1 'DESCRI PTI ON ELECTRO- ACOUSTI C TRANSDUCER HAVI NG VI BRATI NG FUNCTI ON  AND
METHOD OF MANUFACTURI NG THE SAME 5 TECHNI CAL FI ELD The present invention
rel'ates to an el ectro-acoustic transducer having vibrating function, and a
nmethod for manufacturing the transduceg. 10 BACKGROUND ART A conventi onal

el ectro-acoustic transducer having vibrating function (hereinafter
referred to as a transducer) is disclosed in Japanese Pat ent Lai d- Open
Application No. 2000-153231. TRE SdrkehPibh& Nt r ansducer is descri bed
referring to FIGs. 5A and 5B. FIG5A is a plan, view, FIG5B is a cross 15
sectional view Referring to FIGs. 5A and 513, the transducer’s voice coil
10a is fi BIBECYREACOUSTICTRANSD UCITEH AN N N magnetic
circuit portion |la which generates a dr| Vi ng povve | owm ng an eI ectric
current in voice CANDME'EH(HM)EMAN[@%CWR]N@THESM is integrated
with e magnetic circuit 20 portion Ila. The weight portion 11b is added
for tke purpose of sensing vibrdtion of vibration section 13, which wll

be referred to later. If a vib Ct4 13 generates suffi.ci ent
vi bration, the weight portion ;[%tcac %]rﬁajf]?ed Magnetic circuit portion

Ila and wei ght D¢ prexent idventRnskPaes 16 hnb¥ledtrofacaiBtic frankducdr HAYRRNSI On
- 12. Vibration section 13 conprises magnetic circuit 25 11 and suspensi on
12. Di aphvikggHnepfuagtion.cinska osithod frx manfactucitig the maokdimiecal resonance
circuit of acoustic section. Magnetic circuit 11 and suspension 12
constitute a mechanical resonance circuit of vibration section 13. Weight
portijgn I1b is a nolded resin gaeeGRICIINDR um powder, suspension 12 and
magnetic circuit portion 1la are | ntegrate w'th the wei ght '

- A conventional electro-acoustic transducer having vibrating function

“(hereinafter referred to as a transducer) is disclosed in Japanese Patent Laid-
Open Application No. 2000-153231. The conventional transducer is described
referring to FIGs. SA and 5B. FIG.5A is a plan view, FIG.5B is a cross
15  sectional view. . |
Referring to FIGs. 5A and SB, the transducer's voice coil 10a is fixed to
a diaphragm 10. A magnetic circuit 11 comprises a magnetic circuit portion
11a which generates a driving power by flowing an electric current in voice coil
10a, and an weight portion 11b which is integrated with the magnetic circuit
20  portion 1la. The weight portion 11b is added for the purposé of sensing
vibration of vibration section 13 , which will be referred to later. If a vibration
section 13 generates sufficient vibration, the weight portion 11b can be omitted.
Magnetic circuit portion 11a and weight portion 11b are supported by a

frame 16 via a suspension 12. Vibration section 13 comprises magnetic circuit

25 11 and suspension 12. Diaphragm 10 and voice coil 10a constitute a
mechanical resonance circuit of acoustic section. Magnetic circuit 11 and
suspension 12 constitute a mechanical resonance circuit of vibration section 13.

Weight portion 11b is a molded resin containing tantalum powder,
~ suspension 12 and magnetic circuit portion 11a are integrated with the weight

30 portion 11b through an insert molding iifocess to provide a one-piece

component. A baffle 17 is bonded with periphery of diaphragm 10, and




30 portion Ilb through an insert nol ding process to provide a one-piece
conponent. A baffle 17 is bonded with periphery of diaphragm 10, and 2
attached to frame 16. Now, operation of the above-confi gured

el ctro-acoustic transducer having vibrating function is described bel ow.
As voice coil 10a is disposed in a magrietic gap A of magnetic circuit 5
portion 11la, when an AC current is applied, voice coil 10a generates a
driving ftached t8ifoame d6wei ght of voice coil 10a is very small relative to

t hat of nmagnet circuit 11, magnetic circuit 11 does not vibrate at nost
of frequency r&fﬂj&sppmﬂpa ¢bi the @bpve-configuisde elotip-agaastic Tharsdugemphr agm
10 is vi bgg i ' 10 erate sounds at nost of frequency
ranges. 18‘@%0@&%%’%@8@%kc‘#ggﬂg‘i%g%“f'or sensing the vibration by a
human body, a BROWsiBE €8l IRSRNGRESsl B! eﬁéﬁﬁP@&%ﬂ@Qgﬁ&&téﬁhnﬁ I's
set at_a certain frequency that Ts lower than tiat of the“acoustic :
secti oh. peditnitsl whenmpedGamirmdnt is bpplied)rvoiectoib1 04 Teneraters dsiving est  at
t he mechani cal _resonance fr&guency. Therefore, even wth a small driving

force, vibYEEi oA doWeiglt ob voiss geHella ds wvopy ymall gslativegto dbasueh to be

sensed by. . Y, af.l r t this ti i term ned by a
pr oduct o{ﬂ %ﬁ?g% i ltbfs)gc??%&{ﬁ&@%ﬁg H;fO%E %&Wrgteaaﬁodﬁpgﬁe%ﬁﬁgt e
circuit 1ianges, whilamoic¢otRl0®BloneaiBradés e "Bl HRPhLigny 1013 vitatedass i on 13.
In the conventignal transducer having vibration functhon operating’in 20

