3 June 2005 APPARATUS AND METHOD FOR SUPPORTI NG SPEAKER %ﬁ§#ﬁy,dﬁg3
PROGRAM THEREFCOR BACKGROUND OF THE INVENTION 5 1. Field of e%‘nvention
This invention relates to a speaker design support apparatus and a speaker
desi gn support nethod for supporting the designing for a speaker

conprising a voice coil, a magnetic circuit, and so on. 2. Description of
the Related Art 10 So far, the speaker has been applied to an audi o system
or the like. Recently, it is also applied to various devices such as a
nobi | e phone. The nobile phone is required to be downsi zed and to be
provided with the high performance. |In order to manufacture the downsized
nobi | e phone with h feature, the nobil e phone nakers inpose

i gh perfornmance
many r equi.AEM%TUSaWEI METHRELFORAUPEH TIVG 1IRE ARERBESHaRE AND
regardi ng the size, the sound S ] e pattern, and etc.
Accordingly, the speaker nakergk@daﬁqaﬂﬁﬁghﬁﬂa the speaker neeting the
requi renments. And now, a configuration of the speaker is explained
according to Fig. 7. As shown in Fig. 7, a cylindrical nagnet 73 is placed

at the center of a 20 p [ -@Tgp 'Nﬁag ed section keeping a
specific distance fron1aq%$%§§gﬁ? 0 ?ﬁ;ﬁégﬁg gqggg@a magnetic plate 72
is pl gced. gl f SheReRsitiolhs. A bobbin 76 provided so as to be

per pendi cul ar to a di aphragm 75 of the speaker is inserted into a gap

bet ween t he pl at &hiR ianehtidre rylkes 7dl.a dpaudier debighi Bdppomrgppigatdzeahdlabi n
76. The diaphragny?S conprises a di aphragm body 751 at 25 the center and
edge 752 speakedre dpsighphapyondf mehleodi fap Fuagortiog ythzs designinge dge a spgalieme
2005

comprisihg a voice coil, a magnetic circuit, and so on.
2. Description of the Related Art
10. So far, the speaker has been applied to an audio system or the like.
Recently, it is also applied to various devices such as a mobile phone. The mobile
phone is required to be downsized and to be provided with the high performance.
In order to manufacture the downsized mobile phone with high performance
feature, the mobile- phone makers impose many requirements (target
15  specifications) on the speaker makers regarding the size, the sound pressure, the
mode pattern, and ete. Accordingly, the speaker makers will manufacture the
speaker meeting the requirements.
And now, a configuration of the speaker is explained according to Fig. 7.
As shown in Fig. 7, a cylindrical magnet 73 is placed at the center of a
20 patelliform yoke 74 with U-shaped section keeping a specific distance from a
sidewall of the yoke 74, and a magnetic plate 72 is p’laced- on this magnet 73. A
bobbin 76 provided so as to be perpendicular to a diaphragm 75 of the speaker |
is inserted into a gap between the plate 72 and the yoke 74. A coil 71 winds
around the bobbin 76. The diaphragm 75 comprises a diaphragm body 751 at
25 the center and edge 752 on the periphery of the diaphragm body 751. The edge




752 is bonded to a frame 77. According to such configurat iR, ed
magnetic circuit is consisted of the magnet 73, the p|at§9@3n§&§k¥ie yoke
74. \Wen the voice electric current flows on the coil 71 wound around the
bobbin 76 placed in the gap, the diaphragm 75 vibrates by the

el ectromagnetic force. 5 The frane 77 is provided with a through-hole 77a
to control an excursion of the diaphragm 75 under the | ow frequency band.
An acoustic resistance nenber 77b covering through-hole 77a is equi pped at
the outside of the frame 77's back. The front side of the speaker is
provided with a protector 78 to protect the diaphragm 75 and etc. Besi des,

the protector,_78.is . .prtovided wiih, a O plurality of through-holes. The
speaker is p %ﬁs&é’&dﬁﬁig a ?/3%(:%"085 gg‘i?u‘?‘h%"%&b‘ﬁ@f@c a(ﬂ?‘?sc‘?gin[‘agnetm
conprising t t 7 X i ragm
75, -as rrent(lggcrlllgéd%a 3\%%.‘56&(&@?%?%% gﬁetl ?3?\;21@\}%% ﬁ%ﬁ‘?} g% gl?%?&'mggg%gker _
desi gni ng t Oyoitteslb@RictdderandiflodrsGd the 2dil TihGowRDARULE tBé behbih 76lekelilia

di aphragm 75. 15 A designer manufactures a speaker by way of trial after
desi gni ng t hihe gapi the diaphragin 76 Nibratgbetthe elctromiagnetamfdreehe di aphr agm 75.
And, the designer _eval uates_whet her the trail spegke neets the

above- nént i gneﬂ r;a%‘h?r@ﬁ%‘ﬁt €7 s cppovifledy withe as dhrpye 'thLest]%,tot rantrlgan
Ctorm : . i . . or i s
PR bped asoerip) bf Fhe ' Gigbbisgl B, WAeh Y’ LR B RendBabd; Ay ROSBEE" ! ©

desi gner  9eeg.RAEK ntd 2o RS mﬂhgrthr&?ga{-aak sl R quied KOiHe. ovftbi@engFgnet i c

circuit, and the diaphragm The characteristic of a voice coil 71 depends
on a coil dhafbrr77abaciatTHe f2dntadide af theaspebker Bipravided erithosdl pratestondBng
pattern, and the nunber of wi ndings. For this reason, when the designer
desi gns t héo puiteet theidiaghragm K5 and Bty Resileshtheaprotactat 1&is nrovided yéteasar y
to. pro%rl \I/ﬂu(}e ,g(r)?'t%gm?ghqﬁ(iﬂles.di aneter, a 2 3 June 2005
. The speaker is provided with the voice coil 71; the magnetic circuit
comprising the plate 72, the magnet 73 and the yoke 74; and the diaphragm 75,
as mentioned above. Therefore, It is very important for the speaker designing to
design the voice coil 71, the magnetic circuii, and the diaphragm 75.

15 A designer manufactures a speaker by way of trial after designing the
voice coil 71, the magnetic circuit, and the diaphragm 75. And, the designer |
evaluates whether the trail speaker meets the above-mentioned requirements
regarding the.sound pressure, the mode pattern, and the like.

If it fills the requirements, the trial speaker is shipped as a sample to

20 the above mobile phone makers. If not, the designer goes back to the steps for
designing the voice coil, the magnetic circuit, and the diaphragm.

The characteristic of a voice coil 71 depends on a coil diameter, a
 material and a diameter of a wire rod, a winding pattern, and the number of

windings. For this reason, when the designer designs the voice coil 71 with a-

25 given characteristic, it is necessary to properly determine a coil diameter, a




material and a dianeter of a wire rod, a winding pattern ngﬁﬂggﬁd§arod,
and the nunber of w ndings. However, there are likely two Or rore exanpl es’
of respective itens necessary for designing the voice coil 71 such as the
coil dianeter, the material and the diameter of the wire rod, and the

| i ke. And, many cases can be 5 considered as the conbination of the itens.
Accordingly, it is not easy to design the voice coil 71 with the specific
characteristic and hard to finish the design in a short tinme. The nagnetic
circuit has a different characteristic such as the magnetic flux density
and the |ike depending on respective materials and sizes of 10 the plate

72, the magnet 73, and_the yoﬁe 74 co OSLQ%PFhe magnetic circyit. The

desi gner heféa‘ieélaglaagé‘r‘lhﬁ’m&é‘lre? & WEredotet Bipdipe aaiiert of the Bredy ’ha%ﬁﬁonent
menber of the ymgnet.ig. cirguit Therefor it is difficul finish the
design of TGS ehpirk Sbrer HEEERR, Moty nb Br Hoj piiipbteh BBl ™
difficult tiQrhd ResdhshRe ftCedsithin®ftht RRidll RN AGMch hsdtiNedil diddiBer,lfhel N
addi tion,- the speaker characteristic is determ ned according to the
mul ti pl ex nehieriabandrthadigmetee of the wieapds aofl thédikeoAnd mweny catdseandgnet i c
circuit, and the diaphragm Accordingly, even if it is conpleted to design

the voi & ¢ongideredis higatien ef the Hamst Aecaadinghn Ayip relsgasyttovdesign t he

characteristic of t S| er such.as the soun ressure, i ot. det erm ned
barore. of udbb aRb el T TRR S SpHtid iRl s RP AR SREE AR e AHigh T ¢
circuit, ang the,di aphragm Wien the speaker is assenbled by conbining the
voi ce coil, the magnetic circuit, and. the diaphragmthat have been

manuf act ured exper M@nuddgngtibasiechipmdshe deffégnt dHaeactasswiThel speteer
naturally nmeets the requirenents i nposed by the nobile phone naker, but
sel dom | f miagnetisdhicedensitytandriderlduudapendimzson yespéotiva guatesialsandsizss of
redesign the voice cail, the magnetjc cjrcuit and the di aphragmin qgrder to
3 3 Ju ZGEQ pi)ate 12, ic:ile magnet 73, an the yvoke 74 composing Phe maghetic ¢ircuit. 'ﬁle
designer has to properly determine a material and a size of each component
member of the magnetic circuit. Therefore, it is difficult to finish the design of the
magnetic circuit in a short time. Similarly, it is also difficult to finish the design
of the diaphragm in a short time. |
15 " In addition, the speaker characteristic is determined accérding to the
multiplex relation among respective shapes of the voice coil, the magnetic circuit,
and the diaphragm. Accordingly, even if it is completed to design the voice coil,
the magnetic circuit and the diaphragm respectively, the characteristic of the
- speaker such as the sound pressure is not determined before studying the mutual
20 relations of the voice coil, the magnetic circuit, and the diaphragm. When the
speaker is ass_.embled by combiﬁing the voice coil, the magnetic circuit, and . the
diaphragm thaf have been manufactured experimentally based on the design, the
assembled speaker naturally meets the requirements imposed by the mobile

phone maker, but seldom. If the speaker meets no requirements, it is necessary to

25  redesign the voice coil, the magnetic circuit and the diaphragm in order to
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assenbl e anot her speaker. It is general that the speaker @éJﬁﬁ%gkxﬂgoduct
is made wup plural times. The design of the speaker in the past 'needs a
very long tine, e.g. a few weeks. The designers design a voice coil, a
magnetic circuit and a diaphragm 5 according to their own experience. Wen
an unskill ed person designs a speaker, the unskilled person needs nore
tinme to design the speaker than a skilled person or cannot design the
speaker according to the circunstance. SUVMARY OF THE | NVENTI ON 10 The

- invent i QRsaB1DSRANEF ORRIRE. s cgeﬂéfaﬁiaaéttwgﬁ;kéysg HANYRIICO \an dgrob' em

that it is not possible to design the speaker in a short” tine, an n

enbodi MRy phher Bafesi STRO dBigHI SR SRARKL N 4RS 'éﬁ@_t $4PAO Ll vé@PRAhAkidse and a

speaker design support nethod that enable to design the speaker in a short
tinme. AeqQradieOwésksone aspect of the present invention, there is provided a
15 speaker design support apparatus supporting the designing for a speaker
provided w th &heodetgnas|design®goRticdillhhagristicadidoidt dhnaphdRgiragm
conprising: input means for inputting design data to design the voice

coi 15 t hecordimpeta theif peni dxpangntd eWheh aphuagiiiled glegsdrntiesignsaasiraker,

cal cul ating the speaker characteristic based on the inputted design data,;
and di spheyunskiled Heosordirsgl samniong tikeetocddsigrl theesbaadkenlthan a2killslpedbng t o
anot her aspect of the present invention, there is provided a speaker

desi gn Supponet dgsien thaspeakopecednding tocthpediqpumstgnoé. a speaker provi ded
with a voice coil, a magnetic circuit, and a di aphragm conpri sing:
preprocessi ng neans for cal cul ating shapes of the voice coil and the
magnetic circuit; magnetic circuit design nmeans for obtaining a magnetic
flux density 25 distribut i%ﬁMﬂV%RYW’ﬁ%%BMWHD%ui t based on the shapes
of e voice cobj and the 4 3 June 2005 nmagnetic circuif; internmedi ate
processi ng meand PEIRVEHHOR; hasBeen proppsrd o ceyideration of such conventional

problem that it is not possible to design the speaker in a short time, and an

embodiment thereof is to provide a speaker design support apparatus and a speaker
. design support method that enable to design the speaker in a short time.

According to one aspect of the present invention, there is provided a
15  speaker design support apparatus supporting the designing for a speaker provided
with a voice coil, a magnetic circuit, and a diaphragm, comprising: input means for
inputting design data to design the voice coil, the magnetic circuit and the
diaphragm; calculation means for calculating the speaker characteristic based on

the inputted design data; and display means for displaying the calculated results.
20 ‘ According to another aspect of the present invention, there is provided
a speaker design support apparatus supporting the designing of a speaker
provided with a voice coil, a magnetic circuit, and a diaphragm, comprising:
preprocessing means for calculating shapes of the voice coil and the magnetic
circuit; magnetic circuit design means for obtaining a magnetic flux density

25 distribution for the magnetic circuit based on the shapes of the voice coil and the



acting on the voice coil and an effective vibration nass gﬂ)Epe voi ce
coil shape, the magnetic circuit shape, and the nagnetic f ux density
distribution for the magnetic circuit; and equivalent circuit design nmeans
for obtaining an 5 equivalent circuit of the speaker based on the voice
coil shape, the magnetic circuit shape, the factor of force action on the
voice coil, and the effective vibration system mass. According to another
aspect of the present invention, there is provided a speaker design
support fR&NQE SWORe iﬂteﬁné&satedﬁﬁ&@mﬁg e fSPSBKBAinglh fREteY idtadred th at

| east "a voice coil, a nmagnetic Circuit, and a diaphragm conprising the

steps Ofactingpst thdGoReSidNagated effedtive WBHARICaidss Bd¥edyBeE vBiceCoilC Ui t ,
and the diaphragm cal culating a speaker characteristic based on the

i nput t echA@s) e thagActi@Bitcditplapy) aad the negdreticaheddesst distridedat g to
anot her aspect of the present invention, there is provided 15 a speaker
desi gn shppmiagnett haebuyppodt equvalbat dﬁ&ugtnldemghommpﬁakebtmpmgvaded W th
at |east a voice coil, a nmagnetic circuit, and a diaphragm conprising

st eps ofequpméqutocle&atrcg’ ther spadkeu | tatsed gors hhpe&maf coiheshapec ¢he ondgreati t he
magnetic circuit; magnetic circuit designing for obtaining a magnetic fl ux
densi t y cintiugit shape.i the flactor hed faagmetcitioncpncthiet vbimsedoibnandethehghesfivef t he
voice coil and the 20 magnetic circuits; internedi ate processing for

obt ai ni ipratipadystendmassr ce acting on the voice coil and an effective

vi brati on mass based_on the voice coil_ shape, the magnetic circujit shape,
and the magnet i cAg9ogsingdaAnopher %%Herﬁftﬂ’GrPfﬁé?nttlﬁéen%"% therrissprosidedagnet i ¢
circuit; and equiyval ent C|rCU|ttgeS|gn|ng for obtalnln an egﬁlvalent

circuit aofsptfﬁléer slegies: syrpet ghrthRd SYPRYtES Ithe hdgHeniPg e I gnSPPRET r cui t

shape, the fact of force action on the voice coi an th effective
Vi bfﬁtl é)ﬁ'og@lg(ﬁl O r‘rﬁg gleast a VOECG 0019 a magnetic cfrcult an cﬁa phragm,

comprising the steps of. inputting design data of the voice coil, the magnetic
circuit, and the diaphragm; calculating a speaker characteristic based on the
inputted design data; and displaying the calculated results.
According to another aspect of the present invention, there is provided
15 a speaker design support method supporting the designing for a speaker
provided with at least a voice coil, a magnetic circuit, and a diaphragm,
comprising steps of; preprocessing for calculating shapes of the voice coil and the
magnetic circuit; magnetic circuit designing for obtaining a magnetic flux density
distribution for the magnetic circuit based on the shapes of the voice coil and the
20 magnetic circuits; intermediate procéssing for obtaining a factor of force acting
| on the voice coil and an effective vibration mass based on the voice coil shape,

the magnetic circuit shape, and the magnetic flux density distribution for the




5 According to another aspect of the present invention, therg i.S;qs9vided
a speaker design support program supporting the designing tor a speaker

provided with at |east a voice coil, a magnetic circuit, and a di aphragm
whi ch - makes a conputer operate as; inputting neans for inputting design
data of the voice coil, the magnetic circuit, and the di aphragm

cal cul ation neans for 10 calcul ati ng a speaker characteristic based on the
i nputted design data; and display nmeans for displaying the cal cul ated

resul t s. mAGLAIdicRBulto ¥Rl cGRIOLREE ARREC deliknlde Rt 8BRMingNYE Mdulvalehhier € 'S
provi ded a speaker design Support nethod supporting the ge5|gn|ng for a

speaker dgir@it getharspdnirt Ha8ed londtheoidige 66l |sha§e,nﬁ_ﬁrlﬁh?ﬁet€d b shapd, a
di aphragm 15 conprising the steps of. preprocessing for cal cul ating shapes

of the ubleCRctd bf &dtde dchienn@gnitiwicd k6ill hhd Mgneffdctivei vibttitiordegstgni ng f or

obtaining a magnetic flux density distribution for the nagnetic circuit

based ommh¥e shapes of the voice coil and the magnetic circuits;

i nternedi ate processing for obtaining a factor of force acting on the

voi ¢c® coil and aAcafrflagg fovenothér aspeoh ofrtiss piessetirorntine, theire és poiviidezDd

shape, the magnetic circuit shape, and the magnetic flux density

di stri but ispeaker design mugpetti pregracuisyppamdng gdiev designing detia stgekei ng

-for obtaining an equivalent circuit of the speaker based on the voice coi

shape, tRvevidagrethatclepsiup tvoisapil, a magnetietarcudt st acdigebragm.owhidie voi ce

coil, and the effective vibration system mass._ 5a 3 June, 2005 Accordi ng

to yet dRBkeRRR GOEHRRIET GpPCrae a5 dxRMtng Reans dor inmetpg designodatfedt thspeaker
desi gn support _program suppor.ting the designing for peaker provi ded

with at Vo&s©COH, FBF cB2gBFHC girgiinantl cths %ﬂlfl;agaﬁdcglcaaélﬁﬁrgg%ﬁns W8 ch

SERATITC A A TERS ML S TR S
For display means for displaying the calculated results.
According to yet another aspect of the present invention, there is
provided a speaker design support method supporting the designing for a
speaker provided with at least a voice coil, a magnetic circuit, and a diaphragm,
15 comprising the steps of: preprocessing for calculating shapes of the voice coil and
the magnetic circuit; magnetic circuit designing for obtaining a magnetic flux
density distribution for the magnetic circuit based on the shapes of the voice coil
and the magnetic circuits; intermediate processing for obtaining a factor of force
acting on the voice coil and an effective vibration mass based on the voice coil
20 shape, the magnetic circuit shape, and the magnetic flux density distribution for
the magnetic circuit; and equivalent circuit designing for obtaining an equivalent
circuit of the speaker based on the voice coil shape, the magnetic circuit shape,

the factor of force action on the voice coil, and the effective vibration system

mass.
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cal culating a speaker characteristic based on the inputted; ggsi-ghngst a; and
di spl ay neans for displaying the calculated results. According to yet

anot her aspect of the present invention, there is provided a speaker

desi gn support program supporting the designing for a 10 speaker provided
with at |east a voice coil, a magnetic circuit, and a di aphragm which
makes a conputer operate as; preprocessing neans for cal cul ati ng shapes of
the voice coil and the magnetic circuit; nagnetic circuit design nmeans for
obtai ni ng a magngkédrdidgdi¥o dRASidothel HspbQUL QRe fesdhieinRaAnBhI Gheld i t
based on the shapes of the voice coil and the nmagnetic circuit;

i nt er medpraiRicdr acepadkey désigieafiport RbEARIMI Sigpportingt e Clesigdie faetd ng on
the voice coil and an effective vibration nass based on the voice coi
shape, tdpeakegpeivided ivituat leabing&picensbil, BemaghAetie tireudt] axd dediziphyagm,
distribution for the magnetic circuit; and equivalent circuit design neans
f or obt avhichgmake®quionapetet opieratai 4s; dhptittmgspeakerfobagadtiong ddwign datace coi |
shape, the magnetic circuit shape, the factor of force acting on the voice
20 cbi | ,ofthd v efif, dbt imagndtisrcitdwn ayd tlemlimpbsagrsb cdlcilatmn?0@8ns Byr usi ng
t he speaker design support apparatus of this invention, it may be possible
to fini stelenlgdsggn a@ﬁagers pwharanteniptih Haged dn ehacmpyticl desigufdateurandy a
speaker by way .of trial than before, and it nmakes possible to design the
speaker digplay dpeans for gdisplapng the selcpiated resulis may enabl e even 5 unskil | ed
person to design the speaker in a short tine sane as the skilled person.

I n addition, thePSsEaing tQast gnathigféppectpphihs uwessmt fwealete thesett s  may
carried out. by the ner al - purpose personal conputer. The further

enmbodi mdtiP ldSé ?hépq%%&érf?qsb&‘ ﬁé’%‘ APHEP BIRAREPE e dedigpiithdet &

att ?BhEdsp%gﬁg\f' B SVidC]aOWith at least a voice coil, a magnetic circuit, and a diaphragm,

which makes a computer operate as; preprocessing means for calculating shapes
of the voice coil and the magnetic circuit; magnetic circuit design means for
obtaining a magnetic flux density distribution for the magnetic circuit based on
the shapes of the voice coil and the magnetic circuit; intermediate processing -
15 . means for obtaining a factor of force acting on the voice coil and an effective
vibration mass based on the voice coil shape, the magnetic circuit shape, and the
magnetic flux density distribution for the magnetic circuit; and equivalent circuit
design means for obtaining an equivalent circuit of the speaker based on the
voice coil shape, the magnetic circuit shape, the factor of force acting on the voice

20  coil, and the effective vibration system mass.

Sb




BRI EF DESCRI PTION OF THE DRAWNGS Fig. 1 is a schematic b#gﬁkngi =am of
t he speaker design support apparatus in the first enbodi e %?’? 21s a
detail ed bl ock diagram of the speaker design support 15 apparatus in the
first enmbodinment. Fig. 3 is a diagram expl ai ning an operation of the
speaker design support apparatus in the first enbodinment. Fig. 4 shows an
exanpl e of calculated results of the magnetic flux density distribution in
enbodi ments of the present invention. 5¢c 3 June 2005 Fig. 5 shows an
exanpl e of calc 0 j.N A Vvai ce
coil in enbodi rr;ﬁr?? glgg}é?ﬁéleg#’?\a\}ge%t(?%gg.ﬁ %PE'BB% é?%\%s%ﬁgsn Dgﬁ(gjr?p ggg?a%’nﬁ

equi val ety oid YHsEIHION toO HAAN| H0a¥aLh OBF a foRANENCHBNHRCHRLLshEF G the
speaker in enbodinments of the invention. 5 Fig. 7 is a sectional "view of

t he speafiufabhiingBal speakédt BY@a) DNAWMbNehdH Belore Ohnd iMBENEL foddibleUbt - Fi 0.
9 is a diagram showi ng data to deci de whether the magnetic flux density of
each podesigh @he tspRakBYNAL hCshbrit Cthle. | MosatdpealRENPr i1Ghay FRirtabld Gves a

bl ock di agram of a speaker support apparatus in the second 10 enbodi nent.
Fi 9.5 11 unskilledi pefsaf &x @legighi tge apeakear al iorhoft tiate spaakes wigpRilked
apparatus in the second enbodinent. Fig. 12 is a diagram show ng the

out | i ne ppranedsimigliién,t the spekkekdesgupgrgorapppagitus dfrthe ebose capects

enbodi ment. 15 Fig. 13 is a diagram expl aining each nenber conposing the
magnet i enayc¢arciedtoutibytthe geecmicdambed paesenabéompetdrnvent i on.

The further embodiments of the invention are described hereinafter
according to attached drawings.
10
BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 is a schematic block diagram of the speaker design support .
apparatus in the first embodiment.
Fig. 2 is a detailed block diagram of the speaker design support
15 apparatus in the first embodiment.
Fig. 3 is a diagram explaining an operation of the speaker design
support apparatus in the first embodiment.
Fig. 4 shows an example of calculated results of the magnetic flux

~ density distribution in embodiments of the present invention.

Sc




"Fig. 14 is a diagram show ng the excursion frequency char C.,th% 3&1005 of
speaker in the second enbodi nent of the invention. Fig. 1 IS a“diagram
showi ng the inpedance frequency characteristic of 20 speaker in the second
enbodi ment -of the invention. Fig. 16 is a diagram show ng the sound
pressure frequency characteristic of speaker in the second enbodi nent of
the invention. 6 3 June 2005 DESCRI PTION OF THE PREFERRED EMBODI MENTS

FI RST EMBODI MENT The fol |l owi ngs explain about a configuration of a speaker
design support apparatus in the present enbodi nent together with the
operation,™ 5 referring to the figures. Fig. 1 shows a schematic
configuration of the speaker design suppor apparatus. As shown in Fig. 1,
t he speaker desi gn Fagifp showa ppn pemgl ec@fg?ﬁlf"slége d rasuite efelhestactorcofl forgeat i on

means 2, dis st orage nea ans 5 and data creating _
means 6. Aftf 1EFén32V°§‘F?oW§lq K gf‘fl‘e‘&tsc?gﬁfﬁ wgg{{e ®n of the 10 speaker design
support apparat us @fg tdehdwd 2 eSARPRI FFBHL e qulit HenBeitdAY Bor DRk ?ﬁﬂ arious

procedures of the speaker design support apparatus. A user e speaker

desi gn supffiqueagpeiarhtteristiciohthrspaalteshgntiodithents pé deinventien.s, i nputs to
the speaker design support apparatus various requirenments (target
speci fi &ati ons) of Fég. pealwptlmadmeﬂthgyspaakmm | e phone 15 nmaker by means

of the input neans_ 1 |ike ke Hue reguirenments. suhas a di aneter,
o (arget T hi cknoosFie Sirgieah Shdng blocid AhameBeBerEtita measur ed

di I
di'stance, a m ninmug %Sl%nfg?ea%;%esg}%?}gl?g 851% toPddctld @ﬂe&%%p? ngb%?igfléﬂ

|yrpedance and an fectl Ianmeter, are | npu
Fig. 3). Sprabity 68ddch portivn BEARS SfndtRQir-0RYS siRAARdbr obe User i nput s the

r eqU| rements showing in table
Fig. 10 is a block dlagram of a speaker support apparatus in the second
10 embodiment.
Fig. 11 is a diagram explaining an operation of the speaker support
apparatus in the second embodiment.
Fig. 12 is a diagram showing the outline processing of the speaker
support apparatus in the second embodiment,
15 Fig. 13 is a diagram explaining each member composing the magnetic
circuit in the second embodiment of the invention.
Fig. 14-is a diagram showing the excursion frequency characteristic of
speaker in the second embodiment of the invention.
Fig. 15is a diagrem showing the impedance frequency characteristic of
90 speaker in the second embodiment of the invention.

Fig. 16 is a diagram showing the sound pressure frequency

characteristic of speaker in the second embodiment of the invention.




20 1, that is, 22 nmas dianeter, 5 mmas target thicknes§Rh§ e%EKﬁ? t ar get
SPL, 1 in as neasured distance, 800 Hz as m ni mum resonance fréquency Fs,
0.5 Was rating power, 8 0 as nom nal inpedance, and 14.5 mm as effective
vibration dianmeter. And the contents of the follow ng Table 1 inputted by
the input neans 1 ‘are displayed on the display 3. 7 3 June 2005 Table 1
Description Unit of quantity Value D anmeter mm 22 Target thickness mm5
Target SPL dB 82 Measured distance m1 Mn. resonance frequency Fs Hz 800
Rati ng power WO0.5 Nom nal inpedance S2 8 Effective vibration dianmeter mm
14.5 Max. excursion mm Excursion margin mmAnd now, if it is possible to

obt ai n approximate v ) | Lo rsion margin
for the diaphragn1cSﬁ%gﬁpﬁgﬁpﬁﬁggﬁéggghyﬁéﬁgﬁitkﬁpﬁggﬂﬁﬁg appr oxi mat el y
whet her th ks Hﬂ%@ﬁﬁ&ﬁ@ﬁ s the protector of 5 the speaker and whet her

t he voice gggﬁ%bl Fating ﬁﬁfh t he di aphragm touches the magnetic circuit.

Accordingly, aft ermbefoﬁaaﬁgsr'sﬁnhf&%aaﬁ AlebnfigiRylibRfas §aker dekiga
di splay 3 as display means displays two approximate excursion cal culating

expr essi onsupp@dnammrahe fwl thewpregehi pndselimast togetber? witihdbe epgragesi ons
stored _in the storage neans 4. Expression 1 of. the approximate-excursion
cal cul abi ngeferring to the figures.

Fig. 1 shows a schematic configuration of the speaker design support
épparatus. As shown in Fig. 1, the speaker design support apparatus comprises
input means 1, calculation means 2, display 3, storage means 4, deciding means 5
and data creating means 6. And Fig. 2 shows a detailed configuration of the

10  speaker design support apparatus of the first embodiment. Fig. 8 shows operating
procedures of tﬂe speaker design support apparatus.

| A user of the speaker design support apparatus, such as a designer of

speaker makers, inputs to the speaker design support apparatus various

requirements (target specifications) of a speaker presented by a mobile phone

15 maker by means of the input means 1 like a keyboard. The requirements such as

| a diameter, a target thickness, a target SPL (target sound pfessure), a measured

distance, a minimum resonance frequency Fs, a rating power, nominal impedance,

and an effective vibration diameter, are inputted (Step 1 in Fig. 3); Specifically,

by means of the input means 1, the user inputs the requirements showing in table

20 1, that is, 22 mm as diameter, 5 mm as target thickness, 82 dB as target SPL, Im

' as measured distance, 800 Hz as minimum resonance frequency Fs, 0.5 W as

rating power, 8 @ as nominal impedance, and 14.5 mm as effective vibration

diameter. And the contents of the foildwing Table 1inputted by the input means 1

are displayed on the display 3.




