along line B-B shown

25 in Fig. 1, as viewed along a direction indicated by an arrow D in Fig.



along the bottomline 5 to increase the nmechanical strength of the speaker
di aphragm 10 along the radial direction. Division vibrations having qummzmn
along the circunferential direction can 15 therefore be suppressed.
frequency characteristics of the speaker @& aphragm 10 can therefore be nade
slat and the quality of radiation sounds can be inproved. Still further,

t he speaker di aphragm 10 can be nmanufactured 20 by ejection nol di ng of

pol ypropylene. It is therefore easy to use a variety of colors during
manuf act ure processes, so that a visually good outer appearance can be
obt ai ned. The speaker diaphragm 10 has the structure greatly different from
that of a conventional speaker diaphragm and has a shape |i ke the screw
propel | er. 25 strong visual inpression can be given. - 13 5 As

descri bed far, in the speaker diaphragm 10, the slanted area has a
plurality of projections and recesses, formng a three-dinensional

structure |ike the shovewipr E@I4,eone‘l§wfama>lfd:hedsp¢pmktagdlalmﬂwnth@ref ore
lower the air pressure in the central area 1 by giving the rotation force
to the air e f

al so possuﬁ\ééﬂﬂqB |ﬂ§4§{akt? gﬁg?é §§§#99?b a&ﬁgﬁp&ﬁggfﬁb4ﬁ%§gséalong
the radial and C|rcunferent|al dlrectlons The speaker di aphragm 10 can
therefore iT6pEDYES CHEVRfal LD QiheFééI‘lYEﬁqeoﬂp%%ﬂﬁ%O the q%ﬁ@ésw 8ctide a

vari ety of colors during the manufacture 15 process of the speaker

di aphr agm ¥6r ancrh pie, stviteidifierh 9@ beblt BharacbethstiottorAnliggcsl it outer
appearance with a strong vi sual inpression can be provided. The invention

var  outOmodieEitcal ind kiR ARt AR BFE shaber iFls oo R0 Celipien i ¢ e

enbodi rrent aI t hough the slanted area has three projecti ons and three
recesses, tlﬁbhmrmemmphgsmeécqu@msamﬂﬁrance like the screw propeller and

increases the mechanical strength of the projection functioning as a
rib.
Also as shown in Fig. 4, a bottom area 6 of the recess of the
15 speaker diaphragm 10 is made thicker than the other area.
Therefore, the speaker diaphragm 10 can prevent division vibrations
in the recess and improve the quality of radiation sounds.
The edge portion 3 shown in Fig. 2 is used for fixing the
speaker diaphragm 10 to an audio apparatus. For example, the
20 speaker diaphragm 10 is fixed to a frame with screws or to a cabinet
of a speaker system with adhesive.
A specific example of the speaker diaphragm applied to an
audio apparatus according to the embodiment of the invention will
be described.

25 In mounting the speaker diaphragm 10 on the audio



recesses may be set as desired so long as the nmechanical strength of the
speaker di aphragm can be increased and division vibrations can be QSAPRMM
suppressed. In this case, it is preferable to use the odd nunber 25 o
projections in order to forcibly suppressi®our-division vibrations 03

APR 2002 - 14 5 which greatly degrade the characteristics of a speaker

di aphragm The material of the speaker diaphragmis not limted only to

pol ypropyl ene, but other resin capable of ejection nolding may al so be

used. | NDUSTRI AL ADAPTABI LI TY 10 As descri bed above, according to the

present invention, the nechanical strength of the speaker di aphragm can be

i ncreased by incorporating the three-dinensional structure |like the screw

Can’be PowdHr By a1 vt nrdReT Salon SPRL PR G Prop, BRRERT EHRRE 0T

flow toward the central area. It is therefore possible to efficiently
suppr ess t hBapbnegat icam bk dised sfoonmausrtang dhs Specifimalyethehepgakierty of
radi ati on sounds. Further, according to the present invention, the speaker

di aphragm Qﬁéph?é éerﬂS)ﬁ@'f%&l%@%'fr%"e%ﬁHf Qchdkg diheoSeremigl: rifogel I er

and col oring ring manuf acture processes. An excel ent out er
appearance can_therefore be provided. 0 3 APR2002 - 15 5 WHAT IS

CLAI MED | S:SPE2KAT spyEdkiey “ﬁtfa@ﬁﬁgﬁgﬁwmm%@ 4Ogéretalnop s anhpEsd to
conprising: a plurality of projections formng a periodical structure along

a ci rcunf ertget battosh refcth@rcentral atantlgdicatiearsy cheassitaaker rahgnbriagm
each projection extending radially froma central area to an edge 10

PO OGS, e AL AR el sk
diaphragm 10 vibrates to generate radiation sounds.

Generally, while a speaker diaphragm vibrates at a large
amplitude and moves toward the bottom side thereof, an
atmospheric pressure in the central area of the speaker diaphragm

15 lowers. Therefore, while the speaker diaphragm moves toward the
bottom side, there is a tendency that air concentrates from the edge
portion to the central area.

According to the speaker diaphragm 10 of the embodiment of
this invention, it has a three-dimensional structure like the screw

20 propeller, air flowing toward the central area 1 of the speaker
diaphragm 10 can receive a rotation force.

