;e3et"6XTQz) APPARATUS AND METHOD FOR SUPPORTI NG SPEAKER DESI GN) AND
PROGRAM THEREFOR BACKGROUND OF THE INVENTION 5 1. Field of the Invention
This inventi to a speaker design support apparatus and a 10 15
speaker di\%ﬂ%ﬂ%@\g‘%\g met hod for supporting the designing for a speaker
conpri sin 11, a magnetic circuit, and so onuu!,'ﬂmﬂlmwmm,”[wtl on of
the Rel ated Ar¢®%5 far) the speaker has been applied t yst em or
the like. Recently, it is also applied to various devices *sustr as a nobil e
phone. The nobile phone is required to be downsi zed and to be provided with
t he high performance. In order to manufacture the downsi zed nobil e phone
w th high perAPPARAGES ANNMETHO® FOR $EPPORTENCRRREA KRR DESIGRHAND
requi renents (target specifications) on the speaker makers regarding the
size, the sound pressure, the noBBOGRAM/THEREFQRc. Accordingly, the
speaker makers wi |l manufacture the speaker neeting the requirenents. And
now, a configuration of the speaker is explained according to Fig. 7. 20 25
As shown in Fig. 7, a cyli } yao i IR’LE% t the center of a
patelliformyoke 74 with urgsl‘%gfé?&‘@g?fgﬁ ’i%%g. ng a@%)olgci fic distance from
a sidewall of pli@oyeaniéntignd a magnetic plate 72 is placed on this magnet
73. A bobbin 76 provided so as to be perpendicular to a diaphragm 75 of the
speaker is insertedThist mvantjap rebttee¢n at feeasentdesig? aupgorthepyaiatus74nd & coi |
71 wi nds around the bobbin 76. The di aphragm 75 (C:’;?lrrpri ses a gi aphragm body
751 at the eeepker demiendywreE? mutheddopetunpREgE dhe fesigniaghiosgn %’6?231751.
The edge 1 752 is bonded .]tso a frzme.??.t Ac(goggi ng to such configuration,
a cl osed na§HBPTEEd ¥UFT “Iys BRI SH B #he*hinet 73, the plate 72 and
the yoke 7445 g@?d}iﬁtﬂﬁdﬂhé?{eﬂté&%frkc current flows on the coil 71 wound
around the bobbin 76 placed in the gap, the diaphragm 75 vibrates by the
el ectromagnetic forge.faf theespeaRéehdy beén pppliedied ani dudia sybtealighthellikers7a
to control an excursion of the diaphragm 75 under the | ow frequency band.
An acoust i c Reegith, dhiscalse apphied fhvanieus: devicessuoly g -chopbilg phone Theunphidal at
the outside of the frame 7Ts back, The frant side of, aker, is
provi ded wi PROZ B HA8LE rto:;’g ‘{%’&’ﬁiﬁge?é‘(d ftoﬂllf Hﬁoﬁﬁﬁﬁaﬁﬁfi;gemg‘?r@r%ﬁdes,
t he protect i j i . raly:4.y . hs
speaker is g{ri ooélﬁ‘é}ecsﬁo \jl.\flEl t8 ﬁh%ggu\éno{;ﬂéea%%%&% ;n%%dﬁfee Frgsgrhetep‘ihgrygﬁ}gg)!e?ﬁ E%Irlrggel si ng
the plate 7fathige WhENGhobiR apRoddemuRks 7#apded hhgy direplifasentsS, (tget
nment i oned above. Therefore, It is very inportant for the speaker designing
to desi @b t hpecifitatmnebpn thid spedker megrees regarilinguibe, sizm dhe beurd]l pressagths. 15
A desi gner manuf act ures speaker by way of trial after designing the voice
coil 71) th&EgRRIteIR, @ndcefict ?\c dele éreaﬁwﬂak@mmgsemﬁmﬂ PrREugReE e Bhe
eval uat es Wﬁ@ﬁ% Iﬁd&%& rtﬁglre&%?%%gﬁtsneets t he above-nentioned requirenents
t préessure, (

regar di ng soun e node pattern, and the like. If it fills
the requirements, tRgdhblkah csRBAKGkIohSfShd BRAUeAS SpPRAPA Gcdo?did® thFgg.above
nobi | e phone makers. If not, the designer goes back to the steps for

desi gni ng t heAwshoencoi IFigt fie araglivdrical cnpgnitt 73 andplabeal dit ahler eagiter Dhiea
characteristic of a voice coil 71 depends on a coil dianeter, a material
and a defnet epatglifermyiyeke Tdgwith Uishaped spetianckeeping@ snesifipudistanceffrom a

8 25 goven critpReekpf B foke PE PeiEpugRa o lad TR oR By GulBirneses oA "

di ameter, a ZopbiRYEHradidéddo gfsq!;zh HLeherificdaitd § driz?;ﬂ-xerra%n"%‘g{ ?%e%ta%% nO(r)f

the wire rod, and the nunber o ndi ngs. However, are

mor e exanpl esisGhséresd entol & @ap thRbwedit €l pRItY 7R0osndleled golkegat AecoloTraviadd | 71
such as the coil dianeter, the material and the dianeter of the wire rod,
and the |ike.arondd tharbpbbias@6 Tha diphsagondi dunpdsessa diaphreemi bralyi Tl af t he

itenms. Accordingl it js,not_easy to design_ the voice cqil 71 with the
speci fi 3gchar%’€t°§me§ta}’5{ efdeg op the P‘?rﬂ?e}%‘ﬁgtolﬁéﬂ%lééqp&ﬁagfﬁ%&dg ﬂé#%ﬁ? €€ The
magnetic circuit has a different characteristic such as the nmagnetic fl ux
density and the |i ke dependi ng on respectli ve materials and sizes of



10 the plate 72, the magnet 73, and the yoke 74 conposing the magnetic
circuit. The designer has to properly determine a material and a size of
each conponent nenber of the magnetic circuit. Therefore, it is difficult
to finish the design of the nmagnetic circuit in a short time. Simlarly, it
is also difficult to finish the design of the diaphragmin a short tinme. 15
In addition, the speaker characteristic is determ ned according to the
mul ti pl ex relation anong respective shapes of the voice coil, the nagnetic
circuit, and the diaphragm Accordingly, even if it is conpleted to design
the voice coil, the magnetic circuit and the di aphragmrespectively, the
characteri stig50fs fdh@ed REaHPImS YGNABRrAiE t8 QUBK cOIBASHES | £ 1M fGEREE ned
before studying the nutual 20 relations of the voice coil, the magnetic
circuit, and d¢irmidisa@hsiyed oflennidgaects P8 atterplate 23 aadithed oy 0 Whdti tige t he
voice coil, the magnetic circuit, and the diaphragmthat have been

manuf act ur ed ¥oigseeleefsistearrant flosiscprothet goel Hewpyrd ardvaddbe bebbiad/Gplagedin
natural ly nmeets the _requifenen L sed he nobi | hone maker, but

el dom 11t niegsda s SRRhER S U el et Be BG , T o 25
redesi gngt he voi ce bl e NELACadd FH t ] r | rder to
3 assersml e anot he?ﬁgpgg&lgr 7‘??% Pgdvg%ér?er“gw t%g?p%l{%ge{ggéégﬁér %(gsmo%lﬁoglfgle
product is erélgsiop pf thal diapHRim TIe Wrist OtheOfovt Teeqipaak andn Aheacpastic

needs a very long time, e.g. a few weeks. The designers design a voice
coi |, a nagmesistencé mamberafith eowgrmghthargwnglshalecTradisneguippedhet thowntside of
experi ence. Wien an_ynskill ed persaon desi gns speaker) the unskilled
person need&? ec?ﬂ%%?ﬂ"é@ﬁ@ﬂmiﬂgeé’ggé&@?e At provided| wigh saieetsstayy 78
cannot desi d i i [eu SU Y CE.. THE

| NVENTI ON 18@&%‘8%@%@?@&%&;&%&% eté‘?o%%g%%’ ke @%ﬁ%ﬁ‘g?gfﬁ §4n0 3%%6‘15%%%
convent itgnabpluadiey 8MHrHa@¢h-hbleks not possible to design the speaker in a
short tine) and an object thereof is to provide a speaker design support
appar atus and a spedkerspdekergis proypded: witht thed véibatcoid riidbithe troagtesicgeirdulie
speaker in a short tine. In_order to solve the above problem and achi eve
the obj ect, comarigigsdstplate 7anthatmagnes, G aub sheyyelise bk eandjirs; ¢iarBragsd 7,
apparatus which conpr,i ses ignput .neans for inputtin cessary jtems t
desi gn a vorsdaetiged ateke Thoretorp 1 vty ymboriantoter 2 pomket degtgnine bo
cal cul ati on qaBaRSE Gick BHIF Y4 Ao MladfiticeRRACEnE Y BBbRFeH 76, based on the
data inputted fromthe input’ nmeans and di splay means for displaying results
cal cul atied by the ca dasigieranamEfactsired spbskeaprasent of tandfterrdesipgntife the

provi des a speaker design support apparatus which conprises preprocessing
means for cabisaleil A theapregnetic tdiecuitpiand thyi dianhatagmeradnes the designen

magnetic circuit desi meagns,  far obtaining the netic. flyx densit
G SLr but | ofvFBt ey ¥ DR eieG efT SAeh e dife T Y0 GhiiongH GBIl « he
megneti ¢ ci GoulhifaRSoLRl BrIBHIA e A HAH0S figr 25 obtaining a

factor of for%le acting on ?Ee vol ce cmql an effective vibration 4
system nmass based OIf it fRlsvibleGRqGiRbnefit} ke thiflespragaeld shifpddcal & sahpheto and
the magnetic flux density distribution for the magnetic circuit and

equi val At ¢he ebove dwbilgrphveamsakens. bbneti, the gleaigner gpasabaakt tocthec sieps dér a
speaker based on the voice coil shape) the nmagnetic, circuit shape, the
factor of fé‘P%‘gnHLgtti%ﬁd’OH?ﬁ cehethpdnagnetis qircutf, aﬂﬂt}%gla@\hf%‘t‘i ve vibration
system mass. By usi t he _speaker design suppeft,a ratus af; t.his
Thvention it 1s poddertriaenrl o %8 VAl gl ‘4 BRRRL 3% (Bl Afpeer,
frequency of,qrendf 3Gl U ididméte? REAK WirdYod'aY wRhding! fttdrRdRnBefher SumB&dof t
makes possible to design the speaker in a short time. Nbre specifically, it
enabl es evervindgigs! Ferl thiar sanon,owles itha dekigntd depigak aheivoi@ aibfil withea sane
as the skilled person. In addition, the speaker design support apparatus
confi guP@d &iveaheharagtesishis, dtaiy inedessary by RrAperde defermiperpeeid Pamebarala
conputer. The preferred enbodi nents of the invention are descri bed

herei nafter according to attached drawi ngs. 15 BRI EF DESCRI PTI ON OF THE
DRAWNGS Fig. 1 is a schematic block di agtam of the speaker design support
apparatus in the first enbodinment. Fig. 2 is a detail ed bl ock di agram of

t he speaker design support



20 apparatus in the first enbodinent. Fig. 3 is a diagram explaining an
operation of the speaker design support apparatus in the first enbodi nent.
Fig. 4 shows an exanple of calculated results of the magnetic flux density
di stribution in enbodi nents of the present invention. 5 Fig. 5 shows an
exanpl e of calculated results of the factor of force acting on a voice coil
in enbodi nents of the invention. Fig. 6 shows an exanpl e of an equival ent
circuit for obtaining various frequency characteristic of the speaker in
enbodi nents of the invention. 5 Fig. 7 is a sectional view of the speaker.
Fig. 8 is a diagram show ng bl ocks of a magnetic circuit. Fig. 9 is a

di agram shoy fgridfhAd bAdidfetdord@irdgod ! & iAdaB §atterh b ¥hJaNSi oY, Hhd BRCh
portion of the magnetic circuit is saturated or not. Fig. 10 is a bl ock

di agram of aungeziof wisdipgerHoweear dteus arenlikdle twe oo mbré @xamblediofeedpectivey. 11
is a diagram explaining an operation of the speaker support_apparatus in
the second étemsdnaeassaryr-foy. depjening athai%qea?ﬁlkﬁévwb %gh%a@lﬂ icﬁ@ngﬁeécéh%i ng
of the speaker, support, apparatus.in the secon odi t. 15 Fig. 13 is a
i agr am oxpISFATiHG S8A CHE HEABEEY B M o8 B0 B BRP ABh RAPY PR HE Bbcond
enbodi negt : AYeidel El p S i i B i
frequenc? c%g!rl%lgf@rg?iras/ti C ((g)q‘inbslgég?(%%frit%é%tﬁgq'sgg%ﬁ?‘?nﬁg%?gﬁﬁ?g%@@ﬁ%&ﬁw

i nvention. Kkhgwvoith coid 7a withghespeifiveigaétbeistiopaddaed té fiatpherhe)design in a
characteristic of 20 speaker in the second enbodi nent of the invention.

Fig. 16 i s ahditdi§mem showi ng the sound pressure frequency characteristic of
speaker in the seco enbodi nent, of, the inveption. .6 DESCRI PTI ON CF, THE
PREFERRED EMBODI MENTS® FHRERCERBBEINENESTRe REPTeRN FRAC2ESHFYF nsughogs Lhe
configurati ' 5 t [ i -

enbodi nment ?I?)a eﬁ%ﬁ%‘?ﬁ%%ﬁp@%&iﬁ%‘g&egd?@?ﬁ %SE(SCtH% ’%‘E%%%E‘?‘gé‘.m%f’g.
shows a 19CcheRBpldte 72N{HOMaghetOTS, @ndIUAE yORE T4 RbmEBSing Bhé uitip@ktic eRP@L TS . AS
shown in Fig. 1, the speaker design support apparatus conprises input means
1) cal cul at idenigmenrims2to prapetlyyd@erminer ageatermlsantl adsiee df regchemnpobeand
data creating nmeans, 6. And Fi ows a detailed configuration of the 10

Fig. 2 sh .al | |
speaker desmtmBeiche magmetigcirsutit Therefare,igds diffiet Hotinishithe desion b fhe
operating procedur €. TS RRTAKEL. SSSI9HY, SHRPALE aAPRAE 35 YSiish the design

of the diaphragm in a short time.

15 In addition, the speaker characteristic is determined according 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 assembled by combining the voice coil, the magnetic circuit, and the
diaphragm that 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



A user of the speaker design support apparatus) such as a designer of
speaker nmakers, inputs to the speaker design support apparatus various
requirenents (target specifications) of a speaker presented by a nobile
phone 15 nmaker by neans of the input neans 1 |ike a keyboard. The

requi renents such as a dianmeter, a target thickness, a target SPL (target
sound pressure), a neasured distance, a m ninumresonance frequency Fs, a
rating power, nom nal inpedance, and an effective vibration dianeter, are
inputted (Step 1 in Fig. 3). Specifically, by neans of the input neans 1,
t he user inputs the requirenents showng in table 20 1, that is, 22 nm as
di ameter, 5,000:a5e bALARY shBAKHNESS goRerdl @hétstl{eaéﬂﬁkexsﬂ-tnéi ﬁ?oﬁﬁct”i%%é{{eed
di stance, 800 Hz as m ni mum resonance frequency Fs, 5 Was rating power,
8 S2 as nomupglluralpaned CBhe wsﬁigdéfﬁlermeakeraﬁfthebameneadbraatdr@morfg faime €. And
the contents of the following Table 1 inputted by the input nmeans 1 are
di spl ayed o# feviaveskspl ay 3. 7 Table 1 DescriptionUnit of

quant i t yVal ueDi anet 2Tar t hi ckness Tar et SPLdB82 su

0l st ancemiM n. . esonaROESEPER ASRER FSAVEGH m}lgﬁm@g*ﬁ&wwtswﬂﬁé?&mgm
' ”pe‘jancﬁszgﬁofr&%fg' e\:h\éhb&ﬁﬁ 'eQ;g %&@EW% 4uﬁ§@iﬁed§?§9wnsaem gt%aﬁte‘B”

mar gi nnm And now is € to obtal n approxi nate val ues

maxi num eXCUﬁ&uﬁﬂnﬁ@d p@fBo_ﬁMé'éﬂ§ infoe BRi@tddsdin tiesgbakPhtlagim GRINRA gt he
speaker, the user can decide approximately whether the di aphragm touches

t he prot ect or coinds dehigndpe akeakeaadcoxtiimetterthe hizcwmsta@ceoi | vibrating with

t he di aphragm touches the nagnetic circuit. Accordingly, after the above
requirenents are inputted as above the display 3 as dlsplay means di spl ays

t wo appr oxi mat e- excur si on cal ’?PI%)SIZ\WE as the foll ow ng
Expressions 1 and 2, those expressmns stored 1nt e storage means 4.

Expressign 1 of theTﬁ@Qﬁ@ﬁtfmt&s%@wpibm&%hféuhﬁﬁémlo%(bf%&% esieafidnhp for
cal cul ati ng a nmaxi mum excursi on and an excursion nmargin of a predeterm ned

standard di aptblemrthawitiie mot possible ¢d dbsigeithasperket hea whartriime caclias objectand
t he excursion margin of the standard design) when the speaker provided with
the standar ghereabi Hgmquderracﬁ@eebers@qwrt FupRRSt epgaratufemdsa spapersdasign 2 i s

f | cul at f 15
or edet er m nEWPRIS SR Bt Sap ol e R SPE R R B PREY BP Cor Che maxi mum
excur si on and excur g} grid¥Rb 3bRe Uhe BB@veWo’BIen‘Pﬁﬁ& alRRVEthd DEeUOtRd yfe%éﬁ‘t I'S

the one predetermined within a specific lImt of the requirenents) when the

speaker 1pr ovmeb@dioni provides mpséke@admlgii appyaay Rpbardtas eviioh swinpsfsgs tihput
requirenents. 8 Expression 1: Max. Excursion (Xmaxl~=v / j cv Excursion
Mar gi n (Xngmeanﬁ(rfmxtnmttgag aegesFaut isemy todesipn epwicecwdlas jmagnetic dicyitarnge

bet ween a spe and ans for detecti.ng sound from = | O-srL
/20) x 2 xo1giEphigem BY BeHstT y clg SR, ety g caths’ﬁ%fqﬁen@gﬁ peaker
=Ef fective \éhgfa%tér%mdbmtgﬁ ltl?le data inputted from the input means; and display

means for displaying results calculated by the calculation means.