10 expressions is for calculating a maxi mum excur si on anda X%(fé on
margin of .a predeterm ned standard di aphragm (which is c ‘?%ﬁ herel nafter
t he maxi num excursion and the excursion nmargin of the standard design)
when the speaker provided with the standard di aphragmis nade to satiffy
the requirenments. Expression 2 is for calculating a nmaxi mum excursion and
an excursion margin of 15 a predeterm ned worst-case di aphragm (which is
call ed hereinafter the nmaxi num excursion and excursion nmargin of the

wor st - case design; the worst case is the one predetermned within a
specific. limt of the requirenents) when the speaker provided with the

wor st - case di aphragm Is made to satisfy the requirenents. 8 3 June 2005
Expr essi on Teblevlx. Excursion (Xmaxl)=vl jw Excursion Margin (Xuzgnl)=Xmax1x
Safety Factor VEZXTXp/ DREsWR ©° ' [URtJrabestBeivgas|a speaker and
means for detect(fy RQPpd  Tromthe sppaker ;pyT0CsSpa 2gs) 2x10-5 po : Air
density w=2xnx T t;ﬁmkrwre:que:n(,y aI Effec I|nve: Vi Drats n di aneter/2
Expression 2: M a.rb__ =y 2T wW=Safety Bﬁ\,tor) Excur si on
Margi n (Xmgn2) Xppadke ERebRk ponent-Asserbly-Foleranee—15

.

v2=2xr xp/ ( poXwx S| M@ﬂ%‘ﬂ'ﬁﬁ‘f LANED) DistanceMet ween a Lpeaker and neans

.U

for detecting so MHn. resonance frequency Fs Hz 800
‘| Rating power W 0.5
Nominal impedance , e 8
Effective vibration diameter mm 14.5
[ Max. excursion mim
Excursion margin mnt

And now, if it is possible to obtain approximate Va_lues of a maximum
excursion and an excursion margin for the diaphragm composing the speaker, the
user can decide approximately whether the diaphragm touches the protector of

5 thé speaker and whether the voice coil vibrating with the diaphragm touches the

magnetic circuit. Accordingly, after the above requirements are inputted as above,

the display 3 as display means displays two approximate-excursion calculating.
expressions shown as the following Expressions 1 and 2, those expressions stored
in the storage means 4. Eﬁpression 1 of the approximate-excursion calculating
10  expressions is for calculating a maximum excursion and an excursion margin of a
predetermined standard diaphragm (which is called hereinafter the maximum
excursion and the excursion margin of the standard design) when the speaker
provided with _the. standard diaphragm is made to satiffy the requiréments.
Expression 2 is for calculating a maximum excursion and an excursion margin of
15  a predetermined worst-case diaphragm (which is called hereinafter the maximum
e:':cﬁrsion a;ld excursion margin of the worst-case design; the worst case is the one
predetermined within a specific limit of the requirements) when the speaker

provided with the worst-case diaphragm is made to satisfy the requirements.



fromthe speaker p =10(spa 20) x 2 x10-5 pa : Ar densit¥1§8nmr fs fs
- Frequency a =Effective vibration dianeter/2 Wen the display 5 1 spl ays

t he approxi mat e- excursion cal cul ating expressions such as the above
Expressions 1 and 2, if the user wants to know the 25 maxi mum excursion
and excursion margin of standard design, he or she selects 9 --- - ---- -
T - 3 June 2005 Expression 1 by neans of selecting neans 11 (Step
2). O, if he or she wants to know the maxi num excur.si on and the excursion
mar gi n of the worst-case design, he or she selects Expression 2 by neans
of selecting neans 11 (Step 2). After Expression 1 or 2 is selected,

di aphragm cal cul ati on nmeans 21 calculates the 5 sel ected Expression 1 or 2
by substit #xpmpsisackssary data for cal culating the maximum excursion and

t he excursionﬂgar in of Rgg d&igﬂnagn1out of the data inputted by the

i nput nmeans 1, B CACEREL CEHY THAE t he approxi mate val ues of the maxi num

excursion and A ngg& b-Ow, F 1. g A ARRS,A0mM are obtained (Step
3). And then {E%gﬁgg%ﬁulﬁa%jg r sg{ t Lf]s é(it sp?glfzag on the display 3 together
10 with the requiremirsp/frgkaixid) ance, when Expression 1 is selected, it
results that the maxi mum excursion is 0.45 nmand the excursion margin is
0.69 MP as shown in TabDistncehetiwedmea spealier and ntags farydatedingtdoundi spl ay
3. Table 2 Description qut o] qu%irity Value Dianeter mm 22
. - from the speaker
p =107 %2107
P, * Air density
w=2x7xx fs
10 ‘ fs “Frequency
a =Fffective vibration diameter/2
_Expre_ssion 2
Max. Excursion (Xmax2)=v, [(jo x Safety factor)
_ Excursion Margin (Xmgn2)=Xmax2+Component Assembly Tolerance
15 v, = 2xrx p [(p, x wx Safety Factorxa®)
r : Distance between a speaker and means for detecting sound
from the speaker
o p= 10(.5'?[..’20) x2 x10-5
0, Air density
20 0=2xx%fs
fs “Frequency
a =Effective vibration diameter/2
When the display 3 displays the approximate-excursion calculating

expressions such as the above Expressions 1 and 2, if the user wants to know the

25 - maximum excursion and excursion margin of standard design, he or she selects




Target thickness nm5 Target SPL dB 82 Measured di stancg 5%1%
resonance frequency Hz 800 Rating power WO0.5 Nom nal inpe ance

Ef fective vibration diameter mm 14.5 Max. Excursion nmm 0. 45 Excur5| on
margi n_ mm 0. 69 Besi des, the enbodi nent nay be arraged so as to display
both values 15 of the standard design and the worst-case design on the
display 3 after the user selects both of Expressions 1 and 2

simul taneously. If the approxi mate val ues of the naxi num excursion and the
excursion ‘nmargin of the diaphragmare presented as descri bed above, the
user can decide 10 ----------- 3 June 2005 approximately whether the

~di aphragm touches the protect of,. t he speak t her the voice coil
vi brating PRSI 4 ebngPawf%%’ﬁ% mﬁ%n%bﬁéqepcz'} st\é\‘Ei{e orgher wantsdoyser
inputsto pQri..ap. tus_a nd t e a
shape (size, ?‘P&%qggimjﬁ? eg{;hr% e aglgi té% e(%%“%mélorr?par i W‘? gor speaisné

toget her WHehogke §8IRELY E&fHEBsib® 208 nthnk N gémcﬁﬁgcaéénsbn r«s& sopfaftdie

i nput means 1. For instance, as shown in the following T respective
rdat a showBxpatssidre Inomi2nial Sejh(Mibtthap]HSlgﬂl ealculdtionwineeng @d Maﬂes thecopper
wire, the wre dianeter is 0.06mm _the maxi mum coil_ dianmeter is 0.08 mm
the nurBer splectedaliaprespign ol or e boBHistitwing meatsspy dafrefor ealeulpbppithe

thi ckness I 3 51%ulfnmexcurg10tnhand the excursion margin of the diaphragm out of the data

inputted by the input means 1, with the result that the approximate values of the
maximum excursion and the excursion margin for the diaphragm are obtained
(Step 3). And then the calculated result is displayed on the display 3 together
10  with the requirements. For instance, when ‘Expression 1 is selected, it resulis
that fhe maximum excursion is 0.45 mm and the excursion margin is 0.69 mm, as

shown in Table 2. And the result is displayed on the display 3.

Table 2

Description Unit of quantity | Value
Diameter mm 22
Target thickness mm 5
Target SPL dB | 82
Measured distance m -1
Min. resonance frequency Hz 800

| Rating power ' W 0.5
Nominal impedance Q 8

| Effective vibration diameter mm 14.5
Max. Excursion mm 0.45
Excursion margin ‘ mm : (.69

Besides, the embodiment may be arraged so as to display both values

15 - of the staﬁdard design and the worst-case design on the display 3 after the user
selects both of Expressions 1 and 2 simultaneously.

If the approximate values of the maximum excursion and the excursion

margin of the diaphragm are presented as described above, the user can decide

10




10 bobbin margin is 0.1 mm The user inputs fromthe inpu n such
data as an exanple of necessary itens for designing the \t?o‘?ﬁge(s:%(?qg. :
Besi des, the contents shown as Table 3, which are the data inputted by the
i nput means 1, are displayed on the display 3. 11 3 June 2005 Table 3
Description Unit of quantity Value Nominal diameter nrm8 Wre rod nane
Copper wire Wre diameter mm 0.06 Maxi num coil dianmeter mm 0. 08 Nunber
of layers Layer(s) 2 Bobbin material Paper Bobbin thickness p 50 Bobbin
margin nm 0.1 Bobbin height mm Gold thread mass ng Wnding width mn

W ndi ng nunber Turn(s) Wre length In Direct current resistance (DCR) 52
Coil mass ng Total mass ng Max. Voice coil diameter mm Voice coil

i nduct ance app#ximatedy whethauthatdiaphumgan to@Begp thef probectar efaiing ipatkam abit
substitutin '

waether the voice coil vibrating with the diaphragm touches the magnetic circuit.
Next, the user inputs to the speaker design support apparatus a
command to present a shape (size, for example) of the voice coil composing the

5 speaker together with necessary items to design the voice coil by means of the

input means 1. For instance, as shown in the following Table 3, respective data

show that the nominal diameter is EIS mm, the wire rod name is a copper wire, the

wire diameter is 0.06mm, the maximum coil diameter is 0.08 mm, the number of
layers is 2, the bobbin material is paper, the bobbin thickness is 50 ,um , and the

10 bobbin margin is 0.1 mm. The user inputs ﬁ'bm the input means 1 such data as
. an example of necessary items for designing the voice coil. Besides, the contents
shown as Table 3, which are the data inputted by the input means 1, are

displayed on the display 3.

11




necessary data inputted fromthe input means 1 for cal cul at

coil

5 shape into a plurality of coi
. the storage neans 4
shape is obtained (Step 4).

respectively,

The plurality of coi

is shown as the following Expressions 3 and 4, for exanple.

of those two

coil calculating

(Hvc) as an exanple of the voice coi

obtain a winding wdth (Wc).

10 shape,

RleBeta

cal cul ati ng expressi ons
with the result that the voice coi
cal cul ati ng expressions

Expression 3

expressions is to obtain a bobbin height
and Expression 4 is to
Expressi on 3: Bobbi nHei ght (Hvc)

Max. Excur si on( Xni axl ) xSaf et yFactor x W ndi ng W dt h(Wc) +Bobbi n Margi n ( Hhs)
12 3 June 2005 Expression 4: Wndi ngWdth(Wc) Max. Coi | Di anet er ( Dwmmax) X

W ndi ng Nunber of First Layer
obtains the cal cul ated result

In this

case, the coil cal cul at

i on means 22

5 thatTaEE}?” exanpl e of the voice coi

shape, the bobbin height (Hvc) and the winding width (Wec) are 2.93 nm and
1. 84 nm respectivel y,Desstiptioan t he ddfGnit of qeintglydyedVauet he di splay 3. And
now, there aridNopoaidpmeetehen the user inpmins plurlal pattesBrds of necessary
items for desiWhered hhmevoi ce coil and conpares raegpppbr weretlesul ts 10
cal cul at ed bas®fe@diahéw@rpl ural patter|ns. Fggn 1 nstgnce, 1ppgdse of |
pal cul at ihng NGB Boil@ia (ted FVC) AN Thg W NdIMg W at o c), theI user
_inputs three ' N ch Tespgctt jues jof —the mgRi mum co
di amet et (Dw ﬁ%%fg&ﬁe??ji my—TraTTberi—of LS st—ayep eg. d the bobbin
mar gi n° s) t&af bqurﬁég. At—thi-s—tHre—the u.S“.a'\,%ﬁ%% ays the
fesul ts of camespinthickness Lo T e o Y e 1800i ndi ng wi dt h
(W) for eacj%élﬂg. Moy eupon, - thg. user®dblectg ejt herOdne from
‘ Bobbin height mm
Gold thread mass mg
Winding width mm
1 Winding number Turn(s)

Wire length m

Direct current resistance (DCR) o)

Coil mass ' mg

Total mass mg

Max. Voice coil diameter mm

Voice coil inductance H

And, coil calculation means 22 performs a computation by substituting

necessary data inputted from the input means 1 for calculating the voice coil

shape into a plurality of coil calculating expressions stored in the storage means 4

respectively, with the result that the voice coil shape is obtained (Step 4).

The plurality of coil calculating expressions is shown as the following

Expressions 3 and 4, for exémple‘. Expression 3 of those two coil calculating

expressions is to obtain a bobbin height (Hvc) as an example of the voice coil

10

~ Expression 3:
BobbinHeight(Hve)=Max.Excursion(Xmax1) x SafetyFactor
x Winding Width(Wvc)+Bobbin Margin(Hbs)

shape, and Expression 4 is to obtain a winding width (Wvc).

12




three patterns by using selecting nmeans 12 (Step 5), and %hz ?gﬁ) f the
voice  coil (an exanple of shape) is decided. In addition \e{o43) g to the
data that "the nominal dianmeter is 8 nm the wire rod nane is a copper
wire, the wire dianeter is 0.06nm the maxi rum 20 coil dianeter is 0.08
mm and the nunber of layers is 2", the coil calculation neans 22 obtains
calcul ated results that the direct current resistance (DCR) Re is 7.32 9
and the inductance Le is 0.0001H Each value of the direct current
resistance and the inductance Le is displayed on the display 3. And each
value of  the direct current resistance and the inductance Le is used
respectively as a 13 3 June 2005 resistance value and an inductance val ue
of the coil%® 4re electric element parts of the after-nentioned

equi val ent sed,on.t he mecessary data for
calculat'ingﬁ/l ®V8§%@§“¥%gr 6@d§%5?wﬁ?ﬂ%wﬁ§%y i nputs fromthe input neans
1, the coil calcul ation means 22 a'ﬁWﬂgbﬁMﬁnbe?o?%%L%&&d resul ts that
the gold thread mass is 0.2 ng,- the winding number is 45 turns, the wire
length is 1.21 m Uhehie@bbe, tRS Soil 6alddialionneans €2t dhtainsithe galcalaBafl re3dlt ny,

and the maxi-nmum di aneter of voice coil is 8.69 nm The res éﬁf thus
cal cul aBed thyt, tfh!eancﬂXIaan ofi| the | wiceneshshage, dhe babbisp hejehy @lvel saddibepl ay 3

in the form.sho foll owing Tahle 4 togeth e.,n cessary
items for d\é‘ga’d’ﬁ %k@e%?%ezo%\% PAP et emabiESPR lﬂ%ran&%?éﬁ afa
Descriptio 0 gval ue Noninal dianmeter nm8 Wre rod nane
Copper w r%éfg\#eg J& aneadtag o 0.06 Maxi mum coil dianeter nm 0. 08

. And now, there are occasions when the user inputs plural patterns of
necessary items for designing the voice coil and compares respective results
10  calculated based on the plural patterns. For instance, in case of calculating the
bobbin height (Hve) and the winding width (Wvc), the user inputs three patterns
to which respective values of the maximum coil diameter (Dwmax), the winding
number of the first layer, and the bobbin margin (Hbs) are combined. At this time,
the display 3 displays the results of calculating the bobbin height (Hvc) and the

15 winding vﬁdth .(lerc) for each pattern. Hereupon, the user selects either one from -
three patterns by using selecting means 12 (Step 5), and the shape of the voice

coil (an example of shape) is decided.

In addition, according to the data that “the nominal diameter is 8§ mm,
the wire rod name is a copper wire, the wire diameter is 0.06mm, the maximum
20 coil diameter is 0.08 mm, and the number of layers is 2", the coil calculation
| means 22 obtains calculated results that the direct current resistance (DCR) Re is
732 Q and the inductance Le is 0.0001H. Each value of the direct current
resistance and the inductance Le is displayed on the display 3. And each value of

the direct current resistance and the inductance Le is used respectively as a

13




Nunber of |ayers Layer(s) 2 Bobbin material Paper BObbi%nghg%ﬂﬁg§ pm 50
Bobbin margin mm 0.1 Bobbin height mm 2.93 Gold thread ss ng 0.2
Wnding width mm 1. 84 Wndi ng nunber Turn(s) 45 Wre length m1. 21
Direct current resistance (DCR) 9 7.32 Coil mass m34.1 Total nass ng
37.34 Max. Voice coil dianeter nm8.69 Voice coil inductance H 0.0001
Besi des, concrete exanples of the dianmeter of the wire rod of the above
coil are stored in the storage neans 4, either one of which is selected by
the user 14 3 June 2005 by neans of the selecting neans 13. The sel ected
one is regarded as the data that the user inputs fromthe input neans 1.

For instance, K the storage neans 4 stores values_ _of 0.04 0.05 mm and
0. 06nm as tYgElstAng e gnd pReinduetance, yayie qfibe coll; rhicknare lacttisesrenagttoct s
"0.006 mmt b s of the . selectin ans .1 e 5 concrete exanple of

such case i%a\%%eaa;&efﬁ%enéo&?ee %glfgﬁgé%m%g%ﬁeylg)é‘me val ue "0.006 Mt

is treatd as data ®ashd@ndiR R BEsa®y dabe foM dafedl9ndithd RBicE Qbil shapP¥hded by
the .user fromthe input neans 1. Here, the user may input, by using the

i nput nmeansthé usthinpatd fonddteanpucmpingd hethexailphlealasionrmehris2 dlso shitaimge
Teans 4'5 calculated results that the gold thread masé is 0.2 mg, _the winding number is 45
turns, the wire leﬁgth is 1.21 m, the coil mass is 34.1 mg, the total mass is 37. 34
mg, and tﬁe maximum diameter of voice coil is 8.69 mm. ‘
The results thus calculated by the coil calculation means 22 are
displayed on the display 3 in the form shown in the following Table 4 together

10  with the necessary items for designing the voice coil inpuited by the user.

Table 4 ‘
Description Unit of quantity Value
Nominal diameter ) mm 8
Wire rod name -Copper wire
Wire diameter , min 0.06
Maximum coil diameter ' mm 0.08
Number of layers Layer(s) 2
Bobbin material Paper
Bobbin thickness ' um 50
Bobbin margin mm 0.1
Bobbin height . mm 2.93
Gold thread Mass mg ' 0.2
Winding width mm 1.84
Winding number Turns) - : 4b
| Wire length m | 1.21
Direct current resistance (DCR) Q 7.32
Coil mass ) mg . 341
Total mass . - omg 37.34
Mazx. Voice coil diameter mm 8.69
Voice coil inductance  H 0.0001

Besides, concrete examples of the diameter of the wire rod of the above

coil are stored in the storage means 4, either one of which is selected by the user

14




10 Exanples of the wire rod nanmes can be al so stored |n:#% @}g&ﬁﬂﬁi means
4 in advance. The user selects either one fromthose exa ‘é tored in the
storage nmeans 4 by using the selecting means 13. The sel ected one nay be
regarded as the wire rod nane that the user inputs fromthe input neans 1.
Next, the user inputs to the speaker design support apparatus a 15 comand
to present a size (an exanple of the shape) of the magnetic circuit
conposi-ng the speaker together wth necessary itens for designing the
magnetic circuit by using the input nmeans 1. For instance, as shown in the
foll ow ng Table 5, respectlve data are that the plate dianeter is 7.9 mm
the plate thlckness s 0.5 he plate material is SS41, the magnet

di anet er | dymmeanHg %é‘e}?ﬁ@ﬂéfﬂ%stlﬁr Theeelsctpd one s yegardedeasrihgleta hater i al

I s neodym gg\ BHmax = %{, &5’ bor Es 9 mm t@] %¥oke t hi ckn SS is 0.6
mm and t he™§oRE WRHY rFar g& b 11 Q%Psﬁﬂfﬁt Y YREE RPN LT OHBans 1
such data XPHP bhfin O S r l,C
circuit. He%‘,fégtcﬁe'co# en{)gggfﬁ‘rggﬁ)o 9 SEOWI r%ﬂfga %1%12@; [Hg%?%ted Eylet he

i nput neansoil, an@ thé sRbAYEdcter0idoe s Phynedns b tRe deleetizd Aeand a3l Ghe

Description Unit of quantity value Plate dianeter nrm7.9 Plate th| ckness
mm 0.5 5P| gprcrats exalaplemuchmnes &hom@seﬁhermbavmtahm@m TablecRndbe mm

]rﬁﬂZO. 'E\S/a gnetva ue de(% ml\%oq tre r’r& gaBWBta of tize mgggi%rbo t%e wire roX l%%hg fym(ikness

inputted by the user from the input means 1. Here, the user may input, by using
the input means 1, the other data except the examples stored in the étorage
means 4.

10 Examples of the wire rod names can be also stored in the storage
means 4 in advance, The user gelects either one from tho.se examples stored in the
storage means 4 by using the selecting means 13. The selected one may be
regarded as the wire rod name that the user inputs fromrth_e iﬁput means 1.

Next, the user inputs to the speaker design support apparatus .a

15 command to present a size (an example of the shape) of the magnetic circuit
composing the speaker together with necessary items for designing the magnetic
circuit by using the input means 1. For instance, as shown in the following Table
5, respective data are that the ﬁlate diameter is 7.9 mm, the plate thickness is 0.5

- mm, the plate material is SS41, the magnet {iiameter is 7.4 mm, the magnet

20  thickness is 1.2 mm, the magnet material is neodymium (BHmax=35), the yoke
bore is 9 mm, the yoke thickness is 0.6 mm, and the joke material is SS41. The
user inputs from the input means 1 such data as an example of necessary items
for designing the magnetic circuit. Here, the contents of Table 5 showing the data

inputted by the input means 1 are displayed on the display 3.

15




Yoke hei ght mm Yoke material SS41 Magnetic circuit caIcng%igH 23
_perfornms a conputation by substituting necessary data inpd{ 84romthe
i nput means 1 for calculating the size of the magnetic circuit into a.
magnetic circuit cal culating expression stored in 5 the storage neans 4, in
result the size of the magnetic circuit is obtained (Step 6). The circuit
cal cul ating expression is represented as the following Expression 5, which
is to obtain a yoke height (Hy). Expression 5: YokeHei ght(Hy) - :
Pl at eThi ckness( Tp) +Magnet Thi ckness(Tm) 10 +YokeThi ckness(Ty) The yoke
~height (Hy) thus obtained by the magnetic circuit calculation neans 23 is
di spl ayed on the display 3 in the formshow in the follow ng Tabl e 6,
‘together with the necessary itens inpliabled by the user for designing the

magnetic ci rfcut D1 3 . : abTé_B_tﬁgﬁr*_rrﬁﬁ“tnit of quantity'
Va?ue Pl ate g |ﬁé¥%ﬁ‘sﬁ?ﬁaﬁlﬁi7 Smg?gf%l&%ﬁt%knebb T O g—pﬂ‘aﬁ?%—rrat eri aIq S341 Y
Magnet dLanetsr—ﬁqziii——hh@ﬁe%—gﬁibkncss r--2—Mvagnet @%5 rial Neodym um
( BHmax- - 35)  |Yog ihigkness, d mm 2

~ { Plate material S541

Magnet diameter | mm | : 7.4

Magnet thickness mm 1.2

Magnet material Neodymium (BHmax=35)

Yoke bore mm | 9

Yoke thickness mm ' 0.6

| Yoke height mm :

Yoke material ' ' S841

Magnetic circuit calculation means 23 performs a computation by .
substituting necéssary data inputted from the input means 1 for calculating the
size of the magnetic circuit into a magnetic circuit calculating expression stored in

5  the storage means 4, in result the size of the magnetic circuit is.obtained (Step 6).

The circuit calculating exﬁression is represented as the following
Expression 5, which is to obtain a yoke height (Hy).

Expression 5:
YokeHeight(Hy)=PlateThickness(Tp)+Magnet Thickness(Tm)
10 ' +YokeThickness(Ty)

The yoke height (Hy) thus obtained by the magnetic circuit calculation
means 23 is displayed on the display 3 in the form shown in the following Table 6,
together with the necessary items inputted by the user for designing the magnetic
circuit. - | |

15
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Yoke thickness mm 0.6 Yoke height nmm 2.3 Yoke materi al ﬁi Bﬁﬁ%ﬁf t he
above explanation notes that the step of calculating the He cuit
(Step 6) is executed after the steps of calculating the voice coil 5 (Step
4). and selecting pattern (Step 5), however, those steps .of calculating the
voice coil (Step 4) and selecting pattern (Step 5 may be executed after
the step of calculating the nagnetic circuit (Step 6). Next, based on the
maxi mum excur si on and the excursion margin of the di aphragm obtai ned by

t he di aphragm cal cul ati on nmeans 21, the voice coil 10 shape (size)
obtained by the coil calculation nmeans 22, and the magnetic circuit shape
(size) obtained by the magnetic circuit cal cul ati on neans 23, shape

deci ding neans 51 perforns a follomnng deC|S|on step (Step 7). The deci sion
step is explained here according Fig b the first place, when the
~diaphragm 75 vibrates together with tg ‘@i ration of the vojce coil 71, 15
t he shape dedi_di Bepcripdios. 51 it bfigsantfigtl her t he Véhagphr agm bpdy 751 touches
the plate 72 |[@arcdiaf@tdrhe {magneiine cirquit. That is to ¥ the shape
deci di ng nedmabkkhsasiecdes Whet hgim a di st ance DI betweengife plate 72 and

t he di aphragmpidit WatBtg 240> body /5T Whi Ch TS Shownggqy fFig. 7, can be’

kept in the rq@g&x%gﬁémbgg piate mid doeg — not touch the Gf gphragm body 751

when the di agt T AR R tes: ﬁltt ict,unu piace; vvnc_i -he di aphragm 75
Vi brat es toge e —vbratot—of Nﬂ! VA sz $ t he shape
deci di ng mearn Lo ret-her—t-he—5HCaRFHEAPESYE 28Dl { ouches t he
yoke 74. That3%ergn - e_shaﬁéldecLLui@Fneans_5;_degLébs whet her a :
di stance D2 Hefokedhicknessdi dphr agiiedge 752 and the yake . which is shown
in Fig. 7, cdri¥dkehetghtt i n _tlhe ramge thaf the 2.3

, Yoke material ' | S5S41

Besides, the above explanafio’n notes that the step of calcﬁlating the

magnet circuit (Step 6) is executed after the steps of calc'ﬁlating the voice coil

5 (Step 4) and selecting pattern (Step 5), however, those steps of calculatiﬁg the

voice coil (Step 4) and selecting pattern (Step 5) may be executed after the step of

calculating the magnetic circuit (Step 6).

Next, based on the maximum excursion and the excursion margin of

the diaphragm obtained by the diaphragm calculation means 21, the voice coil

10 shape (size) obtained by the coil calculation means 22, and the magnetic circuit

: shape (size) obtained by the magnetic circuit calculation means 23, shaﬁe
deciding means 51 performs a following decision step (Step 7).

The decision step is explained here according Fig. 7. In the first place,

when the diai)hragm 75 vibrates together with the vibration of the voice coil 71,

15 the shape deciding means 51 ‘decides whether the diaphragm body 751 touches

the plate 72 composing the magnetic circuit. That is to say, the shape deciding

means 51 decides whether a distance D1 between the plate 72 and the diaphragm
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di aphragm edge 752 does not touch the yoke 74 when the diaphr

vibrates. In the third place, when the voice coil 71 vi brg’t‘%'slﬁg?r??%shape '
deciding 10 neans 51 deci des whether. the bobbin 76 touches the yoke 74 in
the vibration direction of the voice coil. That is to say, the shape
deci di ng nmeans 51 deci des whether a distance D3 between the bobbin 76 and
the yoke 74, which is showmn in Fig. 7, can be kept in the range that the
bobbi-n 76 does not touch the yoke 74 when the voice coil 71 vibrates.