t he aboveYeaKg@oiltQn torgancrate soundscatmostafificguenesmgas.e circuit becomes to
13 W8 chhas 2SR GabRRLNERGSy 28 59k SSping: e viRveeB i AL Bodshani cal
ol T ver o L e R oS 4 JITHOB e IR, M RNl
13. 25 Thirsquéenperthabris| kewksr ttharprihbt esfatthe adconistipesaition. of Médhaaicahg
force. Th?mpedance of vibration section 13 becomes smallest at the mechanical
resonance ffequency. Therefore, even with a small driving force, vibration
15  section 13 can generate a vibration large enough to be sensed by the human
body. Vibration force at this time is determined by a.product of vibration
section 13's weight (that is a weight of magnetic circuit 11, in an approximation)
and acceleration of vibration section 13,
In the conventional transducer having vibration function operating in
20 the above-described principle, the mechanical resonance circuit becomes tor
have a high resonance sharpness Q in order.to vibrate a vibration section 13
which has a large mass. As a result, vibration section 13's mechanical
- resonance frequency disperses largely against resonance frequency signals
. delivered to voice coil 10a from outside for vibrating vibration section 13.
256  This dispersion leads to problematical dispersion of vibrating force. The
| dispersion in mechanical resonance frequency is caused by weight dispersion of
] .Vibration section 13, dispersion in material thickness, width, Young's modulus,
and the like of suspension 12, and supporting position dispersion of suspension
12 and other factors. '
- 30 The present invention addresses the above problems and provides an

electro-acoustic transducer having vibrating function, where the mechanical




di spersion in mechani cal resonance frequency is caused by weight dispersion
of vibration section 13, dispersion in material thickness, wdth, Young's
nodul us, and the |ike of suspension 12, and supporting position dispersion
of suspension 12 and other factors. 30 The present invention addresses the
above problens and provides an electro-acoustic transducer having

vi brating function, where the nmechanicalk 3 response frequency of the

vi bration section can be adjusted at |ow cost, and the dispersion in
vibrating force is reduced. SUMVARY OF THE | NVENTI ON I n accordance with a
first aspect of the presegpt i.nvention, there is. provided an

el ot r o JERRIFEASUPERCHAE e YIBATIRY Sortipnerngedintedt levrenbarndghen frane;
a -di aphr afi§peabioh§A S ibrafin® ¥8r8¢ iPRELeREr Y thereof being fixed to said frane;
a voice coil fixed to said diaphragm a magnetic circuit provided with a

magnetic gap in which said voice coil is inserted; and a vibration section
provi ded with a suspensi f L XJ i |C circuit to said frane;
wherein, said vibration S@Nmﬁﬂbﬁmﬁmﬁéﬁm urality of weights for
adj usting a rggonRRe@arlct CHHA ”ﬁyﬁrs§3dsge&| Bf?thg;]?/rgé’ént"‘ﬁ'vgﬂﬁén,bﬁwg gt t ached

to a position where a centre of gravity o vi bration section does not

shi ft. | pravided darsdectud-adouatie transdiicas havingofibtdtimgnnastéor comprsingoa, t here
is provided an,.el,ectro-acoustic transducer hauing xibrating.function
conpri si r%a.l?ea agjigphragm B gHFaPeH ﬁﬁe‘gﬁ}e@?@ %’é‘?‘ig’r@?‘gﬁf‘w@r Rof being
fixed to i chilafiRed do Veiid ediﬁghhgﬁlg @%&g%a% LidhAPPrddied WRENELI C
circuit provided with a magnetic gap in Which said voice coil Is inserted;
and a vimhagndtomgapdni whiglr sxiddedioni ¢dil ds dosgrtadsiand d wibrhtigi regction d
magnetic_circuit .tilo sai d frami' er ei n. at | east .one ?f aa.gLi i ng portion
of sai d MFARICrWitda? FOSRSISIELOGAKING S3id magRsUSos T Hh i rsald T agnet i o
circui t apckret, Said SEBRASIoR sectdPIPioVededith @blard Ry owaialitefos el ecting
a first fixing position and a _

- adjusting a resonance frequency, said plurality of weights being attached to a

position where a centre of gravity of said vibration section does not shift.

In accordance with a second aspect of the present invention, there is
provided an electro-acoustic transducer having vibrating function
comprising: a frame; a diaphragm at least an outer periphery thereof being
fixed to said frame; a voice coil fixed to said diaphragm; a magnetic circuit
provided with a magnetic gap in which said voice coil is inserted; and a
vibration section provided with a suspension for fixing said magnetic circuit
to said frame; wherein, at least one of a fixing portion of said frame and said
suspension and a fixing portion of said magnetic circuit and said suspension
is provided with an area enough for selecting a first fixing position and a
final fixing position, said final fixing portion being decided by a calculation
based on a measurement of a mechanical resonance frequency of said
vibration section when said vibration section is fixed to said frame at said first
fixing position, and wherein said first fixing position and said final fixing

~ position are located within said area, and wherein said first fixing position

and said final fixing position are fixed by welding.