20 The present invention further provides a speaker design support
apparatus which comprises preprocessing means for calculating shapes of the
voice coil and the magnetic circuit; magnetic circuit design means for obtaining
the magnetic flux density distribution for the magnetic circuit based on the voice
coil shape and the magnetic circuit shape; intermediate processing means for

25 obtaining a factor of force acting on the voice coil and an effective vibration



Expression 2: Max. Excursion (Xmax2~=vz /( j co x Safety factor Excursion
Mar gi n ( Xngn2) =Xmax2+Conponent Assenbly Tol erance 15 vz =2 xr x p /( po x
cv x Safety Factorx a z ) r : Distance between a speaker and neans for
detecting sound fromthe speaker p = |O-SPL ~ zoo x 2 x 10-5 po : Air
density 20 u~ s 2 x ~t x fs fs ~ Frequency a =Effective vibration

di aneterl 2 When the display 3 displays the approxi mat e-excursion

cal cul ati ng expressions such as the above Expressions 1 and 2, if the user
wants to know the 25 maxi num excursi on and excursion margi n of standard
design, he or she selects 9 Expression 1 by neans of selecting neans 11
(Step 2). Ogpsien MasB8ba3bE oWANeSvdidd KITOMNARE tHEN JPHELiE e hiti Hap@Nand RRe
excursion margin of the worst-case design, he or she selects EXpression 2
by means of magetic ik deaity didtr{lbitem @) thd\hisghetix piresisi ad dquival2nt 8ircuit
sel ected, diaphragm cal cul ation nmeans 21 calcul ates the 5 selected

Expr essi on Mdesigmmpgns fsabteininggn sauivadent\cirgniteofiappeakier bpead ppy theygoice

maxi mum excur si on _and the excur.si on ;targi,n of th i aphragm out of. the, data
At T od by PHOTRRE et G Ruehehes it fctor o P E RS Ao el ik o
of the naxi W%ﬁé%@feﬁéiw%ﬁp&iér{"ﬁs@ Wsjson margin for the diaphragm are

obt ai ned (Step And then the ‘cal culated result is displayed on the

di spl ay 3 together By wihd thbepéstiani desigandupporoippdratianefethisvireenbivpy #5981 on

1 is selected, it results that the nmaxi mnum excursion is 0.45 mm and the

excur si on narogsible to 6ndb andesign ofroapesdker Teibh dess. frequpncy of mesnmfactuging a
Descri tionUnit,. of

di spl d th i spl 3. ,Tabl . .
Hanti £ Val uBPARETEN YRS Y5 irial heh be RE R 6 PAALa Possbliia speine the gpeaker in
cdanceszaet o5ty ToTbR St ReHRRELE o uihidl R ahOrpidlon’ B dosien ahs,

mar gi nnmpo 0. H3a RS ifl @SshdrbaiteRdicTes tthEBkiled perRAEdn S BHioh Otk §pda%r DOt h
val ues 15 of the standard design and the worst-case design on the display 3
after the usiesigesugpost updrabfs ¢onfigessl amabdveacrh Be samriddt artdngutheygenefral he
approxi mate val ues of the maxi mum excursion and the excursion margin of the
di aphr agm ar@%?@s@?ﬁwlﬁgmﬂé%ri bed above, the user can decide 10

approxi mat el y wheth t he.di aphr n touch t he pr.otectar of the speaker,
and whet her 1 he voi GRdFETOTL APPSR AT PaccityeBtinp et dpatithedhapipatter
nmagnetic Ci rgdbddind\dttadndd d¢gfingsNPuts to the speaker design support
apparatus a
15
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
20 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.



command to present a shape (size, for exanple) of the voice coil conposing

the 5 speaker together with necessary itens to design the voice coil by

means of the input means 1. For instance, as shown in the follow ng Table

3, respective data show that the nom nal dianmeter is 8 nm the wire rod

nane is a copper wire) the wire dianeter is 0.06mm the maxi mum coi

dianeter is 0.08 mm the nunber 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 fromthe input nmeans 1 such data as an exanpl e of necessary

items for designing the voice coil. Besides, the contents shown as Table 3,

which are the data it Y. u d

Ui oh ars the data KPS Gha ewhpRLb: BRI AL B0 1.

di anmet er mBVietifig bt vvidtadotl i@remWodeMénis ofitheriveneioh. 06Maxi mum coi |

di amet er mD. O8Nunber of |a erslLa er(s)2Bobbin material Pa er Bobbin

t hi cknessNB0Bobbi nFamré Shnwmaxlsmmle ¢fedn pavingeont cirwisdor ohtabning vdrinus

mndthnnVVndln nunber, Turns)W.re, |l en t rect. current resistance (DCR)S2Coi

massniot al  HESARRERChayarieEstopf theispea eéfr in AR adimeBts ofithe R teRHOB~ H And,

coil calgulation ne?%§7%gagg &gﬁiﬁhé% %5& n by substltutlng necessary
i'n

data inputted from ut neans 1 or o atl ng the voice coil 5 shape
into a plurality of m@ldlsraadlaglﬁaﬁ bﬁlﬂm‘héﬂil&;&%b@ﬂ&n&ér{étﬁ@lﬂcmtt he storage
means 4 respectively, with the result that the voice coil shape is obtained
(Step 4). The pl ur alfig.\9 &f a digramashomting idatp éx de@ds wireshdrsthehoagnetse flive

fol |l ow ng ressions_ 3 and 4, for exanple. Expression 3 of those two coil
cal cul ating dg%ﬁ’ﬁﬁégg?wqrgoﬁefﬁtﬂlﬁﬁﬁneél%%‘ﬂtrﬂsﬁépﬁﬁfed(%’é‘)t as an exanpl e of

the voice coil 10 s ession.4 is to obtain a w.ndin W|dth
(W)~ Expressi on 3H B9GP RuraEERHRE L ab aped EPR A ApBateE bEthetifet o
X W ndi ng WegidogWkent-Bobbi n Mar gi n( Hos~ 12 Expression 4: Wnding

W dt h(Wc~=Max. Coi | Di anet er (Dwrax~ x W ndi ng Nunber of First Layer In this
case, the coil cal cligtibis natingrad? eeplatning drhepemationl aft thd speakést shpidrat

as an exanple of the voice coil shape, the bobbin height (Hvc) and the

wi ndi ng W dtappayatey imthke second ﬁmbad\@lellt84 mn respectively, and then the data

is displayed on the ay 3..And n e are occasi ons n the. user

ot s piral pat t oF Bt hactizehy Tokite hF GG TAGSORE Jofibe RGP and

conpares re sed on the plural patterns. For

i nst ance, %gggéﬂg\ﬁgpsga;cu%:&?a%?o%ega{uﬁ%%kg%ﬁﬁhel ght (Hvc) and the w nding

wi dt h (\MSC), the us@ig.i 1ipist didgiea xpldifingSedch Mbinbbr EQEPGLELE Vike Mlghestic Of

the maxi num coil dianeter (Dwrax), the wi nding nunber of the first |ayer,

and t he boblﬂmuttanghﬂSQqelbsl)endmdlmemﬁnfrtbellnwmtloms time, the display 3

di spl ays the result% of cal CH] ati ng t he babbi n hei gr%t (Hvc) and the 15

wi ndi ng wi dth (Wc) 1% H&Fi“@r owiRg ERferrursing frpgbenegrharagtegistinof one

fromthree %?%5 er1§1t9¥sé’ LAY %%g n(g-t;%%lile Jc2 (Step 5), and the shape of
[ 0 l? exa (1 fm

the voice c ape @™ In additi on, according to
the data that the @Qé"l@%'s addﬁg?atn%hév'@m% t%lmb@&ax\{!erf?ed&ﬁcﬁ@lﬁ@rabﬁer%tl@%per
wire, the wire dianeter is O the maxi mum 20 coil dianeter is 0.08 mm
and t he 20unizpealodr ihdhe sscond edthodinentcafithe davetitioat i on means 22 obt ai ns
calculated results that the direct current resistance (DCR) Re is 7.32 S2
and the inductance IEé8i ¢l60.190@1 1diagrean hawissorthe heownd epxesgyier digquency
reS|stanceadthe|nd cta ceL |sd pl display 3. And each
Lol e aCt Rt RRRRGS b Pt Rebnd ButPoiSft didfe iRt XL food

respectively as a 13



resi stance val ue and an i nductance value of the coil, which are electric

el ement parts of the after-nentioned equivalent circuit (See Fig. 6). Based
on the necessary data for calculating the voice coil shape that the user
inputs fromthe input neans 1, the coil calculation means 22 al so obtains 5
calculated results that the gold thread mass is 0.2 ng, the w ndi ng nunber
is 45 turns, the wire length is 1.21 m the coil nmass is 34.1 ny, the total
mass is 37. 34 ng, and the maxi num di anmeter of voice coil is 8. .69 nmm The
results thus cal culated by the coil cal culation neans 22 are di splayed on
the display 3 in the formshown in the follow ng Table 4 together 10 with
the necessary itens [ he user.
Tabl e 4 Descri tlonbgﬁ% 0 J%EF??%E?EZK%%?ﬁgﬁﬂghéggggégggg§¥£érod nameCo er
wireWre di FTRSTEMBCDBIMENTUM coi |l di amet er 0. 08Nunber of | a ersLa

er (s) 2Bobbi n materi al Pa erBobbi n t hi cknessNnbOBobbi n mar ' nnm0. 1Bobbi n hei
ht 2. 93Col d t hr ead Tas llowinisn dikplain dibontria Savfigetationunber ?Heab“)ﬂéwgle | en

hml. 21Direct current resistan S27. 32Coi | nmassnB4. 1Tot

massnB7. 34MERPPRKG; aRPaghys 4p ?C’P& %F‘r’ﬁ‘?%t @de@eeblﬁ"g?ﬁggﬁc‘f’% OBS’C?PO“

Besi des, xco f the diameter of the wire rod of the above

coi | are5stg§%§ﬁgﬁ%?ﬂﬂp ?éﬁgge nmeans 4, either one of which is selected by
the user 14 by megys PEhéWe asRheshtibGoAR2N&tibA. of TRE spehkéa! @sbigSuport
regarded as the data that the user inputs fromthe input neans 1. For

i nst ance, t l@patatnagds sbaws il Bigoil ethevsleaker désifn Gdppont @p@ﬁatzm]coaxpdlses 06mm
as the dianmeter of the wire rod of the coil, and the user selects "0.006
mi by meandnput mgansg g, eadeyl h@omﬁsﬁ%s fs 151#?@’ 3 stQge s1eang da Aptidingrmeansd case
is shown as t bove &able %Se% The valu atd

Lo aaralonS endCaftaohRaling B % <Pife o thbuiied, PrBg T ot 1S,

from thqol NnRYbalkEaRs bt g H:%fotﬁ@ﬁ dNodiR¥n ! HiR B leﬂﬁvé whtiRgans
1, the otherBd%ta exg%bﬁk? eigﬁgh% | es storéd in(}ﬁe gtoﬁgge rrean(gﬁ lﬂ%

Exanpl es of prbedwirésofrthd speaies designbeppbitappheatad. i n the storage neans 4 in
advance. The user selects either one fromthose exanples stored in the
storage means 4 by dshefy qfwbe§§¢@tqrid¢glmmoat3apw usesueh a8l actesianay obe
regarded as the wire.rod nane that .the u uts fromthe input neans 1.

Next, the uSBPafSTpdRakery tlﬂ%“tépé%kté’re SRERT SARER: FUBRREhr HARAHE: YA EGH R
to present pe) € 2 C i

compos ng t RETLEEREAR GAAER BeBchiin ANEkpblich YrclRRRR 7 pokblil ppone
magnet i q5Ci nfakdr Bymeah 6f tHecinp P uleaf® aAriskela kEhodrd STRE éQyuifsindiitoWiach Bs t he
followi ng Table 5, respective data are that the plate dianeter is 7.9 mm
the plate thi dﬂan@ﬁ@', iastapged thimknebe aplaages SRk étairgdt sognSSn‘QgsuwDe armgaﬁeltred

di aneter is 4 mm the magnet 20 thickness, is 1, t he terial
i s neodymi urﬂ‘? %ﬁ—@&)‘m%éei%‘ﬁ@% pauGRCY snﬁxraflﬁé POBRE ’%‘W?‘G% BeReGallcey g

mm and the yoke, @ﬁ%&ﬁde%})&fn&sﬁﬂaméi@# a8 ih h&@&"(éteérf’%‘f*ﬁ )ngggm{{@ﬁf}s 1

such data as an exa necessar or des

circuit. ft? , mb A &%& SR xﬁéaJ@bltae %s&hﬁl%mmé%qdﬁbﬁqehtmm&“ﬁﬂ By tdH)e

i nput means are displayed on t he di splay 3. 15 Table 5 EESCfI tionUnit
of uant i20Val 1y ¢lPhtais 22 imnmes dizmatef,H) mine as bargkhdsckhnBs, 52 dB as tatget SRLSS41 Va
net di ametermv.4Ma net thicknessmil. 2Ma net mat eri al Neod m um

( BHTaX=35) YoRemsaswhndisteace:nBek Atz mppingyRe reronaneqriiparencyaf er 0-8-9sea )
Magneti c CIrCﬁ cal culati on means 23(¥§rforns gf ut ati %p t?

subst it uti nd?HBERTEy “Hat¥ PAPLIT I RT G ha&ng glﬁ‘ A% eftestave wibratipn i ng
the size of &Qﬁeg@%ﬁ 'tﬁ%gdx{tQHfs Lofith @olwzﬁg@amecl ﬁfp'ix%éﬂtbyct‘?aleq{{ﬂ)@tt hBfhs 1
expression stored In the storage nmeans 4, 1n result thé size of

magneti c ci raididisplayedidraiheatisflay@p 6). The circuit cal cul ating expre55| on
is represented as the follow ng



Expression 5, which is to obtain a yoke height (Hy).
YokeHei ght (Hy~=PI at eThi ckness( T, n~+Magnet Thi ckness(Tnm~ 10

Expressi on 5:

+YokeThi ckness( Ty~ The yoke hei ght (Hy) thus obtained by the magnetic
circuit calculation neans 23 is displayed on the display 3 in the form

shown in the foll ow ng Table 6,
by the user for designing the magnetic circuit.

tionUnit of uantit 'ValuePl ate di anetermv. 9Pl ate thi cknessm®O. 5P| at e

15 16

together with the necessary itens inputted
Tabl e 6 Descri

mat eri al SS41Ma net di anetermmi/. 4Ma net t hi cknessmml. 2Ma net nmat eri al Neod
m um ( BHmax=35) Yoke boremm®Yoke t hi cknessmm®. 6Yoke hei

mat eri al ~~ HG4fe Pesi des,
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he cogl, calc
ed byyyhe ma
QJEFTOF
T d

the steps of

n (Step 5),

) and sel ecting
ting the magnetic
t he excursion
ion means 21, the
n nmeans 22, and
circuit

ol I owi ng deci si on
ng Fig. 7. In the

the vibration of

whet her the

etic circuit.

That is to say, theAndamey,Geel B ptbsiFRARS obthidl @RI URET18Es 8f Slinsd@magh D 1

between the plate 72 and the diaphragm 17

body 751, which is shown in

Fig. 7, canegenresmtandat kgcuraiogendiwn férnhepliapleragéh choesosingg tlecapehkér¢he

di aphragm body 751 when the di aphragm 75 vi brates.

In the second pl ace

when the di AR sytndeside; anpaematelyevhethenithy disphragmy iauches the prrtecter ok
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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. Expression 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 requirements.

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

excursion and 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.



means 51 deci des whether a distance D2 between the di aphragm edge 752 and
the yoke 74) which is shown in Fig. 7, can be kept in the range that the
di aphragm edge 752 does not touch the yoke 74 when the di aphragm 75
vibrates. In the third place, when the voice coil 71 vibrates, the shape
deci ding 10 neans 51 deci des whet her the bobbin 76 touches the yoke 74 in
the vibration direction of the voice coil. That is to say, the shape
deci di ng means 51 deci des whet her a di stance D3 between the bobbin 76 and
t he 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.

Besi des) thqb&9g¥ﬁnpﬁplanation notes the deciding 15 step in a case where
the voice coil 1s provided with the bobbin 76. However, in case where the
voi ce coil is fMax. pxovisded(Xaanl)engjdobbin 76, the shape deci di ng neans 51
deci des whether_the voice coil 71 touches the yoke 74 in the vibration
direction of tExcyiereMaggin EmenlérXmpslx 8ty Kagtor 71 vibrates, In the
fourth place, the shapg decjdin ans 51 deci des whether the 20 voice coi
71 touches the yoke 741 é’ﬁ??%ﬁtion perpendi cul ar to the vibration
directior of the voice cqiky; e LSt I [ - a
distance%D4 bet ween the 86P€§;3%1?ﬁgﬁbgﬁégfﬁg%fgbén%%?gﬁgPgﬁQP§Q§ own in
Fig. 7, can be kept in thefrpiarte spbaltert he voice coil 71 and the yoke 74
does not touches each other. 18 Additionally) in the fifth place, though
the speaker shown in Fi g» 16°¢'P¥AH18Ed with the bobbin 76, the shape
deci di ng neans 51 deci des et her.the bobbin 76 is required or not to
connect the voice coil 7z 998" aphr agm 75. Those decision results by
t he shape deci di ng neansaﬁgzgkgﬁgisplayed 5 on the display 3. At this tine,
if any one of the five decision’itens results in a negative decision, it is
deci ded 1phat the speaker fshgguescyout of the linmted range, and a warning
is displayed (Step 8). And then, the processing goes back to a step of

cal cul ating the voi ce coul=Eficape fibrafibatliimeten2say, the user inputs again
to the speaker design support apparatus the command to present the voice
coi | shape ﬁ@qvéﬂﬁﬂh%r\Mtr1the necessary itens for designing the vice coi
by using the i he, ste i ding the shape (Step 7) is
re- execut ed. Fg?‘%%' r%l?g%goe%("\;ﬁg%z){:ﬁ’z(’s )é‘gae’%é’e%?gf%g means 51 results in that
Lhe bobbin 76 (Buldisn MRS O0hdn X mbUrbESpb M YAEm Ef) Tolokdhfee vi DI at | on
direction of the voice coil 71, the display di splays the warning such as
"touchi g to bott ont'y, =I5<Axp t(pj sweLatkty Aacerxgt)i ng back to the step of
calculating the voice coil (Step 4), the user changes at |east a part of
necessary itenms shown i nrTEastanee bedweee gisgarkny andemoansclor detecting spywprdit

necessary itens for designin new voi ce coil into the speaker design
support apparatus using th%ogﬁﬁﬁfpﬁﬁﬁﬁs 1. For exanple, the user changes
only the wire dianmeter fromg@0® 9ype 0.052 mm) as shown in the follow ng
20 Table 7. 19 Table 7 Descri tionUnit of uantitVal ueNom nal

di anetermmBWre rod nanme@y: Air dénsgW r e di anet er m0. 052Maxi mum coi |

di anet er 0. 08Nunber of l|la ersLa er(s)2Bobbin material Pa erBobbin

t hi ckneONNB0Bobbi n mar '@ m&w@ x1fBobbi n hei ht mGol d t hread massmW ndi n

wi dt hnmW ndi n nunber Tur ns V%re | en hnDirect current resistance (DCR) SZCoi
massnirot al massmvax. Voi d&° tHWeBYamet er mmVoi ce coi |l i nduct anceH

Consequently, as shown in 1 ol | ow T, 8s the calculated result by
the coil calcul ation neafs Fkﬁﬁfgﬁapﬁ%d%g%%Fﬁgheight is changed from 2.93

Smmto 2.29 mmin tWhén GRS ishlay OPIREHIEF: tRO appiéiin@tdexcursion 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



Descri tionUnit of uantitValueNom nal dianmeterrmBWre rod nanmeCo er
wireWre diameterm®O. 052Maxi num coi | di anmet er 0. 08Nunber of | a ersLa

er (s) 2Bobbi n materi al Pa er Bobbi n t hi cknessNnbOBobbi n mar ' nmrD. 1Bobbi n hei
ht 2. 29CGol d t hread nmassnD. 15W ndi n wi dt hmmil. 03W ndi n nunber Turns) 33Wr e

| en thnD. 88D rect current resistance (DCR)S27.13Coil massnil8. 97Tot a
massnR1l. 5Max. Voice coil dianmeterm8. 65Voi ce coil inductance ~H ~0.0001
After this, the shape deciding nmeans 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 vibrati erydidsfint | B9 RbaObCRIERINg MdanPEsi(GRD. 2)t R, HIRPoOELS RlaBEd 1019
the pattern (gtep 5) and the step of calculating the magnetic circuit (Step
6) may be ekaowtthd mitiarun kecietop ofd el oxhesiommargia ofshe evorsti-dasé Sesignd) .