Besi des, the above explanation notes the deciding 15 step in a case where
the voice coil is provided with the bobbin 76. However, in "~case where the
voice coil is not provided with the bobbin 76, the shape decidin nmeans 51

deci des whéphp 75t wehighiissha in Fig. ¥ owathssketdn ghkearnps that thecolato P lgesn
Fourth pl adt (i S e HeERderD Rbasndbe doasem e e 20 vol ce

il 71 touches th N | ' | jHr at i
rection of the vor b gspa plebnfheh HEFHPIAL FER Gl bgidel MR 31 O

di stance D4ihagbWagtht RRicéQole71; ehé shapadeciihil Mokes 51 dewldes ihictharhenan i n
Fig. 7, can be kept in the range that the voice coil 71 and the yoke 74

does nob t dimjiesgmaedgeohizzrioudss Ihduyke20A5Thatlds to orgl the shape Hecidingt h
pl ace, though the speaker shown in Fig. 7. is proyided with the bin 76,
the shape deeangi hlydesidesswhethee@ distansh s betwesa M’ﬁo%ﬂpﬁaﬁéﬂ iegg"r 2§§| or

not to conngct the.,yoice,coil, 71 anddt he,di aphragm,75. .;Th dgagclk sj1on
resul ts byqﬁﬁe‘m}ﬁa Hg'ﬁhd?snah%%n% e ?’ec%xlpg)ﬁl g?/%tﬁ% toe ]?a%%ediﬁ{s;alpt)l gl% 3. At
this tine, 4ifinRa¥miieb2 0 AdtiBuleiesydk 74#HE: {1RSHADFrakh 76 vibearati ve
decision, it 1s decided that the speaker shape is out of the limted range,
and a warning is disphaykidd pEicepwhpn thadoichenil Mhabyaties ahsishgpgdesdivgck to
a step of calculating the voice coil (Step 4). That is to say, the user

i nput s Wgaimeans hdecidpe athetheteidieghpbbisp 761 o thet yeket frb i dhaarbration

r nt the.voj | . 1 .
Present theeation of the v%ﬂ:gpc%il. That is to say, the shape deciding means 51 decides

| whether a distance D3 between the bobbin 76 and the yoke 74, which is shown in

Fig. 7, can be kept in the range that the bobbin 76 does not touch the yoke 74

when the voice coil 71 vibrates. Besides, the above explanation notes the deciding

15 step in a case where the voice coil is provided with the bobbin 76. However, in

case where the voice coil is not provided with the bobbin 76, the shape deciding

means 51 decides whether the voicé coil 71 touches thé yoke 74 in the vibration

direction of the 'Voice. coil 71 when the voice coil 71 vibrates,

In the fourth place, the shape deciding means 51 decides whether the

20  voice coil 71 touches the yoke 74 in the direction perpendicular to the vibration
direction of the voice coil 71. That is to say, it is decided whether a distance D4 |

between the voice coil 71 and-the yoke 74; which is shown in Fig. 7, can be kept in

the range that the voice coil 71 and the yoke 74 does not touches each other,
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10 together with the necessary itens for designing the vigqhig'bdgg usi ng
the input neans 1, and the step of deciding the shape (Step % S
re-executed. For instance, when the shape deciding nmeans 51 results in that
the bobbin 76 (or the voice coil 71) touches the yoke 74 in the vibration
‘direction of the voice coil 71, the display 3 displays the warning such as
"touching to bottont. 15 In thi.s case, after going back to the step of
calculating the voice coil (Step 4), the wuser changes at |east a part of
necessary itens shown in Table 3 for designing the voice coil to input
necessary itens for designing a new voice coil into the speaker design
support apparatus using the input neans 1. For exanple, the user. changes

only the wire di amddéitiomedin B ¥e Hihmlae, Gemghnthe speakrsghorn _%‘hgia‘* dIBowi ng
R L R R TR A R O T TR
B R g e S et e bl i A
thread mass ng W MHosgdadidom reanaltsVy dhe ghapinbeidihy mida)s 51 are displayed
5 on the display 3. At this time, if any one of the five decision items results in a
negative decision, it is decided that the speaker shape is out of the limited range,
and a warning is displayed (Step 8). And then, the processing goes back to a step
of calculating the voice coil (Step 4). That is to say, the user inputs again to the
" speaker design support apparatus the command to present the voice coil éhape
10 together with the necessary -items for designing the vice coﬂ by using the input
means 1, and the step of deciding the shape (Step 7) is re-executed.
For instance, when the shape deciding means 51 results in that the
_b.obbin 76 (pr the voice coil 71) touches the yoke 74 in the vibration direction of
the voice coil 71, the display 3 displays the warning such as “touching to bottom”.
15 In this case, after going back té the step of éalculating the voice coil (Step 4), the
user changes at least a part of necessary items shown in Table 3 for designing the
voice coil to input necessary itemé for designi_ng a new voice coil into the speaker
design support apparatus using the input means 1. For example, the user changes

only thé wire diameter from 0.06 mm to 0.052 mm, as shown in the following

20 Table 7.
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Wre length In Direct current resistance (DCR) Q Coil- , al mass
nmg Max. Voice coil diameter mm Voice coil inductance Hn%zi‘éggl?é)xﬁ y, as

shown in the following Table 8, the calculated result by the coil

cal cul ati on neans 22, which the bobbin height is changed from2.93 5 mmto
2.29 Mmin this case, is obtained. 20 ---- - --------- 3 June 2005 Table
8 Description Unit of quantity Value Nom nal dianeter nrm8 Wre rod nane
Copper wire Wre dianeter mm 0.052 Maxi mum coil dianmeter mm 0. 08 Nunber
of layers Layer(s) 2 Bobbin material Paper Bobbin thickness /pl 50

Bobbin margin nm 0.1 Bobbin height mm 2.29 Gold thread mass ng 0. 15
Wnding wwdth nm 1. 03 Wnding nunber Turn(s) 33 Wre length mO. 88

Table 7
Description Unit of quantity | Value
| Nominal diameter mm 8
Wire rod name ' Copper wire
{ Wire diameter . mm 0.052
1 Maximum coil diameter ' mm 1 0.08
| Number of layers Layer(s) 2
Bobbin material _ Paper
Bobbin thickness L 50
| Bobbin margin mm 0.1
Bobbin height mm '
Gold thread mass mg
| Winding width mm
Winding number Turn(s)
-{ Wire length m
Direct current resistance (DCR) o
Coil mass ' N mg.
Total mass ©omg
Max. Voice coil diameter : mm
Voice coil inductance -~ H

Consequently, as shown in the following Table 8, the calculated result
by the coil calculation means 22, which the bobbin height is changed from 2.93

5 mm to 2.29 mm in this case, is obtained.
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Direct current resistance (DCR) 0 7.13 Coil mass ng 18.9 Tg%@(?ﬁss ng
21.5 Max. Voice coil dianeter nm8.65 Voice coil inductanc _
After, this, the shape deciding neans 51 re-executes the step of deciding
the shape (Step 7). In this case, the shape deciding neans 51 obtains the
5 decision result that bobbin 76 (or voice coil 71) does not touch yoke 74
in the vibration direction of voice coil 71. Besides, the step of selecting
the pattern (Step 5) and the step of calculating the magnetic circuit ‘
(Step 6) may be executed after the step of calculating the voice coil
(Step 4). O herwise, after the step of <calculating the voice coil (Step
4), the step of deciding the shape (Step 7) nay be 10 executed w t hout
executing both the step of selecting the pattern (Step 5) and the step of
cal culating the magnetic circuit (Ste&. E% I n other words, when the
warning is displayed on the display 3 RASed on the result deci ded by. t he
shape deci dilng . neanBedstiptmht er t he e obfuatiiydi ngValuel edst a part of

t he necessary Noidindl disnget2f05 itens for destgning the voi 8¢ coil, the
necessary it qwirkesd daslegni ng the magnet circuit,| GyppbPwireqf them the
step of deci C|Wgetdﬁ_1§m§tr3§_\pe (Step 7) y bepgxecutdd. I npgmed where
affirmative Lo didmeteR) 0€ optal ngg Tegarnding  glgg of the

deci si ons, , tft O 5pi ayed ot Sptay 37 Andgiit proceeds to a
5 next step C‘%g % %('1 Yérg t € llglgi\ﬂgcllol ty—distrihuti on for the

_ \.,Ul?.még then
-magnetic circ {SEER- 9

[=§
acl da
T UG

0w
oD

L
— tihe—st-eps—f-ol-Howrg—toayhis step are to
meke. arranges ¥ i : cy
char act eri st i|daokbin Wﬂrg@npakpr and_the |ikBmand tfo cal cuPdile” and eval uate
t he frequency Hobhimsbeight stic, by neans ofmam equilval ent 2&9cuit shown in

Fi.g. 6, for dXugtlkreadheasqui val ent mg : 0.15
: - | Winding width mm | 1.03
Winding number Turn(s) 33

Wire length m 0.88

Direct current resistance (DCR) Q 7.13

Coil mass \ __mg 1897

Total mass ' mg 215

Max. Voice coil diameter mm -8.65

Voice coil inductance H 0.0001

After this, the shape deciding means 51 re-executes the step of

. de01d1ng the shape (Step 7). In this case, the shape decldmg means 51 obtains the

5 decision result that bobbin 76 (or voice coil 71) does not touch yoke 74 in the
vibration direction of voice coil 71. Besides, the step of selecting the pattern (Step

5) and the step of calculating the magnetic circuit (Step 6) may be executed after

the step of calculating the voice coil (Step 4). Otherwise, after the step of

~ calculating the voice coil (Step 4), the step of deciding the shape (Step 7) may be

10  executed without executing both the step of selecting the pattern (Step 5) and the
. step of calculating the magnetic circuit (Step 6). In other Wofds, when the
wai'ning is displayed on the display 3 based on the result decided by the shape

deciding means 51, after the step of changing at least a part of the necessary
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10, circuit is provided with the relation equivalent to t%g{nH%g&kE{elation
anong the voice coil shape and the magnetic circuit shapé Har “are
obtained in the steps up to the step of calculating the magnetic circuit
(Step 6), and the diaphragm shape and the speaker's acoustic system shape
(e.g., a shape of speaker retaining frane) that are obtained separately.
The equivalent circuit shown in Fig. 6 may be stored 15 in the storage
means 4 as an exanpl e of calculating expressions. In the step of

- calculating the magnetic flux density distribution (Step 9), magnetic flux
density cal cul ation data creating neans 61 creates shape data of the voice

coil and shape gﬁt of .t he magneti. ircuit in.the form.applicable to a '
magneti ¢ f R desiEning th Reies Goib, i dESPEATE itEMSLOT AoTiRBINg P JBEEEans 4.
b d 20 ' . ' ) ) h ned
Poord o O biklf, SRS of Mo BREAT U I BIIELDE (Sl T lar AREARL A N,

cal cul ation neans 24 cags WS affireitivie! ddcisidh BysulBURS bd Ubtaiged Reyaydinge coi |
shape data and the magnetic circuit shape data created by the magnetic

fl ux densi tajl afahe deeisioms, thet affectcimtdisy)ayasiaors tigd display 3. endrikgiretdeds 25 af | ux
cal cul ating expressjon to obtain the magnetic flux density distributjon for
the 2293 JgrbSEDoY calenating the magmetic (apxedenpity digir og the magelis i n

0 e SR " el TSR B, BRSS! o U5 O

t he central posi rection of

thi ckness  Qhrd 8 mMhBd FGe BRI st YiRb&FeCPbduenty @hatREHER i the
di spl ayed on the display 3. Here, the di'stribution on the positive side 5

in Fig.4 ilshbesdierainsdstieékeyagdabicaldulats sadnsialuatenhé hequepsr clairdaefisttie f r ont
side of the speaker) over the horizontal surface passing through the
middl e in biianeansy eban sguyplencinchitcihorssinofia. (e fon exasple. Theearivglent) | in

he Ot Lo LRGSR B4 L £,00 o AL ko o 1o
back -si de Qf;qk g %HES& Gha thE L]:Qi\ﬁ‘ntaﬂg c¢ircuit shape that are obtained in the steps up
to the step of calculating the magnetic ci'rm_lit (Step 6), and the diaphragm shape
and the speaker’s acoustic system shape (e.g., a shape of speaker retaining frame)
that are obtained separately. The equivalent circuit shown in Fig. 6 may be stored
15 m the storage means 4 as an example of calculating expressions.
- In the step of calculating the magneti(; flux density distribution (Step
9), magnetic flux density calculation data creating means 61 creates shape data of
the voice coil and shape data of the magnetic circuit in the form applicable to a
magnetic flux dénsity caléulating expression stored in the sforage means 4, based
20 on the voice coil shape and the magnetic circuit shape obtained from the
respective expressions as above.
And so, magnetic flux calculation means 24 performs a computatior; by
substituting the voice coil shape data and the magnetic circuit shape data created
by the magnetic flux density calculation data creating means 61 into the magnetic

25  flux calculating expression to obtain the magnetic flux density distribution for the
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10 horizontal surface in the direction of the thickness of %hg Ehgkf 72. In
this way, the magnetic flux density can be obtained for é% W S edeter m ned
portion of the mnagnetic circuit by the .calculation of the magnetic fl ux
cal cul ati on neans 24. For exanple, it is possible to obtain the magnetic
flux density value for a portion A of the plate 72 conposing the magnetic
circuit, shown in Fig. 8. Additionally, the 15 magnetic flux cal cul ation
‘means. 24 obtains the permeance factor fromthe magnetic flux distribution
for the nmagnet parts obtained by the calculation (Step 9). Next, force

cal cul ation data creating neans 62 creates shape data of the voice coil,

shape data of the magnetic ciycuit, and magnetic flux density 20 '
di st ri but i oAzgRatic eimeit {Steni A (e exmplapafishaprein &ig foltcEesulie dp the ng

expression stored.in. t st orage.neans 4. based on.the.voige.coil. ape and
the mgnet i G vion ot B e ARG TR A Rali et TES Prlel bR GRET i REn For
the magnetig j§i fheUikectioh the thiRhES SOIHUWRIAIRN pIRARS o2 hePRiEOEHE The
cal cul ati on by substituting the voice coil shape data, the magnetic circuit
shape - dat a,resilts bfedisprysdghahe didglag 30Hesd, tthie disséibition banthe pbsitivatsilet he
force calculating expression to 23 3 June 2005 obtain the force acting on
the voi e doiFigdSllvstratys thpreagneticullug densitysut the wpparisige e drang sideeof

di splay 3. shopwi g in F.g.,5,. the result is .represent by.the. relation
et ween + hde SpRkedrere U5 ettt eSihrt sogune oty o oS da; fel ¢
position d |.b ' ' . pf At b r & [ t the
central 5 %‘*ﬁﬁ"%gﬁi e b 3’.@%}% r@ﬁie?z%qg?e?gé 'i'ighrﬁgftiltg fifechioh, Aot L

the wi ndi nghRRhbLoE e plhhe wigleCiheCdibiributnton tHendpatind side {18t theve
side in Fig. 5 shows the calculated result of the force factor Bl when the

voi ce coi | magneticelust dendity i tee bwertwde (thapackgive7d the spesiay) balow thii | e
the or al%h .Ohr:)r%zgreltarf %ggflai:ev i?:l tsllie%?re%tr;]igx\i\%f tﬁeht%ickness of the plate 72. In this way, the
magnetic flux density can b_e obtained for each predetermined portion of the
magnetic circuit bf the calculation of the magnetic flux calculation means 24. For -
example, it is possible to obtain the magnetic flux density value for a portion A of
the plate 72 composing the magnetic circuit, shown in Fig. 8. Additionally, the
15 magnetic flux calculation means 24 obtains th_e permeance factor from the -
magnetic flux distribution for the magnet parts obtained by the calculation (Step
9. |
Next, force calculation data creating means 62 creates shape data of
‘the voice coil, shape data of the magnetic circuit, and magnetic flux density
20  distribution data that are in the form applicable to a force calculating expression
stored in the storage means 4, based on the voice- coil shape and the magnetic
circuit shape, and the magnetic flux density distribution for the magnetic circuit.
| And so, force calculation means 25 performs a calculation by

substituting the voice coil shape data, the magnetic circuit shape data, and the

25 magnetic flux density distribution data into the force calculating expression to
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10 cal cul ated result of the force factor Bl when the voic ves to
the side of the yoke 74. As shown in Fig. 5, the factor %ﬁggfkéﬁgx?grce
acting on the voice coil changes according to the displacenent val ue of
the voice coil noving fromthe statistic position due to the vibration
This neans that the force factor Bl changes periodically along with tine
-if the signal inputted to the voice coil is the periodical 15 alternative
current signal. Accordingly, the force calculation neans 25 calcul ates a

r oot - neans-square val ue of the periodic-changing force factor Bl to obtain
an effective force factor (Step 11). Here, the effective force factor

correspond C fa Bl .of t. ui, val C

Fig. .6. Ne%b&ﬂfl(rgllteheugogg’)‘L aQ:gin 1[\%1{3 Vm%epé:?a]l;egs?eg) |}6)(§)ln'F pﬁjcﬂ“fa%‘é‘%pr&?%g’ from
20 the i npl&lsﬂmﬂﬂlsorﬁ-tﬁé"ﬁlsgf’éﬁ?. OAs GhAPRI i ngt Bi ﬂi@'ﬁ%ﬁtqg‘;eﬂegmjééw @bavity

as the necessary itens for designing the diaphragm For exanple, the data

shown in t trelatﬂonlHed;mesrgt%&ispla&embhmalus of dhapbica gl muvidgfem a stalldtipm and
di aphragm gravity_ is /8, are inputted fromthe input nmeans 1. The

contents o@oﬁwped@ %Pr@le ﬂbﬁ\ﬂ@y@@ﬂ &he farsomyBE pf the Breeactinganthergmiral Tabl e

ol e B 3 PO AP Pl R 1 R CACHHE oblL RInigs HerieTAl o1

this, eff eqﬁévg;cgb(ﬁphragm ar ea caI cuI ation neans 26 cal cul ates an
effectlve vibration area Sd froman effective vibration diameter (14.5 mm

see Table 1) of tHers,ethdi gepBnés thapetited Hdomm Fhe. 5 RBlvs thaaldubited 12),
and then result of the force factor Bl when the voice coil 71 moves to the side of the
‘diaphragm 75 (see Fig. 7), while the grach on the negative side shows. the
‘10 calculated result of the force factor B1 when the voice coil 71 moves to the side of
the yoke 74. As shown in_.Fig. 5, the factor B1 of the force acting on the voice coil
changes according to the displacement value of the voice coil moving from the
statistic position due to the vibration. This means that the force factor B1 changes
| periodically along with time if the signal inputted to thé voice coil is the periodical
156  alternative current signal. Accordingly, the force calculation means 25 calculates
a root-means-square value of the periodic-changing force factor Bl to obtain an
effective force factor (Step 11). Here, the effective force factor corresponds to a
- coupling factor B1 of the equivalent circuit shown in Fig. 6.
| Next, the user inputs to the speaker design support apparatus from
- 20 the input means 1 the data of &iaphragm thickness and diaphragm gravity as the
| necessary items for designing the diaphragm. For example, the data shown in the
following Table 9, that is, diaphragm thjckn_ess is 30 um, and diaphragm gravity
is 1.3 mg/mm3, are inputte& from the input means 1. The contents of Table 9 are

displayed on the display 3.
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5 cal cul ates the di aphragm mass based on the cal cul ated e@fﬁ%‘ﬁ)d’ﬁ bration
area Sd and the data of diaphragm thickness and di aphragm gravity.  The
effective vibration area Sd and the di aphragm nmass cal cul ated byt he
effective diaphragm area cal cul ation neans 26 are di splayed on the display
3 together with the data of diaphragmthickness and the data of diaphragm
gravity in the formshown in the 10 followi ng Table 10. Here, the effective
vibration area Sd corresponds to a coupling factor Sd of the equival ent

- circuit showmn in Fig. 6.- And it is not restricted to calculating: the
effective vibration area Sd and the di aphragm nass after calculating the
effective force factor (Step 11). For,[j 1]rséince, the cal cul ation of the
effective vibration area Sd and the di 4B gm mass can be executed after

15 cal cul ating the maxiDesigicur Si on| @i of quaitify$tiiud) . Tabl e 10
Description Unit |@jiasikiaBhd thick¥asd'e [agm tei cknegs Pgg BO  Di aphragm gravity
M/ MVB 1.3 Eff edi§i¥shdLAPRLeRY ar €q Mg, JER.dl3 1D aphf agm mass ng 6. 44

After that, base 3K ANIEET, Bk shap oNe ditaphragm mass cal cul ated-
by the effective _i].ac#ll?eadl?é 1ojt:lgcot %ofabui at ﬁgﬁf meany and adhesi ve
| DR o)

i nformation. for berHAGFt+He—votree—eot and the—dilaphragm effective nass

25 3 June 2005 calAftdrahispeffatdive disgehzmpree gakublionmeedes2é ¢trdculates@ncoi |
shape data, the diaphragm shape data apd the_adhesiye data, that are in the
form appl i e&isrive yikgation faree (o Erotp B Atfegtive yilrahipngdametarddd pigy see

CXPr ©951 0N SR §flof el 15, 3L 8Bk TER S e Al MBS PSlafUA bl 27

perforns a
5 calculates the diaphragm mass based on the calculated effective vibration area Sd

b N
- Op

and the data of diaphragm thickness and diaphragm gravity. The effective
vibration area Sd and the diaphragm mass calculated by the effective diaphragm

area calcuiation means 26 are displayed on the display 3 together with the data of
diaphragm thickness and the data of diaphragm gravity in t}le form shown in the

10 f-ollow.ing Table 10. Hére, the effective vibration area Sd- corresponds to a coupling
factor Sd of the equivalent circuit shown in Fig. 6. And it is not restricted to
calculating: the effective vibration area Sd and the diaphragm mass after

_ calculating the effective force factor (Step 11). For instance, the calculation of the
effective vibration area Sd and the diaphragm mass can be executed after

15  calculating the maximum excursion and so on (Step 3).

Table 10
Description Unit of quantity | Value
Diaphragm thickness . lm . 30
Diaphragm gravity mg/mm? 1.3
Effective diaphragm area mm? 165.13
Diaphragm mass mg 6.44

After that, based on the voice coil shape, the diaphragm mass
calculated by the effective diaphragm area calculation means 26, and adhesive

information for bonding the voice coil and the diaphragm, effective mass
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substltutlng the voice coil shape data, the di aphragm shape;dgtag@hd the-
adhesi ve data created by the effective mass calculation data creating nmeans
63 into the effective vibration system mass cal cul ati ng expression to
obtain as an effective vibration systemmss M the effective mass of the
vi bration system of 10 the speaker such as the voice coil (Step 13). And
‘the calculated result is displayed on the. display 3. Here, the effective
vi bration system mass Mrd does not include the acoustic |oading mass such
as air. Next, magnetic circuit characteristic deciding means 52 conpares.
the magnetic flux density for each portion of the magnetic circuit

obtained by th magneti ¢ fl ux cal ulatlon neans 24 t he .dat a
pre-stored® faﬁ@ ng (gta; gEeating, uoanss 6sh GRRAteSH tig ol f’?)‘fbg’ ecfitEerthgn to

deci de whetjh V. en the
decisiOn'is Xec€§€§3?%8£haﬁé§H&%%ﬁﬂ§h%{%%%2mﬁ?§85§&ﬁ9&9&3%§ﬁm g@qosﬁthe
magneti c f lEct@N ibritib@r sybttn PRkbd QAlcAldingt BLpRESALR stéredC DiRBSI ftgrddae
magnetic circuit shown in Fig. 8 is saturated or not. The magnetic 20
circuit chaemiseli stic deciding neans 52 deci des based on the perneance
factor _calculated by the magnetic_ fl ux calculatlon means 24 and the

per neanfe f act or é swﬁ%dcalﬁultaﬁ@nstre%@e 26 apert qr%e@hépmﬁ)ﬁé#lenu bya

possi bilit

eatlc! : H
o the rmoReb SRR D Pl colf SHBN e b RiflfaleR WREed APERM G oT0
deci sion rggHbdivd Yafll %Llﬁa)ﬂegy @Re biBctiveomAbs %I@Maﬁon%ﬁtté c;éﬁfﬁ‘igzmgns BB this.

time, when it Is decided that the magnetic flux density is saturated at any

portion of ihtoetheagffeetive vitiatiohtsystym degdsdedclitdhg eRpreasion t@ ohpamsadihi ty - of
occurrence of the demagnetization, the warning is dis gla yed on the display
3, and the eﬁc@@@s@bwgmg@agtemam@ss Mmfdhe effertive ragscafit ?Vﬂig“aﬁlh% syspmeoicoi| 5

|( ﬁ:)ﬁtp 316 -'III_ ee gpeeba er Su{'ﬁ'l £S ﬁl%e\780§(lien(%ﬂgt%$ep Pﬁc ! nalglglaget}lere%t tdps% ayege user

on the display 3. Here, the effective vibration system mass Mmd does not include
the acoustic loading mass such as air. |

Next, magnetic 01rcu1t characteristic deciding means 52 compares.the

magﬁetic flux density for each portion of the maggetic circuit obtained by the

15 magnetic flux calculation means 24 and the data rpre‘stored in the storage means

4 as shown in Fig. 9 to be a criterion to decide whether the magnetic flux density

isAsaturated or not, and then the decision is executed (Step 14). For instance, it is

decided whether the magnetic flux density for the portion A of the plate 72
bomposing the magnetic circuit shown in Fig. 8 is saturated or not. The maghetic

20 éircuit characteristic deciding means 52 decides based on the permeance factor

| calculated by the magnetic flux calculation means 24 and the permeance factor

pre;stored in the storage means 4 whether there.is a possibility of occurrence of

demagnetization due to the temperature change of the magnet composin-g the

ﬁlagnetic circuit to be designed (Step. 14). The decision result is displayed on the

25 display 3. '
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to the speaker design support apparatus fromthe input ne :%gxfonnand
to present the voice coil shape together with the necess ré ‘
designing the voice coil, and then the steps up to the step of cal cul ating
the effective vibration systemnass (Step 13) are re-executed. 10 Wen it
is decided that the magnetic flux density is saturated at no portion of
the magnetic circuit, and decided that there is no possibility of
occurrence of the demagnetization, retaining systemcalcul ation neans 28
performs a conputation into a conpliance cal cul ating expression stored in
the storage neans 4 by substituting the m ni num resonance frequency Fs of

t he 15 i ts.i tted f 1 d th ,.I\/msb d
on the effective %t'b s SR L R M L WA R
cal cul at'i on,pRa Pgrth&h%f ftﬁE% %ﬁtﬂmstfﬁ&!{i{” Glaetlaalh | @9 rtﬁ@ftslzg he

obtai ns the conp |ance o] di aphragm edge (t’he spring constant

retaini ng osiibity Giecdifrdite of ¢hé duinakhetivativhethel®hrnihh s daplafledtondtheesul t
is displayed on the display 3. The 20 conpliance cal cul ating expression is
r epr esent edlisnlay e aﬂdltlhemrn@smrws ibank @0 the stepxpf eadsilating the Iveice apile

acoustrgﬁnzﬁ%gﬁa ﬁg %#ﬁég%ﬁégﬁ;% ﬁ?n%%gizﬁgggﬁ B g%ﬂ§’£$§ag§ﬂ?|ed to
0 U B IO B
Crs 1/ ( MY xidsehs ke %bmb/ttsﬂ sﬁta @%ge\ﬁﬁeﬂ/tvﬁh%b%c%ﬁi-ﬁme%%r Mattgaﬁg%ew th
acoustic | oading nass ni mum r esonance frequency Subsequently, the
user i nput sogtatcailf amd tlhnm &[eoatspa; apsyshe rste;m:ﬂ*cahﬂmﬂm the effective vibration
system mass (Step 13) are re-executed.
10 When it is deeided that the magnetic flux density is saturated at no
portion of the magnetic circuit, and tlecided that there is no possibility of
occurrence of the demagnetization, retaining system calculation means 28
performs a computation into a compliance calculating expression stored in the
storage means 4 bylsﬁbstituting the minimum resonance frequency Fs of the
15 requirements inputted from the input means 1 and the value Mms based on the
effective vibration system mass Mmd_ calculated by the mass calculation means
27. And, the retaining system calculation means 28 obtains the compliance of the
diaphragm edge (the spring constant of the retaining system) Cms by the
calculation (Step 15). The calculated result is displayed on the display 3 The |
20 compliance calculating expression is represented by the following Expression 6. In
Expression 6, the value “Mms” means the effective vibration system mass Mmd
added with the acoustic loading mass. And the diaphragm edge compliance Cms
is applied to a calculation using the equivalent circuit shown in Fig. 6, which will

- be described later.
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speaker frame and etc. into the speaker design support appa ,@ﬁg§u#ﬁgng t he
i nput neans 1 (Step 16). The acoustic system data may i ncl rame
size, an - through-hol e shape provided to the frame, an acoustic. resistance
naterial shape 10 covering the, through-hole, a protector. shape provided to
the front side of the speaker, and information regardi ng di aphragm shape
~which is a corrugated sheet or a flat sheet. Based on the acoustic system
data, acoustic inpedance cal culation nmeans 29 cal cul ates acoustic

i npedance Zai of the diaphragmfront and acoustic 15 inpedance Za2 of
di-aphragm back, of the equivalent circuit shown in Fig.6. For instance,
when the inpedance "Zai" of the equivalent circuit.is conposed fromthe
resi st ance Exppesstosn®l| i ance and the acoustic nass (acoustic inertance), the

acoustic inpedance galcyl ati ns 2 o ain edance, val ue for al

of the resistance, éﬁﬁy’ ?ﬁ%@@m%ﬁa %W9 gg%ui@ﬁ@“nggé %@ Next ,

equi val ent circuit calﬁﬂﬁg B MBS bW AL L MAd HE&QBHlMﬁhHE on

t he corrrespoindi ng part o#ﬁﬂﬁé equ?J%ﬁéﬁﬁ‘%#rcﬁﬁt to%Hhe electric %ysten1'
and a velocity value V of iddigomaespoi ndig part of the equivalent circuit

- to the nechanical system based on the val ues obtained by the calulations

as the Wwalues for resBédﬂhuEnemE%Enmmwd&mmheqequivaIent circuit'(Step 17).

Besi des, the Rrs v e 25 e equi val ircuit can be a va nown
from.experience foguﬁﬁﬁuﬁg Y’%§‘ﬁ@r“§8“%§§ﬁhé ﬁgmnFﬂésgﬁﬁﬁkﬁw 5

support ap 4.5 gh[(‘g? _ ser
" fromthe i %ﬁ E?ée&rie%?r%e n?ﬁtgugﬁgg{? ren %SI QQP}? 3@%@“\%@9 ?)éhé @&mgan be
obt ai ned byn&@kvi MGtdd qeﬂ%& BRI bj’ré?:b'ﬂut dhih GRS IEBIRS hOfafe m@ an
correl ati on between the induced el ectronotive force and the counter
el ect r onot itheugh- lfod:er 3hapé\/aravulmi torthg feamey, sahacostie resstinoce mlateriatshape reans
31 peforns a
P 10 covering the th.rough-hole a protector shape provided to the front side of the
speaker, and information regarding diaphragm shape which is a corrugated sheet
or a flat sheet.
| Based on the acoustic system data, acoustic impedance calculation
| means 29 calculates acoustic impedance Za; of the diaphragm front and acoustic
15 impedance Za2 of diaphragm back, of the equivalent circuit shown in Fig.6.

L1

For instance, when the impedance “Za1“ of the equivalent circuit is

~ composed from the resisfance, the compliance and the acoustic mass (acoustic

inertance), the acoustic imﬁedance calculation means 29 obtains an impedance
value for all of the resistance; the compliance and the acoustic mass..

20 . Next, equivalent circuit calculation means 30 calculates a current
‘value I on the corrrespoinding part of the equivalent circuit to the electric system
and a velocity value V of the correspoindig part of the equivalent circuit to the
mechanical system, based on the values obtained by the calulations as the values

for respective elements of the equivalent circuit (Step 17). Besides, the Rms value

25  of the equivalent circuif can be a value known from experience for the user using
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conput ation by substituting the velocity V obtained by th ui t
circuit calculation neans 30 into the foll ow ng Expressi %n‘?gnF%oﬁai n the

excursion frequency characteristic of the di aphragm conposing the speaker
(Step 18). 10 Furthernore, the various frequency characteristic calculation
means 31 adds. a specific value to the maxi num excursion of the cal cul ated
excursion frequency characteristic of the diaphragm and cal cul ates the
excursion margin (Step 19). And the various frequency characteristic

cal cul ation neans 31 perfornms a conputaion by substituting the current

" value | obtained by the equivalent circuit 15 calculation neans 30 into the

fol | owi ng Expression, 8 to obtain the inpedance frequency characterjstic of
the speakethp Spegkesslesisp,POoL; tppayatus,in it ﬂn%a%&%sf» PEECIRMHEE ¢ x=
VI/Ii( m ression 8. 20. edance, f rgﬁi' = . | And
the vari ou?’<W %qulhsgﬁ??m% rtlé? éﬂcé{grrlgg%scl'péﬁggﬁgt% %{%%H@rr(é%%% ot)}feaizer%%(flg gs t he
sound presgyhept r SRRAY b hadeRbe ths tddnivlledth RihAPH agnyiERAon af idlet age

~value across a predeterm-ned el enent of Zai, e.g., the conpliance, of the

“equi val ent coirebition betwBégthdbindStebel2dtyombiikeimeseand the coanteveiecimempionrcy 25

characteristic calculation neans 31 obtains, as the sound pressure
frequendy f@®e3 June 2005 characteristic of the di aphragm back, a voltage

o e O B0 o ot FERES BPE S B Sy BB & e
CLomert L dpiatuessudinu g Ui eshe ¥ huid gk s speity (e
Fi nal deci duRgldtRanseags B imtesthehplibing Brpsssiod Priosshtaim thequansion

| frequency characteristic of the diaphragm composing the speaker (Step 18).

10  Furthermore, th:e various frequency characteristic calculation means 31 adds. a
specific value to the maximum excursion of the calculated excursion frequency
characteristic of the diaphragm, and calculates the excursion margin (Stép 19).

And . the various frequency charac_teriétic caleculation means 31 performs a
computaion by substituting the current value I obtained by the equivalent circuit

15 calculation means 80 into the following Expression 8 to obtain the impedance
frequency characteristic of the speaker (Step 20).