final fixing position, said final fixing portion being decided by a

cal cul ation based on a neasurenent of a nechanical resonance frequency of
said vibration section when said vibration section is fixed to said frane
at said first fixing position, and wherein said first fixing position and
said final fixing position are Iocated within said area, and wherein said
first fixing position and said final %lng position are fixed by wel di ng.
R - 3a In accordance with a third aspect of the present
invention, there is provided a nmethod of manufacturing an el ectro-acoustic

transducer having vibrating fu ct on co |S|n t he, steps of ormng a
vi bration sect krbgcgﬁ)rldﬁnge "Y]‘&b éﬁl?%rg)tr a‘é@ W‘ieﬁaannﬁ%‘?{@tlﬁc gap and

a plurali BHSPER t I gnetic
circuit p%r)réy |R¥)en aﬁ&aéﬁﬁﬁangorﬁ%ﬁ@%ﬁcégggﬁ{)g% F&Héng%v\% Hﬁét:é}g]? a i ght for
adj ust i ngv1hratnm3ﬁm¢henfcoﬁqpnfsnrgytlmfstqm of: fornmngta mbraaonlseotidny witrauri ng a
mechani cal % nance, freq vi bratjon_segctio attaching said

sai d..
o ght 1 JPaBGeCRRt: DA Wih 4R9EHetS 2P B & PARAL S § AP g
rovi ded r I nserted
Itoo '\s/:';ti d rrégi&igltalglé&ga%?mﬁpéd eﬁgﬁs}ﬁgf& ur%e\ld?fhg}lﬁ?g ﬁl%&g ﬂt oye for
adj ust i nge laltmgsomaughe of me&qa@ﬂfoam@usﬁngtatmshmndeofraqum off smdwhere a

cent er of V|t ﬁ];’ S |d vi bration sesti.o does not ﬁ§h|ft r} 8ordance
with a fod Oﬁs%e@ Y tREAIEGe At MEGHEHEY 0 FESORAIRGS TeaYene o Wlgeda net hod

of manuf I t function
uf agbrafibA Sedtion aﬁf&bf Ogﬁfa‘ri]’d‘%&él tfo@raﬁgﬁ,ﬁgg toh&Yd %rﬁt}@ﬂ bt

conprising the steps of bratl ction a magnétic
circuit pndviigiag wdlhplmragngmovﬁegamthnm \@1@3 aodl fiot g ﬁrﬂmeswhpierﬂldms sai d

magneti ¢ ci.r cui C.OITp netic circ port

porti on: it vl pERERDSereddn 3 S, ! SiebaR BioAItE S urld s (i1 s
fixing pQ§'éﬂ1}9]b5ﬂeﬁCPéerdjd%tﬁ1% §5ﬁaré§o%hee¢r e% éHd Bﬁta‘d @Pxtion of
Sal d frarre an sal d SUSpGnSl on an | X1 ng ortfon O sal gnet | C

circuit godition where a center of gravity of sald vibration section does not shift.

In accordance with a fourth aspect of the present invention, there
is provided a method of manufacturing an electro-acoustic transducer
having vibrating function comprising the steps of: forming a vibration section
with a magnetic circuit provided with a magnetic gap and a plurality of
Suspensions, said magnetic circuit comprising a magnetic circuit portion and a
weight portion; provisionally fixing said vibration section to a frame at a first
fixing position located in an area provided on one of a fixing portion of said
frame and said suspension and a fixing portion of said magnetic circuit and
said suspension; fixing a diaphragm provided with a voice coil to said
frame while said voice coil being inserted to said magnetic gap; judging a
final fixing position of said vibration section to said frame by measuring
a mechanical resonance frequency of said vibration section, said final fixing
position located in said area; finally fixing said vibration section to said
frame based on a result of said judgment at said final fixing position,

- wherein said provisional fixing and said final fixing are performed by welding,
and wherein said first fixing position is decided so that said mechanical
resonance of said vibration section has low resonance frequency than a

predetermined resonance frequency.




sai d suspension; fixing a diaphragmprovided with a voice coil to said
frame while said voice coil being inserted to said magnetic gap; judging a
final fixing position of said vibration section to said frame by neasuring
a nmechani cal resonance frequency of said vibration section, said final
fixing position |located in said are3' finally fixing said vibration
section to said frane based on a re blt of said judgnent at said final
fixing position, wherein said provisional fixing and said final fixing are
performed by welding, and wherein said first fixing position is decided so

froquency thana < oPRIEEPRRCEGPAION Lk K BRARINGS, O o or Dscn BTrGN
CF THE DRAW NAIG.F| GhotrsSPIHSiBaST ¥ vittaBbnbetiiBhqbbRite SPalpiadi or € a

di aphragmis attached) 'of a transducer i n accordance w th an exenplary
enbodi nftached) ofia transcluect it asendamoe. withGn 2xeiplsy Embrodiient of the vi br at i on
section_(befare a,diaphragmis attached) of a transducer in accordance
with arCREH 8 Try enbodiment. FIG 3.is a cross sectional view

"showi ng a welgh j f.1.he Lon..an he frange. ¢ Fl 4 is a
ol'an view shonic Sbkslaf el £ VERSRRh WoRR bRt A obkigd i o ¢
anot he-rattaohaig) off ¥ trafitdiiber B hecorddnceSwith afiofHeR @ x¥mPlarglentbsdimeant | onal
t ransducer. 5 Bis a cross sectional view of "thé conventi onal

| G
transducer .. FIGESTRR PTorops eectingl PREWESIREDINEVBOBIINE Postioac of dhaicoust i ¢
transd vin Vi prating function of the present 4 invention is
SEEboR B8 gig

descri . g in accordance with exenplary enbodinents,
referring to ¥id24lis a plda diew Shdwingte WeidiRE Ption dIARE suspension and
the frame in another exemplary embodiment.
FIG. 5 A is plan view of a conventional transducer,

FIG. 5 B is a cross sectional view of the conventional transducer.