O herwi se, after the step of calculating the voice coil (Step 4), the step
of deci di ngherer sheapdegtstlampreysiony? by mensyxeicaplesiing mEang lé@&fm 2hgAfsex h
the step of .selecting the pattern, (Step 5) an e step_of,.cal.cul ati t he
manet & oi FRRFEates §orad. B iREHL EagPran Rkl WERaR o Fusiels Bhaon
the di spkay s3icbaacHxpistils 1 95U thyleistRinY 1digssspRa4as dhnalARANS L,
after the step of changing at |east a part of the necessary 21 items for
desi gni ng t heaximuee eg@irkiont 418l tlecesnasipn inh@gin bHthadiphmgrg oubef whedata
circuit, or both of them the step of deciding the shape (Step 7) may be
execut ed. | Anputded hintheinput imennsily videtestesnlt thatthesanpapximate yakiea ef the
regardi ng all of the decisions,,that effect is displayed on the djsplay 3.
ATt P oo ST SxGIisR: A0T She SRowRIay v Rt e ianuRRe fre, 2ol ¢,
di stributi O@St{eﬁ.r 3t DEIBEICIAE cALLGHd rRIER Jispl @&'o%eﬁre Hﬂ?laé't §R5gether
followng to iS step are to nake arrangenentg or evaluating the sound
pressur aof r gtIEARY réqEkaaés] SFHIC idkatdae wiiRaakQsreadion e ddlkRed,aifdebilts

cal cul ate and evaluate the frequency characteristic, by neans of an

equi val ent ¢hatcthiet mghiovwm jemcisipn i8,0.4omneradphe exchirgion quargit &n9.63 i acui t
is provided with the relati equi valent _to.the tual relation anong the
voi ce coi l §¥¥%¥5@ lﬁﬂ‘d‘b[%% alagtlieéuléil? WP]faYEﬂ&Béth’eﬁp?%Yr\ge obtained in the
steps up to the step of calculating th%hgﬁggetic circuit (Step 6)) and the
di aphragm shape and the speaker's acoustic _System shape (e.g.) a shape of
speaker retaini ng|franme) Debaiptiore_obt ai [Méuito€ puastityl Waltee equi val ent
circuit shown in FDjgamétetray be stored 15 in e storlage22eans 4 as an
exanpl e of cal cul aThrmtekiekassi ons. In the shep of dal cusating the nmagnetic
flux density distihuddi@pr{Step 9), magnetic g ux dgnsigy|cal cul ation data
creating means 61[gfLaLia fibGhee data of| The vgice cailT apd shape data of

t he magnetic ci M CUBin! FosbhEndeFrdGuangy | clabte tgg,a e neB'b flux density

cal cul ati ng expref fh-stored—+n the storage ans—4) ed 20 on the voice
AL ower . H ad _f 5

coi |l shape and the¢fradRer obt-atrned—fromrithe respective
expressi ons as abg¥ ?ﬂ%ﬁuqﬁf AR Ret L+u*—e§!cu!atiu. Apans 24 performs a
conput ati on by suh¥fieetivg w@ram@ gmeter-ly; | sH¥Be datla el t he magneti c
circuit shape dat aMaxeHxedrsian t he magnetic fMMW dens)it%4eal cul ati on data
creating neans 61| Emtarsidremaeginetic 25 ff| ux sahcul atli fy68xpression to
obtain the magnetic S| j L J . j LLcuit
(Step 9). For exanpl%,gﬂgg’d‘gﬁo%y?(ﬁh%%%%Bﬁotgr{agés%%?gs %ﬁ dtl%ﬂy}g?g}{r :V\%lg% % on
for the 1589RethE stdridard AasighYardNtHeh@o:@eahdcdlle DS bh itRO display Barflerithe Fisgr 7)
in the direction of the thickness of the w nding portion of the voice coil.
The resul ts saleetschathlofi¥apresnionhd adidshsimulBaneblasle, the di stribution on the
positive side 5in Fig.4 illustrates the magnetic flux densi on the upper
side (the front siddf am0§§@ak§abue5@thq HAXHERHR LS LSO ﬁ&eexﬁag%?rhg

t hrough the mddle.in the.direction of .the thickness, of e nl .(see
Fg 9y i e oy AHpeR b ke Sented B el Rl Yif PR, BEibe
distribution on the negative side illustrates the magnetic flux density on

the |l ower side (the back side of the speaker) below the 10 hori zontal
surface in the direction of the thicknesdCof the plate ?2. In this way) the
magnetic flux density can be obtained for each predeterm ned portion of the
magnetic circuit by the calculation of the magnetic flux cal cul ati on neans
24. For exanple, it is possible to obtain the magnetic flux density val ue
for a portion A of the plate 72 conposing the magnetic circuit, shown in
Fig. 8 Additionally, the 15 magnetic flux cal cul ati on means 24 obtains the
pernmeance factor fromthe magnetic flux distribution for the nagnet parts
obtained by the calculation (Step 9). Next, force calculation data creating
nmeans 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

r o v Y - o o, o .



25 magnetic flux density distribution data into the force cal cul ating
expression to 23 obtain the force acting on the voice coil (Step 10). The
calculated result is displayed on the display 3. As showin in Fig. 5) the
result is represented by the relation between the displacenent value of the
voi ce coil moving froma statistic position due to the vibration and the
factor Bl of the force acting at the central 5 point (point Cin Fig. 7) in
the direction of the thickness of the winding portion of the voice coil.
Here, the graph on the positive side in Fig. 5 shows the cal culated result
of the force factor Bl when the voice coil 71 noves to the side of the

di aphragm 79pbseematdly wheth¥iAdihrfind tha kHE pRRURL UE (5d d5cAlleVand e
10 calculated result of the force Tactor B 1 when the voice coll ? 1 noves
to the side wiHethéretheclotee il vilsrasimgwhith thd-digphbagnh heuchas tigy mBgietdd citdigt.f or ce
acting on the voice coil changes according to the displacenent value of the
voi ce coi|l noving fNe#tt Bee swsex iiBputs podhe i peakiere degigh heuppoby #pparatus s
means that the force factoy B,1 changes periodically along . wth tine jf the
ST onal 1 npuPBRAS EnBPRERL 8 SHBPE (PRt P SRR L1 il PR P on
signal. Acc Lngl : [ SN’ L ate

oot - meags- SROACE WeptHF spoh HaARL LB JRARS s vG0k BU BPelye of the o1
an effectivenp@t aRahaql Por (SiteAcel bk sho@neihn fHacfoRbWRE THHe NS dcAGE Aata
corresponds to a coupling factor B 1 of the equivalent circuit shown in
Fig. 6. NextshowHbatitler nommal slidmetiehds 8 pemk Bre wasirgd rameppiera capppamata,lthd r om
20 the input neans 1 the data o diaphragn1%9ickness and diapFragn1gravity
as the neceddsf FlARLRE 1¥ GPOMEY| thRITARKIEIED 4P SrAmaRisT 13808 anmmbhe nupmbsr ght o
shown in th l:owi : hat_ | di [ essed 5. 3 and
di aphragm g?%}f'/e?% ;}Qlw’sﬂ%. ga;n%ﬁn'ﬁ%te hg?gs *’ %f)etft Itt %gbél?%ﬁt%l%ﬁlg%p%tm a’ngn%mel'he
cont ent ggof b-BBQi'r@mar?heisQ).EBdrﬁY?He QRer [1pull $RNAYhSinpAd meak@Pl 8uéh BRECEHE
tionUnit of uantitValueD a hra mthicknessNnBODia hra mravitm

/[ mB1. 3Ef f ecini esanbla ofi necensaryedemR Dom désignimg nths swicAfdodr Behidssg, thkfcontanie

di aphragm area cal cul ati on neans 26 cal cul ates an effective vibration area
Sd from an ehpwat py lapledat whishgprenshe data 4nputtpd byesherdppat meags Lhare
requirenents,.i nputted framithe input nmeans (Step 12), and then 5 cal cul ates
t he diaphraé“%ﬁgg%f?ﬂ$§ﬁé%¥4ayﬁé calcul ated effective vibration area Sd and
t he data of diaphragmthickness and di aphragmgravity. The effective

vi bration area Sd and the di aphragm mass cal cul ated by the effective

di aphragm area cal cul ati on neans 26 are di splayed on the display 3 together
with the data of diaphragmthickness and the data of diaphragmgravity in
the formshown in the 10 follow ng Table 10. Here) 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 t he di aphragm mass can be executed after 15 cal cul ating the nmaxi num
excursion and so on (Step 3). Table 10 Descri tionUnit of uantitVal ueD a
hra mthi cknesswh30Dia hra mravitm/mB1l. 3Effective dia hra m

aream®165. 13Dia hra m massnb6. 44 After that, based on the voice coil shape,
t he di aphragm nass cal cul ated by the effective di aphragm area cal cul ati on
means 26, and adhesive information for bonding the voice coil and the

di aphragm effective mass 25

11



cal cul ation data creating neans 63 creates the voice coi

sha

pe data, the

di aphragm shape data and the adhesive data that are in the formapplicable
to an effective vibration system mass cal cul ati ng expression stored in the
storage neans 4. 5 And, mass cal cul ati on neans 27 perfornms a conputai on by

substituting the voice coil shape data

t he di aphragm shape data, and the

adhesi ve data created by the effective mass cal cul ati on data creati ng neans
63 into the effective vibration system mass cal cul ati ng expression to
obtain as an effective vibration systemnmass Mrd the effective mass of the

vi bration system of 10 the speaker such as the voice coi

the cal cul ated result
vi bration system nass Mrd does not
as air. Next,

(St

ep 13). And

is displayed on the display 3. Here) the effective
i ncl ude the acoustic |oading nass such
magnetic circuit charact@abkt3 c deci di ng means 52 conpares
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-stored in the
e whet her the
ion is
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magnetic flux |QEHETRY DAWe ot iy ot od or lnot — and then $IRREBIATE
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density for tHéMaximumgoihdigmethe p| at e

72 cByposi ng
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deci di ng neang Bubbilemiati@salbased on t he

per neance f a

ct or Papens

| ated by the

magneti c fl ux |@dbbid eHitlodesgeans 24 and| t he per neancle factors@re-stored in
the storage ngafshbfh WaeLRAEr there Ts a posspfjlity Jof occuprgnce of

demagnet i zat i Qk%ﬂﬁlnggkpe_renperature changg of tThe magnet cpnposing the
magnetic circ 'éolafﬁhl%e%dhﬁgé,sg'wd. (Stept4)- mg decTisiomr resutt is di splayed
on the 25 dis h&ﬁwo. 207 t—this—t+re—whei 1t—+sSdectded—that the
magnetic flux |QuRSREWIdth, oy v ot edat—any—oBP i on—of the ragnetic circuit,
or decided thaﬁyﬂﬁgﬁﬁﬂﬂgﬁﬁrpossibi!ity of Dwrnie encle of the

denmagnet i zat i ddViredengihr ni ng is di spl ayed on® he dilsplay 3 _and the
processi ng goddibenticurrent nesistage @CRA| cul atRng thel voice coi] 5 (Step 4).
Ther eby, the prGdkmsasng goes back agaijn to te step that the juser inputs to
t he speaker dgsfogsl muggport apparatus firomtheginput| neans 1 the command to

present the vdiMgx.Oliiée STRDEmeGEt her

W th tig nece

ssary iten
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requi r enent sespuetivélgdwithcaihe trbeuli tipittthawaies cdil ahabd iR@bvdhed (3tep dhased on t he
effective vibration system mass Mrd cal cul ated by the mass cal cul ation
nmeans 27. And, the fd&ealnralyyofsodenlenlatinmesnrasienmnis dpvabeathe follewing

conpl i ance he.di aphr
systen) Cns
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the user inputs data for the acoustic
etc.
(Step 16).

e i osabodtecdet om m

a
system Suc

as t

And the di aphragm edge conpliance Crs is applied to a
cal cul ati on Kxpregpiarh& equi val ent circuit shown in Fig. 6, which wll

be
dge Cns =1
ss Md added

&bPWﬁ#%syzh%§§9@@I Y,

e speaker
into the speaker design support apparatus using the input neans 1
The acoustic systemdata may include a frame size,

rame and

an

t hr ough- hol e shape provided to the franmel2an acoustic resistance materi al

shape 10 covering the through-hole,
side of the speaker,
corrugated sheet or a flat sheet.

a protector shape provided to the front
and i nformati on regardi ng di aphragm shape which is a



Based on the acoustic systemdata, acoustic inpedance cal cul ati on neans 29
cal cul ates acoustic inpedance Zal of the diaphragmfront and acoustic 15

i npedance 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 resistance) the conpliance and the acoustic nass
(acoustic inertance), the acoustic inpedance cal cul ati on neans 29 obtai ns
an i npedance value for all of the resistance, the conpliance and the
acoustic mass. 20 Next, equivalent circuit calculation means 30 cal cul ates
a current value | on the corrrespoinding part of the equivalent circuit to
the el ectri qusyeisen and a velocity value V of the correspoindig part of the
equi valent circuit to the mechanical system based on the val ues obtai ned
by the cal ul Winding VERIth(Evo)alaeLdibDianespPimvex)el ement s of t he equi val ent
circuit (Step 17). Besides, the Rms value 25 of the equivalent circuit can
be a val ue known from experience forx¥HadingeVumbpnef £igst Layies speaker desi gn

support apparatus i the first enhodj t, and a j hput t.ed t he us

T o the  hout. meandn b gae e i GRisHAUAD B85S 55 bRRES U ltngied et pe
obt ai ned fy V) t i NEai6d LG ol I af, L h

correl at i52n %’gt’\/\%%%nt %gmlﬁ%guag?gl% ef’%lgéf r gl{rllmsthla\k/)g’ ?gé: ?gﬁg%dﬁ étlggt gjgﬂ%])t %%d the

el ect r onot i weindidgOwitdth (Warc) atis2.08 eamedinly1.6haiaaksidcsively, 6ad ¢hidratheodatedans

31 peforns a conputation by substituting the velocity V obtained by the
equi val ent dlisplayed emtladisplay8. neans 30 into the following Expression 7 to
obtain the excursion frequency characteristic af the diaphra conposi nNg
the speaker (Step 14yd BeWeiliern érergresions dvhel fis user ianitrelra pAtarn o ot i c
cal cul ati on : i %ﬁ%:ﬂ% SLO t he
cal cul at ed e@é%{r%r}g #tﬁ%?%gﬁlg#%%%@ﬁ% glcl:%/?ro ?&gt %Ogl tgp 8t e i a%)nhlsraeg]gé#&gn%smts

cal cul atgs tdaGeudaeH uised oRBYhE| flutall ittekBk. FANthstieeY & cAESof ERAUBARY the
characteristic calculation neans 31 perfornms a conputaion by substituting

t he current bohbirehéigbhb{Bva echdothetwimdangividthe(Wved,i theuiser ifputaltbrdegidtrnaeans
30 into the followi ng Expression 8 to obtain the inpedance frequency..

char act eri sttPcviich ragpestize wakues of dhe mogximmpy coid digpeter (Byanaxi the vitdipency
characteristic X= I j Expr ion 8. 20 | nce frequen .

char act or | st B thé Rt tby e Boi B 3pha R RERAPEE coPPRAR S b ing on
means 31 obt@iNRepldy 3t diSpRYL BHe Pé&ﬁ%%fecafl&ﬁ&ﬂﬁgg‘@% SR HedstS@H ve) Qhd the

di aphragm front, a voltage val ue across a predeterm ned elenent of Z& ,
e.g., the conppldimnetdthdWchforagich\palttenh. Herdipoh, the kdeg selctsStiger 2hp from

Li kewi se, the various frequency 25 characteristic calculation neans 31

obt ai ns, as thiee patiexhsphysingeselactinganegnd2 (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

7.32 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
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characteristic of the diaphragm back, a voltage value of both ends of a
predeterm ned el enent of Zg2, e.g., the conpliance, of the equival ent
circuit (Step 21). Here, the predeterm ned elenment is decided according to
the place that the speaker designed by the speaker design support apparatus
in the present 5 enbodinent is fixed on. Final deciding neans 53 deci des
whet her the sound pressure frequency characteristic obtained by the various
frequency characteristic cal culation neans 31 satisfies the target SPL
(target sound pressure) of the above requirements (Step 22). In addition,
the final deciding nmeans 53 deci des whet her the speaker 10 thickness

deci ded basggsiQfhnch aRCH#hd aANnHLEARBH TXIehel el @il JHith AR BlePRE H¥mbhe
various frequency characteristic calculation nmeans 31 neets the requirenent
for thi cknesar{sSifehe 2ftpr-mentivaed equivalent cirsuit (SeealFig. €). spl ayed on t he
display 3. At this time, if respective cal cul ated results do not meet the
requi rements, the wdasehgnihedmaspssaysdasm leh@l‘éﬂlng&)}h% veseepilagdape thet eby,

t he 15 th t f th St
2) or tﬁé‘)‘;t’tg%r%? SR Epm R bPSe BEhs & e RolipRiADy Stul 15518 Shipibher
re- executses caiaela%ta@%@aﬂmha%ttﬁpaom' Jhrammsagy woﬁrﬁgsme%mhﬁgenegw fegs by

t he above calculation s Iower than the target SPL (target sound pressure
I evel ), the tpr@gehe weregloagtibRck2l en,tthe csil @msefis 8allaub afhentgtdl ina¥sde 37t 84
reduce the mass of the voice coil (St ep 4), 20 because a decrease in
effective m&aﬁdﬁhhenwlmdmm@tyspéml¢ee@ﬂllﬂ§ G9man i ncrease in sound
pressure. And, V\hen,[&]ge speak t hi ck{]es(f] decj ded ba on the di aphragm
excur si on frequency té‘rF § calsylatedh by t’et‘ﬁbl tign| WEARY j49n arS
| arger than S. S N