Expression 7:
Excursion frequency characteristic X=V [(jo)
Expression 8: |
- 20 Impedance ﬁ'equeucy characteristicZ=E /1

And the various frequency characteristic calculation means 31 6b‘tains,
as the sound pressure frequency characteristic of the diaphragm front, a voltage
Vélﬁe across a predetermined element of Z,1, e.g., the. qomplig_nce, of the
equivalent circuit in Fig. 6 (Step 21). Likewise, the varie'jus frequency

25 characteristic calculation means 31 obtains, as the sound pressure frequency
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characteristic obtained by the various frequency charactetr 'jéhgiﬁﬁi ul ation
means 31 satisfies the target SPL (target sound pressure he above
requirenents (Step 22). In addition, the final deciding neans 53 deci des
whet her the speaker 10 thickness deci ded based on the excursion frequency
characteristic obtained by the various frequency characteristic

cal cul ation neans 31 neets the requirenent for thickness (Step 22). These
decision results are displayed on the display 3. At this tine, if
respective calculated results do not nmeet the requirenents, the warning is
di spl ayed on the display 3 (Step 23). Thereby, the 15 procedure goes back.
to the step of calculating the voice coil (Step 4) or the step of inputting

t he acoust ichazagtariatios lof pidie( Qméma@;l bael” ahzeltage arbusutoésbathe endsifeguent

t [f th d by t b |
owar”t han BRFISLEHRGEE GpRertol vab (e Gothi Popests !t By VbR SHPaL ePe goes
back tot

ac 0 3 %% becgiﬂé&%rﬂgw@ ettt 48", *c %@&b‘iﬁu{gﬁ)o@sﬂa% tl% A

coil (Step USE a decrease In e |ve ma ration

syst em r esighbSkdrN dédighdiC heasies ép@aﬁé}uﬂés@ﬁe&ﬁ:l#bﬁb apperatubem the FResaiter

t hi ckness deci ded based on the diaphragm excursion frequency

char act ér i snibodohemst indidedynt he above cal culation is larger than the target
t hi ckness, it goes g'??géé the ste |nputt ng data i.n order,_ to increase
t he through hoI e df piding mpangy3 Wth?cﬁoeaéé’r?%um freeeney 30 3

June 2005 I rOV|de to the fra ecrease in
excur si on gemg}c %ﬁ%&&&r\%y grg RV gﬁ?‘nggrslgn(% E ulgtlgn %}(ea% I n
case where 3'1t sdt EQQQ?Q%Qrée@%PE r(ﬁargéll Qdﬂr@? shire) |0T %h@Pa%Bvé Ii‘@qun‘eme:rlts
requi renents, at effect " is displayed on the display 3, before the

- desi gni ng djStei)hﬂ) fn apditica the finahfdadiag méng Shéedésai ghethpeché ispedliean i s
print ed out (Step 24) . Here, the design specification includes the speaker
i npedad@e éh@kaeﬁseiﬁcdedcbam e H@Qjexcnyswlhéreqaemcwu%latafé@fa%tm«;btemdémféﬁ stic

cal cul ati n% an§ 31. The1
arious Irequency char

ar{g%e atlc calculation means 31 meets the requirement for
thickness (Step 22). These decision results are displayed on the display 3.

At this time, if respective calculated results do not meet the

requirements, the warniﬁg is displayed on the display 3 (Steﬁ 23). Thereby, the

15 procedure goes back to the step of calculatiné— the voice coil (Step 4) or the step of

inputting the acoustic system shape (Step 16), and then re-executes the

-subsequent steps. If the sound pressure value obtained by the above calculation is

lower than the target SPL (target sound pressure level), the procedure goes back

to the step of calculating in order to reduce the mass of the voice coil (Step 4),

20 because a decrease in effective mass of fhe vibration system results in an increase

in sound pressure. And, when the speaker thickness decided based on the

diaphragm excursion frequency characteristic ol:!tained by the above calculation is

- larger than the target thickness, it goes back to the step of inputting data in order

to increase the through-hole diameter (Step 16), because an increase in diameter
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characteristic becomes a clue to know a Qvalue of the spegkfh. o5
descri bed above, by using the speaker design support apparatus in 10 this
enbodi ment, it is possible to finish a design of ‘a speaker with |ess
frequency of designing a speaker, and it makes possible to design the
speaker neeting predetermned requirenments in a short tinme. Besides, in

t he abovenentioned first enbodi nent, the equivalent circuit shown in Fig.
6 is applied as an exanple of the sound pressure calculating 15
expression, the diaphragm excursion cal cul ati ng expression, and the

i npedance cal cul ati ng expression, however, the present invention may adopt

. | it i | t i its,. i t th i | t i it
o For ontithe Rietdiot pr&riddt tiRia BRne STOThE deetstse o SEyOrmh of theui t o
And it may d?&‘p]ﬁjaéﬁ N*rﬁﬂo&? &,q.n %%ﬁ mgkﬁgggoy%?ggi{ ct either one of plural

equi val ent circurts. e abovenenti o irst enbodiment, the speaker

desi gn support appar@istswherepitoyd diedided t that hghenegloglate Gbsults tmeet the
characteristic deciding neans 52, and the magnetic circuit characteristic
deci di ng neaeirégaentsc it effettcs égplated omilyndisplay Bl beforkethe depigning efithie

portion _of the magnetig¢c cjrcujt obtained by the. magnetic flux calculation
eans 28 | Spedkeiiacaupltothdad tda*?dqureél ?%}%ﬁleﬂ ds Peififed oy @ﬁ%ﬂ 20 glerari o

deci di ng i : there | . ibilj -1.he ; June
2005 occg‘r-% rﬁgﬁiggéé‘?ﬁ%glé%%‘ﬁ%%a (Iieg nﬁgu%eta%ex?h[g&?@r?ggrca uarcgéréﬁt%gn%bégélfﬁt he
magnet  COMpOgHeNGarkib@s mgﬁ&adyccmra&msﬁ& QalRASS $8Gs FOVENS impbfshnce
invention is. not |limted that the speaker design support apparatus is
provi ded wichhrdcteristizdrednes a ciuedo khowlaQaalwr ofthe epedeirdi ng neans 52. In
case where the magnetjc circuit 5 characteristic deciding neans 52 i s not
provi ded to the spd&idepcriked; zhovebspusing tha spesker desisnpper appayatyeriior m

X

Lhe deciys! ofhliskertlol it BS.dmgfich) £uch Lot SARLASKET Wil RudRS g oS
of designing a speaker, and it makes possible to design the speaker meeting
predetermined requirements in a short time.

| Besides, in the abovementioned first embodiment, the equivalent
~circuit shown in Fig. 6 is applied as an example of the sound pressufe calculating

15 expression, the diaphragm excursion calculating expression, and the impedarnce
célculating expression, however, the present invention may adopt a plurality of
equivalent circuits. For instance, the equivalent circuits are for considering
various corrections for the‘acousi-:ic system circuits. And it may be also arranged
that -the user select either one of plural equivalent circuits.

20 In the abovementioned first embodiment, the speaker design support
apparatus is provided with the magnetic circuit characteristic deciding means 52,
and the magnetic circuit characteristic deciding means 52 decides whether the |
magnetic flux density for each portion of the magnetic circuit obtained by the

magnetic flux calculation means 24 is saturated or not. And the magnetic circuit

25  characteristic deciding means 52 decides whether there is a possibility of the
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~two decision itens; whether the magnetic flux density perSQ?rﬁiegxﬁi t he
magnetic circuit is saturated or not; and whether there i’s 3 %o Sioility

_of the occurrence of 10 denmgnetization due to the tenperature change of
t he magnet according to the perneance factor, and the other item may  be

deci ded -by the magnet circuit characteristic deciding nmeans 52. In

addi tion, the magnetic flux density calcul ati on neans 24, the acoustic.

i npedance cal cul ati on nmeans 29, the equivalent circuit calculation 15

means 30 and the various frequency characteristic calculation neans 31 in

the present enbodi nent can be wholly or partly acconpliched by the

conputing unit that_ perforns a conputation with software. SE D
EMBODI MENT 99¢rryeRees of ﬁswaﬁ@eté%@ﬁw&i fie dndbe empeEdire ghrags @§ tggc\l'lné}%tat i ons

of the sp er._.desihgn . ratus i.n t secondenbadi nent. accor di ng
Lo ' att achoamapaifE e mEERAR b BRE R e Tooikndd ISTSR B BB ris e
speaker degiriled® HRRAhL spBRRA REWS duppbhCapiReARH 8 TPAJIERIth theGnagrkiRhows
an operating procedure of the 5 speaker ‘desi gn support. apparatus in the
second enbeilicn#ntharkeétgristi’ doonlisg trheans332.31d waee ke thist iagacidé cbpeitat i ons
executed by the speaker design support apparatus in the second enbodi ment.
As show® i haragterigtic deridingangens ofeds gat prpidad tapirasrealier desighissippedcond

enbodi nent conpr.ises i nput neans.101,. appr.oxi. nat xcur.sion 5 .cal cul ation
means 102, “BPEHIEECH REPT Lo Mg dEpieton teliatl oyt BirenguR Sinesy,

i nternmedi at.g., i N j >N Gl ' LN ,
frequency CHaPieBRERR AR ikabd b2, CAHNALS Tho bt My SRR BN ERA holdt)

cal cul at i oRwo MREIBRHNCEms;Gtlidihér hatmagiR i lngdéRay et POrtid Ithe GRS i

eval uati on neans 115, -
circuit 1s saturated or not; and whether there is a possibility of the occurrence of
10 demagnetization due to the femperature change of the magnet according to the
permeance factor, and the other item may be decided by the magnet circuit
characteristic deéiding means 52.
| In addition, the magnetic flux density calculation means 24, the
acoustic impedance calculation means 29, the equivalent circuit calculation
15 means 30 and the various frequezicy characteristic calculation means 31 in the

present embodiment can be wholly or partly accompliched by the computing unit

that performs a computation with software.

SECOND EMBODIMENT
20 : The fo]lowfmg explains about the configuration and operations of the
speaker design support apparatus in the second embodiment according to
attached drawings.
Fig. 10 shows a schematic configuration of the speaker design support
apparatus in the second embodiment. Fig. 11 shows an operating procedure of the

25 speaker design support apparatus in the second embodiment. Fig. 12 shows the
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I ntermedi ate processing eval uati on neans 116, . final evalyu ﬁigq¥ﬂﬁ9ns 117,
10 storage neans 118, and display 119. A user of the spea&% des gn support
apparatus in the second enbodinment inputs to the speaker design support
apparatus various requirenents for a speaker presented by the nobile phone
maker, by nmeans of the input nmeans 101 conposed from a keyboard and the

li ke. The requirenents 15 such as a diameter, a target thickness, a-target
SPL (target sound pressure), a nmeasured distance (distance between the
“speaker and neans for detecting sound fromthe speaker), a mni mum -
resonance frequency Fs, a rating power, nom nal inpedance, and an
effective vibration diameter, are inputted (Step 101 in Fig. 11).

Speci fi cal loptling ef gpenationp grecutpd hyecthe sneaken design sHBPRTti apPANRLUE ORI thei ng

Table 11, 20 that js, 22 mmas dianmeter, 5 nmas target thickness, 82 dB as

target SPLSe9THhemRodimenty oq di stance, . 800 Hz as ni ni mum r esonance
f ncy Fs, 0.5 ) ' ' | ' ' .5 mMnm
requency rs Wsasﬁmwfafgﬂmﬁ?%.p P¥C1{he Spedker %H]‘ﬁ{elaé.“#&q?f %@gﬁgtﬂs‘g ?fj tlk%

as effective vibration r, by means of t nd the

contents ofsetdil Tahbdlihént | opbp#iest PNt t BRaBPUIDL MEgRTodidhtar exéirsibhayed
on the display 119. 25 33 -- ---------- .3 June 2005 Table 11 Description

Unit of Squaalculatiovatngans DPZrmpeprocnssi@® mefas §68, mhgudtnesigcuitndssigil angpas SPL

dB 82 Neasl%a,e'\?ntgirég(%ggee pirorc]:eg'sing means 105, equivalent circuit design means 106,
frequency characteristic calculation means 107, speaker characteristic calculation |
means 108, output data creating means 109, preprocessing evaluation means 115,
“ini.:ermediate proéessing‘ evaluation means 116, final evaluation méans 117,

10 storage means 118, and display 119.

A user of the speaker design support apparatus in the second
embodiment inputs to the speaker design support apparatus various
requirements for a speaker presented by the mobile phone maker, by means of
the input means 101 composed from a keyboard and the like. The requirements

'15 éuch as a diameter, a target thicknesrs, a-target SPL (target sound pressure), a
measured distance (distance between the speaker and means for detecting sound
from the speaker), a minimum resonance frequency Fs, a rating power, nominal
impedance, and an effective vibration diameter, are inputted (Step 101 in Fig. 11).
Specifically, the user inputs the requirements as shown in the following Table 11,

20 fhat is, 22 mm as 'diameter, 5 mm as target thickness, 82 dB as target SPL, 1 m '
as measured distance, 800 Hz as minimum resonance frequency Fs, 0.5 W as
rating power, 8Q as nominal impedance, and 14.5 mm as effective vibration
diameter, by means of the input means 101. And the contents of the Table 11

_ inputted from the input means 101 are displayed on the display 119.

25
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M n. resonance frequency Hz 800 Rating power WO.5 hbni@gkuhggﬁﬁﬁpce SL 8
Effective vibration dianeter mm 14.5 Max. Excursion mm EXcuUrsion margin nmm
As described in the first enbodinent, if it i's possible.to obtain
approxi mat e val ues of the maxi num excursion and the excursion margin for
the _di aphragm conposi ng the speaker, the user can deci de approxi mately
whet her 5 the di aphragm touches the protector of the speaker and whet her
the voice coil vibrating with the diaphragmtouches the magnetic circuit.
Therefore, the speaker design support apparatus in the second enbodi nent
Is arranged so as to execute first an approxi mate excursion cal cul ation
for obtaining the maxi num excursion and the excursion margi n of the’

di aphr agm conposi ng the speaker. The Taldedpproxi mate excursion cal cul ation
i s explained her |nafteDem§hRgﬁlthe alqy&t bEQURYE VMadud) € 1 nputted, the

di splay 119 di spiayfnefcf© apprOX|nate-excurﬁh9n calcurggi ng expressions
represent ed by qu.l | Foor thidknass 24 2 O t—of I appTOXTTEH e excursion

cal cul ati ng expr ¢5s+o & 2 1st-of

¥2stoged in. the storage
heans 118. Those| Qﬁwvﬂr BSSi-oRsS—Were nvnlnd lod—i-A-115-$he first enbodi nent,
and Expression 1 ] aﬁ\*ﬁeﬁ gtange ng—a X1 mlmmymlr silon_h d an excursion

margin of the st aNHRrn¢serancedrequancExdr essi 8% 2 i s (f o8Ot ai ning a nmaxi mum
excursi on and an|Batiuggpwer nargin of tihe woEt - casé d@sign. 34 3 June 2005

Expression 1: MakNomicalrisipedagohax! )=/ jw Q - 8
Effective vibration diameter mm 145
Max. Excursion mm
Excursion margin ) mm

As described in the first embodiment, if it is p0s31ble to obtain
approximate values of the maximum excursion and the excursion margin for the
diaphragm combosing the speaker, the user can decide approximately whether

5 the diaphragm touches the protector of the sp.eakér énd whether the voice coil
vibrating with the diaphragm touches the magnetic circuit. Therefore, the
- speaker design support apparatus in the second embodiment is arranged so as to
execute first an approximate excursion calculation for obtaining the maximum .
excursion and the excursion margin of the diaphragm composing the speaker. rThe
10 approximate excursion calculation is explained hereinafter. A

After the above requirements are inputted, the display 119 displays

two approximate-excursion calculating expressions represented by Expressions 1
~and 2 out of the approximate excursion calculating expression database DB1 (see
Fig. 12) stored in.the storage means 118. Those two expressions were explained in

15 the first embodiment, and Expression 1 is for obtaining a maximum excursion
and an excursion margin of the standard design, and Expression 2 is for obtaining

a maximum excursion and an excursion margin of the worst-case design.
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Excursion Margin (Xngnl) Xmaxlx Safety Factor v= 2xrxp/(p% %%

D stance between a speaker and neans for detecting sound ron1t e speaker
p =10(sp"20) x 2 x 10-s po: Air density w=2x,nx fs 10 fs :Frequency a
Effective vibration dianeter/2 Expression 2: Max. Excur si on (Xmax2) -v21(jw
x Safety factor) Excursion Margin (Xnmgn2)=Xmax2+Conponent Assenbly

Tol erance = 15 v2=2xr xp/ (poxwxSalet yFactorx a2) r: D stance between a
speaker and neans for detecting sound fromthe speaker p = I o(SPL 20) x 2
X 10-s po: Air density 20 w=2xnx fs fs:Frequency a Effective vibration
dianeter/2 After the display 119 displays the two approxi mate-excursion
caIcuLatln expressi ons such as the above Expressions 1 and 2, if the user
want s J@qﬁﬁ%ﬂW% ke naxi num excursion and the excursion margin of

standard deS| 2! p or she sel ects Expression 1 by neans
of selecting neans ff% ?%Fﬁﬂgggz?] , 1f he wants to know the maxi num
excursion and gseaiis MhurBBl Khle)=XPhs % 9488 Factor
' v=2xrxp/p, x wxa®)
5 r: Distance between a speaker and means for detecting sound
from the speaker
‘ p= 10WPE29) 2 % 107°
0, * Air density
w=2xXxX[§
10 f5 - Frequency
a =Effoctive vibration diameter/2
Expression 2:
' Max. Excursion (Xmax2)=v, [(jwx Safety factor)
Excursion Margin (Xmgn2)=Xmax2+Component Assembly Tolerance
15 . . v, =2xrx p/(p, x wx Safety Factorxa®)
r: Distance between a speaker and means for detecting sound
from the speaker
p =102 3 %107
P, Air density
20 w=2XaX%fs |
fs “Frequency
e =Effective vibration diameter/2
After the display 119 displays the two approximate-excursion
calculating expressions such as the above Expressions 1 and 2, if the user wants

25  to know the maximum excursion and the excursion margin of standard design, he
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design, he or she selects Expression 2 by nmeans of the sel | ns 111
(Step 102). After Expression 1 or 2 is selected, the appsﬁg?%gggﬁggcursiOn
cal culation 5 neans 102 obtai ns approxi mate val ues of the nmaxi num excursion
and the excursion margin of the diaphragm by using data necessary for the
~approxi mate excursion cal culation out of the data inputted fromthe input
means ‘101 and the selected Expression 1 or 2 (Step 103). The cal cul at ed
result is displayed on the display 119 together with the requirenments. For -
I nstance, when Expression 1 is 10 selected, it can be obtained cal cul at ed
results shown in table 12, that is, the naxi numexcursion is 0.45 nm and
the excursion margin s 0.69 and such results are di splayed on.the

di splay 119% Sﬁﬁéeg’&%ﬁ?%‘ieéﬁoﬁlggﬂ pens ¥ wlstiagimeadts 111 Step 1 ). P, dthgred in

an appr oxi excursion file.F-1 on the storage means 118 .Table 12
Descri ption Bmst%o# névﬁan 9 {%léx%}%e X EARB &P m e g et toﬁi%(l’fﬁgggsemn 5
Target SPL JiBig®2 he M 3Rk 56 cdi BAR0GFor? by M dhs Jf%ﬁ@@@l@@ﬁn%hﬁagﬂgﬂ‘ﬂ_(g&pm 800
Rat i ng power 0.5 Nom nal inpedance S% 8 Effective vibration dianmeter mm.
14.5 MNax. 1B2kudfenBxprastiodsSl ofF2dd rssleotedirihighppraxifaOexthrdint ealctiaionser
may sel ect both of Expression 1 and 2. Thereby, both values of the
st andar @ deBeapy AA8 qliaingoprprogimate dednem ofridied mpgimymd esenrsien and stheay
119. 36 excursion margin of the diaphragm by using data necessary for the approximate
excursion calculation out of the data inputted from the input means 101 and the
selected Expression 1 -or 2 (Step 103). The calculated result is displayed on the -
display 119 together with the requirements. For instance, when Expression 1 is
10  selected, it can be obtained calculated results shown in table 12, that is, the

- maximum excursion is 0.45 mm and the excursion margin is 0.69 mm, and such

results are displayed on-the display 119. The calculated result (the contents of

table 12) is stored in an approximate excursion file F-1 on the storage means 118,

: Table 12

Description Unit of quantity { Value

Diameter ‘ mm 22
Target thickness ' : mm 5
Target SPL dB 82

| Measured distance 1. m 1
Min. resonance frequency Fs Hz | 800

| Rating power W 0.5
Nominal impedance Q 8
Effective vibration diameter mm 14.5
Mazx. Excursion mm 0.45
Excursion margin mm 0.69

15 Here, the user may select both of Expression 1 and 2. Thereby, both

values of the standard design and the worst-case desigﬁ are displayed on the
display 119.
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. the speaker together w

3 June 2005 |If the approxi mate val ues of maxi mum excur si @nJaned 26005ur si on
mar gi n of the diaphragmis obtained as descri bed above, the user can decide
approxi mat el y whet her the di aphragmtouches the protector of the speaker,
and whether the voice coil vibrating with the di aphragmtouches the
magnetic circuit. 5 Next, in the speaker design support apparatus of the
second enbodi nent the preprocessing neans 103 perforns the foll ow ng
calculation for <creating data to obtain the magnetic flux density
di stribution and so on of the magnetic circuit conposing the speaker.
First, the user inputs to the speaker design support apparatus the 10
command to present 1a &Baaﬁpz@m@m Rkue8 X TR BImAn (dXBuMBIC AnBO ke @SIBROST NY
th some of necessary itens to design the voice coi
by neans ofmaidi€ ofnfpet diephiragnid @l obGliegl 104Jescoitndl theveushe uset eat Slechle
remai nder of the necessary itens to design the voice coil out of th

" pr epr ocessiapgreximai¢lntwhatheritheadiapbrapmp tquches Frqyprotegior phthespeakenm angt or age

means 118 by, ang of ,the. 15 sel ect. eans 111 of the input. neans 101
(Step 104) .Viggpey ¥ﬁmﬁéPﬂﬁﬁ@a§§§ﬁwbéﬂg%aﬁﬁﬁh?ggl%Hﬁﬁﬁ%ﬁmd?@ﬁﬁ%%fmﬁpﬁher one
of "10 mmi', "11 P! ', : h.é?:g{:@ r LRg ul.gt,qn
databasg DB2 stopg& |h%§hgﬂét%$%g%rﬁ%%%g{11 ,ngzgﬁgﬁﬁh?noga %eg%%@aBy t he
sel ecti on QmEd#EmeR® thdplepdbcdERhE mednl€108ap 4165 S tHeollok g caldudaiordéscr i bed
on the same |line as the 28 sel ected nom nal dianmeter are al so sel ected. For
i nstance, whestinghdatsstr ostmire the magbetimfluxadensityodistritiutitnaand ep on1d. therm i s
sel ected as an actual _dianmeter of th voi ce coil (bobbin bore), 0.1 nm as
a bore t ol dragnetic cicHit coppRpieg theseeaksii s sel ected as a dianeter of the

e comos . NsuTROBE L i 16 AL ey S et ML
bondi ng ot hgouRh &1 8 bréRe hhhagh ABHE ABMexERIp1d) UTEB IVBIE Coil dEipbhing tha7
speaker together with_ some of necessary items to design the voice coil by means of
the input means 101 (Step 104). And the user selects the remainder of the
necessary items to design the voice coil out of the preprocessing calculation
database DB2 '(see Fig. 12). stored in the storage means 118 by means of the
15 . selecting means 111 of the input lmeans 101 (Step 104).
For instance, the user selects as a nominal diameter either one of “10
mm”, “11 mm”, “12 mm”, and... of the preprocessing calculation database DB2 .
stored in the storage means 118, as shown in Table 13. By the selection -of the
nominal diameter, the values of the other items described on the same line as the
20 selected nominal diameter are also selected. For instance, when the user selects
“10 mm” as a nominal diameter, 10.5 mm is selected as an actual diameter of the
voice coil (bobbin bore), 0.1 mm as a bore tolerance. And ]jkewiée, 95 mm is
selected as a diameter of the plate composing the magnetic circuit; 12.0 mm is as
a bore of the yoke composing the magnetic circuit? 4.0 mg is as mass of an

25  adhesive for bonding the voice oil-and the diaphragm. For convenience, assuming
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3 June 2005
enbodi nent

val ue of the dianeter of
Bobbi n Bore Pl ate Yoke bore Adhesives

- Nomi nal

di aneter (nmm) nmass (ng)
11.5 0.1 10.5 13.0 5.0 0 12 12.5 0.1 11,5 14.0 6.0 The user selects as a

wire rod nane either
3", .and. ...

nane,

sel ects

di anet er,

name, this 15 enbodiment is expl ai neBablgd33 June 2005 Table 14 Wre rod
DB Wre_rod name Wre Max. Coil esLsthﬁity
5 - ominal diameter
i ‘Nominal | Bobbin Bore Plate Yoke bore | Adhesives
diameter | bore (mm) | tolerance | diameter (mm)} | mass (mg)
(mm) ] (om) | (mm)
¢ 10 10.5 0.1 9.5 12.0 4.0
¢11 115 0.1 - 10.5 13.0 5.0
#12 12.5 0.1 11.5 14.0 6.0

the v
sel ected wi

Rel e

that the user

expl ai ned. Here,

one of

Hahe®

t he nom nal
the voice coil

di anet er
Tabl e 13 5 Nom nal
di aneter bore (mM) tol erance

selects "10 mm' as the nom nal djgret®@0sthi s
I S an approxi mate
di aret er

(m (m) (nm) O 10 10.5 0.1 9.5 12.0 4.0

"copper wire 1",
of the preprocessing cal cul ati on dat abase
storage neans 118, as shown in Table 14. By the selection of . .the wire rod
of the,othe Oitens d

%ﬁc a{' 56 Cel %
" G2BRBRRedV H& e XhedRnAinil difndep

0. 065 mMm as a maxi num coi

sel ect ed agheweibsbilvity,
convenience,

ig%kbedion.th
3 Popgpal; g
R aEapRo Gk
dianeﬁg}? Ané
and 0.02 is as a nass ratio;
assum ng that the user selects copper wire 2 as the wire rod

S

"copper wire 2",

g
T W e 1
18 of Bhe@aGtht@So W re
I kewm se, 35.0 Is
si mul t aneously. For

"copper wire
DB2 stored in the

the 10
ARt

The user selects as a wire rod name either one of “copper wire 17,

“coppér wire 2”, “copper wire 3”, and... of the preprocessing calculation database

DB2 stored in the storage means 118, as shown in Table 14. By the selection of

the wire rod name, the values of the other items described on the same line as the

IQ selected wire rod name are also selgcted. For instance, when the user selects
“copper wire 2” as a wire rod name, 0.060 mm is seleg;.:ed as a wire diameter,
0.066 mm as a maximum coil diameter. And likewise, 85.0 is selected as
resistivity, and 0.02 is as a mass ratio, simultaneously. For convenience,

- assuming that the user selects copper wire 2 as the wire rod name, this

15 embodiment is explained.
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di aneter dianmeter- ratio (mm (m) Copper wire 1 0.050 0. @55:40 2% 01
Copper wire 2 0.060 0.065 35.0 0.02 Copper wire 3 0.070 0.075 30.0 0.03
The user selects as a bobbin material nanme either one of "bobbin-less", 5
"resin 1", "nmetal 1", and... of the preprocessing cal cul ati on database DB2
stored in the storage neans 118, as shown in Table 15. By the selection of
t he bobbin material name, the values of the other itens described on the
sanme line as the selected bobbin naterial nane are al so sel ected. For’

i nstance, when the user selects "resin 1" as the bobbin material nane,
"0.5" as the gravity described on 10 the sane line as "resin 1" is also

sel ected, as shown in Table 15. For conveni ence, assum ng that the user
selects “"resin 1" as the bobbin material nane, this enbodinent is
expl ai ned. Besides, the nmeaning of "bphhiRal ess” in the colum of the
bobbin material name in Table 15 is a case where the di aphragm and the

voi ce coil are bonded dlrectly MAth&mheM@iDB the bobbln 15 Table 15
Bobbi n .mat eri al T ldl e Resin 1 0.5
Metal "1 3 39 3[JUn& gﬁtgnm/m& S o ia¥ ﬁ%éﬁ ?%gﬁﬁvﬁ EHBE@EW dési gni ng the
voi ce coil respdctive data %iﬁ% qﬁﬁﬁﬁfﬁ om the i jput®HRang 101 such
o\/ 2

itens that the nugber—of—I e hbbbin -t-hi-gkhess-i-s{50 fan, and

the bobbin mar gilrCoRpen¥rely| ° 0.050 | 0.055 405 0.01
Copper wire 2 0.060 0.065 35.0 0.02

Copper wire 3 0.070 0.076 30.0 . 0.03

- The user selects as a bobbin material name either one of “bobbin-less”,

b “resin 17, “metal 17, and... of the preprocessing calculation database DB2 stored
in the storage means 118, as shown in Table 15. By the selection of | the bobbin
material name, the values of the other items deseribed on the same line as the
selected bobbin material name are also seleclted. For instance, when fhe user
selects “resin 1” as the bobbin material name, “0.5” as the gravity described on

" 10 the same line as “resin 1”7 is also sélected, as shown in Table 15. For convenience,
assuming that the user selfscts “resin 17 as the bobbin material name, this
embodiment is explained. Besides, the meaning of “bobbin-less” in the column of

the bobbin material name in Table 15 is a case where the diaphragm and the

voice coil are bonded directly without using the bobbin.

15 Table 15
| Bobbin material DB
Bobbin material name | Gravity
Bobbin-less 0
Resin 1 . 0.5
Metal 1 3
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The contents thus selected and i nputted by user as above af ' ed 5
on the display 119 as shown in Table 16. Table 16 Descri p?i%gbzat@l)f
guantity Value Nom nal dianeter nrm 8 Wre rod nane Copper wire. Wre _
dianeter mm 0. 06 Maxi num coil dianeter mm 0.08 Nunber of |ayers Layer(s)
2 Bobbin material Paper Bobbin thickness lon 50 Bobbin margin nmO0.1
Bobbin height mMmm 2.93 Gold thread mass ng 0.2 Wnding wwdth mm 1. 84

W ndi ng nunber Turn(s) 45 Wre length m1.21 Direct current resistance
(DCR)-Q.7.32 Coil mass m34.1 Total nmass ng 37.34 -Max. Voice coil
dianeter nm 8.69 Voice coil inductance H And the preprocessi ng neans 103
performs a conputation by substituting necessary_ data inputted fromthe
i nput neans 101 folndaASCHAME P%geqeﬁwvgq%f%deﬁl@%@%ml%tz@hrerspmﬁmhe

prepr ocessi cal cul at.jo t abase DB2 into 10 yespect. ve,plurality, of
coi | cal cul‘%'tq?’n%ee&sﬁf ég%‘i?t ns St tglleelffp?l RS QT%&S % lﬁr%%sn hatthg nWa{?% %/fhe
resul t” t halia}dis iy D) thE bebbin thitdMesd & 500k iaAA¢he BbBin HMgin is 0.1 mm. |
The contents thus selected and inputted by user as above arerdisplayéd
5 onthe display 119 as shown in Table 16.

Table 16
Description Unit of quantity Value

Nominal diameter mm 8
Wire rod name ' Copper wire r
Wire diameter - . mm . 0.06
Maximum coil diameter K mm 0.08
Number of layers . Layer(s) ' 2
‘Bobbin material : Paper
Bobbin thickness ' Coumn : 50
Bobbin margin _mm__ 0.1
Bobbin height mm . 293
Gold thread mass _ _ mg - 0.2
Winding width : : mm ) 1.84
Winding number _Turn{s) ' 45
Wire length : . m 1.21
Direct current resistance (DCR) Q 7.32
Coil mass ' mg 34.1
Total mass mg 1 8134
Max. Voice coil diameter mm ' 8.69
Voice coil inductance ' H

And the preproéessing means 103 performs a computation by

substituting necessary data inputted from the input means 101 for calculating ‘the

voice coil shape éelected from the preprocessing calculation database DB2 into a

~10  respective plurality of coil caleculating expressions stored in the storage means
118, with the result that the voice coil shape is obtained (Step 105).