Fig. 5 shows an air flow near the surface of the speaker
diaphragm 10 while the speaker diaphragm 10 vibrates at a large

amplitude and the central area 1 and slanted areas 2 thereof move

25 toward the bottom side.



a plurality of recesses forned between the plurality of projections,

wherein at | east one surface is curved in an area fromeach 15 proj ﬁ%#@ﬂzmn
to each recess. 2. A speaker diaphragm according to claim1, wherein

surface in an area from each projection tjo each recess has a bent portion
ZO 3. A speaker diaphragm according to claim11 or 2, wherein the odd nunber
(n) of projections (where nis equal to or greater than 3) are forned as
counted. along the circunferential direction, and the proj ection has a
cross section like a screw propeller. Z 5 4. A speaker di aphragm accordi ng
toclaiml1, 2 or 3, wherein a 0 3 APR 2002 - 16 5 bottom area of the
recess is made thicker than another area. 5. A speaker diaphragm having a

general cone shape, the speaker di aphragm havi ng projections and recesses
form ng®a scr ew"‘g‘f CPEIWR U5 HEBe Tollyi R % 0FR¥E aPEngVIRE &5 ef@nti al
direction to air flowing 10 toward a central area of the speaker diaphragm

6. A speakepndearhigpaec oheideeg tealy apse Dfofcited ipebkied SiapMiegeh nihe
speaker di aphragm is rranuf actured by ejection m)l |ng of materi al

“2S. & | ASr SEAT BLARERR, (R Ral et [ A et ae R DA
vR@' kA X7DJV\ys| wgl gb] X] ca] ca] ca] ca] ca] c’\a] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]ca
] ca] ca] ca] daferdjwa]lwa]tba] pajjcaliena] dftt) ¢ aprrdiecafizaiRagm 10 lypeeally
represented by the peak line 4. In other words, the projections of
10 the speaker diaphragm 10 give the rotation force to the air which is
likely to concentrate upon the central area of the speaker diaphragm
10.

It is therefore possible to lower the air pressure to the central

area 1 of the speaker diaphragm 10 and efficiently radiate sounds at
15 alarge sound volume.

The slanted area 2 has three projections typically represented
by the peak line 4 and three recesses typically represented by the
bottom line 5. Therefore, the speaker diaphragm 10 can forcibly
suppress division vibrations, particularly four-division vibrations

20 considerably degrading the characteristics of the speaker diaphragm
10, among division vibrations having nodes along the radial
direction.

The frequency characteristics of the speaker diaphragm 10 can

therefore be made flat and the quality of radiation sounds can be

25 improved.



-F9}w mhc”Y] ] ca] ca] ca] ca] ca] ca] c*a] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca]ca]ca]c
aJ calca]calcalcalcalcalcalcalcalcalca!6t*nv} R([®28z>K}xsnid _Z]]]ca]c

]ca] ca] ca] ca] ca] ca]'ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]ca]ca]c %A}%Hmz
] ca] ca] ca] ca! KUT6u6s0<} 1D | w mhc”X] c”a] cajxal ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
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vibrations having node along the circumferential direction can
15 therefore be suppressed.

The frequency characteristics of the speaker diaphragm 10 can
therefore be made flat and the quality of radiation sounds can be
improved.

Still further, the speaker diaphragm 10 can be manufactured

20 Dby ejection molding of polypropylene. It is therefore easy to use a
variety of colors during manufacture processes, so that a visually
good outer appearance can be obtained. The speaker diaphragm 10
has the structure greatly different from that of a conventional
speaker diaphragm and has a shape like the screw propeller. A

25 strong visual impression can be given.
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three-dimensional structure like the screw propeller. The speaker
diaphragm 10 can therefore lower the air pressure in the central area
1 by giving the rotation force to the air which is likely to concentrate
10 upon the central area 1. It is also possible to forcibly suppress
division vibrations having nodes along the radial and circumferential
directions. The speaker diaphragm 10 can therefore improve the
quality of radiation sounds.
It is easy to use a variety of colors during the manufacture
15 process of the speaker diaphragm 10 and the structure itself is
characteristic. An excellent outer appearance with a strong visual
impression can be provided.
The invention is not limited only to the above-described
embodiment, but various modifications and applications are possible.
20 For example, in the embodiment, although the slanted area has
three projections and three recesses, the number of projections and
recesses may be set as desired so long as the mechanical strength of
the speaker diaphragm can be increased and division vibrations can

be suppressed. In this case, it is preferable to use the odd number

25 of projections in order to forcibly suppress four-division vibrations
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polypropylene, but other resin capable of ejection molding may also
be used.

INDUSTRIAL ADAPTABILITY

10 As described above, according to the present invention, the
mechanical strength of the speaker diaphragm can be increased by
incorporating the three-dimensional structure Ilike the screw
propeller, and the pressure applied to the surface of the speaker
diaphragm can be lowered by giving the rotation force to air which is

15 likely to flow toward the central area. It is therefore possible to
efficiently suppress the generation of division vibrations and improve
the quality of radiation sounds.

Further, according to the present invention, the speaker
diaphragm has the three-dimensional structure like the screw

20 propeller and coloring is easy during manufacture processes. An

excellent outer appearance can therefore be provided.
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109 () -1 ???ggg@@a@ﬁl i'i?%%tl(o)n_ in a slanted area of the speaker diaphragm,

each projection extending radially from a central area to an edge

10 portion and curving along the circumferential direction as the
speaker diaphragm comes near to the edge portion; and
a plurality of recesses formed between the plurality of
projections,
wherein at least one surface is curved in an area from each

15  projection to each recess.

2. A speaker diaphragm according to claim 1, wherein one surface

in an area from each projection to each recess has a bent portion.

20 3. A speaker diaphragm according to claim 1 or 2, wherein the odd
number (n) of projections (where n is equal to or greater than 3) are formed as
counted along the circumferential direction, and the projection hasa cross section like

a screw propeller.

25 4. A speaker diaphragm according to claim 1, 2 or 3, wherein a
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shape to give a force along the circumferential direction to air flowing

10 toward a central area of the speaker diaphragm.

6. A speaker diaphragm according any one of claims 1 to 5, wherein
the speaker diaphragm is manufactured by ejection molding of
material containing polypropylene as a main composition.

15