DESCRMEHON OF THE PREFERRED EMBODIMENTS

Electro-acoustic transducer having . vibrating function of the present




conponents identical to conventional technol ogies are represented by using
the sanme reference nunerals and the description is omtted. 5 First

Enbodi ment FIG 1 shows a plan view of a vibration section, which is a key
part of an electro-acoustic transducer having vibrating function in
accordance with an exenplary enbodi nent of the present invention. The main
poi nt of di ffﬁrence %0 f. ogﬂhe conventional technology is that the

t r ansduceFVEEHORe i nYSorIged By thet | ﬁéoym&s%a?%@f%ﬂéﬁu@ﬂ@w Fel#yYd to a
wei ght pogtkQp; ert,} 0 .Fl 4 a ticqcincuif 11 ri,ses a
magneti c él?lpggllr{l&ﬂ%’orlielf%ﬁn lattga%éal mkrgﬁ?ﬁpor tlﬁor%ﬁé.ltl ewpﬁﬁlq%oéﬁoﬁs?ot
function esmpopeits idénticahen edaventiongHidchAbRE dsCatk r¥presdiiéd Bg%ﬁig fheC! reunt
11 and a suspension 12 15 (hatched) forma“vibrati'on sectidn 135 Fixing
porti ons 33neisencemumaralsandibie desqriptivinds obfittade provi ded at  four places
in a almretri c arrangenent. Al though in the present enbodi nent these are
connecCted .by adhesi ves, other nethod such as a caul king, a welding, a

brazi ng -aFﬁstt]@ﬁbPHiiﬁex‘gHy be enpl oyed. Suspension 12 and nagnetic circuit 20
portion Ila are fornmed integrally when weight portion lib is formed by
resin ol di ng. Filejlgshiowsad plaaiview fiasvibidtimheetivh,Whichiighkey part ofran
adjusting nechani cal resonance frequency at two places in order to adjust
mechani cafleFeeBganstic transdceachavang wibratigo funation ém aceordweteyvrith an ar e

[ i d ' | b ' .t hrough t f |t f
rhonor s o SxondleRP SiBodhaR Gl SRR inVEnt ', TRt aiar & Bl cont or
of griavi tfrodf tthe vGhtional teélﬁo%ggﬁqaefhﬂogﬁe ﬁﬁagg?&ﬁkfﬁasoav%@dsngﬁg( 5 for

direction, remaining at the sane p [ tion arra

-

wei ght ( s)adjusting aresonance ﬁeqwx:grratta;két:k(t)c? éwaighstcpdrﬁenl above, a number of
A T AN XL R
portion 11a and a weight portion 11b which does not function as a part of
magnetic circuit practically . The magnetic circuit 11 and a suspension 12
15 (hatched) form a vibration section 13,
' Fixing portions 15 between frame 16 and suspension 12 are provided at
four places in a symmetric arrangement.  Although in the present embodiment
these are connected by adhesives, other method such as a caulking, a welding, a
brazing and the like may be employed. Suspension 12 and magnetic circuit
20 portion 11a are formed integrally when weight portion 11b is formed by resin
molding,
Weight portion 11b is attached With weights 14 for adjusting mechanical
resdnance frequency at two places in order to adjust mechanical resonance
~ frequency of vibration section 13. Weights 14 are aligned on a diagonal line
25  passing through a center of gravity of magnetic circuit portion 11a and weight
~ portion 11b, Therefore, the center of gravity after weights 14 are attached does
- not shift on a plane direction, remaining at the same position.
The position arrangement(s) for weight(s) 14 is(are) not necessarily be
as described above, a number of the weight may be one or the number may be
30  more than one, in so far as the weight(s) does not shift the center of gravity.

. If the center of gravity shifts as a result of the positions of weight(s) 14,




If the center of gravity shifts as a result of the positions of weight(s)
14, 5 wvibration section 13 is liable to cause a rolling notion when it
vibrate. Now, a process of manufacturing the transducer is described. In
the first place, magnetic circuit 11 ig fixed to frane 16 via suspension

12 to formvibration section 13. Then, voice coil 10a attached to dummy .5

di aphr ag Q,..for example,..i.s inserted to the magneti¢c gap of magnetic
circuit &ﬁ’?%%i%{“ﬂgﬁds ; t(bﬁ?‘fS@rﬂI_ %B‘&FIPE(TV]E@VG’!%Q‘@%OH 10a. O, a
mechani cal | reSRRANGHrEeds WrmAfutdb A AL A0 IREIANI Sl BLgted by an
external source. Through one of these®opérations, VIBratron section 13's

nmechani cal. r esohnthedirsf plaguemagnétic oiasit18ds fitdEtdRaii6da sfu@géiﬁﬁﬂpe
frequency ig calcgulated 10 biét he formula below. fo =1/ Wt

O I ] H - -

(Formul a 1& 0a wehigHon sectiont 3. vilbenst voice seail i16a avachedstor dummy
previ qusl y: ep_usin he Eor nul a val ye of i ght 14 that shoul d
Dot thonizeRBm 407 Bor Blatiole. S5 e B g the MAEBPF 3P LIMAZRE: HITHY

r esonancephftis T cé"?&l val [ Lyi.ged by a
. nunber of pwei ghﬁhgggi&??lgﬁ@y%o@kqﬁjﬁ%t&@en igm%di %ﬁ?)"?""%ﬁi&g‘?s
havi ng t heesoabuee aireuidt bfcvibtation seesipacis wébransl byonm [extdthalngomdbesi ves
or the like. And then, real digphragm 10 with voice coil 10a is attached to

frame 16 fUBk pRe ¢bithesccopsrations, vibeationgsechionnk3 'sranechanical sgsopnetagnet i ¢

circuit 1 .t er mi rqduced. T above-descri b
manuf.act u#eﬁgb% oge@ggsggﬁg'be%%réﬁgg%@ﬁaﬁ TsRongpee ﬁ%‘b‘f?&%f tg ith &dc\“ﬁg can
- furthey bbydhd foraiuddbeldliys t he present invention enables highly efficient

and stabl e production of transducers having vibrating function, wth
vibration section 13 fewiln® avpedet er n{Roenlutaebonance frequency. 25 In the

present enbodi t. he chani cal .respnance fr.equenc f wvibratio
Section 13 i alfisCwaray) it e wbpitio Seetion i Tranked preyiqiiigincor
- then using the Formula 1, a value of weight 14 that should be attached to the