The coil calculating- expréssions. are shown as. the following

Expressions 3 and 4, for example. Expression 3 of those two coil calculating
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The coil calcul ating expressions are shown as the follow ngy Eé@’(ﬁ%l ons 3
and 4, for exanple. Expression 3 of those two coil calcul atl ng 40 3 June
2005 expressions is to obtain a bobbin height (Hvc) as an exanple of the
voice coil shape, and Expression 4 is to obtain a wi nding wdth (Wc).
-Here, those expressions 3 and 4 are the sane as in the first" enbodi nent.
Expressi on 3: 5 Bobbi nHei ght (Hvc) Max. Excur si on{ Xmax|) x Saf et yFactor x

‘W ndi ng wi dt h(W/c) +bobbi n Margi n(Hos) Expr.ession 4: Wndi ng wi dt h(Wc)
Max. Coi | Di anet er (Dwmax) x W ndi ng Nunber of First Layer 10 In this case, the
preprocessing neans 103 obtains the calculated result that, as an exanple
of the voice coil shape, .the bobbin height_ (Hvc) and the wi nding width
(Wc) are 3EXPTHIHOD§Sto0ohHD ashnbbin @‘élggi gﬁ'ﬁ) 2hEn esede i dh edﬁosﬂﬂl‘a’@ed on

t he display;119. And i he juser. c ural f negcessary
itens for gem gnﬁiﬁrétsﬁmn e % 0% 8’6 BF eV @ﬁ"p ﬁ%rssﬁﬁ

cal cul at ed hgsedicn 3 4l 4awa@saaf>etgsqmae ﬁk‘%\tcﬁn@ﬂn 9:1‘ "cal cul ating t he
bobbi n hei ght (Hvc) and the winding wd wrc), ree patterns of the

itens are iEmubsdenBn total by selecting "copper wire 1" as well as
- "copper-wire 2" shown in Table 14 as the wre rod name, and also selecting

val ues of tRebaipH Q(W#X&W!Iﬁ@ﬂﬂiﬂéﬂ Im‘i@’@b’gﬁdorhe bobb| n 20 mar gi n
(Hbs) except the above At this tine, % di s ults
of the bobbin height (Hvc) and the wi ndi G’\i\ﬁ’% {’873/’9'5) é;%’s |

pattern. HersWpos, 43 he user selects either one of three patter ns by nmeans
of the selecting neans 111 (Step 106), and the shape of voi ce coil (an

exanpl e of Wiediey sidtdHGichadax. Coil Diameter(Dwmax)
x Winding Number of First Layer

10 ‘ - In this case, the preprocessing means 103 obtains the calculated result
that, as an example of the voice coil shape, the bobbin height (Hvc) and the

winding width (ch) are 3.0 mm and 2.0 mm respectively, and then those are

displayed on the display 119.

And now, the user can input plural patterns of necessary items for

15 désigning the voice coil and compare respective results calculated based on the

plural patterns. In a case of calculating the bobbin height (Hvc) and the winding

width (Wvc), three patterns of the items are inputted in total by selecting “copper

wire 1” as well as “copper wire 2” shown in Table 14 as the wire rod name, ;'md

also selecting values of the winding number of the first layer and the bobbin

20 margin (Hbs) excépt the above. At this tinie, the display 119 displays the results

of the bobbin height (Hvc) and the winding width (Wve) calculated every pattern.

Hereupon, the user selects either one of three patterns by means of the selecting

means 111 (Step 106), and the shape of voice coil (an example of shape) is decided.

For convenience, assuming that the user selects the contents shown in Table 16,

25 this embodiment is explained.
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For conveni ence, assumng that the user selects the content u@@@%ﬂﬁi” Tahl e
16, 25 this enbodinent is explained. 41-3 June 2005 In addition,
according to the data that "the nomi nal dianeter is 10 mm the wire rod
nane is copper wire 2, the wire dianeter is 0.060 mm. the maxi num coi
dianeter is 0.065 mm the nunber of layers is 2", the preprocessing neans
103 obtains such calculated results that the direct current resistance
(DCR) Re is 5 8.5 SL and the inductance Le is 0.0001H Each val ue of the
direct current resistance and the inductance Le is displayed on the

di splay 119. And each value of the direct current resistance and the

i nductance Le is used .a resistance,. , value.of a specific,electric

el enent and an i nddbrIRTIST, AFGETE e da1A Tk R AeTRA LTSN 5 g

equi val ent &l rGul i - Hes i.val.entndel reuid QM0 1N
Fig. 6is st?%rvglgé %Oré %%ﬁ%géuﬁpg?émﬁg’?%%% iﬁﬁg]!e}f@éggfoﬁh%ﬁlé? Itcl)(:; g%e rreﬂalns 118
shown in Hofl diddetddais o6 nithetHres@abar yf Bgta Ha”, €l pulpabicagingheatni ce

coi |- shape data inputted and sel ected by the user, the preprocessing neans
103 al so obk3i eiaingehich calculated wasutte shat thetdizact charepgbresittamed@GRIRe iss 0. 2

ng, the w nding nu r is 45 15 turns, th ire lepgth_ is 1,2 m the coi
mass i 534 g, 0 il the wdpgniede fe 090015, eachy vl afthedirestasreant of
voice coil js 8.7 ‘ u d iy aPRERT ing -
vo, e coLl bl T VS gHhiond Do GRS PSS
t oget her Widfhihb "irdbe CasSedlt YresistaeB ol tHbeHdIRiGe IRE1Y Qbddeal Al Fesidiiidet €d OF
selected .by the user. The calculated 20 results shown in Table 17 are
stored i n avapuepf acgesificgelecsicl dlethbhie akd Zirofnduetancs tvalag ef hlBansil bhdthesee
Fig. 12). 42 3 June 2Q05 , L g ) L
| - after-mentioned equivalent circuit (See Fig. 6). Here, the equivalent circuit shown
10 in Fig. 6 is stored in an equivalent circuit file F-8 of the storage means 118 shown
in Fig. 12.
Based on the necessary data for calculating the voice coil shape data
inputted and selected by the user, the preprocessing means 103 also obtains such
calculated results that the gold thread mass is 0.2 mg, the winding number is 45
.15 turns, the wire length is 1.2 m, the coil mass is 34 mg, and the total mass is 37
mg, and the maximum diameter of voice coil is 8.7 mm.
The results thus calculated by the preprocessing means are displayed
on the display 119 in the form shown in Table 17 together with the necessary
items for designing the voice coil inputted or selected by the user. The calculated

20 results shown in Table 17 are stored in a preprocessing result file F-2 of the

storage means 118 (see Fig. 12).
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Nom nal di an% (ﬁ) Wre

Table 17 Description Unit of quantity Val ue
Maxi mum coi | arret mm 0. 08

‘rod nane Copper wire Wre diameter nm 0. 06
Nunber of layers Layer(s) 2 Bobbin material Paper Bobbin thlckness I'm 50
Bobbin margin mm 0.1 Bobbin height mMmm 2.93 CGold thread nass ng 0.2
Wnding width nm1.84 Wnding number Turn(s) 45 Wre length m1.21

Direct current resistance (DCR) S2 7.32 Coil mass m34.1 Total mass ng
37.34 Max. Voice coil diameter nm8.69 Voice coil inductance H Next, the
user inputs to the speaker design support apparatus the command to present
a size (an exanple of shape) of the magnetic circuit 5 conposing the
speaker together with sone of necessary itens for designing the nagnetic
circuit using the input means 101 (Step 107). And the user selects the
remai nder of the necessary |tems for f8gignai ng the magnetic circuit from

the preproce Fig.—12).-stored in the
storage mean 118 wi Pescripbione| ect i ng Umih eEquamtitgf| t ﬁéﬂl}lﬁnut means 101
(Step 107). Nominal diameter mm 8

Wire rod name Copper wire

Wire diameter mm ' 0.06

Maximum coil diameter mm 0.08

Number of layers Layer(s) 2

{ Bobbin material : Paper |

Bobbin thickness pm 50

Bobbin margin mm 0.1

Bobbin height mm 2.93

Gold thread mass mg 0.2

Winding width mm 1.84

Winding number Turn(s) 45

Wire length m 1.21

Direct ¢urrent resistance (DCR) - 9 7.32

Coil mass ‘mg 34.1

Total mass mg 37.34

| Max. Voice coil diameter mm 8.69.
Voice coil inductance H

Next, the user inputs to the speaker design support apparatus the

command to present a size {an example of shape) of the magnetic circuit

5 composing the speaker together with some of necessary items for designing the

magnetic circuit using the input means 101 (Step 107). And the user selects the

remainder of the necessary items for designing the magnetic circuit from the

~ preprocessing calculation database DB2 (see Fig. 12) stored in the storage means

118 with the selecting means 111 of the input means 101 (Step 107).

10

For instance, the user inputs from the input means 101 such data

shown in Table 18 that a plate diameter is 7.9 mm, a plate thickness is 0.5 mm, a

magnet diameter is 7.4 mm, a magnet thickness is 1.2 mm, a yoke bore is 9 mm,
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10 For instance, the user ‘inputs fromthe input nmeans 101,s e shown
in Table 18 that a plate dianmeter is 7.9 mm a plate thickneSs'is 0.5 nm a
magnet diameter is 7.4 mm a magnet thickness is 1.2 mm a yoke bore is 9
mm 43 3 June 2005 and a yoke thickness is 0.6 mm those data as an
exanpl e of the necessary itens for designing the magnetic circuit. Table
18 Description Unit of quantit value Plate dianmeter nrm7.9 Plate
thickness nm 0.5 Magnet dianeter mm 7.4 Magnet thickness nm 1.2 Magnet
mat eri'al Neodym um ( BHmx=35) Yoke bore nm 9 Yoke thickness nm 0.6 Yoke
hei ght nm 2.3 The user. selects either one of "netal. 1", "netal 2", and...
that are 5 sho in.Table 19 as plate and yoke material names on_ the
preprOCessi"JH’&"aV\‘%eca?éﬂeéﬁl%%@dﬁ%'séh%ﬂa&é}?é& 9%gny %Ogﬁ%%ﬁjés%‘é%mfl& ,
For conyen%en&g .as Hniggﬂ”pat HP user selects "netal 1" as the plate and
yoke material ﬁ%ﬂ%?? 1 MPs b Bt Hent i s expl ai ned. Here, the magnetic fl ux

- density (B) and the nmagnetic field infigngity (H are for specifying the

hysi cal = pr operttes—of plate—and —10yoke materials—TFable—19 Material nan
E/Bénetic PI uxddPescriptiony \misof quantityd | ntensiMajuery  nethl 1 240.0 0. 6@

' Plate diameter mm 7.9
Plate thickness mm 0.5

Magnet diameter min ' 7.4

Magnet thickness mm _ 1.2

'| Magnet material Neodymium (BHmax=35)

Yoke bore mm g

{ Yoke thickness mm ' 0.6

Yoke height mm 2.3

The user selects either one of “metal 17, “metal 2”, and...that are

5 shown in Table 19 as plate and yoke material names on the preprocessing
calculatioﬁ database DB2 stored in the storage means 118. For convenience,
assuming that the user selects “metal 1” as the plate and yoke material names,
this embodiment is explained. Here, the magnetic flux density (B) and the
magnetic field intensity (H) are for specifying the physical properties of plate and

10 - yoke materials,

‘ Table 19
| Material name | Magnetic flux density (B) | Magnetic field intensity (H)
Metal 1 2400 0.6
320.0 , 0.8
330.0 0.9
Material 2 4950 0.6

In addition, the user selects either one of “magnet 1”, “magnet 27,
and...that are shown in Table 20 as a magnet material name on the preprocessing
calculation database DB2 stored in the storage means 118. For convenience,

15 assuming that the user selects “magnet 1” as the magnet material name, this
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320.0 0.8 330.0 0.9 Material 2 495.0 0.6 In addition, tQp ﬁggqig$ects

ei ther one of "magnet 1", "magnet 2", and... that are shomn I'n "Tabl e 20 as
a magnet material nane on the preprocessing calcul ati on database DB2
stored in the storage neans 118. For conveni ence, 15 assuming that the user
selects "magnet 1" as the magnet nmaterial nanme, this 44 3 June 2005

enbodi nent is explained. Here, the magnetic flux density (B) and the
magnetic field intensity (H) are defined in the sane way as Table 19.
Tabl e 20 Magnetic material name Magnetic flux density (B) Magnetic field
(H ~ Magnet 1 -10000 0 0 1 Nhgnet 2 -20000 0 0 2 The contents of the

necessary it .for, designin netlc i t 5 putted and sel ected
by the uger el% AR ’gﬁ%ﬁn? 1 ]étad ni“’f'gél &Cgfhi’%ge“_ﬂ‘@ %efrﬁﬁgr?eé;}fbm as
Table 2L Tk SuRAsiBPET) LRldoRo b IhfantiPBhl by Yabiiero P at & d' ameter mm 7.9

- Plate thickness mm Plate materi a N@ta Magnet di anmeter nm 7. 4
Maggot thi ckness nn11.2 Table 20
‘| Magnetic material name | Magnetic flux density (B) | Magnetic field (E)
‘ Magnet 1 -10000 0
: 0 1
Magnet 2 _ -20000 0
0 ‘ 2

The contents of the necessary items for designing the magnetic, circuit
5  inputted and selected by the user as above are displayed on the display 119 in the

form shown as Table 21.

Table 21
Description Unit of quantity | Value

Plate diameter ' mm { 7.9

Plate thickness mm 0.5
{ Plate material Metal 1

Magnet diameter mm 7.4

Magnet thickness mm 1.2

Magnet material Magnet 1

Yoke bore mm 9
Yoke thickness mm , 0.6
. Yoke height mm

Yoke material , Metal 1

Subsequently, the preprocessing means 103 peforms a computation by

substituting necessary data iﬁpﬁtted from the input means 101 for calculating the

10  size of the magnetic circuit and data selected from the preprocessing calculation
database DB2 for calculating the shape of the magnetic circuit into a niagnetic
circuit calcﬁlating expression stored in the storage means 118 to obtain the size of

‘magnetic circuit (Step 108).
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Magnet material Magnet 1 Yoke bore mm 9 Yoke thickness mmQ, 6 5o(pke

hei ght in Yoke material Metal 1 Subsequently, the preprocessing neans 103
peforns a conputation by substituting necessary data inputted fromthe

i nput nmeans 101 for calculating the 10 size of the magnetic circuit and

-data selected fromthe preprocessing cal cul ati on database DB2 for

cal cul ating the shape of the magnetic circuit into a magnetic circuit

cal cul ating expression stored in the storage neans 118 to obtain the size
of - magnetic circuit (Step 108). .45 3 June 2005 The nagnetic circuit

cal cul ating expression is represented by the follow ng Expression 5, for

exanpl e, and the expression.is.for ohtaining the yoke height )

Expr Bse on 5: 5 Vol BROPGERTHS, FizBhil: G R PR o ZTTE PRI by THhy
+YokeThi ck . . VO ' ( t ai ( : Male} sion 5
by the pre%@%@égg?%3$%§%%§§%%g%#%Bhkgp g;ggeggﬁgﬁgéggggﬁggﬂf§g;§§%{ e form
shown in Tepie (AY). together with the necessary itens inputted or selected

by the user for 10 designing the magnetic circuit. And the cal cul ated
result shoWxpressiabbe 22 is stored in the preprocessing result file F-2

(55,5 A AR s RS S P17 1!
' +Yoke Thickness(Ty)

The yoke height (Hy) obtained according to Expression 5 by the

preprocessing means 103 is displayed on the display 119 in the form showﬁ in

Table 22, together with the necessary items inpt_ltted or selected by the user for

10 designing the magnetic circuit. And the calculated result shown in Table 22 is

stored in the preprdcessing result file F-2 (See Fig. 12) of the storage means 118.

Table 22 ,
Description Unit of quantity | Value

| Plate diameter mm 79|

| Plate thickness mm 0.5
Plate material Metal 1
Magnet diameter mm 7.4
Magnet thickness mm 1.2
Magnet material Magnet 1
Yoke bore mm 9
Yoke thickness mm 0.6
Yoke height mm 2.3
Yoke material Metal 1

Next, preprocessing evaluation means 115 performs a after-mentioned

deciding process regarding five decision items based on the maximum excursion

15 .and the excursion margin of the diaphragm obtained by the approximate
excursion calculation means 102, the voice coil shape (size) and the magnetic

" circuit shape (size) obtained by the progressing means 103 (Step 109).
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Plate thickness rm 0.5 Plate material Metal 1 Magnet di 3BL4l 5%95
Magnet thickness mm 1.2 Magnet material Magnet 1 Yoke bore mm oke

t hi ckness nm 0.6 Yoke height nm 2.3 Yoke naterial Metal 1 Next,
preprocessing eval uati on means 115 perforns a after-nenti oned deciding
process regarding five decision itens based on the maxi mum excursion 15
and t he excursion margi n of the di aphragm obt ai ned by the approxi mate
excursion cal cul ati on nmeans 102, the voice coil shape (size) and the
magnetic circuit shape (size) obtained by the progressing neans 103 (Step
109). 46 3 June 2005 The deciding process is explained according to Fig.

whet her the O aphr GRIBEAPEAEES rs‘éﬁ%é%‘@glqeﬁé%'m‘% it S0 clad P e g et ¢
voi ce coi | 0 PPEpAeRARE EQhudton el 8 gRR0 ol M chE bl 1BaP ot °

bet ween t heowihas &hd platd 7L %nﬂio@iﬂ%" m@%ﬁeu@ RVt Whérl @he diaple@Bmbeskept
within the range that -the plate 72 does not touch the diaphragm body 751

when t he diviphteaglomb withbihet wbration déiithe sexerdil flatbat Mrsayhas xslcbpﬂdadigm 75

vi brates together with the _ vibratjion of the voice coil 71,
prepr ocess Nﬁtthaa digtansp IHebatween theiplaie) €4 and phedispheaem ﬁélmleaé?Wedge

152 L0 HIE Ok K158 bl B W v 59 SRR Bl e

body 751 when the diaphragm 75 vibrates.
In tile second place, when the diaphragm 75 vibrates together with the
_ vibration of‘ the voice coil 71, the preprocessing evaliation means 115 decides
10  whether the diaphragm edge 752 touches the yoke 74. That is to say, it is decided
whether a distance D2 between the diaphragm edge 752 and the yoke 74-, shown
in Fig. 7, can be kept within the range that the diaphragm edge 752 does not
touch the yoke 74 when the diaphragm 75 vibrates.
In the third place, when the voice coil 71 vibrates, the preprocessing
16 _ evaluation means 115 decides whether the bobbin 76 touches the ycke 74 in the
vibration direction of the voice coil 71. That is to say, it is decided whether a
-distance D3 between the bobbin 76 and the yoke 74, shown in Fig. 7, can be kept
within the range that the bobbin 76 does not touch the yoke 74 when the voice coil
71 vibrates. Besides, the above explains about the decidiﬁg process in a case
20 where the bobbin 76 is proved to the voice coil 71. However, in case where the
voice coil 71 is not provided with the bobbin 76, the preprocessing evaluati;)n
means 115 decides whether the voice coil 71 touches the yoke 74 in the vibration
direction of the voice coil 71 when the voice coil 71 vibrates,
In the fourth place, the preprocessing evaluation means 115 decides

25  whether the voice coil 71 touches the yoke 74 in the direction perpendicular to the

47




in Fig. 7, can be kept within the range that the diaphraggnﬁggg %ﬁ%sdoes
not touch the yoke 74 when the di aphragm 75 vibrates. In™t % rd place,

when the voice coil 71 vibrates, the preprocessing 15 evaluation neans 115
.deci des whet her the bobbin 76 touches the yoke 74 in the vibration
direction of the voice coil 71. That is to say, .it is decided whether a

di stance D3 between the bobbin 76 and the yoke 74, shown in Fig. 7, can be
kept within the range that the bobbin 76 does not touch the yoke 74 when
the voice coil 71 vibrates. Besides, the above explains about the deciding
process in a case 20 where the bobbin 76 is proved to the voice coil 71.

However, in.,case ere the .voi Ll .71 1s ngt. pravide i th the bobbin
ot b pr S ARE MRk Aol i 7 Hine e Sy 5 R AR Sehe Pt el ool
71 touches ik ufehvdift LAPTY RS 9Bke PAIHERKAA FIE. 1, Mn HRIIGH: GAitin 71
when the voice coil 71 vibrates, In the fourth place, the preprocessing
eval uat i onthesnse that decioliescoii?ZA mhibiHeaike N4 dues & toacleshek otlpltes t he yoke
74 in the direction perpendicular to the 47 3 June 2005 vi-bration
direction of voi ceAdditionglly, iphihe fi§h pdacsaihough the speekafethommeihBig. 4 is

di st anc D4 betwee he. vol ce.coj.l 71 and the yoke, 74, sho Ln, Fig. 7,
can be RepPTURTH Hith Heb PARYE 76athe REPGUCEENE SVAIAIOR HORHS LIBRIHES does
not touche ; W vod Dathe fifih g

speaker . shgvv\hn%ﬁlgr% %:eg&{ h?n:f\(sai% % %&g\kﬁeée‘ﬁj gmott% ﬁ%{g egt!;glgél 28@%,85{1%1 Hnd Rfie
preprocessiiigheyahdat i on neans 115 decides whether the bobbin 76 is
requi red or not to connect the voice coil 71 and the diaphragm 75. Those
deci di ng resul ts b¥hesealeoidipg ceedisi nythevmlepaicessmgewsatidd nemes 1db spé ayed
on the dis !ar 1&9. At this time, if anyi?ne of the five decision itens 1
to 10 5 réwalavedion the diplay 119 dedhstime, i pny engjelciigdiverdogtsioniéerapd dker
shape 18 Wrfliod 1% bbfldaabanag i IDGARII D0 the ofIRL G oliig fl P! &Y

limited range. The warning is displayed on the disp’lay 119 (Step 110). In this
case, the user inputs again to the speaker design support apparatus the request
to present the voice coil shape together with the necessary items for designing the
vice coil by means of the inpﬁi: means 1 (Step 104), and the step of deciding the

15 shape is re-executed (Step 109). '
For instance, when the preprocessing evaluation means 115 decides
‘that the bobbin 76 (oxr the voice coil 71) touches the yoke 74 in the vibration
direction of the voice coil 71, the display 119 displays a warning such as “touching
at bottom”, In this case, the user changes at least a part of necéssary items for
20 designing the voice coil shown in Table 16 to input new necessary items for
designing voice coil into the speaker design support apparatus by means of the
input means 101. For example, “copper wire 1” is selected over again as the wire
.rod name and the wire diameter is changed from 0.06 mm to 0.052 mm, as shown

. in the following Table 23.
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case, the user inputs again to the speaker design support appara t he
request to present the voice coil shape together with the nécessary itens
for designing the vice coil by neans of the input nmeans 1 (Step 104), and
the step of deciding the 15 shape is re-executed (Step .109). For
i nstance, when the preprocessing eval uation nmeans 115 decides that the
- bobbin 76 (or the voice coil 71) touches the yoke 74 in the vibration
‘direction of the voice coil 71, the display 119 displays a warning such as
"touching at bottonmf. In this case, the user changes at |east a part of
necessary itens for 20. designing the voice coil shown in Table 16 to input
new necessary itens for designing voice coil into the speaker design
support "apparatus by means of the iﬁﬁﬂﬂ #Bans 101. For exanple, "copper

wire 1" is sgl ected opgdcripg@nn as thg mltefqﬁ,gﬁltg}ctrre anl.d he wire di aneter
i s changed fr{QQ:Riddp dARder 0. 052 nm [as Shawn fhe ToIToy|ng Table 23.
48 3 June 2 3 Description omt o Ua N Nom na
di anet er 'mm ltwigvkragmg’éﬁ Tamne bUBpUI W Te 1m'\/‘\?| e Eogﬁgl%hézl 1 0. 050
Maxi mum coi | f-ﬁ%-Ea“ers hayer{s) Bobbi n
mat erial ResijiAEanim eol diameter o -gR—50 hbi-n rmr"'noﬁ‘jﬁa‘l Bobbi n
hei ght nm Gol Nwmberof layer ny . I.ayer s)

Bobbm material Resin 1

Bobbin thickness pm 50

Bobbin margin mm 0.1

Bobbin height ' mm

Gold thread mass mg

| 'Windin'g width mm

Winding number Turn(s)

Wire length m

Direct current resistance {DCR) Q

Coil mass mg

Total mass _ mg

Max. Voice coil diameter : mm

1 Voice coil inductance ' : H

After the part of data is changed, it results as shown in the follbwing :
Table 24 that the height of bobbin is changed from 3.00 mm to 2.5 mm by the

processing means 103.
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Wnding width nm Wndi ng nunber Turn(s)

resi stance (DCR) Q Coi
Voi ce coi

mass ng Tot al

shown in the following Table 24 that the height.

3.00 mMmto 2.5 mm by 't he

Description Unit of quantity Value
Copper wire 1 Wre dianeter nm0.050 Maxi mum coi
| ayers Layer(s) 2 Bobbin materi al

Nunber of

Nom nal

di amet er

Wre length In 3[)'3{13?2
mass m Max. “dra

i nductance H After the part of data is changed,

\Voi c€ cCOl
it

r ent
et er
results as

mm

of bobbin is changed from
processi ng nmeans 103. 5 49 3 June 2005 Table 24

di anet er

mm 10 Wre rod nane

nmm 0. 055

Resin 1 Bobbin thickness pm

50 Bobbin margin nm 0.1 Bobbin height nmm 2.5 Gold thread rod mass ng 0.2

Wnding width nm1.0

Table 24
Description Unit of quantity Value
Nominal diameter mm 10
Wire rod name Copper wire 1
Wire diameter mm 0.060
Maximum coil diameter mm 0.055
Number of layers Layer(s) 2
Bobbin material " Resin 1
Bobbin thickness m 50
.{ Bobbin margin mm 0.1
Bobbin height mm 2.5
Gold thread rod mass mg 0.2
Winding width mm 1.0
Winding number Turn(s) 33|
Wire length m 0.9
Direct current resistance (DCR) Q 7.1
Coil mass mg 19
Total mass mg 22
Mazx. Voice coil diameter mm 8.6
Veice coil inductance H 0.0001

After this, the preprocessing evaluation means 115 re-executes the
step of deciding the shape (Sﬁep 109). In result, the preprocessing evaluation
5 means 115 obtains the decision result that the bobbin 76 (or the voice coil 71) does
not touch the yoke 74 in the vibration direction of voice coil 71.
In case where afﬁrmativé decisioﬁ results can be obtained regarding
all of the decision items 1 to 5, that effect is displayed on the display 119. At this
| time, the calculated results in the preprocessing result file F-2 {see Fig. 12) as
10  shown in Table 17 is rewritten to those shown in Table 24.
. Next, the user inputs to the speaker design support apparatus from
the input means 101 the data for the diaphragm thickness and the diaphragm

gravity. For example, the user inputs from the input means 101 those data shown
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W ndi ng nunber Turn(s) 33 Wre length m0.9 Direct current | nce
(DCR) 9 7.1 Coil mass ng 19 Total mass ng 22 Max. VOicgpggﬁg%gigﬁeter mm
8.6 Voice coil inductance B 0.0001 After this, the preprocessing

eval uati on neans 115 re-executes the step of deciding the shape (Step

109). In result, the preprocessing evaluation 5 neans 115 obtains the
decision result that the bobbin 76 (or the voice coil 71) does not touch
the yoke 74 in the vibration direction of voice coil 71. In case where
affirmati ve decision results can be obtained regarding all of the decision
items 1 to 5, that effect is displayed on the display 119. At this tine,

th | cul at Lesul.t S n,t r epr gcessi result file F5 ee,Fig. 12)
ase ig ghoﬁi%ﬁ?‘l f%lgg ??B}esﬁ'ﬁet\%?ﬁf? gy {iﬂ?}?é’si Woé\si‘”'f' haﬂﬁhéﬁﬁ_hr@t , the
er input ‘ ' f ugf . in neans
101 t ho daEiifly; 'S BEALED, BESiAl GUPRAIARANERlASs b inhiffed DR Who 10°
exanpl e, tldgsplser1g.nputs fromthe input nmeans 101 those data shown 50 3

June 2005 in the followi ng Table 25; the diaphragmthickness is 30 pm. and
the di aphragm gravity is 1.3 ng/ ms8.TdbdsRles, the contents of table 25 are

di spl ayed on the[dis ipton rab D - Wnit of quantity Val ue
Di aphragm t hi ckn %fap’fx&g‘%ih%kﬂggg a Jﬁnfﬂ&ld]%?&h#‘? Yu%%g . 3
Digphragm gravity ‘ mg/mm3 1.3
Effective vibration area mm?
' Diaphragm mass mg
5 The preprocessing means 103 calculates the effective vibration area Sd

from an effective vibration diameter (14.5 mm, see Table 1) of the requirements
inputted from the input means 101 (Step 111), and also calculates the diaphragm
mass based on the calculaj:ed effective vibration area Sd and the data of
diaphragm thickness aﬁd the diaphragm gravity. The calculated effective
10  vibration area Sd and the diaphragm mass are stored in the preprocessing result
file F-2 of the storage means 118 (see Fig., 12) together with the data of the
diaphragm thickness and the data of diaphragm gravity as shown in the following
Table 26.. The effective vibration area Sd and the diaphragm mass and the data of
diaphragm thickness and gravity shown in Table 26 are displayed on the display
15  119. Besides, the effective vibration area Sd becomes a coupling factor Sd of the

equivalent circuit shown in Fig. 6.

| Table 26
Deseription Unit of quantity | Value
Diaphragm thickness mm 30
Diaphragm gravity mg/mm3 1.3
Efféctive vibration area mm? - | 165.13
Diaphragm mass ‘ mg 6.44

In this way, the preproéessing result file F-2 (see Fig. 12) includes the
contents of Tables 24, 22 and 26. -
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~Effective vibration area M2 Di aphragm nmass m5 The preprgcssm r%) ans 103
calcul ates the effective vibration area Sd from an effec Vi i on
dianeter (14.5 mm see Table 1) of the requirenents inputted fromthe

i nput neans 101 (Step 111), and al so cal cul ates the di aphragm mass based
on the calculated effective vibration area Sd and the data of diaphragm

t hi ckness and the di aphragmgravity. The calculated effective 10 vibration
area Sd and the di aphragm nass are stored in the preprocessing result file
F-2 of the storage nmeans 118 (see Fig. 12) together with the data of the
di aphragm t hi ckness and the data of diaphragmgravity as shown in the
following Table 26. The effective vibration area Sd_and_the dia m nmass
and the data of dMEShrﬁg’rrP wrewwg meany 193 expataodita foreashe E’G‘Ea‘%

di | d he di ff b Sd
Doonmon s SoemstiRs oteiese telichire rated i phdtd i et il el metl 8 >0
Tabl e 26 Dggedil,Rkh9 Q?%%Bémgfthg d%ghbwcﬁfahyshoﬁ ﬁpﬁfgagm%qhaﬁmmlgo

Di aphragm gravity ctive vibration-area

Di aphr agm @&ﬁoﬁ‘b@rﬂfa ddetibhilovivayf thehaapheiy @amstsi ng result file F-2 (see
Fig. 12) includes the contents of Tables 24, 22 and 26. 51 3 June 2005
Next, the preproceg‘ben@nffﬁar@mﬂ:?fdiheam@gn@m girewit saerplpingdkhereinadepect | ve

_marrbers whi ch _are nodal t data and the. el enent
herei nafg e AFCEBHsSe Cﬁé (f:ﬂe’ishé‘ﬁ’t‘?’é’c V’cF’(gr e TeRRRC G cRitgs c‘i@ls(t%‘?zrﬁ“iﬂ).