9 d%hq §eq{ 95 knd bﬁﬁj‘é&e 35in fhe gﬁ&l sl%i\ﬁ‘glﬁ Pnd @?@‘LEE ’%fblé Hrfggéthelg

data in order 1O InCrease through met er
i ncreaseoi N wikROBS Récedbhry iftfimd fae dbélEﬁﬁ@%@%&e%ﬂYﬁﬂ&@e&l@yEH'&Bus]‘eE-afTE al | ows
a decrease in excursion of the diaphragm furthernore in thickness of the
speaker. In case where it is decided tHabld he cal culated results neet the
requirenents, hat ef gLl [ SP! ayea Iy BY Salgeefore the
desi gni ng of tf§_5 =h! et p:stlao conptet cdeﬂﬁl?g uilicla est g?:aapc ication is

i lmﬂj et,e tho dociob o JJBW b T ) ..tgn
printed out (St e¥-6—the—destgp—specH-catd -aelyaes t he speaker
i npedance charfa Wirgrod names ;o1 ped by the various—fr g‘?ﬁél.?&')w‘ﬁ% racteristic

cal cul ating nWhre’d1amW i rmpdzmrp chbract ®Pstic beconed-¥P cl ue to know a

fa-val ue of tHeMawankmacoil diameterri hed hbovemmy usihg t he &¥kpker design

support appar atNember dfdayériss enbodi nent , i Layies(shossj bl e to f3hish a desi gn

of a speaker wBdbblesmténiglguency of debigning a speaker, Paper |t nakes

possi bl e to deBgpbin Beickpeaker neeti ng| predetmer m ned requi rgents in a

short tinme. BeBdidn mdigihe abovenentipned fmst enpodi menfy,1 f he equival ent

circuit shown |ig,pi@hefghtS appl i €d as RN exghpl € of | The Salgdll pressure

cal cul ating 15m§§@% gne —draphragm EX stom carcutaggiy expression,

and the inpeda thpesd Mas \é f 3 i nvention
np :wﬁ} Cal L,’Lildt Mg EeXPresSsSTpr; |1uv Vet et iag:q

may adopt a pl ot PEs et Teaui-valent—eieui-ES S hor—i-hst-anee—+-he equi val ent
circuits are ffy?vﬂ&i%lé’rggﬁg—\meus—e%pezﬂﬂb(ﬁ)c fof the acHustic system
circuits. And J_\@&dggﬁh also arranged that tPe user| sel pm‘lzal her one of
plural equi val |dRiredicuexent gesistaneey BER) hboven®nt i oned first?-#hpodi nent, the
speaker design Gaibmass apparatus is propvidedngith the magr#tic circuit
characteri stic| Ttaal siasg neans 52, and {he nmaagetic circuid7.8bhpracteristic

deci di ng nmeans| M3x Oesitslesil Afaaidier t he pagnetmg f 1 ux| densi tggd pr each

portion of the VYRENE:] TdSletaoids cﬂjral ned by Hhe magnetl Co.bbex| cal cul ati on
means 24 is saturated oy not. And i,sti

ne Og U4 25 Cchar %fpt eri.stic
deci di ng means 52 ddtesHies, waéf%r«*xmeké §h%1d19&e%9 theyvige redyef the above
occurrence of, 1daerg% Nehiz3hs on,d gmtggnt eeﬁﬁéipc%eﬁé#wﬁmﬁ*}@“ Gel 1 g %,e”%%”et

conposi ng t & mag I'C CIrCUI deslgned e 'nv ron1s

not limted that the speaker design support apparatus is provided wth the
magnetic circuit characteristic deciding nmeans 52. In case where the
magnetic circuit 5 characteristic decidid¢ means 52 is not provided to the
speaker design support apparatus, the user may performthe decision instead
of the magnetic circuit characteristic deciding neans 52. Ot herw se, the
user nmay performeither one of two decision itens whether the nagnetic fl ux
density per portion of the nmagnetic circuit is saturated or not and whet her
there is a possibility of the occurrence of 10 demagneti zation due to the

t enperature change of the nagnet according to the perneance factor, and the
other item may be deci ded by the magnet circuit characteristic deciding
means 52. In addition, the magnetic flux density cal cul ati on nmeans 24, the
acoustlc i npedance calculatlon means 29 the eqU|vaIent CIrCUIt calculatlon
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As shown in Fig. 10, the speaker design support apparatus of this second
enbodi nent conprises input neans 101) approxi mate excursion 5 cal cul ation
means 102, preprocessing nmeans 103, magnetic circuit design nmeans 104,

i nt ernedi ate processing nmeans 105, equivalent circuit design nmeans 106,
frequency characteristic cal cul ation nmeans 107) speaker characteristic

cal cul ati on neans 108, output data creating neans 109, preprocessing

eval uati on nmeans 115, internedi ate processing eval uation neans 116, fi nal
eval uati on neans 117, 10 storage neans 118, and display 119. A user of the
speaker design support apparatus in the second enbodi ment inputs to the
speaker deS'bgnﬁ the 3PRAL URa¥id 130 e 8IMLH SAER FodaPlePas RRAKRA that
presented by’ the nobil e phone naker, by neans of the input nmeans 101
conposed fr @he as&keypasd froanthet iigut deans ThEof atpan@(TEHY Stotdgesnieinas stores
dianeter, a target thickness, a target SPL (target sound pressure), a
measur ed di yelreseof (04 memc@0panme endi@Smpeak e diametermelstheovirgapeof they
sound fromthe speaker), a mni, resqgnance frequency, Fs, a rati ower ,
om nal || &b eet ol SbracD e Gy B Fnd bt eblecte o 1EaTie op
101 in Fig. Specifi.c S ] t Lr in
the foll ui Sorrslsy Sepipbledfl ek g HOgous BB LGS Eablp ! GOF by, SR

t hi ckness, SALh@B“®006 digetis SFatd hsNdaa dremeudiathetdrs bR wiOfbdHef fge BaiNI MUM
resonance frequency Fs) 0.5 Was rating power, 8 S2 as nom nal i npedance,
and 14.5 nmisgutséd by the @ser fyomt therningumeass 1. Berayghe sisef maenpwip by usieas
101. And the, contents of the Tahle 11 inputted fromthe input ans 101 are
di spl ayed oihe HBPW: &ppany b the othenatajeysent the pramplesistoredniny thy storage
uantitvalue@%gﬁgggranZTar et thicknessimmbTar et SPLdB82Measur ed

di stancenilM n. resonance fre uencHz800Rati n ower W). 5Nom nal im

edanceS3QEf fective wah@léonf ¢he Rk il lithreddXan BECAHIGS | ROTHENC Wi sRizap@r gi N
~~ mm As described in the first enmbodinent, if it is possible to obtain
appr oxi mat e wednsesinoddvanee.fihd memnselectsreithen oaa droih thoa exsmples soaediin thor

t he di aphragm conposi ng the speaker, the user can deci de approxi mat el

whet her 5 t FEoragaphearindt byciing the sglestingimeans 18hdhepesdecied ong Wast beer

the voice coil vibrating.with the di ragm.t ou s the.magnetic circuit.
Ther ef or 6, eheeistaR cbe it i e that o, RS Komishe BRE TR MRl mont i s
arranged so as (0 eXGGHl end ysst iAPuAPRS QKb BeRkEX QUEShOMARLE WBhiAl, "
obt ai ni ng t he maxi mnum excursion a H t he excursion margin of the |apﬁragm
conposi NG t kemapaak €s prédemt 19 st planxéxmibisle eofCihieSsitipel af alb aha@ieticScircuit
expl ai ned hereinafter. After the above requirenents are inputted, the

di spl ay 119 cdinppsiagshe spealprrtogétiat etk pegegsarn ibeahe fdradesigping preeswigneldc

db i .1 d 2 f. th [ |
Cal cul ati ng OBFOBLWORE Gat Mdgnesnert (BBnpages 23y herar St o LEnE bliye
means 118, TeseLuo. X 833hADR LS BXRLANNSY d RedSib Nk BiasTReg S0t

and Expression or “obtal'ni ng ‘a naxi num excursion and an excursion
margin of themSttRAqALE HR$EEA 12894 EXiHeCmabAst dianfetbOlis JDf 2 figk ehapl¥t MUM
excursion and an excursion nmargin of the worst-case design. 34 Expr essi on
1: Max BOcurtbicknegsxisakR-mm, /thp ngagriet ouatsriah idvheaqdymiantBmaxrai] the Saket y
Factor v=2xrxp/ (po xcvxaz) 5 r : D stance between a speaker,k and _neans for
det ect i ng S(hggqjgspi) mm, the )yoke thickness is 0.6 mm, and the yo%(% materiail 1s 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.
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fromthe speaker p =10~SPL~zo~ x2x10-5 pa : Air density r,~=2xnx fs 10 fs :
Frequency a =Effective vibration dianeterl2 Expression 2: Mx Excursion
(Xmax2~=vz /( jcv x Safety factor Excursion Margin (Xngn2~=Xnmax2+Conponent
Assenbly Tolerance 15 v2 =2 xr x p/( po x co x Safety Factorx a z ) r

D stance between a speaker and neans for detecting sound fromthe speaker p
=10~sp r zo> x 2 x 10-5 po : Air density 20 w=2x,nx fs fs : Frequency a
=Effective vibration dianmeterl 2 After the display 119 displays the two

appr oxi mat e- excur si on cal cul ati ng expressi ons such as the above Expressions
1 and 2, if the user wants 25 to know t he maxi mum excursion and the
excursion margi n of standard design, hq‘a%fbs or she selects Expression 1 by
means of sel ec ans 111 (Step 102) if_he wants to know t he

maxi mum excur s nﬁg LpAbORy 1 S ‘galt@ﬁquam&lm wor st - c¥alBedes; gn, |he or she

sel ects Expresiflote diametercanls of e seldcting neans 111 (B8ép 102). After
Expressi on 1 orPlatd thidaelesst ed) t hexrappr oxli mat e _excur si on _c@bgul ation 5
means 102 obt aiMatepptaidlmtie val ues of tihe maxi num excuiS§4en and t he
excursi on nar diNMaghet!di®mdicaphr agnyliy usi ng data necessary g1 the

approxi mat e exiifh S A ntdnesl AT T ONLQIT Of [fhe data Tnputted;hrom the input

nmeans 101 and P RGled] EXPr essi o 1T or cal cul at ed

o al erial Néodyrliah Eifhaxs %
result is disp %4?‘.1%’. vmglt(n Llui}c gui rements. For
i nstance, whe E toR—i--s—1b-Seteeteth—t—ean—be—obt a' 'd cal cul at ed
results shown %Hé ‘Z{ £ that 84t he Aaxdrum-excurst on-9£€10. 45 nm and

t he excursi on M_}ﬂght 0 69 mm HHY such results are displayed on the
display 119. Th¥okeapateried result (the contents of tabl &5#3) is stored in
an approxi mate excumngigptfcl Liecit %a%lit'ﬂzﬁl HhOfrR083 RAfTms1 §- cc;lx_ﬁ‘;%t‘ﬁtﬂ)g Bescri
tionUnit of uantitVal ueD ametermR2Tar et thicknessmmbTar et

SPLdB82Meas Lsmbslmtiltﬁt@nemmd\rbr rdata ésputaed frobt haippat FsdB30D Rat ¢alculating the

ower W). 5Nom nal i m edanceS28Effective vibration dianmeternml4. 5Max.

Excur si onmmizesitbe maeagtipgircuit ipto mognefi¢pirauit ¢aleulagag eﬁwsyen@mre%m h of

01 €551 S0 3088 BAShE B B0 Sy By n S RSk 19, 0

The circuit calculating expression is represented as the following

Expression 5, which is to obtain a yoke height (Hy).
Expression 5:
YokeHeight(Hy)=Plate Thickness(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.
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36 I f the approxi mate val ues of maxi mum excursion and excursion margin 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 whet her 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 a shape (size, for exanple) of the voice coil conposing
t he speaker together with sone of necessary itens to design the voice coil
by neans of the input neans 101 (St ep ]I%leGAnd t he user selects the

remai nder of tﬂ ﬁe Cesoary ILﬁIIR &-u ueatl' IAFALIIE VLvéle T,‘(-Jhi Auu:t of the

pr eprocessi ng (e .aL S€ L}DL (See—rt+g- St mt,z fin the storage
means 118 by Ame 5 ans—11 of t+he—n 8.'{ nmeans 101
(Step 104). Fog Pl 58 j j ter either one
of "10 mmi', " flﬁ?ﬁ'mate@almﬂ' and of tlhe preprocessi n@SAAI cul ation

dat abase DB2 sitMagaptidiamhtersi or agmmeans (118, as shown in Tdbl e 13. By the
sel ection of t{Hdagmetithadkndssainet er mmhe val ues of the otherlRtiens descri bed
on the sane |i|Magsettigte?idl sl ect ed noni naNedliyariaicBHmexa3®HqQ sel ected. For
i nstance, when ¥4 yéser selelcts "mi' ds a nom nal dianetgr, 10.5 mmis
sel ected as an gifUtlickdesdTetler of pfie voijce coiT (bobbin bgge)., 0.1 mmas a

bor e t_oI er ancefy /Y, di }'ﬁevm Sg] - 95 s Setectedas a di anfg3 r of the _pI at e
aagprj,a: i} :t']'

iy

conposi ng the t—12- s as—a bore—of Llsls Y9 ke conposi ng
t he magnetic cirEGREETS rg—+s—as—rass—of —an—25 adhcaiVUﬁéT bondi ng t he
voice oil and the diBephieagthe &Horvecaplamtmncaoteasbatiegstep of dabatlating theer
selects "10 nmm' as .the nom nal dianeter, this enbodinment is explained.

Here, the ndﬂ@mﬁt cArcaie (e | lér?xaﬁﬁﬁéﬂf%t@ev%ﬂe%Of)PalFH]é‘tH‘igaW@t ¥ico £oi he

voi ce COI 13,5 nal Nomi n d| apet er obbi.n bore
(i Bor & 5% ol (P s A, BRAPE B ErBGIH RihrbRTehohe™t RFpacHaMAai e

(rrg) ~ 1010. 30;ch%of Be0hmal doldctfil aaxegrﬁkét&tss)qnaytg;%xé&n;&;ftémeoaeglﬂf -

The user selects as a wire rod nanme either one of "copper wire 1" copper

wire 2", "CQ:[aDmﬂamgﬂle&hagmﬂzmrcuﬁf(StémG)pr eprocessi ng cal cul ati on dat abase
DB2 stored in the storage neans 118, as shown in Table 14. By the sel ection
of the wire rod namdexthbased)| ane they maptrmugy preqursipn randdhecesavasion matgen ofne

line as the el ect ed re als el ect ed. F nst ance,. when
the ueer sel et aP'&'é‘ﬁBbP%l?"é{ b 56 Goragth Genianen 6o dhmiHesvaet i od
as a W reg d's@{&ﬁé RLize) ot BRI By theP e dTPEAIPHTLER the dHsMPE LG tHNH abh &GSt 3°- O

is selected a
shape (size) obtained by the magnetic circuit calculation means 23, shape

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 diaphragm 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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resistivity, and 0.02 is as a nmass ratio, sinultaneously. For conveni ence,
assum ng that the user selects copper wire 2 as the wire rod nane, this 15
enbodi ment i s explained. 38 Table 14 Wre rod DB Wre rod naneWre

di aneter (mm Max. Coil dianmeter (mm) ResistivityMass ratioCo er wire

10. 0500. 05540. 50. 01Co er wi re 20.0600.06535.00.02Co er wre
30.0700. 07530. 00.03i..-. The user selects as a bobbin material nane either
one of "bobbin-less", 5 "resin 1", "netal 1", and... of the preprocessing
cal cul ati on dat abase DB2 stored in the storage neans 118, as shown in Table
15. By the selection of the bobbin material nane, the values of the other

items descr |lg,gg lggrll &nghqggﬁo&hnﬁrﬁ? 7 Bgn ﬁ@'kggtlt &%&%Hg@tmttgg ﬂtﬁ@n@o bin

al so selecte I NSt ance hé “user ects sin 1

material nanmt todhtheakiapMegd Body 36510686 iedlaphrakth VHOibyafm®,. | i ne as "resin
1" is also selected, as shown in Table 15. For conveni ence, assum ng that

t he user sel ects "rdsithe sécond plaee, wishithe deapdhragin %vibratehttsgeeh@withﬁhe is

expl ai ned. Besi des, the nmeanin bbi n-1 ess" in the colum of th
bobbi n mat er\ilélra tioanef the veisn @ﬂ?%l’. féleas(i@ézgéim% meaas i laderidesnyvather Hbe

voi ce coid e ou Si-g bi | e. 15,.Bobbi n
rraterlal5 %@%%%glgggrla nane Q%|&%g%g?n1&$§sga§s%ﬂ’fégé%EPa|d 1§§

And as sone fpfafesEIRaHYEs Ivah%@ﬁerf 1AiA8ALO DKL tiBEN YRE Carthkm &RREFED URd
data, the user inputs fromthe input neans 101 such itens that the nunber
of layers i ¢hg, ydkee Tholliiich tilni shiowas $n iBighd, dan be deeght tine thobbhge thagithei s
0.1 mm The contents thus selected and i nputted by user as above are

di spl ayed 5 Harhisgmyedgs W2 does naktayighkhe yokeribwhen he tiaphsagng 75 vibrates.

In the third place, when the voice coil 71 vibrates, the shape deciding

10 means 51 decides whether the bobbin 76 touches the yoke 74 in the vibration

direction of the voice coil. 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 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 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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Descri tionUnit of uantitValueNom nal diametermmBWre rod nanmeCo er
wireWre dianmeter 0. 06Maxi num coi | di anet er 0. 08Nunber of |a erslLa

er (s) 2Bobbi n materi al Pa er Bobbi n t hi cknessMh50Bobbi n mar i nmD. 1Bobbi n hei
ht 2. 93CGol d t hread massnD. 2W ndi n wi dt hnmil. 84W ndi n nunber Turns) 45Wre | en
hnil. 21Di rect current resistance (DCR)SzZ7.32Coi|l massnB4. 1Tot al

massnB7. 34Max. Voi ce coil di anetermB. 69Voi ce coil inductanceH And the
preprocessi ng neans 103 perfornms a conmputation by substituting necessary
data inputted fromthe input means 101 for cal culating the voice coil shape
selected fromthe preprocessing cal cul ati on database DB2 into a 10
respective pluralit cohl € b i .0 S age
reans. 118, wi th t he Tt S R el MR o B Sl Bk e
105). The cqirbvidad citlathe Gokbinr Bk shehape elesidovg neank I7a de2idedvwvhéther the
Expressions 3 and 4, for exanple. Expression 3 of those two coil

cal cul at i ng bebbin Wasreguireshar het togonneciithe yoisebeil 11 aaf ghe dianheygmd5an

exanpl e of the voice,coil, shape nd ression 4..is to obtain a,wnding
Wath (we) . here) ihase deanpBaerdi by i ahans decidie biags a1 i RREFP o
enbodi nert . es:Si : | It Tﬁ@%ﬁ i5h ARaTRed -

Saf et yFa?t orolr:lxxm\?\i’%g#)%g %%?E?%@?ESS%P n‘iﬁ%ﬁ n( fﬁg@g{lgsm on h‘?tswxn%i ng
wi dt h(Wc~ Megatioé Heddionpitas deMaed that\Whe Ghegkdryiage i9bkt 6fSthe laNRed 2ohden
this case, the preprocessing neans 103 obtains the calculated result that,
as an exanplandof waheingds désplaied Shepd), Amdethienblienpiveesying gddsdackrtd atstep
winding wwdth (Wg).are 3.0 mm apd 2. respectively, and then those are
di spl ayed or?r*]_tcﬂ]é‘“fﬂtg’;ﬂ Vo1%8 ?Oﬂn&t%\ﬁ? 'f% lﬂstersa_éfaﬂ‘q WiSG NP Rts again de ttb? ns
O neCeSSA Yk AL B ISP LBBML e 1RLEEAEOl pRAERIPRLS, (FTRREL Ve

n
results cal c plural patterns. a case of ealcu aPlng

the bobhion Rgpahbr With ihedibkebdifty il B ddsiliding \UE Mice! EilEBy RBingeIHASInglht t he
itens are inputted in total by selecting "copper wire 1" as well as "copper
wire 2" shounmedns ITalotehéd 4tepsofidecidmy thershapa &Step A ndreaéwouteel ect i ng val ues
of the winding nunber of the first layer and the bobbin 20 nmargin (Hbs

L] (Hos)
except the above. A#OFingtancgavhem shejshape dedidmgymepnapd tesults a8 fhet the ¢ he
bobbi n hei ght , { Hv and the wi ndi wi dt h (W L cul ated egvery pattern.
rer oupon. ¢ ol e (B fhe Wies tHE FDiolohd< ey Ve, B 1L RS Vipafies deeBihon oL
sel ecting MgBRSoikd Lol T4 CthelBGPlay B WhshIdGs %ﬁ@%rx&fn \GRkE Gs ORJuchir¥totbeigRe Of
shape) is decided. For conveni ehce, assumng t ag the user sel’ects the
cont ent 945s hdwthiscabaphfeerl§oing batlbts tleniefiofealcul ssirgxihleatoisteoil. (S4dp 4), lthe
addition, according to the data that "the nomnal diameter is 10 nm the
wire rod namser sharmepet legist @ p2rt efecpisagy dieavesthon in Trld6 8 fomgesigringdhe mum

coil dianeter . is Q.0685 nm the nunber_ of layers is 2", the preprocessing
moans. 103 oBPife TS0 ARP LA e PR AR T (e BHE § HE™ QYaiesL Ao s Rt Spomker

resi stance ((Qgé)ﬂ Jﬁ?}pgﬁra} %{§u§ﬁsﬂ{édthte qﬁ%{ﬁtgﬂ?%%@i]clgorl'&a 19-180QL 5 c}Ei%%Qs

val ue of the direc resi stance nductance’Le i's di spltayed
on the di sploayy kA wiAhdifaétbr \FIn ®.08 nih &odd.05Z tm@yiak &ihowhnell SlafiiBwang the
i nductance Le is used as a resistance value of a specific electric el enment
and an i20duckabbe@ val ue of the coil on the after-nentioned equival ent
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 neans 118 shown in
Fig. 12. Based on the necessary data for cal culating the voice coil shape
data inputted and sel ected by the user, the preprocessing neans 103 al so
obt ai ns such cal culated results that the gold thread mass is 0.2 ng, the

w ndi ng nunber is 45 15 turns, the wire length is 1.2 m the coil nmass is
34 ng, and the total mass is 37 ny, and the maxi mum di ameter of voice coi
is 87 mm The results thus cal culated by the preprocessi ng neans are

di spl ayed on the display 119 in the formshown in Table 17 together with
the necessary
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itens for desi

gni ng the voice coil

inputted or selected by the user.