- vibration section for satisfying a predetermined resonance frequency can be
15 calculated. The weight value is divided by a number of weight positions (two,
in the present embodiment). Weights having the value are attached in
respective positioﬁs by using adhesives or the like .
And then, real diaphragm 10 with voice coil 10a is attached to frame 16
with the voice coil 10a inserted in the magnetic gap of magnetic circuit 11. A
20  transducer is thus produced. ' |
The above-described manufaichlring process can be carried out on an
assembly line, which can further be automated. Thus the present invention
enables highly efficient and stable production of transducers having vibrating
function, with vibration section 13 having a predetermined resonance frequency.
25 In the present embodiment, the mechanical resonance frequency of
vibration section 13 is adjusted by adding weights 14. Therefore, the weight of
vibration section 13 before attaching weights 14 has to be sét to be slightly
Iighter than desighed. This means that the mechanical resonance frequency is
higher than'a predetermined frequency. By so doing, the mechanical resonarice
30  frequency can be adjusted rather easily during assembly process to keep within

an allowance range of the predetermined mechanical resonance frequency.




vi bration section 13 before attaching weights 14 has to be set to be
slightly [Ilighter than designed. This neans that the nechanical resonance
frequency is higher than 'a predeterm ned frequency. By so doing, the
mechani cal resonance 30 frequency can lge adjusted rather easily during
assenbly process to keep within an allowance range. of the predeterm ned

mechani cal resogggg:e frequency. 6 In the present enbodi ment, descriptions
are based on a Rissewl emBodiment adesesiptions at¢ basedosmacase mdheme s | s

d knsthe cour ling the transducer, and th Lghts 14
ress €0 LAGBRIER Rlo AR TN LG LEAMANGEE oot Ehen ueha ©
resonancetliy aiieiueyr, BESIHEASwERA PP By gdﬂﬁ\;\&g@gﬁﬁé #B¢ned iﬁ%c&éfdhﬁ&a there

can be an alternative procedure€. or ‘adjustnent can be

attached Withouber measiredi mgchamivald eesonanée aﬁm}]uehﬁ?r.at Besidesc ¢hec aibogspondi ng
toar verse. |ge of i ght ,portion 11b. In the [atter procedure, the

r esondhce F?Cé% _n\yﬂya‘\éi]e adjusting, thege iwan nee ancaltarnative precedureansBatels, i s

fini shed, w ' [ A further., 10 inprovenent of

br oduct s vIEEHS s EASstn TN 15 AACHAR eofen B oBShing, roviTRl B TREC

Enbodi ment6FitG pladescarddpanidivioety 8fredensh idd 0@ waighi E)Bﬂi(ﬂf ! ppggricer in
a second _exenplary enbodinent. FIG 3 is a cross-seCtional view of a

vel ded polaties progesiugs, thegesonange ftequency adjustrit cah bs nmdel evenviftay showi ng
a wel ded rtion of a. .wu bration section of a nodified exenplar

enbodi rren-ﬁ.‘omgﬂcffrtﬁe%ﬂ’é? ’om@i"fl?e‘ﬁéﬁ%eaf Aymmy e diop i ond %gb%ol ogy
| s dRBCT idpfbyehicht bEHRIRRESIY Lok R ' 16 in the
present enbodi ment aPe conﬁlet ,[legag‘yl%e? |n§>. Jﬁ?rllgetfeﬁgir?g?éd;ug%‘?ons 12a for
wel'ding 20 are provided at four places each having a |long |length along the
ci rcunfergnce ‘gl Eeg{%on of suspension 12 around nmagnetic circuit 11. Like
in the fiPStC PHER®AL 5 mechani cal resonance circuit of vibration

section 13 is cpfg! ftifg’pl?ﬁ@ ViR oF a%iBBldon’ deiset SHE9& 26! &1 § second

exemplary embodiment. FIG. 3 is a cross sectional view of a welded portion

- 15 of the vibration section. FIG. 4 is a plan view showing a welded portion of a
| vibration section of a modified exemplary embodiment.

Only the point of difference from the conventional technology is
described with reference to FIG. 2. Suspension 12 and frame 16 in the present
embodiment are connected by welding. Furthermore, regions 12a for welding

20 are provided at four placés each having a long length along the circumference
direction of suspension 12 around magnetic circuit 11.