Here; Fig. ‘plurality of portions. For instance, the shape of portion F is a rectangle and has 4

corners, The numerals such as P15, P16, P17, and P18 are imparted to the 4
corners in advance. Likewise, the portion G is also a rectangle and has 4 corners.

10 The numerals such as P17, P18, P19, and P20 are imparted to the 4 corners in
advance. The ratio of a segment P15-P17 connecting P15 and P17 and a segment
P17-P19 connecting P17 and P19 is defined in advance. For instance, the ratio of
the segment P15-P17 énd the segment P17-P19 is defined as 2:3. Those numerals
énd the predetermined items are stored in the storage means 118 in advance.

15 . vUnder conditions that each numeral of respective portion corners and
the ratio of each segment of adjacent two corpers are predetermined for the
magnetic circuit shown in Fig. 13, the preprocessing means 103 creates the nodal
point data and the element data as shown in the following Tables 27 and stores
them into a shape file -3 of the storage means 118 (see Fig. 12). |

20 .
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13 shows a md-sectional view of the magnetic circuit 5 They
i s explained hereinafter

of the magnetic circuit

shown in Fig. 13,

the magnetic circuit

accordi ng
is consisted froma plurality of

ﬁgggm ation

1g. 13. As

portions. For instance, the shape of portion Fis a rectangle and has 4
corners. The nunerals such as P15, P16, P17, and P18 are inparted to the 4
the portion Gis also a rectangle and has 4

~corners. 10- The nuneral s such as P17, P18, P19, ‘and P20 are inparted to the

corners in advance.

"4 corners in advance.

P17 and a segnent

Li kew se,

The ratio of a segment P15-P17 connecting P15 and

P17- P19 connecting P17 and P19 is defined in advance.

For instance, the ratio of the segnﬁﬁé P15- P17 and the segnent P17-P19 is
defined as 2:3. Those nunerals and t 1€i‘]‘rigdeternined itens are stored in
the storage neans 118 in advance. 15 gynder. condi tions that each numeral of
respective portiop_corners an the rafio 6f each segment of adjacent two
corners are predetBhmi nbd for [he neyheti ¢P&ircUi8 shoWin Flg. 13, the
preprocessi ng neanBL103|Breat g€ t he |RZlal |P6i nt |@#t a a6t he &l enent data
as shown in the fidELow pg Tabligs 27 jargl st ppgs tilpgm i nteg a shppe file F-3
of the storage negps 11Bp(see{kig. 13g 20(pzZ03 Jume 24&52 labl es 27
Elements EL A 2 R, P2 P4 1BL B 2p3h Po[ Pfg PO Cipip _P7 P6 P8 EL D
2 P9 P10 P11 P12 [ E PrPI0 P53 PIZFA b16 2 Plpygt7 PIL8 -

LI

EL G 2 P17 P18 P19 P20
| EL H 2 P21 P22 P20 P23
EL I 2 P22 P24 P23 - |[P25
I1EL J 2 P24 |Pl4 P25 P26
Nodal point

NM |P1 4 |5

NM |P2 3 5

NM |Pi5 6 5

NM |Pi6 5 5

NM P17 6 3

INM |P18 5 3

NM |[P19 6 0

NM | P20 5 0

NM |P21 2 24

NM_ 1P2e [0 o
NS

NS P10l {45 {70 .
NS P102 145 16.8
NS P103 (45 166
NS P104 (45 (64
NS P105 |45 |62
NS Piog 145 [6.0
NS P107 |45 |68
NS P108 45 |5.6
NS P109 [45 |54
NS P110 45 |[5.2
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EL G 2 P17 P18 P19 P20 EL H 2 P21 P22 P20 P23 EL I 2 P2%§34 P25 EL
J 2 P24 P14 P25 P26 Nodal point NMPl 45 NMP2 35 NMPIT B° P16 5
5 NMP17 6 3 NMP18 53 NMP19 6 0 NMP20 5 0 NMP21 2 24 NMP26 0 0O
NS NS P101 4.5 7.0 NS P102 4.5 6.8 NS P103 4.5 6.6 NS P104.4.5 6.4 NS
P105 4.5 6.2 NS P106 4.5 6.0 NSP1074558 NS P108 4.5 5.6 NS P109
4.5 5.4 NS P110 4.5 5.2 53

The above Tables 27 are explained here in detail. Regarding the
element, “EL” represents a name of the element, The letters “A” to “F” described
at the righi side of “EL” represents the element number. That is to say, those
letters corresponds to respective portions “A” to “F” of the magnetic circuit in Fig.

5 13. The number described at the right side of the element number is a physical
property for a portion material on the same line as the number is described. The
four numbers described at the right side of the physical property number are
nodal point numbers showing 4 corners for each portion. For instance, taking the
region F ofrthe magnetic circuif in Fig.13 as aﬁ example, respective P15, P16, PI'?,

10 and P18, which are described in the same line as the element numbe;' F,
corresponds to respective P15, P16, P17, and P18 indicating respective corners of
the region F in Fig. 13. Here, the physical property number adopts the number
that is imparted in advance to the plate, the yoke and the magnet selected by the
user at the step of selecting the necessary items for designing the magnetic circuit

15 {(Step 107). The corresponding relation between those physical property nuﬁbers
and the'respective physical properties of the plate, the yoke and the magnet is
stored in the storage means 118 in advance.

The “nodal pom ” is explained here. NM’ in the head position is a
nodal point name, and represents a nodal peint composmg each element. The

20 number at the right side of “NM” is a nodal point number indicating each corner |
of respective portions “A” to “F_‘” of the magﬁetic circuit in Fig. 13, and is
numbered seciuentially. In two columns at the right side of such colummn,
coordinates position of eaqh nodal point are represented by the x-coordinate and
the y-coordinate in this order. In case of taking the portions I and G of the

25 magneﬁic -cirm_:tit in Fig. 18 as example, the nodal point P15 of the portion F
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3 June 2005 The above Tables 27 are expl ained here in detaiineReans di ng
the elenment, "EL" represents a nane of the elenent. The letters "A" to "F"
described at the right side of "EL" represents the el ement nunber. That is
to say, those letters corresponds to respective portions "A" to "F" of the
magnetic circuit .in Fig. 5 13. The nunber described at the right side of
the el ement nunber is a physical property for a portion material on the
sanme line as the nunber is described. The four nunbers described at the
right side of the physical property nunber are nodal point nunmbers show ng
4 corners for each portion. For instance, taking the region F of the
magnetic circuit in Fig.13 as an exanple, respective P15, P16, P17, 10 and
P18, whi ch leretedat the pesitiomthatdhe arcotdinade a6 ahé the preeondiminties. 4nd the
corresponds _tp.respegtiv 15, P16, P1 and. P18 indicating respective
corners of P47 RO 'gﬁﬁﬁ?itﬁelﬂo&m‘i?l i, 15 heatss adi the) positiore that thenser
adopts the S iN:_agdvanc t he, phate...fhe yokeg and

t he magnet ébg ec'%l ?distt;@ta?ﬂzhb[?ggcrr&gﬁat%lesa%t@ge g?&ag oé%if ?%g 0? ﬁlele 81(':%Osns§ry
itens for dReAtgsebthd RRiROIREIthe %ido6Mifatd s 6 $h8Rhd $CherdRR 590! BsRARII NY
rel'ati on between those physical property nunbers and the respective

physi cal5 pridpaotidisates atceppirdddeto daok npddepointchf trbspentiga portions isFar.d8. i n t he
storage neans 118 i“& adyance. The "nodal point" is explained here. "NM in
the head position i 353 shawaan Trples 2hanexrlaingd hese ehentNS ais oaedal peintt

ComOs! 0 A6 AP oI ndp ) <Sbal! bR FHE w19

poi nt nunber T hdicati ng eac

the magnet i gerityGHiatsphfe i @hichhe e cil id\WARET. ?ﬂeéﬁgﬁfﬂ% A .ré(sent:?gécw)

colums at the right side of such colum, "~ coordinates "position of each
nodal poi ntpaitton-eprdisetssarhny oh hecextrad axdi(Adine lasHowh i Pigs: dositll 18)tig i n
this order. In case of taking the portions F and G of the 25 magnetic
ci rcui t10 n theglireegonof eherphickuessifer thededicqeiilplapabbeiiveehdhp @late gmdrthe54
- yoke. The number described at the right side of “NS” represents the nodal point
number. That is to say, the numbers represent respective positionrnumbers of
- plural points composing the central axis L in the direction of the thickness at the
~ winding portion of the voice coil. For instance, a serial number are imparted to
15 the points from the top of the central axis L (the part contacting the diaphragm)
at specific intervals (e.g., 1/2 of the maximum coil diameter). And the number
described at the right side of the number represents the x-coordinate and y-
coordinate of each nodal point number position.
After the préprocessing means 103 creates and stores the shape file F-
20 3 in the storage means 118 in the way described above, the preprocessing means
103 creates a condition,ﬁle F-4 (see Fig. 12} for the calculation of the magnetic
flux density distribution for the magnetic circuit (Step 113). The contents of the

condition file F-4 are described in Tables 28.

55




3 June 2005 |ocates at the position that the x- coordlnatﬁthl 2@@ the
y-coordinate is 5. And the nodal point P17 of the portio % .

| ocates at the position that the x- coordinate iis 6 and the y- coordlnate is
3. The nodal point P19 of the portion G |ocates at the position that the
x-coordinate is 6 and the y-coordinate is 0. Besides, 5 the coordinates are
i nparted to each nodal point of respective portions in Fig. 13. "NS' shown
in Tables 27 is explained here .the "NS" i's a nodal point name and the
nanme indicating the cal culation position of the magnetic flux density in a
space at which the voice coil is placed. Specifically, it represents each
posi tion-coordi nates nanme on a central axis (a line L shown in Figs. 7 and
13) in 10 the direction of the thickness for the voice coil.placed between
the plate and the yoke. The nunber described at the right side of "NS"
represents the nodal point number. Thblesi28 to say, the nunbers represent
respective positlgalnunbers of plural gplnts conposing the central axis L
in the direction qemetic “E@?é§§yéﬁkﬁﬁ4 ongPMAARG portion of -the voice
coil. For instan ial .nu er are inparted to 15 the points fromthe'
top of th centrgﬁhk%?%g'iﬁ %‘ #t contacting the di aphragm at specific
i nt erval s |(Magnet nidt@riel name Nbagnnrm:rﬂumdlensitja@t dagnedicdieEN jimber

descri bed |aMagdes Iri ght si de|of the +l00@®r reprgsents tihe x-co¢rdi nate and
y- coordirjate of each nodal {poi nt nunper positijon. Aftger the preprocessing
means 1Q3.create stares e shape file F- 20 3 1Tn the storage neans
118 in the_way d@%gﬂﬁﬁgﬁ“ﬁﬁﬁbénathe preprocessing neans 103 creates a
condi ti on |Migek mhtéfiebnding | Mazhefiofluk ldensiey (B)l| aagrtefiFitlddd)pgnetic flux
density dijMétabution for the magnetepgopircuit ((Step 143). The|contents of
the condiftion fiTe F-4 arejdescribggygpn Tabl'e§ Z8. 5pg - - -1---- -

-------- g Junhe ZUU0S 330.0 ‘ ’ 0.9
(4) Yoke material data
Magnet material name | Magnetic flux densﬂ;y (B) | Magnetic Field (H)
Metal 1 240.0 0.6 '
320.0 0.8

330.0 0.9

The detailed contents of the condition file F-4 shown in Tables 28 are
explained here. The condition ﬁie F-4 is consisted from a command to make the
magnetic circuit design means 104 calculate the magnetic flux density

10 distribution for the magnetic circuit assuming that the mégnetic circuit is in a
symnietrical shape with the ﬁ}-axis as the éentral axis, and the material data of
the plate, the yoke and the magnet compoéing the magnetic circuit selected at the
step of inputting or selecting the necessary items for designing the magnetic
circuit (Step 107).

15 Next, in the speaker design support apparatus of the second

embodiment, the magnetic circuit design means 104 calculates as follows in order
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Tabl'es 28 (1) Magnetic flux density cal cul ati on conmand %g?uh%gﬂﬁﬁs
mat eri al data Magnet nmaterial name Magnetic flux density (B gnetic Field
(H Magnet 1 -10000 0 01 5 (3) Plate naterial data Magnet material nane
Magnetic flux density (B) Magnetic Field (H Mtal 1 240.0 0.6 820.0 0.8 .
330.0 0.9 (4) Yoke material data Magnet material nanme Magnetic fl ux
density (B) Magnetic Field (H .- Mtal 1 240.0 0.6 320.0 0.8 330.0 0.9 The
-detailed contents of the condition file F-4 shown in Tables 28 are
expl ai ned here. The condition file F-4 is consisted froma comand to nmake
the magnetic circuit design nmeans .104 calculate the nmagnetic flux density
10 distribution for the magnetic circuit assuming that the magnetic circuit
is in a syrffecbtainl theapagngticn flure dpnsifr sdigtgihusionc don rthe  magostiandravie
material data of. H@g | gt e, the yoke and the magnet conposing the
magnetic. cITFEUFiREs §@?%ﬁmat the step of inputting or selecting the
necessary itens fOrAfasanLAthd b MINGH tho Tohlitigh &Rl #0r 1 )oredgNext . 11
t he speaker design support apparatus of the second enbodi nent, e

magneti c cidestiibed] @bov@) thee aiagndfié cliahit dedic8Smasnd 004 exBulafesOitdShagiéiic

5 flux density distribution foz_' the magnetic circuit based on the shape file F-3 and
the condition file F-4 assuming that the magnetic circuit is a rotational symmetrie
body with the y-axis shown in Fig. 13 as the central axis (Step 114). The
calculated results shown in the following Table 29 is obﬁained for the magnetic

~ flux at each point on the central axis (the line L in Figs. 7 and 13) in the direction

10  of the thickness at the winding portion of the voice coil. The calculated results of
the magnetic flux density distribution are stored in a magnetié-circuit calculation
result file F-5 (see Fig. 12) of the storage means 118, and then the results are
displayed on the display 119. The result of the magnetic flux density distribution
is made a graph shown in Fig. 4 and displayed on thé display 119. Besides, Fig, 4

156  is explained in the first embodiment, and therefore it is not described in detail in

this the second embodiment.
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3 June 2005 to obtain the magnetic flux density distributon f e
magnetic circuit conposing the speaker. After the shape %Fﬁ%nﬁggmgﬂd t he

- condition file F-4 are created as described above, the magnetic circuit

desi gn neans 104 cal cul ates the magnetic 5 flux density distribution for
the magnetic circuit based on the shape file F-3 and the condition file F-4
assum ng that the magnetic circuit is a rotational symetric body with the
y-axis shown in Fig. 13 as the central axis (Step 114). The cal cul ated
results shown in the follow ng Table 29 is obtained for the magnetic fl ux
at each point on the central axis (the line L in Figs. 7 and 13) in the
direction 10 of the thickness at the wi nding portion of the voice coil. The
calculated results of the nagnetic flux density distribution are stored in
a magnetic circuit calculation result file F-5 (see Fig. 12) of the
storage neans 118, and then the r esul {18bler?® di spl ayed on the display 119.

"The result of the magnetic flux |dasidy/(staplBefmi{i on is nmade a graph shown

in Fig. 4 and displayed on the display-Jg3sgs| Besgtles, Fig. 4 15 is explained
in the first enbodinment, and thgrefore_ ftqd Q0 {]described in detail in

0 ¢ 29 Position (mm Bg(T)
-0.825 0.038 -0.788 0.051 -0.75+6-065—0r074>9: 319 -0.037 0.329 0.000

-

0. 330 . -

-0.074 | 0.319
-0.037] 0.8329
0.000 | 0.330
- 0.087 | 0.338
0.074 | 0.328

.

0.751] 0.151
0.7887 0.145
0.825] 0.135

The magnetic circuit design means 104 calculates the magnetic flux

density at each point on the central axis in the direction of the thickness at the
5 winding portion of the voice coil as described above, and also calculates the value
of the magnetic flux density for each predetermined portion of the magnetic
circuit. According to such calculation, it is possible to obtain the value of the
magnetic flux density for each predetermined portion of the magnetic circuit, For
instance, the value of the magnetic flux density can be obtained for the portion A
10  of the plate 72 composing the magnetic circuit as shown in F'ig. 8. Besides, the
calculated result of the value of the magnetic flux density for each predetermined
portion of the magnetic circuit is also stored in the magnetic circuit calculation
result file F-5 of the storage means 118 (see Fig. 12).
The magnetic circuit design means 104 obtains the permeance factor

15 from the calculated magnetic flux density distribution for the magnet (Step 114).
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0.037 0.338 0.074 0.328 0.751 0.151 0.788 0.145 0.825 4 432 Jdss
magnetic circuit design neans 104 cal cul ates the nmagnetic fT]ux density at
- each point on the central axis i-n the direction of the thickness at the 5
wi ndi ng portion of the voice coil as described above, and al so cal cul ates
the value of the magnetic flux density for each predeterm ned portion of
‘the magnetic <circuit. According to such calculation, it is possible to
obtain the value of the nmagnetic flux density for each predeterm ned
portion of the magnetic circuit. For instance, the value of the magnetic
flux density can be obtained for the portion A 10 of the plate 72 conposing
the magnetic circuit as shown in Fig. 8. Besides, the calculated result of
t he val ue ofhe permragne factorf is yhordd ms tlie/mbgnetimdivuir edatletion reslt fled5 ofi of
the magneti¢ circuit is also stored in the magnetic circuit cal cul ation
resul t fil ee- #orRge; peans c;rlégé’e fs 1?513"&‘%@ pith themagpgiic figndensity
circuit desygh.iRpRs 104 obtains the perneance factor 15 fromthe

cal culated magnetic flux density distribution for the nmagnet (Step 114).

58 3 June 2005 TheNfer MBanBS bRGlker #ssist Obfhort IfrDBRENSE! theCidobdlid
calculation result file F-5 of " the storage nmeans 118 (see Fig. 12)

t oget herb widnbddinenggtiet irtefrhediatie psiceysingli IBeand 105 aralculNetel ; ad Pllohe tpeaker
desi gn support apparatus of the second 5 enbodinent, the internediate
processi ng Geatfsdaigs ferycalsulpting 4he fequivalent sircuite Fhds ceadenlatéon gadne tieat i ng

e e Vo S b T S R T B S SR o
' The intermediate processing means 105 performs a computation by
substituting the calculated result of the magnetic flux density distribution for the

10 magnetic circuit stored in the magnetic circuit calculation result file F-S (see Fig.

12) into a force calcuiating expression stored in the magnetic circuit calculation

result file F-5 of the storage means 118 to obtain the force acting on the voice coﬂ

(Step 115). In reéult, the factor B1 of the force acting on the central point (point C

in Fig. 7) in the direction of the thickness at the winding portion of 1.;he voice 'coi_l

15 can be obtained corresponding to the displacement value of the voice coil moves

from the statistic position due to the vibration, and the relation between the

: dispiacement value and the force factor B1 is shown in the following Table 30.

The obtained relation (contents shown in Table 30) is stored in a force factor

calculation result file F-6 (see Fig. 12) of the storage means 118, and then

20 disp'layed on the display 119. In addition, the relation between the displacement

value of the voice coil from the statistic position due to the vibration and the value

of factor Bl of the force acting on the central‘point (Point C in Fig. 7) in the

direction of the thickness at the winding portion of the voice coil is made a graph

~ as shown in Fig. 5, and then displayed on the display 119. Besides, Fig. 5 has
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The internedi ate processing neans 105 perforns a conputati,on b
substituting the calcul ated result of the magnetic flux dgﬁg??§2005
distribution for the 10 magnetic circuit stored in the nmagnetic circuit

. calculation result file F-5 (see Fig. 12) into a force cal cul ating
expression stored in the magnetic circuit calculation result file F-5 of
the storage neans 118 to obtain. the force acting on the voice coil (Step
115). In result, the factor Bl of the force acting on the central point
(point C in Fig. 7) in the direction of the thickness at the wi nding
portion of the voice coil 15 can be obtained corresponding to the

di spl acenent val ue of the voice coil nmoves fromthe statistic position due
to the vi brimenaxplaned i ehe fttentboddacne eherehre, idiis pbeIEREd Yaldugibmd t he
force factor Bl is shown in the follow ng Table 30. The obtained relation
(contents sihewacdnd epabndimgpl. i s stored in a force factor calculation
result file F-6 (see Fig. 12) of the ﬁlﬁ%‘ e neans 118, and then 20

di spl ayed on the display, 119. In addr# . the relation between the

di spl acenent val ue of the |\displcebht ¥4l thie | Biélapl i ¢ position due to
the vibration and the valug of factor Bl-gfi4bhegbegecle acting on the
central point (Point Cin Rig. 7) 1h the .ghiqg¢igpoludf the thickness at the
wi nding portion of the voide ol s made g, I #0121 shown in Fig. 5, and

then di spl ayed on the di splay—11s: Desldcqap.ég.aﬁh'fm_ 59 3 June 2005
been expl ained in . the firstienbodrrents th5b2$3r¢g t is not explained in
detail in the second enbogirert—Fable-30— pacenent value (mm) B1l(Tm
-0.140 0.2106 -0.112 0.2148—--0.084 0,.218%000p GEEE 7507

0.028 | 0.2222

0.056 | 0.2208

0.0847 0.2184

0.112] 0.2152

0.140| 0.2090

As explained in the first embodiment, if the signals inputted to the

5 voice coil are periodical alternating current signals, the force factor B1 of the force.
acting on the voice coil changes periodically as time passes. Accoraingly, the. -

intermediate processing means 105 obtains as ran efféctive force féctor_ a root-

mean-square value of the force factor Bl of the force acting on the voice coil

changing periodically (Step 116). And the intermediate processing means 105

10  stores the effective force factor in the intermediate processing result file F-6 (see

Fig. 12) of the storage means 118. Besides, the effective force factor becomes a

coupling factor B1 of the equivalent circuit shown in Fig. 6. _

~ Next, based on the shape of the voice coil, the diaphragm mass stored

in’ the preprocessing result file F-2 (see Fig. 12) and the information of adhesive

i5 bdnding the voice coil and the diaphragm, the intermediate processing means 105

creates shape data of the voice coil, the shape data of the diaphragm, and data of

the adhesives in the form applicable to an effective vibration syste_m. mass

calculating expression stored in the storage means 118.
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-0.028 0.2221 0.000 0.2228 0.028 0.2222 0.056 0.2208 g; 84e QK%%?
0.112 0.2152 0.140 0.2090 As explained in the first enbodl nent
signals-inputted to the 5 voice coil are periodical alternating purrent
signals, the force factor Bl of the force acting on the voice coil changes

periodically as tinme passes. Accordingly, the. internediate processing
means 105 obtains as an effective force factor a root- nean-square val ue of
the force factor Bl of the force acting on the voice coi | changi ng

periodically (Step 116). And the internediate processing neans 105 10
stores the effective force factor in the internedi ate processing result
file F-6 (see Fig. 12) of the storage means 118. Besides, the effective
force factor beconesfter thabplthagidtaehediall miocdssingequemed €105 Giefewid $hown
in Fig. 6. Next, based on the shape of the voice coil, the di aphragm nass
stored in ‘EWIHPBBF &a@@ﬁﬁ@tt%mqs areqted phavq data ofjwgice @il smdcdinpleragm

b I d the d th
|t or o ot 2, B Afbeters TGs U eBela Hipatan. Fobmi Rt GRREHT  the
shape data %r&é&%ﬂ@&ﬂﬂﬁﬁ% ef%@ﬁvéi%ﬁaﬁat%n gﬁs%mgﬁ Pa@ffga?vefxgass on

applicable to an effective vibration systém nmass t1ng expresston
stored it tthe silontige spaem biS8the6@palkbyntikeOfk v‘bi&eeﬁ:oﬂh%teptmﬁ) The

i nt er medi ate processing neans 105 pefornms a conputati on by substituting
thus creat dateymaséatgaprecessingomeens diob atoxks dicapffivctiorm vibraticdasyastah meivesi ves
into the eff %ﬁi ]l.ITY gn\{ht%rrglteldl%@e %}{osctegsrpngn?esssultcgllecﬁ‘] |7a(EfI trlle storage means 118 (see
Fig. 12). The effective vibration system mass Mmd is also displayed on the display
119. Here, the effective vibration system mass Mmd does not include the acoustic
.10 loading mass like the air. |
| Next, the intermediate proéessing evaluation means 116 compares the
magnetic flux density for each portion of the magnetic circuit obtained by the
. magnetic circuit design means 104 and the data pre-stored in the storage means
118 as shown in Fig. 9 to be a criterion to decide whether the magnetic flux
15 density is sat'u_rated or not, And then decides whether the magneticrﬂux den_sity
for each portion of the magnetic circuit is saturated (Step 14). For instance,
regaiding’ the portion A of the plate 72 composing the magnetic circuit shown in
Fig. 8, it is decided whether the magnetic flux density is saturated or not. And
based on the permeance factor stored in the magnetic circuit .calculation result
20 file F-5 (see Fig. 12) and the standard permeance factor stored in the storage
means 118, the intermediate processing evaluation means 116 decides whether
there is a possibility df occurrence of demagnetization due to the temperature
change in the magnet composing the magnetic circuit to be designed (Step 118).

" Those decision results are displayed on the display 119.

25 At this time, if it is decided that the magnetic flux density is saturated
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expression to obtain as effective vibration system mass Jthe ?ﬁf ctive
mass on 5 the vibration system of the speaker |ike the vo céu%%?1 Pgtep
117). The internedi ate processing neans 105 stores the effective vibration
systemmass M in an internediate processing result file F-7 of the
storage neans 118 (see Fig. 12). The effective vibration system nmass M
is also displayed on the display .119. Here, the effective vibration
system mass Mrd does not include the acoustic 10 |oading nass |ike the
air. Next, the intermedi ate processing eval uation neans 116 conpares the
magnetic flux density for each portion of the magnetic circuit obtained by
the nmagnetic circuit design neans 104 and the data pre-stored in the _
St or age neaitanylpbtias ofthewhagnetic dircutt, botiag thewelis hgobability ofl@utenvdhet her
the magnetic flux 15 density is saturated-or not, and then deci des whet her
t-he magnet idenidametidatien dpe toothectesipagatur hange ihdherayrgnet ccomiposingt thes

saturated (Step . 14). For instance, egarding.the portion f the ate 72
conposi ng g‘ﬂ%giﬁ’éﬁ’n Uit &9 be ‘?Slg}}?gmﬁ{l? argl .I'SB,HISP aye ‘H’eéﬁ?jglﬁef\t}ﬂetlﬁé'r t he
magnetic fl gﬁgﬁi i 2 - r e -
fagt orI stored rmt tgﬁﬁggorfg |iélé @lhr%%w Ckgglttgﬁpgb i(gqu&’?gfsbt}l%paég% ??%Tﬁﬁgﬁ(see

Fig. 12) and thBepsilaRtRiiEnPQipFea & drafilsOtheleQa®d th Drédeat $hOLRGSe oNMBRNS
118, the internedi ate processing eval uati on neans 116 deci des et her
there is avoumséddl tagethenf wishclilier mrvessany ittenms gm dbsignatthe nvoikeecdib using the
tenperature change in the magnet conposing the magnetic circuit to be

desi gned (3PBR: megps anfhthen 4hg stamsnup dethesstap LSEAPs LAy ol colgulatizedihept ay

119. 25 At o Lﬁvet{rivg?atiggsisgei%a%eciéjleeqetha d he magnetic flux density is
saturated GBI --=---%%= YSLem IMass AL He OB at any portion of the magnetic

circuit, or that thepesicReRRS Bd Ia¥nOic A6E WhGDF & bt sHarRAASki ARt T On
due to the tenperature change in the nagnet conposing the
10 . portion of the magnetic circuit, or that there is no possibility of occurrence of
demagnetization due to the temperature change in the magnet composing the
magnetic circuit to be designed, the intermediate processing means 105-performs
a computation by substituting the minimum resonance frequency Fs of the
requirements inputted by the input means 101 and the value Mms based on thus
15 obtained effective vibration system mass Mmd into a compliance calculating
expression stored in the storage means 118. And the intermediate processing
means 105 obtains the compliance Cms of the diaphragm edge (retaining system
spring constant) by this calculation (Step 119). The compliance Cms is stored in
the intermediate processing result file F-7 of the storage means 118, and then
20 displayed on the display 119. Here, the compliance calculating expression is
represented by the following Expression 6. The value “Mms” in Expression 6 -
means the effective vibration system mass Mmd gdded with the acoustic loading

mass. And the compliance Cms of diaphragm edge is applied to the calculation

using the equivalent circuit shown in Fig, 6.
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magnetic circuit to be designed, the warning is displayedxophhedispl ay
119. Thereupon, the processing turns back to the step (Step 119) that the
user inputs 5 to the speaker design support apparatus the request to
present the shape of the voice coil together with the necessary itens to
design the voice coil using the input neans and then the steps up to the
step (Step 117) of calculating the effective vibration systemnmass are
re-executed. If it is decided that the magnetic flux density is not
“saturated at any 10 portion of the magnetic circuit, or that there is no
possibility of occurrence of demagnetization due to the tenperature change
in the magnet conposing the magnetic circuit to be designed, the

i nt er medi at Bxpressies §i ng neans 105 performs a conputation by substituting

the m ni num resonange frequency Fs of “the  requirenments inputted by the
i nput neans 101 andE%ﬁ@*ﬁ%ﬁﬂ@%%ﬁ%g%ﬁg%ﬁgﬁﬁ}FﬁU§K%@“6K?éﬁﬁ€§)éffective

vi brati on system nass d qgm? Jance cal culati Xpressi on stored
- in the storage neans 1@8%%1:%3 nternad g?em%sfsolg[&dgg%%e%vg‘égﬁgwfg%
obt.ai ns the conpliance Cns gdditdgadl aphr agm edge (retai ning system spring
constant) by this calculation (Step 119). The conpliance Cns is stored in

the intdrnedi ate procefsi Mininasnbésohinhe frequenty t he st orage neans 118, and

t hen 20 di spl ayed (}3 thg di gpl ay 119. Here, the conpliance cal cul ating
expression is reprtd@EApal thy uedrinpsiy towkha gpaaker desize support ApparatustheMhs

DS i AR A8 SHEERIE o B W SR e
S5 L0 0 ), A0 G SO LG S AT T O,
(2 x.J3r x Ray@jghMimde pebfided ity ethyi fbamt i (Giansated 8Mdepes ol Be FHARGhVHA), a
acoust Il% shape of the acoustic resistance material covering the through-hole, a shape of a
protector provided atr the front of the speaker {diameter and depth of hole
provided to the protector), and whether the diaphragm is in a corrugated sheet
- form or a flat sheet form. |
The intermediate processing means 105 calculates the acoustic
15 impedance of the front and the back of the diaphragm using aﬁ air density, a
sound velocity value, and a @rrection factor shown in the following Table 31 of a
correction database DB3 stored in the storage means 118, on the basis of the
acoustic system data. Besides, the correction factor used by the calculation is

selected from “first correction factor, second correction factor, ...” shown in Table

20 31, for example.