The

cal culated 20 results shown in Table 17 are stored in a preprocessing

result file F-2 of the storage neans 118 (see Fig. 12).

Descri tionUni

wireWre diameter 0. 06Maxi num coi |
er (s) 2Bobbi n materi al Pa er Bobbi n t hi cknessNnb0OBobbi n mar

t of uantitVal ueNoni nal

42

Tabl e 17

di anetermmBWre rod naneCo er

di anet er m®D. 08Nunber of |
"nmmD. 1Bobbi n hei

a erslLa

ht nm2. 93CGol d t hread nmassnD. 2W ndi n wi dt hmml. 84W ndi n nunber Turns) 45Wre | en

thml. 21Di r ect
massnBB7. 34Max.
user

current
Voi ce coi l

resi stance (DCR)
di anet er m8.

S27. 32Coi |
69Voi ce coi l

massnB4. 1Tot al
i nduct anceH Next,
inputs to the speaker design support apparatus the command to present

t he

a size (an exanple of shape) of the nmagnetic circuit 5 conposing the
speaker together with sone of necessarsrableem for designing the magnetic

Fermi nder of he-neerd e FIoRE e ¢ or ﬁ@éﬂpﬁiﬁt@ e ghBREe
the preprocessiypginat ligmeters, "dat abasd DB2 Afbe Fig—12) st&
st orage neans _’Mge_mclaamﬁp selecting nmeans 111 of HC&E’PQ?\WJlre
107). 10 For i|Néiredismetehe user inputs fromMhe | ndut neddH¥P2
shown in Tabl ¢ Mdxitmua call glastesedi anet dr i s An® mm |a pl at €.08n

mm a nmagnet (

| Numebeatofilsyefs 4 mm a ma

net Iayerlness

| ects the
ircuit from
ed in the

ans 101 (Step
01 such data
ickness is 0.5

is 1.2 @n a yoke bore

is 9 nm 43

Botbin makeidlhi ckness is

0.6 mMm~ t hossg

dat aPagerdn exanpl e of

t he necessary

'BoBbi fhedkiidgs! gni ng the

magnetac Ciro

uit.

Takjpg 18 Descri

5Ma net

odmium ( BHrax=35) Yoke

sel ects either
19 as plate
base DB2

at the user
enmbodi nent
ic field

is

tionUnit of udpLhYahUfRghat € di aneterqnv. 9P gl € Thilcknessnyy.
di anet er mi. AV el R AL KTESSTITE 2V T/et e eriat N
obbl PSS IN , M 5
bor emmBYoke ”'G’i‘d' SSTRU. O-OKe nergnt |- = -1 _- Z. The—uset
one of "netal 22 E,im..c?u'm —and——thdt—are -showl—n—Table
and yoke mat eriind essinB®Ral cullationdat
stored in the Wwdmﬁanwh% 118 For donveh @@p, ssunming t
sel ects "met al| Wire fengthe plate and yoke matemial ndnes, this
expl ai ned. Her ®irdcheurraghedsistafitel@CGERINSi ty () and |t he magnet
intensity (H) |@otl thags speci fying the physi calg properties of pglate and 10

yoke materi al g
field intensit
addition, the

Tolalthgssl9 Material nane

Ma netme

are shown in

flux densit (B)M netic

M. NRE @l coll2iRmBR6320. J0. 833[,Q0. 9Vgt érTal 2495. 00.6 In
%?Jecil'ﬁ&ﬁ&aﬁ&e‘ er one [of “magnet 17, gnet 2", and...that
ailre ZU d4d5S 4 Ifagrel  ITmatl T al—Tanme on t e CeSSI ng

cal cul ati on dat abas€omrruspdyetp showmin 51%&)?05)@@1%3‘%161818@ P@ku@é?d/é?ﬁuéfnce
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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15 assum ng that the user selects "nmagnet 1" as the magnet materi al
the magnetic flux density (B) and

this 44

enbodi nent

is explained. Her

€,

nane,

the magnetic field intensity (H) are defined in the sane way as Table 19.

Table 20 Ma netic materi al
net 1-10000001Ma net 2-20000002..

naneMa netic flux densit (B)Ma netic field (H) Ma
The contents of the necessary itens for

designing the magnetic circuit 5 inputted and sel ected by the user as above
are displayed on the display 119 in the formshown as Table 21. Table 21

Descr i
mat eri al Met al

net 1lYoke borem®Yoke thi cknessmm®D. 6Yoke hei

Subsequent |y,

tionUnit of uantitValuePl ate di anetermmv. 9Pl ate thi cknessmm®. 5P| at e

1Ma net di anmetermmi. 4Ma net thicknessnml. 2Ma net materi al Ma

ht nmvoke mat eri al Met al

1

t he preprocessing nmeans 103 pefornms a computation by
substituti ng necessary data |nputted f Mabld $1e |nput means 101 for

calculating t c.ﬂl?.TI Lﬁﬁ\ IIUL‘:E.%IIE\LDI L,lelf T %t‘.tLt‘+ ; 221*,5!]‘11561\ cted ]tl‘Ohm t he
prepr O.CeSS! ng S ARZEY a cl.L apaSe—PDozZ+61+—=C i fg—tne E ape O t e.
magneti ¢ ci r c i 2BHRES @mﬁ%ﬂf ic—cirouit caf ating expresdion stored in
the storage ned li'em‘hnﬁmenhf ain the sijze of 'éﬂﬁféﬁé&ﬁl‘t‘i(& ep 108). 45
The magnetic diWiadiameter | ating exprelssion™® reprlesent &0884 t he fol | owi ng
Expressi on 5, |Maxiewampbibdisametet he expressi oomis far obt ai0diénig t he yoke
hei ght (Hy). BENumbaiafiafers5 Layer(s) 2
YokeHei ght ( Hy)| Habbirehatdrkdless( Tp~+Magnet Thi ckness( Tm~ +Ypkpdihi ckness( Ty~
The yoke hei ghigdbbin tip8ltis§ed according to Ewpressijon 5 by ggle
preprocessi Ng (Fabs maseins 0 SPl ayed on tnenghspl ay| 119 1 ngifle form shown
in Table 22, t(ﬂ%‘Bb Ilei y TUEE | tted Ol | ected by the
user for 10 d L e nagnet+c——cirreut—And—t+ boll L,UI d result shown
. . ﬁcﬂ thread mass >, o ~° ~TT[oET Qe gl 0153 .
in Table 22 i 9 e preprocesSsthg— tH+—FHiHeF See Fi g. 12) of
t he storage W*m\amg?m Bole 20 Descriltionfht of luanti-t\VdlSieP at e
di anet er mi’. 9F>I‘M¥r¥d1$g\nﬂmﬂl’:cm7ﬂ 5Pl ate nn'rrgmmgﬂi)l\/hf |__1Ma_et33di amet er mv. 4Ma
net thi cknessmirefengtht material Ma net 1Yok® bor enmBYake 0.88
t hi cknessnm0. G ikest louirent resdst3ok@CR leri al Mt al 1 [Next. @Frkrocessing
eval uati on negrbdillthasgperforns a after-jnenti amed dedi di ng 18t9¥cless regardi ng
five deci sion |iMogfiembhased on the nmaxi num exeguy Si on 21.5

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

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

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 words, when the

warning 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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15 and the excursion margin of the di aphragm obtained by the approxi nmate
excursion cal cul ati on neans 102, the voice coil shape (size) and the
magnetic circuit shape (size) obtained by the progressing neans 103 (Step
109). 46 The deciding process is explained according to Fig. 7. In the
first place, the preprocessing evaluation neans 115 deci des whet her the

di aphragm body 751 touches the plate 72 conposing the magnetic circuit when
t he di aphragm 75 vi brates along with the vibration of the voice coil 71.
That is to say, it is decided 5 whether a distance D 1 between the plate 72
and the di aphragm 751, shown in Fig. 7, can be kept wthin the range that
the plate 72temeﬁ>rr&big&m%cmlé b6icslcaibhihaomBcoadyy TRinaMdenlekhaih aphragaey S
vibrates. In the second place) when the diaphragm 75 vibrates together with
t he vi brati oircuit, ¢riethof teeng,aihe sidp oft deeiding reodewsi(fitppelahaabé execateans 115
deci des 10 whet her the di aphragm edge 752 touches the yoke 74. That is to
say, it is decided J\M@%fwharwéfirﬂ%év gupnaesilineany pe MRFaiged degrd® and

R e A R e R
vibratesgs | pekhgtdphbf chiRllatifg thE SRadi@icVILE Bekdly diblriMhitds R 6Sthe! RBgnetic
preprocessi ng 15 eval uati on neans 115 deci des whet her the bobbin 76 touches

t he yoke 74 cirouithéStepbrodt iRusidbisy ettiei atepsf follwingi ¢ this | stéfh. aFhato irsake
say) it is decided whether a distance D3 between the bobbin 76 and the yoke
74, shown i arFEngementy for ¢jealnating fhe Roynd peessurggfreqvencytfharg@prptic vbthpes
not touch the voke 74 n the voice,coil 71 vibrate Besi de t he. above
ovpl ai e abgREt @b ARy oot it and duatbpte e TreqtRReh Sh T iste
proved to t ' hleqlival VENESD shdliE 35 FidNE Br LREmPRI. ClrCOYivdibnt S
not provide%9ﬁ¥?%ﬁfﬂgggéﬁb%ﬁ'76, fﬁé %reproceéé?ﬁg gvalﬁ%tion‘h%%ﬁg 1%5
deci des 10hetchenittib provitded with the/teldtisic b@avilbat yoKe méthal dehion Hnahg oe

direction of the voice coil 71 when the voice coil 71 vibrates, In the
fourth pl aceoicelveilphape and dhe myagnesic carcurshaparibatl a® dueingdsnibe\stemshar t he
voice coil 71 Eouches t he %gge 74 in the dineféio penfﬁgdicugar to the 47
vi bration ditP &Rt stsR Qfrcalrilaiing e mpgnetiqgircyit (3tgp S 4nd the diaghraes ghopfet her
a di stance i.ce i t k ! i 7)
I e e A S oM
not touches tRachredbifined Ahrlatdlpalhy equiPalbhecikddit BhqWiaGEFigl BaAbE Bored
speaker shown in Fig. 7 is 5 provided with the bobbin 76) the preprocessing
eval uat i1én nedhe stbidgabnenviesd ankhstetempldaef dabdubdtimgZéxprsssi@mui red or not to
connect the voice coil_ 71 and the diaphragm 75. Those deciding results by
the preprocessing elalthasteanoheadsidating the @%%BFM%WIWHESH&%W Stam .~ At
this time, if an ne.of ,the five.decigsion itens 1 t0,10 5 results;in
negat | ve. ded)SRBRER X ateli R BhE"er R meahd o1 SrepebT i e oF
limted rangge viite MRdHd Shdpe §HtaRIFanE dn hdifCeiftuftPintdhelbPm(apgiRaditOh-a | N
this case, the user 1 nputs again to the speaker design support apparatus
t he request magretedan dédwtyvaladating éxprbadien boged hetherdtbingehrediact Iaasd/
items for designing the vice coil by means of the input nmeans 1 éStep 104),
and t he 28t epnofhelcmieti goil t thapesantdaife magpetiexdrayiteghpmt «btaipey . frppyy the
i nstance, when the prepracessi eval uati on neans 115 deci des that the
bobbi n 76 ( GFSRETEVE GFRIESEBMT 278 %Fouches the yoke 74 in the vibration
direction of the voi (o] . ! i iL.ng: as
O &0 aghlbtic TR IciMRh hidnd!h 2 BlAY nda WBRBLIIAHEY

"touching at botto I'S case, e user change east part O

necessary i ts@pBtifuRing2thedR%deddilNghah b dabDh® tiOinhg SEt0Irduit dladpelald ctaatédput
new necessary itens for
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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designing voice coil into the speaker design support apparatus by neans of
the i nput nmeans 101. For exanple, "copper wire 1" is selected over again as
the wire rod nane and the wire dianeter is changed from0.06 nmto 0.052
mm as shown in the follow ng Table 23. 48 Tabl e 23 Descri tionUnit of
uantit Val ueNom nal di anmetermilOWre rod naneCo er wire 1Wre

di anet er 0. 050Maxi mum coi | di anmet er 0. O55Nunber of | a ersLa er(s)2Bobbin
mat eri al Resi n 1Bobbi n t hi ckness~50Bobbi n mar i nnm0. 1Bobbi n hei ht mol d

t hread massmW ndi n wi dt hmmW ndi n nunber Turns) Wre | en thnDirect current

resi stance (DCR)SzZCoil massnifotal massnivax. Voi ce coil di aneter mVoi ce coil
i nduct anceH M &gkict Becdif(Siedf 9 A bsartiRNA8 hhobwin LETHET 4, &S r&R@ANIH nd e
following Table 24 that the height of bobbin is changed from3.00 nmto 2.5
mm by t he prdisteibsitiog for émsmhg@RetiG 14 dendiapba tRd cBetsal poditian Unlihe &f in Fig.
uantityVal ueNom nal dianetermmlOWre rod naneCo er wire 1Wre

di amet er nD. D30 NhRiditastieniaf the thickaesmof UBsNindiee pertiom obtha soiee ceil 2Babbi n
mat eri al Resi n obbi n. thi ckness~50Bqbbi,n r . nnf). 1Bobbin hei htm?..5Gol d
R S N s e M PR NECES
hnD. 9D r ect . ¢ ug: .St m i .

Voi ce co?)I dﬁ?ﬁé?&?%&%ﬁ %%o@c@:gﬁgél i%g%@eﬁ%%ggf %lglﬁ (‘{I%f%?@‘tz%gé of

pr epr ocessi nfe ephliad) i Grer BN horizénth b -sax¥face RS singetinbaph othedgiddle Nt the

shape (Step 109). In result) the preprocessing evaluation 5 means 115

obt ai ns t he ddectishoof thesthickndsatoftthe wlothi7TR @ée Fog. Thanvidiecdiredidn #fl fheloes
not touch the yoke 74 .in the vipration direction of voice ¢oil 71. In case
wher e af fi r HiGkpEsHIRicibe; RIALE é&*ufet ecHAtTHI I, o ﬁé“dn?%ﬁ%ﬁlﬁ@ ﬂitiSff%ﬁS Phs
decision it j } A1t i spl this
dect i on 1 Skt abllth, 6L KRl ShoRhanonud Dol ahain iy fho LI
12) as 10 shRwWiohthl kalthée in/tHeSdiF@Wohlof &b EcK2as 6f HagWhte 7. TRRhR widl:, thieXt
the user inputs to the speaker design support apparatus fromthe input
means 101 t heaglete flox demsitsgli @gyphbeagibtiined kioe sacknoretdéterdirphpeagiongofivhd y.
For exanple, the user inputs fromthe input neans_101 those data shown 50

in the fol | cargRytivapbreaitiry therpaleylation althetmagnaticdiuy ealgdapipn megng 24n Eor
di aph ity i.s.1.3 gyl pnB., Besid th t f table 25

Gl op ayoq orfahmmpteiSin ngreiE T Shai Bsomagacti BEF B ke a PeoRRae a
hra m t hi cknggTHROM @oxﬁb@siﬁg\ﬁ%ﬁrﬂlém-éﬁfﬁ@%ﬂ)%ﬁ % Pioalgl AR ditionally, the

ar eamm2Di aphragm mass - ~~g e preprocessing neans 103 cal cul atés the
ef fecti ué vilsgidtion flakeealGalationmnaanefF4eobiaigs thbr périntsandé afaetoer frohd the mm
see Table 1) of the requirenents inputted fromthe input nmeans 101 (Step
111), and a|@@miccﬂy)ggi§§ribwéoquﬁhp dagenet 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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mass based on the cal cul ated effective vibration area Sd and the data of
di aphragm t hi ckness and the di aphragm gravity. The cal cul ated effective 10
vibration area Sd and the di aphragm nmass are stored in the preprocessing
result file F-2 of the storage nmeans 118 (see Fig. 12) together with the
data of the diaphragmthickness and the data of diaphragmgravity as shown
inthe follow ng Table 26. The effective vibration area Sd and the

di aphragm nmass and the data of diaphragmthickness and gravity shown in
Tabl e 26 are displayed on the display 15 119. Besides, the effective

vi bration area Sd becones a coupling factor Sd of the equivalent circuit
shown in Fi gbtfin thRbkRclGcHRECHA thb OViY teodf (Seantio). Vahbeldleulied Msult is

t hi cknesstmmB0Di a hra mravitm / mB1. 3Effective vibrati on aream2165. 13D a
hra m massntlisplajtend ¢rhilse displayt BieApsbprincimsEignd, thes vdsultf isl preszn(edeby Elheg .
12) includes the contents of Tables 24, 22 and 26. 51 Next, the

pr epr ocessi Aglatierrhetween thediselacement valueof the Fpise le%fm%g@&ﬂm \?'egtﬁﬁﬁ"b‘ér s