- Like in the first cmbodiment, a mechanical resonance circuit of
vibration section 13 is completed, which is a half-finished stage before
diaphragm 10 is attached . So, the mechanical resonance frequency can be

25 measured. Therefore, the same procedure can be performed as the first

embodiment. Namely, a process for obtaining a predetermined mechanical
 resonance frequency is performed based on a difference between a mechanical .

resonance frequency measured by attaching dummy diaphragm 10 with voice

coil 10a and the predetermined mechanical resonance frequency. In the present

30 cmbodiment, welding positions between suspension 12 and frame 16 are

~calculated for obtaining the predetermined mechanical resonance frequency. In |




di aphragm 10 is attached . So, the nmechanical resonance frequency can be 25
nmeasured. Therefore, the sane procedure can be perforned as the first
enbodi ment. Nanely, a process for obtaining a predeterm ned nechani cal
resonance frequency is perforned based-on a difference between a nechani cal
resonance frequency neasured by attaching dummy di aphragm 10 with voice

coil . 10a and Ihe redet erm ned nechani cal "resonance frequency. In the
present . W“’W\élzd apd Peme |1(§n§TQ)6HIWéI§IOD@H¥pEde ohegethearhy f r ane

16 t f det d h I
freZ‘LEnciwﬁi@ eﬂ%rdac 10 et o el S oy L pesilghng Cae&brbivfﬁﬁ%”fi
fixed togetlealation toebadbO@freafive la%a%bmﬁ S on \é@%ﬂﬁg)ogﬂ@@h itRafp@ts! tion

obtained by the calculation to ch e efflectiv suspension 12
suppor t i ngeetitn 13.Fhet predetesminedonediniddl eeguratet frequerny ivtinpobtaimed.
reson ce frequ ithus obtained. 5 Since the nmechanjcal resonance
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wel di ng of suspensi
keep within an allowance range of the predetermined mechanical resonance

15 frequency. _

In the above description, suspension 12 and frame 16 are finally welded
at a stage where vibration section 13 is completed, but it is a stage still half-
finished as a transducer. Besides the above-described way of adjusting, there
can be an alternative procedure. That is, a final welding of suspension 12 and

20 frame 16 can be performed through an opening provided in frame 16. in the
latter procedure, the resonance frequency can be adjusted to the predetermined
mechanical resonance frequency even.after diaphragm 10 is attached and a
appearance of the transducer is finished. In this procedure, the operation of
attaching and detaching the dummy diaphragm is eliminated and an improved

25 productivity'canﬁbe expected during production. '
FIG. 4 shows a modified example of the present embodiment. Though,
suspension 12 in the present.embodiment is extending in the circumference. ...
~ direction- to form a region 12a for welding, that in the modified example is
expanded also in the radius direction to widen the region 12b for welding.
30 In a case where a welding position for obtaining a predetermined

- mechanical resonance frequency is very close to an initial welding position, the




20 frame 16 can be performed through an opening provided in frane 16. In
the latter procedure, the resonance frequency can be adjusted to the
predeterm ned mechanical resonance frquency even after diaphragm 10 is
attached and a appearance of the transducer is finished. In this

procedure, the o eratlon of attaching and detaching.the dummy di aphragm s
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156 asiron that can be welded so that it can be welded with su‘sPensmn 12. In this

case, the adjustment to the predetermined mechanical resonance frequencsr can

- .be conducted between suSpension 12 and weight portion 11b. However, it niay

be easier and more efficient to conduct the welding operation betwcen frame 16
and suspension, 12 with respect to productivity.

.20
The foregoing descriptions on respective embodiments have been based
- on a procedure, where a mechanical resonance frequency of individual vibration
séction of a transducer is Ameasured after it is attached to a frame, and a
difference from a predetermined mechanical resonance frequency is used for
25  obtaining the predetermined mechanical resonance freqﬁency. Howeves, when
the magnetic circuits, the suspensions and the frames are available in 2 very
Stéady condition, an unitized vibration_ sections integrated with the magnetic
circuit, the weight portion and the suspension can be supplied.. In this éase, at
least one out of one lot of the supplied vibration section is (aré) sampled, and

80  the sample is attached to a frame in the same manner as in the above _

embodiments to determine an weight for resonance frequency adjustment, or a




case, the adjustnment to the predeterm ned nmechani cal resonance frequency

can be conducted between suspension 12 and weight portion |lib. However, it

may be easier and nore efficient to conduct the wel ding operation between

frame 16 and suspension. 12 with respegt to productivity. 20 The foregoing

descriptions on respective enbodi nents have been based on a procedure,

where a ngchanic l..resonance_frequency of individual vibration section of
u

a transduc@atiog JoF dke wolding; ¢ Angd praductien of electfo-asmstiantinsduatis f er ence
froma pr i-ned. nechani.cal _resopance frequency is ysed for, 2

obt ai ni n;@ﬁ@%?gﬁgﬁ‘é’@ @8{1@0%%{ caf P& ﬁ‘&ﬁ@emréﬁﬁ%ﬁwc I%"XBVZ‘“? when

t he nmagnetdeterfiifatitss mddee if URRE B Vahti in a
very steady condition, an uniti zegq\e/i e?ﬁﬁ?%wn%gﬁeﬂéﬁ%zﬁ?ﬁﬁsggrﬁgﬂtﬁa{e%th t he
magnet i ¢ Vverabom factoharisesi ght portion and the suspension can be supplied In
this case, at (lﬁlast one,oﬁlgf one |lot of the supplied vibration section
is (ar®) sanpl edUsndn gilividuak megswremens forneandidof @ transduoes condudted dmme

manner as ¢ ' S det er m.ne_an wei ght .for..resonance
frequency t%%?@&?%%ﬁﬁh%&rsgm@%ﬁ@mq %lﬁctg%-laf:?uqztatr?@g_ AV Vﬂ?ﬁﬂt“_‘g
product i ofundtion €t fhe- peRPsSE iof SBRARAL L pPeddiitiilSd \ﬂla'%ﬁhldag r%éﬁi‘l‘ﬁhb@” may
be perfornmed in accordance with the determ nations nade in the

above- des &raqBency he deteyminatioas of antweightfor vesoiaideofrequnicyradjustaeat 5