Table 31
Input item Value | Item description
P 1.1871 | Air density [kg/m"3]
c 343.3 | Sound velocity m/s]
First correction factor 0.9 | Correction factor
Second correction factor 0.7} Correction factor

63




| oadi ng mass 5 Fs: M ni num resonance frequency After that ;%he %g?% I nput s
to the speaker design support apparatus the acoustic datg Yeh t he
frame of the speaker by nmeans of the inputting nmeans 101 (step 120). The
acoustic data are shape information of a frame size, a shape of

t hrough-hol e provided to the frane (di aneter or depth of the through-hole),
a 10 shape of the acoustic resistance material covering the through-hole, a
shape of a protector provided at the front of the speaker (dianmeter and
depth of hole provided to the protector), and whether the diaphragmis in
a corrugated sheet formor a flat sheet form The internedi ate processing
means 105 cal cul ates the acoustic 15 inpedance of the front and the back

of the di aphragm usiyghsaNwhidk &%néqlwaleﬂ PN ShoPh Q61 3%, B3k YSkeBd g
correction factor shown in the followng Table 31 of a correction database

~DB3 stored éxanigle, dikdhtgmedtansirdiiB 100 BalctiRtdathe hicolistiditnpedantssTy) of thest em
data. Besides, the correction factor used by the calculation is selected

from "firstdigphrags ifxomtfans: the acomgtin dmpedansetZao0f fthe tdéaphragm bagkobnthien
Table 20 31, .fqr exa Jabl e 31 I nput .item Value |Itemdescri.ption P
1.1871 A r “cf%‘ﬁ‘éﬁ(]'r‘%t f%ﬁﬁ@fhe emga%!@es wir dyRFRe {i hgregrvaei it Wect  on
factor 9 r ' 4.1 GtLo ‘ '

factor ob T bELRIRGol 2 RGN0 BURRIRNAD and ShOlaolotlc AL Gbull
circuit s hq\ﬂ@rﬂaﬂcéﬂ Ghebinterihediefe dFo@Bsing means 105 obtains as an acoustic

.impedance Zal of the diaphragm front the impedance value for all of the
resistance, the compliance and the acoustic mass.

Thus obtained calculation results of the acoustic impedance of the

10 diaphragm front and back are stored in bthe intermediated processing result file F- -
7 of the storage means 118 (see Fig. 12), and then displayed on the display 119.

Next, the user inputs to the speaker design support system in the
second embodiment a value known from his or her experiencé or a value
calculated back from the mechanical system Qms value of the speaker desired by

15 the user, by means of the input means 101. The inputted value is stored in the
intermediate processing result file F-7 of the storage means 118 (see Fig. 12).

After that, the intermediate processing means 105 copies the values of
the direct current resistance (DCR) Re, the inductance Le, and the effective
vibration area Sd, which are stored into the preprocessing result file F-2, to the

20 intermediate processing result file F-7 of the storage means 118.
As described above, the intermediate pfocessing result file F-7 stores
_ respective values of the direct current resistance (DCR) Re, the inductance Le, the
coupling factor B1, the inductance Mmd, the condenser Cms, the resistance Rms,
fthe coupling factor Sd, the acoustic impedance Zay of the diaphragm front‘ and the

25 acoustic impedance Zs2 of the diaphragm back, as .ShOWn in the following Table 32.
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exanple, the internmediate circuit 105 cal cul ates the acou%;iﬁniqﬂﬁﬂgnce Zal
of the diaphragmfront and the acoustic inpedance Za2 of tﬁe giap ragm
back in the equivalent circuit. If the inpedance "Zal" illustrated in the
equivalent circuit in 5 Fig. 6 is consisted froma resistance, a
conpliance, and an acoustic mass (acoustic inertance), the internediate
processi ng neans 105 obtains as an acoustic inpedance Zal of the di aphragm
front the inpedance value for all of the resistance, the conmpliance and

t he acoustic mass. Thus obtained cal culation results of the acoustic

i npedance of the 10 di aphragm front and back are stored in the

i nternediated processing result file F- 7 of the storage neans 118 (see

Fig. 12), and then displayed on the display 119. Next, the user inputs to
t he speaker design support systemin the second enbodi nent a val ue known
fromhis or_her experience or a val ue 13813l at ed back fromthe mechani cal

system Qus| val ue of Dégrippieaker desir ¢gdyhol [10nfi b€ W88y ViYud®ans of the
i nput " meansD&@ds cukbéht OBEdNRE oFRIIME | $RELOT g0 1 N e 1 nier megigre

A

processinglé&geult file F-7 of the stofage ngans 118 (see Fig. 12). After
that, the I'THREMRp I Goibl GHESSI Ng Mealy 05 copi ;ithc yatug J.gf t he
LT . . el y

R 1 te—and—t ffective
éﬂl

di rect cur f&lceﬁﬂf'&&"‘lﬁl i,a;r Re; t i3 I”Ej \,L?.-

vi bration S0 €—stored—i+H é..b prepracessitng—r t file F-2,
to the 20Hedivevibrationsystemans,  otMmde il o £ g of (He st@P3de neans

. P FoLHY : —H
118. As de ‘?'iaﬁg_ Hgémﬁ’é‘,m?ﬂ@fﬁu‘r#er med{ 926 prloces®Ng result @PLé F-7 stores
respective B the direct curreht resiistance (DCR] Re. the inductance
Le, the clotgirinige sedemrmathanidat i ndutRamce (M ndKefshe condenget {Cms, the .
resi st ancelRastancehe coupling factor Bd, thg -acoustic ifpedance|{Zal of the
di aphr agm [ Effertivarvibitabion 2besaousling | hpédande Zaz~ef thé di aphaagm back, as
shown in tjfactos) | owi ng Table 32. 64 B June {2005 Table{32 '

-} Acoustic impedance of diaphragm Zal Pa+s/fm*3 1.05E+07
front .
- Acoustic impedance of diaphragm Za?2 Pa-s/m*3 1.00E+06
| back .

In the next step, in order to calculate various frequency characteristics
of the spealer, the speaker design support apparatus of the second embodiment is
5 arranged so that the equivalent circuit design means 106 calculates as follows to

.obtain a specific value regarding the equivalent circuit using respective data
stored in the intermediate processing result file F-7.

The equivalent circuit design means 106 calculates a current value I on

the corresponding part of the equivalent circuit to the electric system and a

10  velocity value V of the correspoding part of the equivalent circuit to the

mechanical system for each frequency by changing in frequency the alternating

current power of the equivalent circuit, based on the 'values stored in the

intermediate processing result file F-7 as tile values for respective elements of the

-'equivalent circuit shown in Fig. 6 (Step 121). Here, in the following explanation,

15 the current value V on the mechanical system circuit becomes the diaphragm
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Descri tion Synmbol Unit of quality Value Direct current égﬁ#ﬁé@@%_ of
voice Re S2 27.0 coil Inductance of voice coil Le HO0.01 or e Tact or
(coupling factor) Bl TmO0.70 Effective vibration systemmss Mmd 0.02

Ret ai.ni ng system nmechanical Cns miN 0.01 conpliance Retaining system'

- mechani cal Enms Kg/s 0.01 resistance Effective vibration area (coupling Sd
m2 0.24 factor) Acoustic inpedance of diaphragm Zal Pas/m3 1.05E+07
front Acoustic inpedance of diaphragm Za2 Pa s/ m3 1. 00E+06 back In the
next step, in order to calculate various frequency characteristics of the
speaker, the speaker design support apparatus of the second enbodi nent is
5 arranged so that the equivalent circuit design neans 106 cal cul ates as

fol l ows to lidctynVa AREGhé | ur¥edls Uealie JRbdH Nehet loQEHTW RLEMbe GbiLiéd bySi NY
respective data stored in the internediate processing result file F-7. The
equi val ent calaudafing theséqguivatesinerddGincBige 6lintcessideration efithe/miutrgall rebbiont he

.corresponding part of the equivalent circuit to the electric systemand a
10 vel oci t Yebupemethy dectromotive forcesmd; thy cpapter glectrpmobiye farss-ent circuit to

2l ternating. curs ohboNE PRRr S PRt s i f (0] b RIS o
stored ig 408rrdnded SORALALR RNACASRE Abcdifatiin frde'aﬁ_s 06 caRuldtes ¥@ kiR sl O

respective elenments of the .
to obtain various frequency characteristics of the speaker.

The frequency characteristic calculation means 107 substitutes the
- velocity V obtained by the above calculation into the fbllbwing Expression 7 to
calcu_laté every frequency within the predetermined frequency band (e.g., audio
10 frequency band) the excursion of the diaphragm composing the speaker (Step 122).
In result, it is possible to obtain the diaphragm excursion value e;rery frequency
(the excursion frequency characteristic data) as shown in the following Table 33.
'The excursion frequency characteristic data is stored in an excursion file F-9 of
the storage means 118 (see Fig. 12). In addition, the excursion frequency
15 ;:haractéristic data is Iﬁade ra"' graph as shown in Fig. 14; and also displayed on the
rdisp-lay 119.
Expression 7:

Excursion frequency characteristic X=V [(jw)
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equivalent circuit shown in Fig. 6 (Step 121). Here, in thejf,gklayno

expl anation, 15 the current value V on the nechanical systemcircuit
becones the di aphragm 65 3 June 2005 velocity V. And the current value | .
and the velocity V can be obtained by calculating the equivalent circuit
in Fig. 6 in consideration of the nutual relation between the

el ectronotive force and the counter electronotive force. Next, the speaker
desi gn support apparatus of the second enbodinment - 5 is arranged so that
the equivalent circuit design nmeans 106 calculates as follows to obtain
various frequency characteristics of the speaker. The frequency
characteristic calculation neans 107 substitutes the velocity V obtained
by the above calculation into the follow ng Expression 7 to calculate
every frequency within the predeternin%g frequency band (e.g., audio 10
frequency band) the excursion of the‘Eﬁ %ﬁ?agn1conposing t he speaker (Step
122). Inresult, it is possFguehey ) dMxciReondnd@hy agm excur si on val ue
evefry frequency (the excursion frequggpdy charachgge ptic data) as shown in
the followi ng Table 33. The excurs19@7rrequencyaggﬁracteristic data is
stored in an excursion fileF9 of g storage giggg’s 118 (see Fig. 12). In

addi tion, the excursion frequeﬂty—&fgiaérabtcria b&a ata is nade a graph as
shown in Fig. 14, and al so g ye h e-sphay 119. Expression 7:
Excursi on frequency charact pristi NHA-(-c0) h@ﬁé June 2005 Table 33

Frequency (Hz) Excursion (np—20 0 0:°089 :

17419.0| 0.000

18031.0 0.000
18665.0 0.000
19321.0| - 0.000
20000.0 0.000

The frequency characteristic calculation means 107 substitutes thus
obtained current value I into the following expression 8 to calculate the
5 impedance of the speaker every frequency of the predetermined frequency band
{e.g., audio frequency band) (Step 123). That is to say, the impedance frequency
characteristic of the speakei' is calculated. As the result of the calculation, the
impedance value for each frequency (imp‘édance frequency characteristic data)
can be obtained as shown in the following Table 34, and the impedance frequency
10  characteristic data is stored in a Z-impedance file F-10 of the storage means 118
(see Fig. 12). Additionally, the impedance frequency characteristic déta is made to
a graph in a form shown in Fig. 15, and also displayed on the display 119.
Expression 8:
Impedance frequency characteristic Z=E /I
15
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20.7 0.089 21.4 0.089 22.2 0.089 23.0 0.089 17419.0 0. gqg 2@@%%0 0. 000
18665.0 0.000 19321.0 0.000 20000.0 0.000 The frequency“c¢hara stic
cal cul ati on nmeans 107 substitutes thus obtained current value | into the
foll owi ng expression 8 to calculate the 5 inpedance of the speaker every
frequency of the predeterm ned frequency band (e.g., audio frequency band)
(Step 123). That is to say, the inpedance frequency characteristic of the
speaker is calculated. As the result of the calculation, the .inpedance
value for each frequency (inpedance frequency characteristic data) can be
obtained as shown in the followi ng Table 34, and the inpedance frequency 10
characteristic data is stored in a Z-inpedance file F-10 of the storage
means 118 (see Fig. 12). Additionally, the inpedance frequency
characteristic data is made. to a graph in a formshown in Fig. 15, and

al so di splayed on the display 119. pblesSdi on 8: | npedance frequency
characteristic Z E/1 15 67 BolUBkeydhy | Z-iPk&anta (D)gauency (Hz)
Z-inpedance (Q 20.0 7.682 20.0 7 689
20.7 7.682
21.4 - 7.682
22.2 7.683
23.0 7.383
17419.0| . 10.163
18081.0 10.244
18665.0 10.322
19321.0 1.0395
20000.0 10.466

Moreover, the frequency characteristic calculation means 107 obtains a

voltage value across a predetermined element (e.g.,; compliance) of Za: of the

5 equivalent circuit in Fig. 6 for each frequency Within the predetermined frequency

band (e.g., audio frequency band). Thereby, the sound pressure ;frequency

characteristic, which represénts the voltage value as the sound pressure of the
diaphragm front for each frequency, is obtained (Step 124).

Likewise, the frequency characteristic calculation means 107 obtains a

10 voltage value across a predetermihed element (e.g., compliance) of Z,2 of the

equivalent circuit in Fig. 6 for ea;:h frequency within the predetermined frequency

band (e.g., audic frequency band). Thereby, the sound pressure frequency

characteristic, which i‘epresents the voltage value as the sound pressure of the
diaphragm back for each frequency, is obtained (Step 124).

15 The calculated results of the sound pressure characteristics of

diaphragm front and back are stored in the sound pressure ﬁie F-l 1 of the storage

means 118 (see Fig. 12). He.re, the calculated results of the sound pressure
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20.7 7.682 21.4 7.682 22.2 7.683 23.0 7.383 17419.0 10€9§éne%ﬁ8%%'0

10. 244 18665.0 10.322 19321.0 1:0395 20000.0 10.466 Moreover, the .
frequency characteristic calculation neans 107 obtains a voltage val ue
across a predeterm ned elenent (e.g.; conpliance) of Zal of the 5

. equivalent circuit in Fig. 6 for each frequency within the predeterm ned
frequency band (e.g., audio frequency band). Thereby, the sound pressure
frequency characteristic, which represents the voltage value as the sound
pressure of the diaphragmfront for each frequency, is obtained (Step
124). Likew se, the frequency characteristic calcul ation means 107 obtai ns
a 10 voltage value across a predeterm ned el enent (e.g., conpliance) of
Za2 of the chegacteribider cani becobtiained i the forih of lietind vhheguwénhy fiwgtibnoy ddde
predet ermi ned frequenc band (e.g., audio frequency band). Thereby, the
sound pr ess¥URdfRTEgRYEn & eachdremeary.sisi showntindhe fellivdse Mable e Amsl sudhe

bt ai ned ( SLABLERSRS B R ghatietr Ot RS Gravkyia L fv pPORL BlE.

charact eri sig G§,dafi i'éH%Héﬁﬂﬂﬁ t11ank.h. : . ' : :
pressure file F- lllsl)of%t he stor a%%g} 1&23%5%%% ?gegg%%ﬁgqg%ﬁeﬁgr]‘%&& él '
cal cul atied geestding t®thd piacs ahattipy sssilkes def8ndll By RRe %?Qﬁser%fgﬁcétgybb&t ics
can be obtained in the formof listing values of the frequency an
apparatus in this embodiment is placed on.

Table 35
Frequency (Hz) | Sound Pressure (dB)
20.0 ~0.010
20.7 ~ 0.119
21.4 0.236
1929 - 0.582
23.0 1.180
17419.0 ' 56.072 |-

18031.0 . 56.684
18665.0 57.267
19321.0 57.569
20000.0 57.555

Nexf, the speaker design support apparatus in the second embodiment

is arranged so that the speaker characteristic calculation means 108 calculates
10 respective characteristics of the speaker by using the calculated results obtained
by the frequency characteristic calculation means 107.

The speaker characteristic calculation means 108 extracts the
maximum value from the excursion values of the diaphragm for each frequency
-gtored in the excursion file F-9 (see Fig. 12) as a maximum excursion (Step 125).

15 The maximum excursion value is stored in the speaker characteristic file F-12 of -
the storage means (see Fig. 12). Additionally, the speaker characteristic

calculation means 108 calculates the excursion margin by adding a specific value
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sound pressure for each frequency, as shown in the follown (ﬁﬁ§5 And
such sound pressure frequency characteristic is nmade a g '%ﬂ the form
shown in-Fig. 16, and displayed on the display 119. Here, the
predeterm ned el ement is decided 5 according to the place that the speaker
desi gned by the speaker design support apparatus in this enbodinment is
pl aced on. Table 35 Frequency (Hz) Sound Pressure (dB) 20.0 0.010 20.7
0.119 21.4 0.236 22.2 0.582 23.0 1.180 17419.0 56.072 18031.0 56.684
. 18665.0 57.267 19321.0 57.569 20000.0 57.555 Next, the speaker design
support apparatus in the second enbodinent is arranged so that the speaker
characteristic cal culation neans 108 cal cul ates 10 respective
char act er i stoi the oifaxidvems peailrsion iFtersi126). tTie caculatat ecsulesfilthe eabimioned by
t he frequency characteristic calculation neans 107. The speaker
char act er i SpEgigas alsp Hetsd indhe sped®r charastristicHde Hrd%iohtin sierage mewm t he
excursi on values of the diaphragmfor each frequency stored in the

excursion f 8e F-9 (see Fig. 12) as a ﬁBXIﬁUﬁ]GXCUfSIOﬂ (Step 125). 15 The
maxi mum excur si on vig,

F-12
of the storage mans%?g%%ergthQEﬁ&ﬁ%g???tgﬁg y, t %E%tgé%ta%ﬁmgbk&e

char act & i sfhoiiad pressuwésaforon phaality d0Predateemifddfrelihendoecfibsi @lus@sile by
'addlng a specific val ue
‘sound pressures of the diaphragm front for each frequency stored in the sound
pressure file F-11 (see Fig. 12), and calculates an average of those extracted
sound pressures as SPL (sound pressure) (Step 127). Thus calculated SPL is
stored in the speaker characteristic file F-12 of the storage means 118,

710 By using the values of the impedance corresponding to the minimum
resonance frequency Fs (see Table 11) inputted by the user at the step of
inputting the requirements out of those stored in the Z-impedance file F-10 (see
Fig. 12), the speaker characteristic calculation means 108 the Q-value of the
speaker at the minimum resonance frequency Fs (Step 128). Thus obtained Q-

15 wvalue is stored in the speaker characteristic file F-12 of the storage ﬁieans 118.

' After the @-value is stored in the stérage ﬁ:leans 118, the speaker characteristic
calculation means 108 ends the speaker characteristic calculation.

The final evaluation means 17 decides whether the SPL (sound
pressure) obtained by the speaker characteristic calculation means 108 satisfies

20  the target SPL (target sound pressure) of the requirements (Step 129). The final

| evaluation means 117 also decides Whether‘ the spéaker thickness satisfies the
target thickness of the requirements based on the maximum excursion and the

excursion margin obtained by the speaker characteristic calculation means 108

(Step 129). Those decision results are displayed on the display 119.
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69 3 June 2005 to the maxi mum excursion (Step 126). The gakchl resul t
of the excursion margin is also stored in the speaker characteristic file
F-12 of the storage neans 118. The speaker characteristic cal culation
means 108 extracts values of the 5 sound pressures for a plurality of
predet erm ned frequencies fromval ues of the sound pressures of the

di aphragm front for each frequency stored in the sound  pressure file F-11
(see Fig. 12), and cal cul ates an average of those extracted - sound
pressures as SPL (sound pressure) (Step 127). Thus calculated SPL is
stored in the speaker characteristic file F-12 of the storage neans 118. 10
By using the values of the inpedance corresponding to the m ni num
resonance frequencyitFshigsiae Tébtle tespedtivautiledlabyd rheiltssds nat datiefystiep of -
inputting the requirements out of those stored in the Z-inpedance file F-10
(see Fig. regyirexpatss plaewarningds displayed ondhe disniial 19(Btep 49Q). Lothis kase,

Q val ue of the speaker at, the njninqum resonance frequency Fs (Step 128).
Thus obt ai B8 RECGeUrs gogs hack tg, iy f’rqﬁp toﬁemgﬁﬁgkge?‘h'tﬁ%PE’@Pértiosﬂeée‘fti the F- 12

of the storggs, %?%Pré%tg é:?]fl 'S%{)%%ﬁe{: Q’ﬁ(l:lah\éaﬂelégsgﬁy §t1e9%8t§ ciée%%%glhﬁ%as&o%ea means

118, the speaker ation neans e speaker
charact & i dtdit thaliaphihicans 10Netof ihaadpeaitad dadib®RuPPadphdrAasi(SRp Vgt her
the SPL (sound pressure) obtained by the speaker characteristic

cal cul at i orandedhen 148 Jaepwiessing Aednse 108r grecuBRl the apmetrocessimgl aadssur e)

of the requirements (Ste 29). The fjnal evaluation neans 117 al so deci des
whet her t ht—ﬁé’ﬁ%’ﬁ%@%’r 1L (80Pe Eﬁ td thester pliappiing the aeoustinp §erb12§ rpad

LT a5 LR 198 A B S B
~ Those deci $heBtep8Tlldwindt6 thé SBp AYEFb-Obchitl. HRhatinde 9 théQalculated SPL
: lp. (sound pressﬁre level).obtain'ed by the above calculation is lower than the target
SPL (target sound pressure level), the procedure goes back to the step (S104) for
i'educing the mass of the voice coil because the sound pressure becomes high by -
reducing the effective mass of the vibration system. In addition, for instance, if
the calculated speaker thickness based on the mazimum excursion and the
15  excursion margin of the djaphrégm is larger than the target thickness, it goes
back to the step of inputting data to-increase the diameter of the through-hole
(Step 120) because the excursion value becomes small by increasing the diameter
of the through-hole provided fo the frame and the speaker thickness can be
’reduoed. | | | .
20 Aﬁd if it is decided that the respective calculated results satisfy the
requirements, the message indicatim;;r such contents is displayed on the display
119. Consequently, the designing of speaker is completed. And the outﬁut data
creating means 109 extracts data for a specific item to be described in the design
specification from the data filed into the speaker characteristic file F-12 from the

25 approximate excursion file F-1, and creates the design specification data to be
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t ot .
satisfy the requirenents, the warning is displayed on the drgﬁé%dp%f{b (Step-:
130). In this case, - the procedure goes back to the step of inputting the
command to present the shape of the voice coil together with the necessary
itens to design the voice coil 5 fromthe input neans 101 to the speaker
desi gn support apparatus (Step 104), and then the preprocessing neans 103
executes the preprocessing again. Qherwi se, it goes back to the step of
inputting the acoustic shape (Step 120) and then the internediate
processi ng neans 105 executes the specific processing and the steps
followng to the step are re-executed. For instance, i-f the cal cul ated SPL
10. (sound Qitpa&yd @slsByeh)in @hd 108EhHTablRe362RAYN Thérdbtordstihio @Redted ldayein t han
the target SPL (target sound pressure |level), the procedure goes back to
the step (5d@4utparfilerBddof thy dtagrassnsilliShAddisionellydihe datrailde dutputsound
pressure beégdr?s high by reducing . the effectivye mass, of the vibration
system In ¥ 'tlﬁbgri,’nl“iﬁ’ﬁlq“ﬁ§f‘éli*ﬁ:‘é‘?31$3¥Spetckf@a@apé%tleat]@d)-speaker t hi ckness

based on the maxi mnum excursi on and th@?ﬁgﬁxcursi on margin of the diaphragm

3 June 2005 At this tine, if the respective cal cul ated res I

is larger than the target thickness goes back to the step of inputting
data to i ncPesmsiptivhe di aneter of the {$ymbah-lhot of quaiip| Valle because t he
excur si on Marsicfrépreane for <SRl Avdoyed ncrieasi ng [tHe di anet er | 1000 t he
t hr ough- hol Secphd Hiedeendydod BPLakarm@eand the gppaker thi ckhesgo can be
reduced. 20 And if 1t 1s decided that] the rdaspective cal¢ulated results
satisfy the requirenents, the nmessage indidgating such contents$ is
di spl ayed {@P.he display 119. Consequently,|dBhe designi hgo®b $peaker is
conpl et ed.{ Mad Bh@rgQYhpUt data creatf ng nedng,109 extragpg daja for a
speci fic i [(EBEQoR mAeat! | Ded 1N tnhe [design[ speciTicari pfshrom the data
filed intog RS R Lok BAGLETTStTT BT otk (1O UTE 63 appr oxi mat e
EXCUrSI ON i fSetive vibration drea d 97 I .24 0 be 71

Direct current resistance of voice ~ | Re Q ' 27.00

coil ' '

Min. resonance frequency : Hz 385.00

Impedance of min. resonance | @ 35.00

frequency , 1

Force factor Bl Tm 0.07

Effective vibration system mass - Mmd g 0.02

Mechanical compliance of retaining | Cms m/N 0.01

system : E

{ Mechanical resistance of retaining | Rms Kgls 0.01

system ‘

Total Q : ' 2.08

Diameter mm 10.00

Thickness mm 2.68

5 As described above, by using the speaker design support apparatus in

the second embodiment, it is possible to finish a design of a speaker with less
frequency of designing a speaker, and it makes possible to design the speaker
meeting the specific requirements in a short time.

Besides, in the second embodiment described above, it is assumed that

10 the equivalent circuit file F-8 of the storage means 118 (see Fig. 18) stores the
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3 June 2005 outputted as shown in the follow ng Table 36 ?fgﬁstores
the created data in the output file F-13 of the storage FT?!E

Additionally, the data of the output file F-13 is printed out as the
design specification, (Step 131). Table 36 Description Synmbol Unit of
quantity Value First frequency for SPL average Hz 1000 Second frequency
for SPL average Hz 1500 SPL dB 108.0 WMax. Excursion mm 0.2 Excursion
margin -nm0.32 Effective vibration dianeter dD nrm 0.36 Effective
vibration area Sd m'2 0.24 Direct current resistance of voice Re S2 27.00
coil Mn. resonance frequency Hz 385.00 |npedance of min. resonance Q
35.00 frequency Force factor Bl Tm0.07 Effective vibration system mass
Nd_ 0. 02  evudtedentcaiicuialpivmin &igf 6,ratdathnl eqpi@ientéiNuit Bdsign yedaem 106
Mechani cal resistance of retaini Rms Kg/s 0.01 system Total 2.08

Di amet er mHSFProG a anpl@ﬁﬁgg:glaﬁ;mnziggghe equlvalent circuit shown in Fig. 6. However,

it may be arranged that the user select either one of the plurality of equivalent
circuits including the equivalent circuit shown in Fig. 6 stored in the equivalent
& circuit file F-8, meanwhile the equivalent circuit 106 performs the specific
calculation regarding the equivalent circuit selected by the user as described in'
the second embodiment.
In addition, in the second embodiment, it is assumed that the
intermediate processing evaluation means 116 of the speaker design support
10 apparatus decide whether the magnetic flux density obtained by the magnetic
circuit design means 104 is saturated at each portion of the magnetic circuit, and
that the intermediate processing evaluation means 116 decide based on the
‘permeance factor obtained by the magnetic circuit design meaﬁs 104 whether
there is a possibility of the occurrence of demagnetization in the magnet
15  composing the magnetic circuit to be designed due to the change of temperature.
However, it may be arranged that the user may decide either oné or both of the
above decision items; whether the magnetic flux density is saturated at each
portion of the magnetic circuit, and whether there is a possibility of the
occurrence of demagnetization due to the change of temperature.

- 20 Moreover, in the second embodiment, it is assumed, in the step of
selecting the necessary items to design the voice coil (Step 104) and the step of
selecting the necessary items to design the magnetic circuit (Step 107), that the
user select either one of respective selectable objects of Table 13, Table 14, Table

15, Table 19, and Table 20 that are stored in the storage means 118. However, the
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5 As described above, by using the speaker design supportsalgargbﬁﬁ in the
second enbodinent, it is possible to finish a design of a §g Ok th | ess
frequency of designing a speaker, and it nakes possible to design the.
speaker neeting the specific requirenents in a short tine. Besides, in the
second enbodi nent described above, it is assuned that 10 the equival ent
circuit file F-8 of the storage neans 118 (see Fig. 18) stores the 72 3
June 2005. equivalent circuit shown in Fig. 6, and the equivalent circuit
desi gn neans 106 perforns a specific calculation for the equival ent
circuit showm in Fig. 6. However, it nmay be arranged that. the user select
either one of the plurality of equivalent <circuits including the

equi val.ent et aié tars biempei ot addGhe Gesileotiasdléttible oBfabis\alTemle b3, dabtid, file
F-8, nmeanwhile the equivalent circuit 106 perforns the specific

cal cul at i orTabigy4p.diakde thendablesd®ent circuit selected by, the user as ,
described in the second enbodi pent. In addition, in the second enbodi nent,
it is assumed that 1 the secapdiiembodypente disisnyrranead se poto meERsout theof t he

eaker des| _ : g i de _whet.her..t he,nmagnetic fl
Gonat ty obroibnb RO outhue SPH 1 48 e e GEn MREARM HIPRRR it By o
each poit i @lkscodrrbh€edBOAL LD Drivit loaliall ordffhe bi@italdRGrellThahiBANALE aREESSI NY

eval uati on nmeans 116 deci de based on the perneance factor obtalned by the
magnet i ¢ cild8usuchdbehgs tine apprdidharhetduesion fikeFe tb shaspaget bhidatteretict he
occurrence of demagnetization in the magnet 15 conposing the magnetic
circuit toeFakspgoeding fa theusarls inplanefionodr audpmeticalli.e. However, it may

be arranoed Uhat g agh, U8Y SGLIG. G ARETS0E AL 0L of, Uig jabote
2o 1 2 R TATECLR, it o ) 5P i ARSIt (1
10  for performing the corresponding calculations using the multi-purpose software. '
It is assumend in the first and second embodiments that the speaker
design support apparatus be used to design the speaker comprising at least the
~ voice coil, the m-agnetic circuit, and the diaphfagm. However, the apparatus can
be used to design the receiver applied to the receiving unit of the mobile phone,

15 for example. Specifically, the apparatus can be uged to design the apparatus
comprising at least the voice coil, the magnetic circuit, and the diaphragm for
outputting sound. |

Additionally, respective components of the speaker design support
apparatus in the first and second embodiments may be configured by the

20 hardware or the software.