(which are cal.led ngdal i nt dat nt dat.a h i na te)
Conposi no. ¢ REg e e B P, afif ohn g B of t6TERb 7851e AZ B YRnySl
shows a B d3aAlGERRIC M PW. ¢ id DR IREARNL &F thb Eﬁiékﬁes'é of iRe %Hém@%%bﬁef Of
the magnetic circuit is explained hereinafter according to Fig.

shown in Fi ghe ¥@ice tdik magnetic circuit is consisted froma pl uraI i ty of
portions. For instance, the shape of portion Fis a rectangle and has 4
corners. The nuneralfkre e eeaph am the ppsitive side ianBigp 518hairse therpalenlaged o

has 4 cor noreeulf ¥ phE WireFasf " B Gtheny Bof Fote B0ilaT] fnes i hepaifene o
inparted to( H%ﬁxréﬁféloﬁge §e gaqya%?le tﬂéeif]eﬂtp' 1%%9 né&%nglggl$%§ d%%e 19

connectlng P a segnent connect1 ng

is defined lcalcamtam@suw:@ﬁmerisioarf@@cor Bhevked tie @icd &8l PREBRBS tdthdsile 7 and
the segnment P 17-P 19 is defined as 2:3. Those nunerals and the

pr edet er m nébe yokerE4.aheskavon é@lFlim & mbe ftctoral & ofitlenfordel &cting el viznvaice ddl
Under conditjons that (ﬁach ntglerreé{* respective. portion corners_ and the
ratio of eaChaRERGNANPTERE 48 ?PIPG\&‘?“%,‘Hr pe of the yougcsall mowme frgm the

nagnetlc Clr | a S, t he
nodal poi nt S&w:‘h%% %@%ﬁ}’ %3 a%lgga'gﬂlgﬁ%%%ﬁﬁ Pﬁ“en@ ‘{L %‘vgﬁ%ﬁgmf q‘n%l"g‘g 27
and stores tpta,@iﬁmcanga a%n’éhﬁl@ﬁ tiohd  the 3ighhl PRt ABE voRA LS kltBe poRAfhD-

12). 20 52 Tabl es 27 El enents

ELA2P1PAB3 P4leBRt2RoR4PaTL GeRdPARGREH gD, RAP o tRIbAE FERPhe RIS P4 2Rit4 Eite2 P15P
16P17P18ELG2P17P18P19P20ELH2P21P22P20P23EL| 2P22P24P23P25EL ~J2P24P14P25P26
Nodal poi nt aNPt-mesmysgssnveelus af e resiodigwhangaenforcel §mPl to obtain an

6. GNSP 104 4 BE AP GIKor B3ion ) HoR, e RGP (e S6TARER MRS 1o &
55. 6NSP1094-0§§p1ﬂ’1\ésP\]:€0943 Pox the %ﬁuwalent circuit shown in Fig. 6.

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

20 the input means 1 the data of diaphragm 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 thickness is 30 um, and diaphragm gravity

is 1.3 mg/mms3, are inputted from the input means 1. The contents of Table 9 are

displayed on the display 3.
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The above Tables 27 are explained here in detail. Regarding the el enent,
"EL" represents a nane of the elenent. The letters "A" to "F" described at
the right side of "EL" represents the el enent nunber. That is to say, those
| etters 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 enent
nunber is a physical property for a portion material on the sane |line as

t he nunber is described. The four nunbers described at the right side of

t he physical property nunber are nodal point nunbers showi ng 4 corners for
each portion. For instance, taki ng the region F of the magnetic circuit in
Fig.13 as an exanple, respective P 15, 1Bpibg P 17, 10 and P18) which are
described in the sapmeline—as—the element nunber E__corresponds to
respective P 15, P_16 Bescnptaqm P 1 Ummfﬁuamtw p‘éﬂﬂﬁ“ve corners of the
region F in Fig. 1Piaphreesm thigknepysi clal prdfferty nunh8® |adopts the number
that is inparted i| Pigmhragmegrawity he pl atemg/hxan‘“\/oke and3{ he magnet sel ected
by the user at th¢Eéfeetiveodiaphtapab argp f he nmeessary] i tens for designing the
magnetic circuit :LBiép&megmlﬂzgs The clorrespgndi ng frel ation between those

physi cal property n er t he ective ph cal properties of the
Dl ate. the yoke and At thisghttctive disaliagm srepiraleiaon,Benmart cairalates an
advance. Th ATols i itLon is
a nodal poi %tffenarreblbggggéeaprlr}%ssgir(nﬁj s)g:lagfii gﬁ%£lg%ivﬁwg‘8’r%p§3.}‘%§e£§€% gﬁ&)%rr%%éf)
The 20 nunbdrabdd 1) bfethel 1@QtirsindatsOinpubi¥d fréim ahs ekt POaMd (Btepbe), hnditEad i ng

each corner of respective portions "A" to "F' of the magnetic circuit in

Fi g. 13, bandalculatesrber réidpbeagmmaisalbhyed omthewnlodhtedredfeative mibrafigharesi Sk of
such col um, coor di ates |on each n oi nt are represenied by
the x-coor did®4t &M% § RN 1e<neﬁ8t%nf€adw§teegmr gl bhe egfsrtr&the
portions F f n

nodal poi nt %fgog a”%%?‘%‘g‘r@% (ﬁtﬁ‘b@f% Bﬁggc%@uat&% Ré%%%ér ion 4%%?}%%

X- coor di nat g cflc@Rioh e drsX0NA IS8y dSorPthe/ Midplah B 13geRNer RRtHtheRiatd off
the portion Fin Fig. 13 locates at the position that the xcoordinate is 6
and t he y- cabsaghmghethickridss 3hd thodata gfadiaphfaghdgrivityha therfbnnmph@vh(mahes at
t he posrtron that the x-coordinate is 6 and the y- coordr nate is 0. Besides,
5 the cdér difpidavaaeablg %#@r@dtheoefée&&we NBH&FIOBGF?R Forre%rpeéﬁutsre cgBpkingns
in Fig. 13. in Tabl e IS ,expl ai NS' s a nodal
poi nt nane afﬁ‘gsf r?Zi ﬂ‘}gﬂb Fﬂ'ﬂivéiff‘? ﬁbrct‘hte‘e’}}? Rl ie ad oﬁ ‘88% ‘% lﬁ)r{m&fre?tﬁgt‘?fia@?tetr c
flux density,idi&iiPAhe BffectdVeChitrBBo Ohes A1 hnd St faeaﬂlraéme%;gscahtr it
represents each position-coordinates name on a central axis line L shown
in Figs. 7 aatbulding theld¥fdctiee dorce ddtan(Saép e Fobhiigdtanss th@balbhlﬁt%ﬁlo@'eh@m |
pl aced bet ween the plate and the yoke. The nunber described at the right

si de of Nsefﬁeetprfes/ebnaslonherqao@dl aperthe AippbeagmTHEss i eant de seserutede affarber s
represe res tive position nunbers of Iur@d nts conposi ng the
central ‘&i £ art“tgn CAPAECTYD A XTSRS %%1931 t he winding portion of
the voice coil. For instance, a serial TQH@ti%r are inparted to 15 the points
fromthe top of the central axis | (t part contacting the diaphragn) at
specific interval 3_(e. gDesaliptiaf the hﬁx trof quantity dVa r). And the number
descri bed at the ril);tmhmgdretlndkrtebe nuitber r#presents t3kk x- coordi nate and
ycoor di nate of ea¢Dimsidakmpgianitynunbel pasgmimh. Aft er.d he preprocessing
means 103 creat es |@ffdcaiOdRphtden shabe il ank2 20 3 165.19 storage neans 118

in the way descri bbgd, & mhBe prepr ocessrnp? means J0g creates a condition
file F-4 (see Fig.ﬁg_rh_‘r‘_ra iom, ol (e _mag c flux density
distribution for th gHaat cb%qeiicﬂPtt}(eSt"éf‘r’eli@ Shﬂl?é’ (Pi?ﬁt giRphragm p@ss
condition fi] des ri.bed,.i TabI es 28, Tabl es 8 ) a0 tic
flux densi tfa "F %he ¢ rﬁ‘trﬁ'ﬁad f‘% i Calf‘gfarlé’f‘ GRS (F)é %ar(%a er?al
nameNs net i Gy bl iktRANEL boRUMR BBE | Goidd bl G Mehe @iapliirch aoomtae(ﬁoasa ate
material data Ma net material nameMa etic flux densit (B)Ma netic Field

(H) Metal 1240.00.6320.00.8330.00.9 (4) Yoke naterial data Ma net materi al
nameMa etic flux densit (B)Ma netic Fiel @(H)Metal

1240. 00. 6320. 00. 8330. 00. 9 The detailed contents of the condition file F-4
shown in Tables 28 are expl ained here. The condition file F-4 is consisted
froma command to make the magnetic circuit design nmeans |04 cal cul ate the
magnetic flux density 10 distribution for the nmagnetic circuit assum ng
that the magnetic circuit is in a symetrical shape with the y-axis as the
central axis, and the nmaterial data of the plate, the yoke and the nagnet
conposing the nmagnetic circuit selec;te~l at the step of inputting or

sel ecting the necessary itens for designing the magnetic circuit (Step
107). 15 Next |n the speaker desr an support appar at us of t he second

I T
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to obtain the magnetic flux density distribution for the magnetic circuit
conposi ng the speaker. After the shape file F-3 and the condition file F-4
are created as descri bed above, the nagnetic circuit design neans 104
calculates the magnetic 5 flux density distribution for the nagnetic
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 calculated results
shown in the follow ng Table 29 is obtained 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 tphickRess ?Ltat Q?eéﬂx{éd'nﬁ'&rﬁo BB %a%fs ttﬁ'@ VoPeC Coit ,OéﬂapeTBQta, the
calculated results of the magnetic flux density distribution are stored in
a magneti c diapbibagmehbpeidatad o tirsadHesiviel datitiat(sre &én Fh fori?dpplfcablectosinor age
means 118, and then the results are displayed on the display 119. The

resul t of tkHeqtivgneibiration eysthansinags ¢hlstlating espressioppgfered anoible stesage in
Fig. 4 and displgyed on the display 119. Besides) Fig. 4 15 is explained in
the first ef§d P%Ent, and therefore it is not described in detail in this

t he secopd enbodi ne 5 T 9 PQasiLtion :

(T)- 0. 8250. 038- 0. 7e88%0s g 7@8@3@%?@’7%?3%% g%%“.’ 33008862980 %0370.
3380. 0740. 328kbtitalidg 1O véi280col 50ape Math),. 1 diishraggnehhpe GddteUiahddes gn
means 104 cal cul ates the magnetic flux density at each point on the central
axi s in theadhested data ofeatddeby he leffegtiveamash calsulgitioni dafapwreating mfans i3

voi ce coil as descrjbed ahove, and al so cal qul.ates the value of the
magnetic fl ua&odilﬁsqffeytl%rV%@éwnp%Yé&é% dRAENEAICYBIIRE SPEISSIoRCtARfALY pE an

circuit. Accgrding.. ch | atirON, 1Lt ed S. DOSSI . i | ue
of the rragngﬁ?%wfe %&&’Qaé%ﬁsﬁyts ge% C%nr%sgé\il:ﬁﬁptp 8 glf} étr“gﬁ %égﬂﬁ)%r}{e iovéﬁl%tgghﬁ{é&ﬁlaég{ﬁet iC
Circuit 10Foghd B5daRBf SucH ACtheddoi® @il (h& MBHIARHIthe ChiewldeMsdduyt BaksH8yed
obtained for the portion A 10 of the plate 72 conposing the nagnetic
circuit as shahe displdsi §. Here, Bas ffedivetshleratmnciystene thase Minil dwles mhtinchhdee of
the magnetic flux density for each predeterm ned portion of the nagnetic
circuit is &h%@c%lﬁﬁﬁéwdﬂ%{nﬁésﬁ%@@@lé- circuit calculation result file F-5

of the storage neang, 118 (see. Fi.q. .12). The. net,l ¢ circuit, design ans
704 obt ai s the per NeShaBtFiTior PlasalerelE dreo s B RishPre il
density di sifddadit Hld AEndif}e fIFRCB! pdrilofPofl) magletic PHEuRIHIRRABE Syl Af OF
is stored in the magnetic Circult calculation result file F-5 of the

st or age 1geanfaghtlic fheealdulatidi mebng@ihaid thietdats hee-sgedin chd storagdansansy

distribution. Next, in the speaker design support apparatus of the second 5
enmbodi ment , 4tdseshiommeiniBigi Qtte bpracerétssiongodesids wisthemtheunageeficliut denatys t o
create data.for cal cul atin e equiyval ent, circuit. . This | cul ati on may be
xecut ed pr IbFAHEAS Gx ot S Shenghe degritn XPRih SIED B oneRRe it Th1

t he speaker . i i at efsi S k92 A" ABo@A¢1R0 Lajd on
by substi tutdle;rjlitgig(t1 h"gﬁe?gggg}igtlga&geggu tkor}?entqﬁg rrﬁgnet]ip(%hfo ux densi ?;Bﬂ

di stri buti oBofhPbsih8€hd thapRetie cireuit ish6whtin Rigr 8 sdtutdied FRGBEITHe Riapaetid
calculation result file F-5 (see Fig. 12) into a force calculating

expr essi2on sironiécchiaradtérgstniadeading measuib dealdes|twsedonr heuparnfeange Fadgomf

the storage neans 118 to obtain the force acting gn the voice coil (Step
115). In reS@iculated, by rthermagnptc Hpx cpleulationemgany 24 and theePEanansy fH5emt

(point Cin_Fig. 7).inthe direction of the i ckne t.1. i .ndi

bor t1on of " BRE Sogrd it b Sfordes BERnER Bletndf shOleCH P BGslindanSh elplghee of

di spl acemenigeMlsHeti Htidd Qu¥ Ao e CoinpePRNEE dhafBs lhahs ahsdtl ConfRaidd e due
to the vibration) and the relati on between the di splacenent value and the
force fact omd&gnkticsirghitvio henddsiemedolStepnil 8y Thableeisdth rebakt iolisilagd oreblat i on
(contents shown in Table 30) is stored in a force factor calculation result
file F-@5(sdésplay3. 12) of the storage neans 118, and then 20 displayed on
the display 119. In addition, the relation between the displacenent val ue
of the voice coil fromthe statistic position due to the vibration and the
val ue of factor Bl of the force acting oR6the central point (Point Cin
Fig. 7) in the direction of the thickness at the wi nding portion of the
voice coil is nade a graph as shown in Fig. 5, and then displayed on the
di splay 119. Besides, Fig. 5 has



59 been explained in the first enbodinent, therefore) it is not explained
in detail in the second enbodi nent. Table 30 Dis | acenent val ue

(m) B1(Tm-0.1400. 2106- 0. 1120. 2148- 0. 0840. 2182- 0. 0560. 2207- 0. 0280. 22210. 000
0.22280. 0280. 22220. 0560. 22080. 0840. 21840. 1120. 21520. 1400. 2090 As expl ai ned
in the first enbodinent, if the signals inputted to the 5 voice coil are
periodical alternating current signals, the force factor B 1 of the force
acting on the voice coil changes periodically as tinme passes. Accordingly,
the internmedi ate processing neans 105 obtains as an effective force factor
a root mean-square value of the force factor Bl of the force acting on the
voi ce coi | changi ngARPehiDdsal Whek 3t 49 debfiled B4 fHRCmIARhEHERixalSnsity is
processi ng neans 105 10 stores the effective force factor in the

i nt er nedi at eapurat@s at rapyr pertian bf [the Fmbgifetae cirtyit, o2 )decfdetl hthast thesges reans
118. Besides, the effective force factor becones a coupling factor Bl of
the equi val ®assibility: of pccaennse jof thy demgenedizationy, the wappingja digpapwedgm thee

voi ce coil, the di,aphragm mass stored,in, th reprogessing result .file F-2
(see Fig. 19)°PRNGS; RS (HHY GrReerDy SPs Rakas JbC o 8RRy oeing i voiceesl  and
the di aphr agsentHeThiMeBl BRI PrbEesRingCsss bitk IBARS0 AL sCdpPdlag$he aReingdata of
the voice coil, the shape data of the diaphragm and data of the adhesives
in the formepid sgalkee dedigaRuppdre Gippueatus firoad tloninpys nesansdsihecdimdrad tang
expression stored in the storage neans 118. 60 After that, the

i nt er medi at ®regeot ébe ivaige el rehape sogather withatheongrassary avems, fos designing they

th ted sh d f i il d . di aph ) d f hesi
nto he ef FBRb DD FRbrath Bhe 56t o te0 aun ErRHAYRE S 2Beitie TE A 1
as effecti ve %%Hnrﬁ%{b@{?téﬁﬁﬁge%ﬁ M{g the effective nass on 5 the

yg t er Ilﬁe t%

vi bration system o e spea e voice coil (Step 117). The

i ntermedpat e procesWig HERMeckRd Ha0'th6 rhiihetlel ot dvhsityi by aftueited y¥atam
mass Mrd in an internediate processing result file F-? of the storage neans
118 (see Fi gorti®) .of Tthe efdgmeticvaranityr and oleciledt thmtntlsge Msdnp spaskibdity of

di spl ayed on the displ§£ﬁllg. Here, the effective vibr%éiqn,systen1nass Md
does not i nCFEMESRSe Of DEs deragnezaiipny, grataindng | ateny ccalgylating yeans, 28

i nternedi ate ocessi ng eval uat | nme 6 res g i. |

denst 1y 1 or PeleRAEar PRSI ERPRad Do RRARE ThSe IRPRI Ll 1
circuit desisgfyap®afcank04 BNubdifufiabahRr fiSinAlif debbhdte BéQIcRBE FEENFHhel 18
as showmn in Fig. 9 to be a criterion to decide whether the magnetic flux 15
density 16s saquirahentsdnpntitd feoma thé émpulentaes 1 \andt the rval dee Mmag) hedddcorf bhex
density for each portion of the nmagnetic circuit is saturated (Step 14).