Thus, an i_pgi.Vi | measureneni..for each of a transducer_conducted in the
process OFH& I‘i%e g?@a‘e}&ﬁ’ﬁ ?#T_V%Ffﬁ’é“% Pasi{i08-cRahes elimingtedh s ks contihuies
Vi br ai0 ng o & YSsthxial il r‘g‘ﬂﬁn@d{r&(ﬁs‘fm&iﬁﬁai ning a predeterm ned nechani cal

resonance frequency, the determ®ati on an wei ght for resonance
frequency adj usNearely, imda tstate defrererithat supplpf comlitibmo ipRediitiabrioc @k be
elimnated. .This contributes 10 to a substantial inprovenent of :
product i vivesatiqey G| fesongnce dreguency;esuch: @ & wspensiehdnaterak thicknessnti al to
the weight of magnetic circuit portion or the like are very stable, excluding the

typical lot-to-lot variations, the above-described production process by the

15  sampling measurement leads to a further efficient production.

INDUSTRIAL APPLICABILITY
In a production of the electro-acoustic transducers having vibrating
function, the mechanical resonance frequendy of Vibfating section can be
20  stabilized in an efficient manner in accordance with the present invéntion.
‘Thus the present invention provides a stable quality electro-acoustic transducers

“having vibrating function at a low cost, and provide a great influence in the

industry.




vari ation of resonance frequency, such as a suspension material thickness,
wei ght of magnetic circuit portion or the like are very stable, excluding
the typical lot-to-lot variations, the above-descri bed production process
by the - 15 sanpling neasurenent |leads to a further efficient production.

| NDUSTRI AL APPLI CABI LI TY I n a production of the electro-acoustic
transducers having vibrating functio t he mechani cal resonance frequency
of vibrating section can be 20 stabilized in an efficient manner in
accordance with the present inventi@ﬂju%@ys the present invention provides
a stable quality el ectro-acoustic transducers having vibrating function at

a | ow cost, andnpleutodeoastigtedbdidl hoeingeibatiidfnctiotvshppsing0 CLAI MS 1.
An el ectro- acoustl c transducer having vibrating function conprising: a
frame; a di ap in at | east an outer perl phery thereof being fixed to said

frame; a voli oi | fixed to said eti.c circuit provided
with a magneflﬁlf;l Eﬁéﬁﬂﬁﬂ%ﬁﬁ tho%ﬂ]l%?ﬂsp f’ ‘?ﬁgquggae%ggrs?lg §ra%d a vibration
section provhq%e%ﬂm@d }Qﬁgﬁlor f| xing said magnetic circuit to
said frane; wherein, sal VI br Ioh section is provided with a plurality of
wei ghts for aadagrmtlcn@rwlr psonidat eviflr aquegmstic gap dn prhichlshid/ vofcewsiiD s
being attached to a position where a centre of gravity of said vibration
sect i oningered;dd shift. 2. An el ectro-acoustic transducer havi ng vi brating

et on, COMRTARR gk e R AR PRl Y e B B
: said frame;

wherein, said vibration section is provided with a plurality of wéights for
adjusting a resonance frequency, said plurality of weights being attached to a position
where a centre of gravity of said vibration section does not shift.

2. An electro-acoustic transducer having vibrating function comprising:

a frame;

a diaphragm at least an outer periphery thereof being fixed to said frame;

a voice coil fixed to said diaphragm;

a magnetic circuit provided with a magnetic gap in which said voice coil is
inserted; and

a vibration section provided with a suspension for fixing said magnetic circuit to
said frame;

wherein, at least one of a fixing portion of said frame and said suspension and a
fixing portion of said magnetic circuit and said suspension is provided with an area
enough for selecting a first fixing position and a final fixing position, said final fixing
portion being decided by a calculation based on a measurement of a mechanical
resonance frequency of said vibration section when said vibration section is fixed to said
frame at said first fixing position, and

wherein said first fixing position and said final fixing position are located within
said area, and |

wherein said first fixing position and said final fixing position are fixed by

welding.




a magnetic circuit provided with a magnetic gap in which said voice coil is
I nserted; and a vibration section provided with a suspension for fixing
said magnetic circuit to said frane; wherein, at |east one of a fixing
portion of said frame and said suspension and a fixing portion of said
magnetic circuit and said suspension is provided with an area enough for
selecting a first fixing position and final fixing position, said final
fixing portion being decided by a calcul ati on based on a neasurenent of a
mechani cal resonance frequency of said vibration section when said
vibration section is fixed to said frane at said first fixing position,
and wher ei n Saifd méthard of | amgfagiusng | an elntio-sedusti€ | tredsdiidex | hayingp viliriting ar e
| ocat ed mﬁhhin sai.d area, and wherein said first fixing position and said
final fi 8“5%‘???%1%%&ﬁgepﬁpged by welding. 11 3. A nethod of

manuf act uri ngy.gh, C SR EQURhI i er .- Nayi v [ cld.on
conpri si ng tﬁ)e étgg%)g?%?e?rggm ng v&%%ﬁ?%@ﬁ%@?@%@& %%’%&ﬁ% P:cé lrcuit
provi dedndvatpiuralityagisespensioay sakighagngticlibit teymptisisig o@aghadidcircaRipdrtiagnet i ¢
circuit conprising a magnetic circuit portion and a welght portion;

cal cul aéRthgweighepgionof a wei ght for adjusting a resonance frequency of
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being inserted to said magnetic gap;

wherein a plurality of weights is employed for adjusting said resonance
frequency and is attached to a position where a center of gravity of said vibration section
does not shift.