In addition, in order to carry out the _spéaker design support
apparatus in the first and second embodiments, the program making a computer

‘operate as each component of the speaker design support apparatus may be used.

The program may be distributed by using a computer-readable recording medium
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20 Moreover, in the second embodinment, it is assumed, in th
sel ecting the necessary itens to design the voice coil ?é%uiéggxgid t he

step of 'selecting the necessary itens to design the nmagnetic circuit (Step

107), that the wuser select either one of respective sel ectabl e objects of
Tabl e 13, Table 14, Table 15, Table 19, and Table 20 that are stored in

‘'the storage neans 118. However, the 73 3 June 2005 wuser use can change or

add the respective selectable objects in Table 13, Table 14, Table 15,
Tabl e 19 and Table 20. And in the second enbodinent, it is arranged so as
to print out the contents of the output file F-13 as the design
specification. However, it may. be 5 also arranged so as to print out al

or sone of slwha ast GR-AROM, téhel sther dike, ne@ansutl b, aSuahriédt gh@sghhelectric
approxi mate excursion file F1 to the speaker characteristic file F-12,
accor di ng t@mABnigaden girpys fike ke brtemretaut onatical ly. . At | easet one of the

gL o1 ! ot SRR YA 08, SO L SOl ol et deeiop eans
cort Spon el gl gk g b bR UIMBRCORLIABEE o e e

in the first and second e I ments suppor

appar at s heshtsetinied desi gn t he speaker conprising at |east the voice

coil, the magnetic circuit, and the diaphragm However, the appar at us can
be used to design tHyeusingéhe epeakepldesignismppbnt appaeitvs g thisi inverdtidddt bobi | e

phone, 15 for .exanplLe. . Specifically, the apparatus can_be used to design
t he appar ati?: Sl%@o??p#?@hrfga’& aptuzng thespeakerehy wiay of trial magnlees &regneneyi t |

and the di u t] sopnd.. Additionall respective '
conponent s%g ﬁ?%ga "té’gie“&@r Eggé iegggélﬁ%%%@fl PeE P aYeh tﬁ%s???}%f’ P2 ahHesecond
embodi ment skitkyd fgsenfi gured by the 20 hardware or the software.

10
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In addition, in order to carry out the speaker design SUPROY.L.. . ARpar at us in
the first and second enbodi nents, the program neking a conputéi  “operate
as each conponent of the speaker design support apparatus nay be used. The
program rmay be distributed by using a conputer-readable recordi ng nmedium 74
3 June 2005 such as CD-ROM and the like, or put on a market through
electric communication circuit like the Internet. According to the above
description, it is clear that the invention can provide the speaker design
support apparatus capabl e of designing the speaker in 5 a short tine: By
usi ng the speaker design support apparatus of this invention, it is
possible to finish manufacturing the speaker by way of trial with | ess

frequency THaINVENTTONASintdd igBke even unskill ed person design the speaker
sane as the skilled person. 10 75 3 June 2005 The INVENTION clained is :

1. A speaker desi gi. shppealteralepinatuppostlgpariius Guphertitgsilgndeaigniny foa a
speaker provided wth _a vojce coil, a _magnetic circuit, and a _di aphragm
conpri si ng: spsakerp provideshswithr aj vigiee tqoily alanpgpetivaciaceis, dadi gndiapdragmce
coil, the magnetic circuit, and the diaphragm . cal cul ation neans for

cal cul ati ng®fHé™ ™ Yeaker characteristic based on the inputted design data;

and dispj ay neans fiQ0,dh3Rha¥ohgulfing HeEindiRd oC8Midn the voice coil, the
-magnetic circuit, and the diaphragm;.
calculation means for calculating the speaker characteristic based on
‘the inputted design data; and
. display means for displaying the calculated result.
10 | |
2. The speaker design support apparatus in accordance with claim 1,
wherein the calculation means comprises
coil calculation means for calculating a shape of a voice coil based on
the design data of th.e voice coil;
15" magnetic circuit calculation means for calculating a shape of a
magnetic circuit based on the design data of the magnetic circuit; and
| diaphragm calculation means for calculating a shape of a diaphragm

based on the design data of the diaphragm.

20 3. The speaker design support apparatus in accordance with claim I,
Comprising;
concrete example storage means fbr storing a plurality of concrete
examples of the design data, and
wherein the input means is provided with selecting means for selecting

25 either one of the examples stored in the concrete example storage means.
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10 2. The speaker design support apparatus in accordance \glj&\ng:z@dg 1,
wherein the cal cul ati on neans conprises coil calcul ati on means for

cal cul ating a shape of a voice coil based on the design data of the voice
coil; 15" magnetic circuit calculation nmeans for cal culating a shape of a
magnetic circuit based on the design data of the magnetic circuit; and

di aphragm cal cul ati on neans for cal culating a shape of a di aphragm based
on the design data of the diaphragm 20 3. The speaker desi gn support
‘apparatus in accordance with claim1l, conprising; concrete exanple storage
means for storing a plurality of concrete exanples of the design data, and
- wherein the input nmeans is provided with selecting neans for selecting 25
either one of the exaffhb@peslted®RdignuphertCppaiafve iaXaoRdansd Rithgeaiceans. 76
3 June 2005 4. The speaker design support apparatus in accordance wth
claiml1, cempisingg; cal cul ati ng expression storage neans for storing

cal culating expressjons. for calcul ating the speaker characteri st ilC' based

on the inputted 5 1A 2 CXPTeSFAN WHEPTEBR (HRANS:| &) oftPBRE nealrylating

cal cul ates eagker ALAGLS st | ans of .the cal cul,atin

expr essi-ohs%ﬁg.esssl%ﬁ goﬁeg er gﬁejgi égh?\e g%ﬁ%%? t° aﬁapca?ré%tﬁcs lﬁaﬁe(gggo%hcfaﬁnc‘gl t\?ﬁdt h
claim4,5 1feshiedfaNaddie cal cul ating expressions includes an excursion

cal cul'ating expression for calculating respective approxi nate val ues of a
maxi mum excur si on aviereim the calculation means calculates the speaker characteristic by

means of the calculating expressions.

5. The speaker design support apparatus in accordance with claim 4,
10  wherein the calculating expressions includes an excursion calculating expression
for calculating respective approximate values of a maximum excursion and an

excursion margin of the diaphragm based on the design data of the diaphragm.

6. The speaker design support apparatus in accordance with claim 5,

15 wherein ‘the' caleulating expressions includes a plurality of the excursion
- calculating expressions, and

wherein one of those excursion calculating expi'essions is for

calculating a maximum excursion aﬁd a excursion margin of the diaphragm in the

predetermined worst case within a specific limit of requirements.

20
7. The speaker design support apparatus in accordance with claim 4,-
wherein the calculation means calculates_ a shape of a voice coil based on the
design data of the voice coil by means of at least a coil calculating expression
included in the calculating expressions.
25
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excursion margin of the di aphragm based on the design dat%‘?&néhﬁbo

di aphragm 6. The speaker design support apparatus in accordanceé mf%h claim
5, 15 wherein the cal cul ating expressions includes a plurality of the
excursion calculating expressions, and wherein one of those excursion

cal cul ating expressions is for calculating a maxi num excursion and a :
excursion margin of the diaphragmin the predeterm ned worst case within a
specific limt of requirenments. 20 7. The speaker design support apparatus
in accordance with claim4, wherein the calculation neans calculates a
shape of a voice coil based on the design data of the voice coil by neans
of -at least a coil calculating expression included in the calculating
expressi ons. 25 77 8 Thaep&(b deSign Buppsgieiparatiie h gucadpperwithphdmad,us in
accordance wth claim4, wherein the cal cul ati on nmeans cal cul ates a shape

of a magnetWkergin the ealplation geeansiralopafieyn shaps obe magnatiegiecmitcbased omi t by
means of at,,least a,cirguit calcylatin expression i ncluded,in the,

ol cul at i ndPeriEscitat the eisEnatio Hruiil o HBEROA Sulspt: ¢ CUpBL RGN
accordance i, i q3 j .ation neans cal cul ates a shape
of a voice‘%%%%s gggghéﬁdf e egP%ﬁﬁ%ggggg%g%%evoice coil by neans of at
| east apcoil. calculating expression included in the calculating

expressions and cal cul ates a shape of a magnetic 10 circuit based on the
desi gn data of the 9dfhesbenker design sbypomappavituatin lagesdance with claim 4,

cal cul ating expression incJuded in the cal culating expressjqns,_ 10. The
speaker degr%g%ﬁb%.c?lca%&apa@ﬁw rrlgtladssianbergi o 2 ¥pige ¢pd based on the
~ design data of the voice coil by means of at least a coil caleulating expression
included in the calculating expressions and calculates a shape of a magnétic
10 circuit based on the design data of the magnetic circuit by means of at least a

circuit calculating expression included in the calculating expressions,

10. The speaker &esign support apparatus in accordance with claim 9,
further comprising; '
' 15 magnetic flux density calculation data creating means for creating .
~magnetic flux density calculation data based on the voice coil shape and the
magnetic circuil shape obtained using the coil calculating expression and the
circuit calculating expression, and _
| wherein the célculation means is provided with magnetic flux
20 calculation means for calculating a magnetic flux density distribution for the
magnetic circuit based on the magnetic flux density caldulation data by means of
a magnetic flux density calculating expression included in the calculating

expressions.
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further conprising; 15 magnetic flux density cal cul ation qb;négﬁﬁking
means for creating magnetic flux density cal cul ati on dat S on the

voi ce coil shape and the magnetic circuit shape obtai ned using the coi

cal cul ating expression and the <circuit cal culating expression, and wherein
the calculation nmeans is provided with magnetic flux 20 cal cul ati on nmeans
for calculating a magnetic flux density distribution for the mnagnetic
circuit based on the nmagnetic flux density cal culation data by neans of a
magnetic flux density cal cul ati ng expression included in the cal cul ating
expressions. 78 3 June 2005 11. The speaker design support apparatus in
accordance with -claim 10, further conprising; force calculation data

creating means for qrepid igakey &RiGPS PP AfifaratiRtia Bb@38sh@RitR el ¥R ©e COi |
shape, the magnetic circuit shape, and the magnetic 5 flux density

di stri but i dorthemdompeiseigh t he cal cul ation neans is provided with force

cal culation neans for calculating force acting on the_voice cojl _ based on

the force cal cul at ifoiee eugulatign dakm crepting maess fon ceeating fryce epladationn
essions. 10..12. The, speak desi support

appar atus. 1R ALEErLECBE PR Bl BRARS 1Y ShagHE el SRRET R WTREEIE aos
~cal cul aty ongdagéhsiyRbirthtidhased for creating effective mass calculation -
data based on the voice coil shape and the di aphragm shape, and 15 wherein
. the cal cul ati on nearigerei®m phowattedatidrd ne@ss ic Proviled i with force caleulation
| means for calculating force acting on the voice coil based on the force calculation |
data by means of a force calculating expression included in the calculating
expressions.
10 |
12. The speaker design support apparatus in accordance with claim 11,
further comprising;
effective mass calculation data creating means for creating effective
mass calculation data based on the voice coil shape and the diaphragm slhape, and
15 wherein the calculation means is provided with mass calculation
means for caleculating an effective vibration system mass includihg the voice coil

based on the effective mass calculation data by means of an effective vibration

system mass calculating expression included in the calculating expressions.

20 13. The speaker design support apparatus in accordance with claim 12,
wherein the calculation meaﬁs is provicied with sound pressure calculation means
for caleulating a sound pressure frequéncy characteristic of the speaker based on
the voice coil shape, the magnetic circuit shape, the force acting on the voice coil
and the effective vibration system mass by means of a sound pressure calculating

25 expression included in the calculating expressiohs.
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means for calculating an effective vibration system nass %Qﬁ&ﬁgbﬂ%sthe

voi ce coil based on the effective nmass cal cul ati on data by freans of an
effective vibration system nass cal cul ating expression included in the

cal cul ati ng expressions. 20 13. The speaker design support apparatus in
accordance with claim12, wherein the calculation nmeans is provided with
sound pressure cal culation neans for calculating a sound pressure '
frequency characteristic of the speaker based on the voice coil shape, the
magnetic circuit shape, the force acting on the voice coil and the
effective vibration system mass by nmeans of a sound pressure cal cul ating

25 expression included in the calculating expressions. 79 3 June 2005 14.
The speaker design support apparatus in accordance with claim 12, wherein
the cal cul ation neans _is prqvided with excursion cal cul ati on neans for

cal cul ating an excltsT8p speaker dasign sHppert pepratneinpiceerdange Fpty dgim based on
the 5 voiceg.coil .shape.. .the magnetic circujt shape, the.force acti,ng on
the voi ce cBITIeln T Rucwarian inelBiayilad Yol eRAFHEL coligshicm Begps ot

di aphragm SR anGRbEMIGH FBGudhtD RSP RELidtRCIUNE FidPhraBE: bRl WndfHend
expressions. 15. The speaker deSign support apparatus 1n accordance wth
claim 14 vbicewoslrstiapel $he @axgustRi dirvuttodlepk ptliedbrarertiag alnsthecalicWwWolltadd an
excursion margin of the di aphragm based on the excursion frequency

char act er i sthiec efectivee velirapipr agratenes mapse by pegkes efesi dinphuppor exeppnat us

i n accordanc ith claim12, rrein the cal cul ati qn nmeans is provided
Wt h | mpeq RGBSR RPN eliiears the wllSua g ParTeRorhe. | mpedance
frequency characteristic of the speaker based on the voice coil shape, the
‘magnetic circuit shape, the force acting on the voice coil, and the
effective vibrati ons.SYEé speakes dediyn BEFHt abpatid RELBNERNEA N i 14,
expression included in the cal cul ati ng expressions. 20 17. The speaker

desi gn ¥uppoheremppler excussiom cabolatibanmeand tlso chltulatd® an excursion margin of

the diaphragm based on the excursion frequency characteristic of the diaphragm.

16. The speaker design support apparatus in accordance with claim 12,

wherein the calculation means is provided with impedance calculation means for
-15  calculating the impedance frequency characteristic of the speaker based on the
voice coil shape, the magnetic circuit shape, the force acting on the voice coil, and

the effective vibration system mass by means of an impedance calculating

expression included in the calculating expressions.

20 17. The speaker désign support apparatus in accordance with claim 12,
wherein the calculation means calculates the sound pressure frequency
characteristic of the speaker, the excursion frequency characteristic of the
diaphragm, and the impedance ﬁequency characteristic of the speaker based on
the voice coil shape, the magnetic circuit shape, the force acting on the voice coil,

26  and the effective vibration system mass by means of the sound pressure

80




wherein the cal cul ati on neans cal cul ates the sound pressugqhgrggﬁﬁﬁfy
characteristic of the speaker, the excursion frequency charac?erlstlc of
the diaphragm and the inpedance frequency characteristic of the speaker
based on the voice coil shape, the magnetic circuit shape, the force
acting on the voice coil, 25 and the effective vibration system mass by
means of the sound pressure 80 3 June 2005 calcul ating expression, the
di aphragm excursion cal cul ati ng expression, and the inpedance cal cul ating
expression. 18. The speaker design support apparatus in accordance with
claim17, 5 wherein the sound pressure cal cul ati ng expression, the

di aphragm excursi on cal cul ati ng expression, and the inpedance cal cul ating
.expressi on tadpretivatesprassiosg thes diaphtagn rezaisiopr aaltudedngekpresbion) shdthon
equi val ent fo tEe nmutual relation anmong the voice coil shape,  the magnetic
circuit shajfere eAlSpAMRG $FRIPEHED: and the acoustic system shape of the
speaker. 10 19. The speaker design support apparatus in accordance with
claim 18, wherein the calculation nmeans cal cul ates by neans of an

equi val ent circuit 18SqheGheskdr debied Rppbdlapbdrailis M s&afmcswwahgﬂtn,

circuits. 15 20. A speaker design support apparatus supporting t

desi gni Ny ofhereirs phakeundr preisshed valtliating Gixpeessiud, . the ARGRLIdNC ekbliibid , - and
a di aphragm _ conprising;, preprocessing nmeans for cal cul ating shapes of the
voi ce coil ¢eniatieg epprpseioncard theimpedcamataliting pxrrebsion esprgsenteaars f or

UL A SRt A e RS
among the voice coil ghape, the magnetic circuit shape, the diaphragm shape, and
the acoustic system sl_lape of tﬁe speaker.

10

19. The speaker design support apparatus in accordance with claim 18,
wherein the calculation means calculates by means lof an 'equi{ralent circuif

selected from a piurality of prepared equivalent circuits.

15 20. A speaker design support apparatus supporting the desigﬁing ofa
speaker provided with a voice coil, a magnetic ‘circuit, and a diaphragm,
comprising; |

preprocessing means for calculating shapes of the voice coil and the
magnetic circuit;

20 magnetic circuit design means for obtaining a magnetic flux density
distribution for the magnetic circuit based on the shapes of the voice coil and the
magnetic circuit;

intermediate process‘ing means for obtaining a factor of forcg.acting on

the voice coil and an effective vibration mass based on the voice coil shape, the
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i nternedi ate processing neans for obtaining a factor of f??ﬁﬁn%%ﬂkﬂ? on
the voice coil and an effective vibration nmass based on the VoI'cé Coi
shape, the 81 3 June 2005 nmmgnetic circuit shape, and the magnetic fl ux
density distribution for the magnetic circuit; and equivalent circuit
desi gn nmeans for obtaining an equivalent circuit of the speaker based on
the voice coil shape, the nagnetic circuit shape, the factor of 5 force
action on the voice coil, and the effective vibration system nmass. 21. The
speaker desi.gn support apparatus in accordance with claim20, conprising;
appr oxi mat e excursion cal cul ati on neans for cal cul ati ng approxi mate 10
val ues of a maxi mum excursion and an excursion margin of the di aphragm
based on tmagde¢ gnraiat hepe,t hed dilep hragyatic AMix Tdeasitpedikaibudizsi dor sheport
apparatus in accqordance with claim20, wherein the preprocessing nmeans
cal cul at es PXENGHF BECHbiandshape based on the 15 design data of the voice

coil. 23. The speaker..dgsign _supgor.t apparatus, in .accordanc i th cl ai.m 20,
wherein the preprocessing n%la%uép@gfflgﬁ!ngﬁpaélga{%’ﬁgb%@‘ﬁgﬁnce%l}w%ﬁﬁ cgﬁ‘ﬁiﬁé’%bas ed
Son | the destiiyfiaker Bisohlon BUORE o6l Shirfe the midned. cillii SRGAKAL Aosk 9F
support apparatus in accordance with claim 20, erein the magnetic

circui t desfogee agnsorotieaioite collpanbglivaifieatifd vikratnsiisyem dissbr i bution for
the magnetic circuit based on the shapes of the voice coil and the

magnetic circuit obtained by the preprocessi ng neans by neans of a specific

25 magnetic flux depsi cal.cul atj ng expression. 82
9 39 "Ittge/a speaker cﬂas{gqgsuppgrt apparatus ?n accordance with claim 20,

- comprising;
approximate excursion calculation means for calculating approximate
10  values of a maximum excursion and an excursion margin of the diaphragm based

ont the design data of the diaphragm.

22. The épeaker design support apparatus in accordance with cldim 20,
- wherein the preprocessing means calculates the voice coil shape based on the

156  design data of the voice coil.

 23. The speaker design support apparatus in accordance with claim 20,
wherein the preprocessing means calculates the magnetic circuit shape based on
~ the design data of the magnetic circuit. |
20

_24'. The speaker design support apparatus in accordance with claim 20,

wherein the magnetic circuit design means obtains the magnetic flux density
distribution for the magnetic circuit based on the shapes of the voice coil and the
magnetic circuit obtained by the preprocessing means by means of a specific

25 magnetic flux density calculating expression.
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3 June 2005 25. The speaker design support apparatus in %Qﬁ&ﬁ?%@%%‘”tf]
claim?24, conprising file storage neans for storing; shape file '

i ncl udi ng respective position coordi nates of conponent 5 portions
conposing the voice coil and the magnetic circuit, said coordinates as the
shapes of the voice coil and the magnetic circuit obtained by the
preprocessing neans ; and a condition file including a conmand to
calculate the magnetic flux density distribution for the magnetic circuit
based on material data of conponent 10 portons conposing the magnetic
circuit and the information that the magnetic circuit is a rotational body
symmetrical with respect to the central axis by neans of the respective
positi on-coordi nates of component portions included in the shape file, and
wherein the magnetjic circuit design neans obtains_the nagnetic flux 15
density distributi®h T8¢ SpepkerHgHER SEPRITE ARPArabas Byagardanse shpdam R4, and

t he condition?&%leﬁb%ga Th%K§ e%ker desi gn support apparatus. in accordance
W th clainfaﬁ? Wer e the N er%%%?%?% processi ng neans obtains the

factor of 0rCe ackl iyaNeie iiink Oofoctlbl pdIASGH Okchiieed Ut GBpfBhbus hape.

the magnetic circuit shape and the magnetic fTlux density distribution for

t he magrdet ippridonsceontpdsingthangicefcoll y@dahifhapnetiocireuit pdadlcadridngitexps grsi on.
27. The speaker design support apparatus_in accordance with claim20, 25
wher ei n t hebppesephihe ueiee goibeadsihegmperatic epewt abtaamedeby dbe ipreprordssingi on
system 83 _3 June %005 mass i ncluding the voice coil based on the voice
coi | shape "t #8%di aphragm shape by neans of a specific effective

vibration syst é.m MgS@niftid 6 iRuding a command to calculate the magnetic flux
| density distribution for the magnetic circuit based on material data of ccmpon_ént
10 portons composing the magnetic circuit and the information that the magnetic
circuit is a rotational body symmetriéal with respect to the central axis by means
of the‘respective position coordinates of component portio-m. included in the shape
~ file, and | |
wherein the magnetic circuit design means obtains the magnetic flux
15  density distribution for the. magnetic circuit based on the shape file and the

condition file,

26. The speaker design support apparatus in accordance with claim 20,

Whére'in the intermediate processing means obtains the factor of force acting on

20 the voice coil based on the voice coil shape, the magnetic circuit shape and the
magnetic flux density distribution for the magnetic éircuit by means of a specific

force calculating expression.

27. The speaker design support apparatus in accordance with claim 20,

25  wherein the intermediate processing means obtains an effective vibration system
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expression. 5 28. The speaker désign support apparatus in agcoL Wi th
claim 20, wherein the equivalent circuit design neans ob?aln at Teast one
of a‘sound pressure frequency characteristic of the speaker, an excursion
frequency characteristic and an excursion margin of the diaphragm and a

i npedance. frequency' characteristic of the speaker, by neans of the

equi valent circuit 10 obtained by the calculation. 29. The speaker design
support apparatus in accordance with claim?20, conprising; selectable

obj ect storage neans for storing a plurality of data to 15 cal cul ate at

| east an either shape of the voice coil and the magnetic circuit; and

sel ecting neans for selecting either. one of selectable objects stored in
the sel ect ahbes tiighetihg shoraie dilabsseddh thhe spieakeil staps rad thy dihghspeaker
desi gn support apparatus in 20 accordance with claim1. 31. A speaker

desi gn suppdvape nky hoeasspplorat ispecifie ceffstive nvibtation systespemker cglouldtier wi t h
at least a voice,coil, a magnetic circuit, and a diaphragm conprising
steps of 8£*BYYIE- 2005 inputting design data of the voice coil, the
magnetic circuit, and the. diaphragm calculating a speaker characteristic
based on the inputted design data; and 5 displaying the calcul ated

resul ts.p 32. The sgeafrhé s?&aﬂie@ﬂeﬁ@ﬁ@ﬁbﬁo%b?%th@i@&&@fdiﬁ@@%iﬂi @him 30,
wherein the step of calculating is to calculate approximate val ues of a

maxi mnum wherein the equivalent circuit design means obtains at least one of a sound
| pressure frequency characteristic of the speaker, an excursion frequency

characteristic and an excursion margin of the diaphragm, and a impedance

frequency characteristic of the speaker, by means of the equivalent circuit

10 = obtained by the calculation.

29. The speaker design support apparatus in accordance with c¢laim 20,
comprising;
selectable object storage means for storing a plurality of data to
15 calculate at least an either shape of the voice coil and the magnetic circuit; and
selecting means for selecting either one of selectable objects stored in

the selectable object storage means.

30. A speaker desined by the speaker design support apparatus in

20  accordance with claim 1.
31. A speaker design support method supporting the designing for a

speaker provided with at least a voice coil, a magnetic circuit, and a diaphragm,

comprising steps ofs
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excursion and an.excursion margin of the di aphragm based qJﬁﬂgiﬂﬁﬁ§gn dat a
of 10 the diaphragm by neans of an excursion cal cul ati ng expression. 33. A
speaker design support method supporting the designing for a speaker
provided with at |east a voice coil, a magnetic circuit, and a. diaphragm
conprising steps of 15 preprocessing for calcul ati ng shapes of the voice
coil and the magnetic .circuit; magnetic circuit designing for obtaining a
magnetic flux density distribution for the magnetic circuit based on the
shapes of the voice coil and the nagnetic circuits; 20 internedi ate
processing for obtaining a factor of force - acting on the voice coil and an
effective vibration nass based on the voice coil shape, the nagnetic '
‘circuit shape, and inpettiregdestigic dhtaurf tensoicy cdil sthei lnagnatic éiocuit,hend tegnet i c
circuit; and 85 3 June 2005 -equivalent circuit designing for obtaining an
equi val ent €RPRIABof the speaker based on the voice coil shape, the

magneti-c circuit shape,..the factor of orce.action,on.th ojce coil, and
the effective vibra |c(‘)1}13tlsn>gs? RS B C%ES%LﬂPé‘IS% 8‘5&%} ! é’g?eérfieglg&p‘gart?’

met hod i n agRprdance with claim 33, conprising a step of approxi mate
excursion cal culating for cal culating approximte values of a maxi nmum
excursi @ and an exdisplsyinp thecdeulatdd febealts.di aphr agm based on the design
data of the diaphragm 10 35. A speaker design support program supporting
the designing for a speaker provided with at |east a voice coil, a

magnetic circuit, d di aphra . whi ch makes .a .conputer operate as;
i nputting nmeans fo%&i n?)[{het P’Eed‘kags §H Y SPEP ’F‘ﬁ@’%%é“’%flf‘?&t [eim 3,
‘ o wherein the step of calculating is to calculate approximate values of a maximum

excursion and an excursion margin of the diaphragm based on the design data of

10 the diaphragm by means of an excursion calculating expression.

33. A speaker design suppdrt method supporting the designing for a
speaker provided with at least a voice coil, a magnetic circuit, and a. diaphragm,
éomprising steps of5 ‘.

15 preprocessing for calculating shapes of the voice coil and the mégne_tic
circuit;

magnetic circuit designing for obtaining a magnetic flux density
distribution for the magnetic circuit based on the shapes of the voice coil and the
magnetic circuits;

20 intermediate processing for obtaining a factor of force acting on the
voice coil and an effective vibration mass based on the voice coil shape, the
magnetic circuit shape, and the magnetic flux density distribution for the

magnetic circuit; and
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magnetic circuit, and the diaphragm 15 cal culation nmeans o g, ‘é?d‘d{# ating a
speaker characteristic based on the inputted design data; ang I 'splay
means for displaying the calculated results. 36. A speaker design support
program supporting the designing for a 20 speaker provided with at |east a
voice coil, a magnetic circuit, and a diaphragm which nakes a conputer
operate as; preprocessing neans for cal cul ati ng shapes of the voice coil
and the magnetic circuit; 86 3 June 2005 nmagnetic circuit design neans

~ for obtaining a magnetic flux density distribution for the magnetic circuit
"based on the shapes of the voice coil and the magnetic circuit;

internedi ate processing neans for obtaining a factor of force acting on 5
the voice coil and espivelendcairopdt dedigning dor ohdsining sedeqrivalaat vioewe of thd
shape, the nmagnetic .cirgcuit shape, .and the magnetic flux density

di stributi o‘?Pan?r E’ﬂ@d Mhgtetrice é’Pﬁc‘-’ﬁ‘iaP‘?’ ';L‘ﬁdn%%ﬁﬁtWa‘F%‘E‘t gﬁ%%itﬁe detonyat neans
for obtaini [ L4 CUJ f ] er sed on the voice coil
shape, the %ﬁ%{ﬁg%éﬁgggp%eg{%p%éﬁh%g fqeél%]feo‘ﬁg%gﬁ%l%g or & act i ng on the
voi ce coil, and the effective vibration systemmass. 87 APPARATUS AND

METHOD FOR SUPPCORTI NG SPEAKER DESI GN, AND PROGRAM THEREFOR ABSTRACT
b 34. The speaker design support method in accordance with claim 33,

comprising a step of approximate excursion calculating for calculating
approximate values of a maximum excursion and an excursion margin of the

d_iaphi'agm based on the design data of the diaphragm.

10 35. A speaker design support program supporting the designing for a
'speaker provided with at least a voice coil, a magnetic circuit, and a diaphragm,
which makes a computer operate as;
inputting means for inputting design data of the voice coil, the
magnetic circuit, and the diaphragm;
15 calculation means for calculating a speaker characteristic based on the
inputted design data; and |
display means for displaying the calculated results.

© 36. A speaker design support program supporting the designing for a
20 speakér provided with at least a voice coil, a magnetic circuit, and a diaphragm,
which makes a computer operate as;
preprocessing means for calculating shapes of the voice coil and the

magnetic eircuit;
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The speaker design support apparatus can reduce tinme for degj,gRidipsthe
speaker instead of many design trials, and conprises the input nmeans that a
user inputs necessary data for voice coil and.for magnetic circuit and for
di aphragm and the cal cul ati on neans for cal cul ate the speaker
characteristic based on the inputted data fromthe input nmeans, and the
display for displaying the calculated results by the calcul ati on nmeans.
FIG 1 - -

magnetic circuit design means for obtaining a magnetic flux density
distribution for the magnetic circuit based on the shapes of the voice coil and the
magnetic circuit;

intermediate précessing means for obtaining a factor of force acting on
5 the voice coil and an effective vibration mass based on the voice coil shape, the
magnetic circuit shape, and the ma{gnetic flux density distribution for the

- magnetic circuit; and
equivalent circuit design means for obtaining an equivalent circuit of
the speaker based on the voice coil shape, the magnetic circuit shape, the factor of

10  force actiing on the voice coil, and the effective vibration system mass.
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APPARATUS AND METHOD FOR SUPPORTING SPEAKER DESIGN, AND

PROGRAM THEREFOR

ABSTRACT

The speaker design support apparatus can reduce time for designing
the speaker instead of many design trials, and comprises the input means that a
user inpuis neécessary data for voice coil and for magnetic circuit and for
diaphragm, and the calculation means for calculate the speaker characteristic.
based on the inputted data from the input means, and the display for displaying

the calculated results by the caleulation means.

Fig. 1
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