For i nst anceffeetivgaribraidon sestewr magsn Mndf calqpdated diyetiymassgalsplagionpmeans

ti i iyt inFig 8 it is.decided her .th tie fl
ensicy i 2 ot e Brshins Sayeinsaloa it BraShal St A BulEs bebe "
th t Gy 5 s bt o fipberdiati SEn9- h
st Snggggep:aﬁirlr@al%r%ghf §§?%%€§Pg‘g‘ gir gér%élrtléentgt% grﬂggg dr%rgglnlgé %?8)eln?hg Jl:'iggntbgp %le%l St e

processi ng e¥RuliRionoBtepars. Thé dkwilated nebelthierdisglayal of thepdispliabid.i The of
occurrence of demagnetization due to the tenperature change in the magnet
conposi 2§ t lkemplignes ¢alcwhtivgexpressibn igleapregyeaded by the follgyingThrnresser Bshon

(ROECAN TR ER LR A Y NV
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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at any portion of the magnetic circuit, or that there is a possibility of
occurrence of denmagnetization due to the tenperature change in the nagnet
conposing the nagnetic circuit to be designed, the warning is displayed on
the display 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 system nass
are re-executed. If it is decided that the magnetic flux density is not
saturat ed aqb?Q&mﬁgl@ortlon of the magnetic circuit, or that there is no
possibility of occurrence of denagnetization due to the tenperature change
in the magnet conposCogplihecem@ligphragni édpeiCms o 1N MmieqRynods)t)he

i nternedi ate processing nmeans 105 perforns a conputation by substituting

t he nini mum resonance f Megsidbfésetive vidiratipe sysew masseMmy addnads wish agguative

i nput nmeans 101 and the valxéﬁﬁhs based on thus 15 obtained effective

vi bration system nmass M i | i ance cal cul ati ng expression stored

in the skorage means 11?3:% \Hﬁrbé?)tn Bg@e?b@;eqm rocessi ng neans 105 obtains

the conpliance Crs of t ragm edge i ng system spring constant)
by this cal cul ati ongSubk&fuch ?) thelirGRpWsi s CorQi® dcbusticodyRebm Butk@s the
internedi ate processing result file F-7 of the storage neans 118, and then
20 di spl ayedpenkerifeanit splagc. 14®. theepeakdriiesigonyippartceppaad s wingige input
expression is represented, by the follow ng Expressiaon 6 The, val ue "Mrs" in
Expressi on 60§afnd (E“ﬁ%p eerPe ey acoyistic ptem dpst dRrvdacluipme fmmee Si7e 2R he
acoustic | O%Flar{%hni?oslg sha e? R;‘ov?deccp Hp*h a@&%ecmﬁ‘ a?ou%mq%s%s@aq:&:eergg% %53919 |ied

to the calcu °0n usi ng crr EUi

Expressiign Gov th&RBeouh- m@parﬁgmcaﬂgﬁmg@pmvﬂde/d( ¥Tehe f&%t %ide ¥f kRd Z )
Mrs: Effective vibration system nmass added with acoustic | oading nmass 5
Fs: M ni mumspeskoranané infoegution yegirtaig dihphraghhshammewhichpshsotraghted speetiker
desi gn support appar atus the acoustic data such as the frame of the speaker
by means of oriaelatigeeti ng means 101 (step 120). The acoustic data are shape

information of a fr ize shape of .t hr hhoI [ OVi edtot e.frane
(d ameter or dept i TR o T W AR R R AR
resi st ance r.Qlqe,

provi ded at e f roﬁ%gog%ﬁ%otggg%hgpg%l ame& & ot gﬁggg‘% f?mﬁ ﬂ%tg %Jrog\gﬁl%ed
to the psot eﬁip@aAnceemgloMﬁbheﬁgm Ibecldloaplliur@cgﬁvalant fAranitshowignt Big.6heet form

or a flat sheet form The internmedi ate processi ng neans 105 cal cul ates the
acoustic 15 i rrpedan@'@rahsitatmee,f when thadimiedabecKZot of Hbe dicaptalagntingiihgs an

d t t I d fact sh th
Fol 1 ovi ng. TABrEoRH S0 (B eiirh e SURRiABRey %ﬁ%ac?%t{%%@agé’ feagitmans
118, on the; E@ﬁ% e ¢ hﬁ?oq}%ﬁﬂ%lp%dﬁx el Qﬁlﬁn 153&‘ obtdifis G xﬁ?fdaﬁge

factor used e’ca ron I's selected from |rs correc actor,
second corr %lthé)férfaﬁ(‘df%e resistanéd) @8 cdip Ak @ndGha heodstic rﬁéfs%rfm e. Table 31
In ut itenvValueltemdescri tionPl. 1871Air densit [k /m 3] c343. 3Sound

vel ocit 20 s] First oNuxteetuionldnactionit edentadoni oreahacibrSealates eocnzent on

factorQ. 7Correctjion factorl 63 I n case where the equivalent circuit shown
in Fig. 6 i vajugban fhe gerrrespoinding 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 circuit can be a value known from experience for the user using
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exanple) the internediate circuit 105 cal cul ates the acoustic inpedance Zgl
of the diaphragm front and the acoustic inpedance Za2 of the di aphragm 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 internedi ate
processi ng nmeans 105 obtains as an acoustic inpedance Zal of the diaphragm
front the inpedance value for all of the resistance, the conpliance and the
acoustic mass. Thus obtained cal culation results of the acoustic inpedance
of the 10 diaphragmfront and back are stored in the internedi ated

processi ng kg dpdakler|Rsipn suboktheppalr2tiade teamst dhBodimehtFhad ateinp s t hen
di spl ayed on the display 119. Next, the user inputs to the speaker design
support systegnthe usehdérome the thpribodameht Aad ¢hé gerrentwaluerloanditse selotigy V
experience or a value cal cul ated back fromthe nechanical systemtans val ue
of the speakaR besthtainegy bysselpimeydhe eqwivalent,cirgpitt pr gopsiderafiomofithe The

o0 vl | Rt D001 LIRS, BT L o

processi B pHRRYSs 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 prejpasioassiraguaresutharticleeiskic 2caltdatibe RBanst & medorabe a
processing result file F-7 of the storage neans 118. As described above,
t he i nt er nedpaputaliarne by siubgtibuwiing the jvelocity 7V sabbpimed rhys ploe eayivalenit itewst  t he

direct curren si st ance Re, .the.i ndquctance Le, the.c ling factor
8 1 e aalenltios” AR Ao b n CUP Ve EprERR, ! o IR R Re dfidreich

[ f [ f i d
Che 25" Scondigiient hAFBAR bf thIDAERERR Sondlosti® il RIS NeRN

fol | owi ng Tahreherdor§Athe vatidie BEqidgrdhata@®eristid edllliatioff mbahd BYaldds[d r ect
current resistance of voice coil ReS~27. 0l nduct ance of voice

coi | LeH0. 015Pevifie vhhet tr thfe maximnnf axcursipB| ofnthe 7@l flatedi exguvdion dtdquensy st em
eSO, 02 L SIERETAGSELaN S, ST e CTEn I, QL g, 5t o
o) SO A 40600 HRSAAN Sl AR Wlgion monns, 31 oy
31. 00E+06 | Rombatdiex bySuBBtitutihgdihdedurtéht Gl SBt@intdr ot dqueehlenNtCHreuit
characteristics of the speaker, the speaker design support apparatus of the
second dfbodhlmidtiors means 30 into the following Expression 8 to obtain the impedance

frequency characteristic of the speaker (Step 20).

Expression 7:

Excursion frequency characteristic X=V [(jw)
Expression 8:
20 Impedance frequency characteristicZ=E /I
And the various frequency characteristic calculation means 31 obtains,
as the sound pressure frequency characteristic of the diaphragm front, a voltage
value across a predetermined element of Z,1, e.g., the compliance, of the

equivalent circuit in Fig. 6 (Step 21). Likewise, the various frequency

25 characteristic calculation means 31 obtains, as the sound pressure frequency
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5 arranged so that the equivalent circuit design neans 106 cal cul ates as
follows to obtain a specific value regarding the equivalent circuit using
respective data stored in the internediate processing result file F-7. The
equi val ent circuit design neans 106 cal culates a current value | on the
correspondi ng part of the equivalent circuit to the electric systemand a
10 velocity value V of the correspoding part of the equivalent circuit to
t he nechani cal system for each frequency by changing in frequency the
alternating current power of the equivalent circuit, based on the val ues
stored in the internedi ate processing result file F-7 as the values for

respective %h%%”‘%%t&f of NS UUMALERL PGLE CY! LoRAQM AT F3fIbofh (er?,tggpoilzal) :

Here, in the ng expl anation; 15 the current value V on t

mechani cal gysdetéigingd wlémeacRs dethd @plplagioe, 65 the bghbaldnt ckcu@tdpre
current value | and the velocity V can be obtained by cal cul ating the

equi val ent &il}.ddére, the Preflet@niined ehmieidriatdeoidedfacconaimgitaithe phicatthanthe

bet ween t he el ctrgnotive force and the counter el ectronotive force. Next,

t he speaker S ndesignsst byapparpenkerodepign suRnrl anpsstutet thej BreseRhinged

so t hat Bheeﬁﬂﬂhﬂﬁiﬁgﬁiﬁ&ﬁﬁﬁit desi gn nmeans 106 calculates as follows to
obtain various frequency characteristics of the speaker. The frequency

characteristic cal coigflidepidifamsadds3 aehigld WH Sy LR sRIdebdurY fRijuahfed by
t he above calculation into the follow ng Expression 7 to cal cul ate every

frequency wchinactdrimticpobégiaed iyi the drativeq fieqngniyacithraetegistic aalduativh mesgency
band) the excursiagn of the di aphragm conposi ng tgs speaker (Step 122). In
result, it iod yasisliep the ttareshi Sl Garaetipapmt agnsese wfstbenakoye rearirempnts
frequency (the exguysign..freguenc haracteristg dat.a) as,sho in the

Fol 1o ny rgien 223 T pdfiiobr, A4 BRk) PEGRERLGE AR S PRRRL R B webke ca
In an e{pur $hRnéds! declded Haked BE tRE SXAG A RerdsBc a8 eislc obtined By the
addition, the excursion frequency 15 characteristic data 1s nade a ‘graph as

shown i n Fi garivd) fimqderdyschathcpliatie dalonlatioa esp 3V nlebss tHX @Hnmt for

Excursion frequency characteristic X= V/( j c~) 66 Tabl e 33 Fre uenc
(Hz) Excur si dhickness (Step 22). These decision results are displayed on the display 3.

(mm) 20. 00. 08920. 70. Q8921 40. 08922. 20. 08923. 00..0891?419. 00, 00018031 0Q. 00018
665.00.00019321.00.8%%'?‘60%‘6‘.19_’ § soeperties 1+ gtas refli e AR, mset  the

cal culation r%ﬁ%&r&g, ﬁ&bb§45kﬁ1HEQ§ dtigblféyed 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 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  Dbecause a decrease in effective mass of the vibration system results in an increase
in sound pressure. And, when the speaker thickness decided based on the
diaphragm excursion frequency characteristic obtained 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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obtained current value I into the follow ng expression 8 to calculate the 5
i npedance 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
cal cul ation, the inpedance value for each frequency (inpedance frequency
characteristic data) can be obtained as shown in the foll ow ng Table 34,
and the inpedance frequency 10 characteristic data is stored in a
Z-inpedance file F-10 of the storage neans 118 (see Fig. 12). Additionally,
t he i npedance frequency characteristic data is nmade to a graph in a form
shown in Fi gffle 1thﬁﬂ%h3ﬁ(§9 pgbﬁﬂédilf@(éh@ ‘Pﬁatnh@ aflb®® laaﬂ'ecl' o i HcBPsibP 3f Fhe

| npedance frequency characteristic Z= EIl 15 67 I Table 34 Fre uenc

(Hz) Z-i m edaligghragm, furthermore in thickness of the speaker.

(S2)20.07.68220. ?7. 68221. 47. 68222. 27. 68323. 07. 38317419. 010. 16318031. 010. 244
18665. 010. 32219321. 1. G8957beB0 i is-1dpciled thatethecalculnded rregulbncomeet the
characteristic cal cul atiaon ans..107 optains. a vol val ue across

pr edet er mi ndGIEFERERTS %@tg%fggwrﬁdw aﬁ%%n Bhe Sisplagy @%E}rs%ﬁ?%v@ﬁtof &h¢ cui t
in Fig. f ch f YA MW tiod . q e.g.,
audi o7 r SquaResRRs pEBYREEIAMN i Bobif oBb GRS R HtheL S BSGH A5 Hel!

char act er i stthe dedignCépecHiRbE6R ThSulEE tObpatder iRlpd@ad®e R aseriBtc Phasifed e of
t he di aphragm front for each frequency, 1s obtained (Step 124). Likew se,
the fr equengy theavarives ifequencyalchatastearmticnesdadatiof wbars 183. TheOimpddaage

val ue across_ a predeterm ned el enent (e.q., .conpliance) of Zgz of the

equi val ent ChAEAsterigty hecgmegac @Q@W“Tfi‘ g(jYPéH%gPWetsrPieﬁ?‘Q%e pr edet er mi ned
frequency band (e. g.,. audi. requency hand). Thereby. the sound pressure
frequency charact er fA‘s‘f’t(?e(?,cnvﬁﬁ g (ﬂ'reepy)élgénrﬁ ég)etsﬁ’gag%ﬁ ?%%%n \S/%P%Og%lggpgﬁgu%b%nd
pressur ggof thieHbGRMANT RGNS t&RRIN 4 RAIENGY ) shal@M VWA (fRIERNR4) -
15 The cal cul ated results of the sound pressure characteristics of

di aphr agm f rof rdesipmning ac kpenker,shnd dtl makdshpossihlerdo pleaipsutle abealfer lheatfing he
storage neans 118 (see Fig. 12). Here, the calculated results of the sound
pressure 68 Predetarminedreguirementeriniaeshost timeed in the form of |isting val ues
of the frequency an%egides

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

15 expression, the diaphragm excursion calculating expression, and the impedance
calculating expression, however, the present invention may adopt a plurality of
equivalent circuits. For instance, the equivalent circuits are for considering
various corrections for the acoustic 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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sound pressure for each frequency) as shown in the follow ng Table 35. And
such sound pressure frequency characteristic is made a graph in the form
shown in Fig. 16, and di splayed on the display 119. Here, the predeterm ned
el enent is decided 5 according to the place that the speaker designed by

t he speaker design support apparatus in this enbodinent is placed on. Table
35 Fre uenc (Hz)Sound Pressure

(dB) 20. 00. 01020. 70. 11921. 40. 23622. 20. 58223. 01. 18017419. 056. 07218031. 056. 684
18665. 057. 26719321. 057. 56920000. 057. 555 Next, the speaker design support
apparatus in the second enbodi nent is arranged so that the speaker

charact eri steguréghceubP it MagHBRAi0ch08ué abCiHeatespelAtures¢lttigeVéf the magnet
characteristics of the speaker by using the calcul ated results obtained by
t he frequencymphsingcther ingghetic aircuit atoi b designed.1HoweTére thpeakention is not
characteristjc calculation neaps, 108 extracts the, nmaxi| val ue fromthe
excursion v }“&’é%‘fl&ll‘attq%é S@Pélfﬂfr(g‘df’ﬁq %}Fppéé'bﬁpl?arré&i’eﬁcﬁfog*{%iq]éﬁa? ¢ Fagnetic
excursion file F- Fl.g. . as ' ursion { St : The
i mam oxc e R agriok? e lind Bl Sy A BB KBNS R prdile
of the soraggrdPeaistid 868dinkImedrt 52 A8 Hot ipRBAULY to 1thE spPARCdesign support
characteristic cal culation neans 108 cal cul ates the excursion nmargin by
addi ng a spepphratusathee u6& madyopétiernretke ndavistorc imsead of Shepmi@idtic dinenit

cal cul ated result of the excursion margin js also stored in the speaker
char act er i stchargeteristic. deriding teans: 3. {yberuisnsthergser they ppefaa either one of
characteristic gal culation ns,, 108 extragts ,val.ues of the ound ..

b eseur as. amesRiR S WPEPE gl BearraGThE AiRuRE e orbigh o 4REEE s tie ne
sound pr ess‘éﬁx%ﬁ%tﬁ% shilfafl CHDRGY ThA WIEthE CEh?8 G4 a [HSAYANG ot $hObERridhck 6
sound pressure tfile F-11 (see Fig. 12), and cal cul ates an average of th
extract a0 slenthgnetissticieduato IR témpuitdupy ekagec)f thot mpglat7/dccording to the
calculated SPL is stored in the speaker characteristic file F-12 of the
st or age nearpsrmesnce] fachyr, (aridhghe tetheraitgms mfy b eddcideddbndde copgeeipoinettifg t o

the m ni num resonance {reguency Fs _(see Table 11) inputted by the user at
the step of ‘ii‘ﬁb?ﬁt?’il‘ﬁbc ‘;er?&ﬂpﬁd‘lﬁyalné%gnts out of those stored in the

Z-i npedance file F- i 1 e . | stig.calc tion
reane 108 the @ val 8 S1ERRE dho dphendl® R°ERLIS AIATE thidnal B the!
(Step 128). aEBH@;i@bﬁ%ie&&%chﬂﬁuM@ioﬁerﬂe%nﬁt%,eﬁhé RquiGl&Re 8K ehit calculation
characteristic file F-12 of the storage neans 118. After the C~, 1-value is
stored 1% t heeatso8G@adnhanaridd, freqrensp ehhmctafisticactlenlativn oneziscdl an ithe
means 108 ends the speaker characteristic calculation. The final eval uation
means 17 dediréeant\gmhodspenteanshe wholy oy nsrdy %?@P]&gleéiWe‘g‘eW“%%“gp‘é‘&ker

characteristic, cal.cul ati on ns 1 satisfies 20 the target SPL (target
sound pressJk‘@Sp%'ffoxfnﬁseaF%Iaﬁgfa}r?gn‘?({sgﬁ(sgﬁgﬁrelZQ). The final eval uation neans

117 al so deci des whet her the speaker thickness satisfies the target

t hi ckness of the requirenents based on the maxi mum excursion and the
excur si on "SBECONILEMBE@DIMENTe speaker characteristic cal cul ation neans
108 (Step 129). Those decision results are displayed on the display 119. 70
At this 20nme, if thdhecfofewing explainsuahousdhe configuragionnand eperasiops tofdhe

requirements, the rning is displayed on {he display.119 (Step 130). .In
this case) t%@ag"rro\ggﬁ'ﬁf‘e ‘d%‘é‘ggb%‘g%rggmt AR eeﬁe‘&ﬂn%i ﬁ\élhoglfrﬂénstt Fi"(gcocfg}#?ar%& to
present the voi ce coil together with the necessary itens to
design the fgpggggg$?&§ﬁ??onlthe i nput nmeans 101 to the speaker design
support apparatus ( $igp1(loKows archdhtic thifigurefiow oL fpakendssigh3upp@eut es
the preprocessing again. O herwise, it goes back to the step of inputting
t he acousti carphapes(Sthe sd0yl eatpdiment. the 1lrehemsedi ernezating prersilueg ofdhas
105 executes the specific processing and,the steps followinpg t he step
are re- eecipeakerrdesign supprrb apparathe in dhe &P%t"éog%md?mn(-s@%nagp#‘@vyé Ihe

| evel ) obtained by the above calculation is |ower than the target SPL
(target sound pressure level)) the proce%&re goes back to the step (5104)
for reducing the nass of the voice coil cause the sound pressure becones
hi gh by reducing the effective mass of the vibration system In addition,
for instance, if the cal cul ated speaker thickness based on the maxi num
excursion and the 15 excursion margin of the diaphragmis larger than the
target thickness, it goes back to the step of inputting data to increase
the dianmeter of the through-hole (Step 120) because the excursion val ue
becones small by increasing the dianeter of the through-hole provided to
the frame and the speaker thickness can be reduced.
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20 And if it is decided that the respective calculated results satisfy the
requi renents, the nessage indicating such contents is displayed on the

di splay 119. Consequently, the designing of speaker is conpleted. And the
out put data creating neans 109 extracts data for a specific itemto be
described in the design specification fromthe data filed into the speaker
characteristic file F-12 fromthe 25 approxi mate excursion file F-1, and
creates the design specification data to be 71 out putted as shown in the
following Table 36, and then stores the created data in the output file
F-13 of the storage neans 118. Additionally, the data of the output file