4. The method of manufacturing an electro-acoustic transducer having vibrating
function of claim 3, wherein said attaching said weight for adjusting resonance
frequency to Sajd vibration section is conducted after said vibration section was attached to
said frame.

5. The method of manufacturing an electro-acoustic transducer having vibrating
function of claim 3, wherein said attaching said weight for adjusting resonance
frequency to said vibration section is conducted after said electro- acoustic transducer is
finished in appearance.

6. The method of manufacturing an electro-acoustic transducer having vibrating
function of claim 3, wherein an weight of said mechanical resonance circuit of said
vibration section is set so that said mechanical resonance circuit has a resonance frequency
higher than said predetermined resonance frequency,

7. The method of manufacturing an electro-acoustic transducer having vibrating

function of claim 3, wherein an weight of said weight for adjusting for vibration

sections produced in a same production lot is determined based on a mechanical




4. The nethod of manufacturing an el ectro-acoustic transducer having
vibrating function of claim3, wherein said attaching said weight for
‘adj usting resonance frequency to said vibration section is conducted after
said vibration section was attached to said frane. 5. The nethod of
manuf acturing an el ectro-acoustic transducer having vibrating function of
claim3, wherein said attaching said weight for adjusting resonance
frequency to said vibration section islZonducted after said el ectro-
acoustic transducer is finished in appearance. 6. The method of

- manufacturin arn} el ectro-acoustic }r agsducer avi.ng vi.br %ﬁtxla%] f.@ ction of
‘claim 3,“’&%@%&? regHeNR JRASYETSR 41 Ak {FishPRa M Shvhen dppe Iy parddragg; ¢

. vibratiqp: i i : . Sa| Lcah 4 esonance circuit has a
resonan?él@g%%g%g‘yﬁb% %%géal%)ﬁgﬁmg%%p%rﬁe e g@ﬁik?lt'ed resonance frequency, 7.
‘The met hod off. manutthotl sl Agmafcririggt a0 ekefusichsticr ans@ucar hbdig ngbrdtibg at | ng
function of claim3, wherein an weight of said weight for adjusting for

" vi br at | dinctivacopprisingtbeisieradf n a sanme production [ot is deternined based
on a nechani nance.fre asur ement at..l east o
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ﬁ%g%ction
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el ectro-acoaﬁ@t c transsgﬁcernsha\}?ngdé\%%ér)at%tg nct gn onpr 1 'sing the steps

- of formangd aaweiglitrpettioary section with a nagnetic circuit provided with a

magnetic gap and a @I} urality of_ suspensions, said nmagnetic circuit _
conpri si ng aPrelgsiepally dixing,saidpgbration seghion 40 \efigme plop titsh fixpgopesitional | y
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‘sai d susR@RSiang paftibnilsaid MegmActdiRNitahd SalddubRaRRIn; ¢ circuit and said
suspension; fixing a diaphragmprovided with a voice coil to said franme
whi |l e sai d vdixing actaphrogimpravideel wethh 4 soai ebihtynaidi frameapyhile said voice
' coil being inserted to said magnetic gap;

judging a final fixing position of said vibration section to said frame by
measuring a mechanical resonance frequency of said vibration section, said final fixing

| position located in said area;

finally fixing said vibration section to said frame based on a result of said
judgment at said final fixing position,

wherein said provisional fixing and said final fixing are performed by welding, and

wherein said first fixing position is decided so that said mechanical resonance of said
vibration section has low resonance frequency than a predetermined resonance frequency.

9. The method of manufacturing an electro-acoustic transducer having vibrating
function of claim §, wherein said final fixing at determined position is conducted after said
vibration section was assembled to said frame.

10. The method of manufacturing an electro-acoustic transducer having vibrating
function of claim 8, wherein said final fixing at determined position is conducted after an
appearance of said electro-acoustic transducer is finished.

11. The method of manufacturing an electro-acoustic transducer having vibrating

function of claim 8, wherein said provisional fixing is performed at a position where a




judging a final fixing position of said vibration section to said frane by
measuring a nmechani cal resonance frequency of said vibration section, said
final fixing position |ocated in said area; finally fixing said vibration
section to said frane based on a result of said judgnment at said final
fixing position, wherein said provisional fixing and said final fixing are
-performed by welding, and wherein said first fixing position is decided so
t hat said mechani cal resonance of sai d2avibration section has | ow resonance
frequency than a predeterm ned resonance, frequency. 9. The method of

manuf acturing an el ectro-acoustic transducer having vibrating function of
claim8, wherein said final fixing at determ ned position is conducted

aft er sapeghanicylr wsonance deguencyvelssad yimitiandsactios as dowerahen ajgedeitrminest hod

of manuf-achur.i %g_ an el ectro- aco#sa}d c, transducer having vibrating function
of cl ai MEShaRiFTesoRates Hequency oksald Whration 8et9ni ned position is conduct ed
after an appea ahfdn T Q-.aC, I I [ AWl 11.
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position where a 12a nechanical_ resonance frequency of said vibration

sect i onPrafucedhdn & hsame pspdusEionr ot ris ddeterauinethibesed 0as anfinal efizinggpesitian of
said vihQration,section.. 12 . The nethod of uf act urin el ectrp-acoustic
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posi ti ORgofafic AumEIuRl %Hgofrﬁlﬁeéﬁssﬁlgﬁen%foﬂg‘%ﬂﬂ%é 1RicAGHERE prdtivRe 32 FBsame
production lot is determned based on a final Tixing position determ ned
by neaspradugtiat lok.east one el ectro-acoustic transducer, said at |east one

el ectro- acoustic transducer using frames, suspensions and magnetic
circuits produce in a sane production |ot.