F-13 is pri 0 . I ifi J . 36 scri
tionS nbol Uﬁ?tﬁglgf Hifj% t ?%I%EI‘ gg%ur%sl% %P ?@eu%%%kl?lgraeéé{l_%g\gé@ %p%g?g%%sglcgﬁg fre
uenc for SPkedvdletbpdzaad@)SPLAB108. OMax. Excur si onmD. 2Excur si on nar

i nmm0. 32Ef fective vibration di aneterdDmD. 36Effective vibration

ar eaSdn*20. 24Di r ect Agghowmt in &ig.sl@nthe speaker clesigni PUMBZY APDAMtHS of dbimance

fre uenckt385.%ﬁlnpq%®3ge of m n. resonance fre gsncSZSS.OOForce .
f act or Bl TnD SeFPEF T & §hbr RPRises SBHY miReaRfud Do MRRITSKIRAE  EEAMISI%hce

of retaipin | € I n . 10l Ng.

ot enrrokd) s 6L EEHBGDRO HYERRRR T 1k 03 s Bhl EROLE I eaps
above, by u3080idtbAnSHERK BFocdihE InSdHRPO03, ARRPdlaht Sirkult tdeSighemeRfls 106,
enbodinment, it is possible to finish a design of a speaker with | ess
frequency ofredesngnilngactesipakarilasiod me¢anyaldss spadei bharacterigiiogleuldtéon
speaker neeting the specific requirenents in a short tine. Besides, in the
second enboMesdatlOfeattpuhdatagregiang meang 199 spreprocesmine evaluption meang 1dat

circuit file F-8 of the storage aps 118 (s Fig. ,18) ;stores the 7

cqui val ent SrPERefing, dtaiisRinEr § EAAG Eat iy Bhalne T BT b dHTeans
| 06 per figr Mgt RagPRehhs 18 AAWigibp160r the equivalent circuit shown in
Fig. 6. However, it nmay be arranged that the user select either one of the
plurality of equivahenisecidfctid speakdérudienignt Bapeatii uppaatuciinctihd sebawh i n
Fig. 6 stored_ in the equivalent 5 circuit file F-8, neanwhile the

equi val ent embedimentosinpats ofors thée speakerf idesigal ceHRpOronapearatel nyaripes

equi valent circuit selected by the user, as described in the second

obod mont . FOHIERERt diE o SPeaker BERSGRE oS RIS Thorsghakern hE RER of he
i ntermedi at g ' j ' ort

%h&&:g;ﬁg:ﬁb % glr'ﬂ"citﬁ% bR A" kﬁlﬁl})?‘?% A& HRA .@L‘hed%%%g@{x%g?so

10 apparatus de magneti c ensity obtaine

magnet i ¢5Ci kGeh s Gediagie e N SarkO thiskiserh U ah gkt BPIE étipgdtOsdundNp1@bsurBE a
magnetic circuit, and that the internedi ate processing eval uati on neans 116
deci de basethessurddedipmee ddistaricabetweabthe spedkeny andh eammg fet ileteciing aound

desi gn neans 104 whether, there is a possibility of _the occurrence of,
denmagnet i zatiogh the, spepkerh gnoinipyig Jannanse fequengygRe3 raling pawer: (ignyaal

desi gned du .1 e u j t hat
the tser mayRodtle, G AEPORcySBELR LG b B ol de e o PLTRAORD) | o

the magneti §pbbifikaltie MRb luberd Dip®dd tHeAteQdirdmeBBC s MW aNLIRf follBR iDL 16,
circuit, and whether there is a possibility of the occurrence of

demagnefDzathatnisd22 nire dshdiamlederyé m setpeeathiclenesg B MIBesvtargeti $PIL,hiem
second enbodinent, it is assuned, in the step of selecting the necessary
itens to dedPdReasvaed sligtanes 300 Beess ronimumdrespeangechequenss| BstQ.ndVt ae
necessary iteps to desg t he magnetic ,circuit g?§e8¥&07 , oot DAL t.eiyser
Sel ect €1 t h&RHBREOBETY 83pae PYBMEL BREABRE g% pHieciye yibpption 4
fable 15, Tablgect?, bptsbatdtieuednblmais FI016M b blifteRl EAGR TRARSIELS.
However, the 73 user use can change or add the respective sel ectable

obj ects in Tahlited Fomlthilifpdmedad @l df, didplabed 4R thadispriyl 11920.

25
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And in the second

st orage neans 118,

enbodi nent, it

or

is arranged so as to print out the
contents of the output file F-13 as the design specification.
may be 5 al so arranged so as to print out al
such data as the approxi mate excursion file F1 to the

However, it

sone of data stored in the

speaker characteristic file F-12, according to the user's instruction or

| easet one of the nagnetic circuit design neans 104 and
the equivalent circuit design neans 106 in the second enbodi mrent nay be a
means 10 for perform ng the correspondi ng cal cul ati ons using the

automatically. At

mul ti pur pose software.

It

is assunend in the first and second enbodi nents

that the speaker design support apparargﬁqu used to design the speaker

conprising at |eas
di aphragm Howeve
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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. The

10

approximate excursion calculation is explained hereinafter.

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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The INVENTION clainmed is 1. A speaker design support apparatus supporting

the designing for a speaker provided with a voice coil, a magnetic circuit,
and a di aphragm conprising: 5 input nmeans for inputting design data to
design the voice coil, the nmagnetic circuit, and the di aphragm cal cul ati on

means for calculating the speaker characteristic based on the inputted

desi gn data and di splay neans for displaying the calculated result. 10 2.
The speaker design support apparatus in accordance with claim1, wherein

t he cal cul ati on means conprises coil calculation neans for calculating a
shape of a voice coil based on the design data of the voice coih 15
magnetic ciqﬁaﬁgﬁﬁﬁ{gulation means for cal culating a shape of a magnetic
circuit based on the design data of the nmagnetic circuit and di aphragm

cal cul ati on medfes. Bxcucssdic(Xmax Hgv hjcshape of a di aphragm based on the
design data of the Qigipragn1 20 3. The sg;aker desi gn support apparatus in
accor dance wi t Hxeuzsion Margisrtgmen ligXwerbr 8efatekagior e st or age neans for
storing a plurality cgzﬁpng{ete exﬁnples of the design data, and wherein
the input neans is provided R th*%dl ecting means for selecting 25 either
one of tie exanpl es StOr?Q'D'isl%ah&%e‘%%&ﬂQ%@eﬁéﬁ%d%éﬁ%&@%eﬂ%@&@&sa&ﬁi 4.
The speaker design support apparatus 1n actcordance wth clarm 17 conprising
cal cul ati ng expression st ofrg@gah8®p&skeror storing cal cul ating expressions
for calculating the speaker characteristic based on the inputted 5 design
data, and wherein the calrctlO8f{ 8 21d@fs cal cul ates the speaker
characteristic by means of, {he, cal cul ati ng expressions. 5. The speaker
desi gn support appar at us®pi é%@?ﬁ&nce with claim4, 10 wherein the

cal cul ati ng expressions hﬂQQQQEZba” excursion cal cul ati ng expression for

cal cul ating respecti ve approxi mate val ues of a maxi mum excursion and an
excursiqo margin of the gi aphgagmeybased on the design data of the

di aphragm 6. The speaker design support apparatus in accordance with claim
5, 15 wherein the cal cul at=iEftpcaxpvigstiomdiamaterBles a plurality of the
excur si on

Expression 2:

Max. Excursion (Xmax2)=v, [(jo x Safety factor)
Excursion Margin (Xmgn2)=Xmax2+Component Assembly Tolerance
15 v, = 2xr x p/(p, x @ x Safety Factorxa®)
r : Distance between a speaker and means for detecting sound
from the speaker
p =10/ % 2x107°
P, - Air density
20 W=2xaX%f§
fs “Frequency
a =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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cal cul ati ng expressi ons, and wherein one of those excursion cal cul ating
expressions is for calculating a maxi mum excursion and a excursion margin
of the diaphragmin the predeterm ned worst case within a specific limt of
requi renents. 20 7. The speaker design support apparatus in accordance with
claim4, wherein the cal culation nmeans cal cul ates a shape of a voice coi
based on the design data of the voice coil by neans of at |east a coi

cal cul ating expression included in the cal cul ati ng expressions. 25 77? 8.
The speaker design support apparatus in accordance with claim4, wherein

t he cal cul ati on nmeans cal cul ates a shape of a magnetic circuit based on the
desi gn dat a Qfghk RgleTRINEI eSsibh MUY melMs BEMISctRlg AbahS8PL (e 10210, if he

cal cul ati ng expression included i'n the cal cul ating expressions. 5 9. The
speaker desivgmts uppihbwatizaheddimun eaceichanng scubsioh ahargn sthebedtreabde

cal cul ati on means_cal cul ates a shape of a voice coil based on the design
data of t he desieseher|shppelegtsnBxnyessien Rdwsmeansef thecglestingtmernsekidr Step on

i ncluded in t | cul ati ng expressi ons cal cul ates a shape o .
manet ¢ 10 108F K" BxBersBn’T R SoRereliiedh e Grbamals fudiiaion Plufetiny
means of gat a5l 182 CatGiflst aﬁﬁ}xlr?ﬁ%é‘ée' DALY PEEBR] M lifGint! d8uldiond Mhd the
cal cul ati ng expressions. 10. e speaker design support apparatus In
accor dance wxbilrstdramir@in dfuthle aple@Ehr bp usighgldatia@oedsaty fdrithe dppodtishate

cal culation data creating neans for creating nagnetic flux density
cal cul at i on egauxsidraeadculation pat vdthedatei inpyttag dram dhe rputemeens t0kand the

shape obtained usipg the cojl cul ati.ng . expressiqon and .the circuit
cal cul ati ng ssfeﬁveé*sgm?fmaﬂdl &R f@tw T e cdaianien rogulhds irbésl’gﬁ?\ﬁi eredhy t h
magnetic fl ' . s. [ ok | cul@t . [ d ity
G ot but i orsiPARY g WP BatE AR pl sl fin ke ENREh Wby £
cal cul atjigon gdRctedddt FRANSe GbtafndiRaBhlated rbbuleRNSdwY ik Aablel 3L fKhteXPRBSSI ON
i ncluded in the cal cul ati ng expressions. 78 11. The speaker design
support appanatiusin rxaasondanE4d wmihand ienaxtQrsion 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 b
Target SPL dB 82
Measured distance m 1
Min. resonance frequency Fs 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 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 design are displayed on the

display 119.
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further conprising force calculation data creating neans for creating force
cal cul ati on data based on the voice coil shape, the magnetic circuit shape,
and the magnetic 5 flux density distribution) and wherein the cal cul ation
means is provided with force cal culation neans for cal culating force acting
on the voice coil based on the force calcul ation data by neans of a force
cal cul ati ng expression included in the cal culating expressions. 10 12. The
speaker design support apparatus in accordance with claim 11, further
conprising effective mass cal cul ation data creating neans for creating
effective mass cal cul ati on data based on the voice coil shape and the

di aphragm shape, anit ihe vh§prekimdtbevalabe udfaiiximaBakcufsidd Quidlescidsidh NMBSS
cal cul ation neans for calculating an effective vibration system nmass

i ncl udi ng t eargoi of theidiagtaeem &nobtmnask feclesetbadagbovsaltbel user wandddcaddy
means of an effec¢tive vibratiqgn system mass, cal cul ati ng expressi on i ncJ uded
in the cal c@PH’quh‘Ba@ibt’”é%]i’%’n 5 éepll%“‘.gmrﬁélcé‘ﬁ%élk“ef’r%%%tgﬁ At g*eppfieﬁaf(ea at us
' h accor da“%e%érﬂh%'v%lc@‘cgsﬁ ’viﬁ’i@ﬁﬁg'ﬂtﬁ e &iﬁé{i}ﬁ g Lo%h@?%@smhgn&icoé{#cﬁ?t‘? W th
sound pressure cal culation neans For calcu |ﬁb a sound pressure Trequency
charactegistic of tRRxEPeRKeKe DP28ReONIdsm VRIpHBItC AppaSAtake of t 1R NREMRL i C
circuit shape, the force acting on the voice coil and the effective

vi brati on sygsathedimasgstheyprepeoressifig menns nd3pperfursetheafolowatg cededdbtion for
expression included in the calcul ating expressions. 79 . 14. The speaker
desi gn supp&reatingpdatat tesohtaim she magnetc duxhdensityndistrybuttaay and spran of the

cal cul ation_neans. i s provided mﬁ%h exeur sion cal cul ati on nmeans for

cal cul ating néargng;lgﬁlrrgwgﬁo?lpgﬁagﬁ %/S%%gf’éict eristic of the diaphragm based on
the 5 voice coil shapg: {HeuIRINPULS t61the WpbaRlAREsigh NRIphOKCEpARRLI RN the
voi ce coil and the effective vibration system nmass %y means of a di aphragm
excur si a0 cabmulaaid togpmspiites shape i(sieé, ulde dxaimpld) f thk cuicet dollgcomxpsags tlons.
15. The speaker desi gn support apparatus in accordance with claim14, 10
wherein the sp&a;kw§p&ﬁﬁhelaw¢8| sgmeqH neeessaryLitens saflesigmthesvaiee eotkhy Bieans fhr gi n

f the diaph based [ h teristi f,t.h

TR TR SRR KR S BRI AN A
claimil2, whgraln.f e gate lﬂ:eé’ignopxem%@faﬁ dofl_BLOYE 48 ;}(i‘egtbchgg?ﬁ%acﬁfcﬁlation .
cal cul ati on neans “for 15 cal cul ati ng the 1 npedance frequency tharacteristic

of the spealgatabaas UBYsde Fig/ 012 Est6:@id! inS biad Storh 1€ niBR@B el 18C b ithéatist ofs Brape,
the force acting on the voice coil, and the effective vibration system nass
by meandb5of selectinpesanesdltaf the iapithgeans 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 likewise, 9.5 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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expression included in the cal cul ati ng expressions. 20 17. The speaker

desi gn support apparatus in accordance with claim 12, wherein the

cal cul ati on neans cal cul ates the sound pressure frequency characteristic of
t he speaker, the excursion frequency characteristic) or the diaphragm and
t he i npedance 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 nass by neans of the sound pressure
80 cal cul ati ng expression) the di aphragm excursion cal cul ating
expression, and the inpedance cal cul ating expression. 18. The speaker

desi gn Suppehit ERPAHseE Yelebtd BOF MHANGE TN hBnGhAll Hlahfeter WHETRANDIIRENS RN
pressure cal cul ating expression, the dlaphragn1excur5|on cal cul ating

expr essi on, eapldiridie Herpatannaminal didhitémng saxgppeesintite vahieageht dianeter of
equi valent circuit provided with the relation equivalent to the nutual

rel ati on amdhgveipeceibi ce coil shape, the magnetic circuit shape, the

di aphragm shape, and the acoustic systf%¥ Q%pe of the speaker. 10 19. The
speaker design support apparatus in ac fiaHce with claim 18, wherein the
cal cul at kon neans cal cul ates by ) f alent circuit selected
froma pFuraI|L§g§i_pLepaLedTeqtnﬁ%%zﬁgiygggﬁﬁgyg 15 20 A _speaker—desi gn
support appar gt dominghar tBebbin he ddorgni ng Blata sné[é?kélbo’f?r bodbesives th a
voi ce coil, a |ndigmeter |dore(mm) |delpraneti 4 phmghqr onfring i nymasefmekessi ng
means for cal dul &nimg ghapes of |t hémmdi cé ctmimanfl the maghetic cirfuit 20
magnetic circdit ga&dign meEns f or obtlai nifng @5magnet i1.0F | uk deh8ity
diztrLbution flor 3 WE THONEI & CIT CUpTy Daged jgfy TNE SHaRes DT Tdig Vo) ce coi
and t he magnetH—et St reci-a eSSt reans—forrobt Ry a
factor of ?or de_a ;l? an ]th V Qi rpbjnp :ﬂ;ﬁy f edftiQe {i hr(ﬂ) nmass
based on the Moice: coil shape, tthe 81 Agmaanetlc Circuit shape) and t he
magnetic flux densi tppedigal rgem&g 90 o Wird A5 FAACEHfiei bRE W o @;ﬂgre«gﬂb vl ent
circuit design neans for obtalning an equivalent circuit of the speaker
based on t hécoppiet i1, “sdppee witd18”, na@neof ¢he prepibiessingpalculdgord databaseof 5
force action on the voice coil, and the effective vibration system nass.
21. The spedXd? stbwed im th@ppmage mgpns eltlﬁ,sa$ shewe an Cabbe 14 B the aelection of

conpri si ng approxi mat e excur si on cal.cul n ns.fo cul at
ang oxi ma? e Rg w?re rod name, the values of the ot er ?tems cﬁlascnbedr on t?he same img as the

10 selected wire rod name are also selected. For instance, when the user selects
“copper wire 2” as a wire rod name, 0.060 mm is selected as a wire diameter,
0.066 mm as a maximum coil diameter. And likewise, 35.0 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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10 val ues of a maxi num excursion and an excursion margin of the di aphragm
based on the design data of the diaphragm 22. The speaker design support
apparatus in accordance with claim 20, wherein the preprocessi ng neans

cal cul ates the voice coil shape based on the 15 design data of the voice
coil. 23. The speaker design support apparatus in accordance with claim 20,
wherein the preprocessing neans cal cul ates 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
desi gn nmeans obtains the magnetic flux density distribution for the
magnetic circuit based on the shapes of the voice coil and the nmagnetic
circuit obtained by the preprocessing neans by neans of a specific 25
magnetic flux density calculating expr@®sklead. 82 25. The speaker design
support apparatus in accordance with claim?24, conprising file storage
means for storing a shape file |ncIudWH§rPé ctive position coordinates of

component 5 por ti/ofgeGBHRAMITI [WereV Of [CRIa%OChil TRedidt&/ifRPNElMags CTY CUI T,
sai d coordi nates jas the shapes qof4ae v31 tepi|l and thel magpefic| circuit

obt ai ned by the preproce55|ng RGNR) ~ qmpondition file includjng a
comand to cal cul dbe L,p'{'ewul JrEtT£0dd ux’Lu' e T i bh{) 5UUL Ulfldﬂ[ the .
magnetic circult 2 et Id:“(l) tratia \0 U”UE 16—pot blﬁ S—conNposi ng
t he magnetic i 1 o ?P%ﬁ&¥¥$\ FAEOT et Hon - the ant et is a
rotational body sy : %ﬁlqhbp ct ¢ L he cel ax;éxﬁy—neans of
t he respectl ve po inat es of rnm’mnp t nor'r iong included in the

shape file, and \Ahewemswselaag nQtd Bolbif GikitridESAMB e{BBRASnOBE GioBBid: 1R8s”,
magnetic flux 15 density distribution for the magnetic circuit based on the

shape filbe drebit 18, ‘tmetdl 47,camd. . |of.the Grepivecssiypadcdeuldtion giatahaspdB2 afpped at us
in accordance with claim20, wherein the internedi ate proceSS|n&lneans
obt ai ns t he ipdée ditorgge magans bk |aﬁgeh@wn2m TakleyH. &y hsi selpgtinadolothet bpbbimi ce

coil shape, tq? netl MJ’tgt (ﬁ anﬁ%thee n%L Flux d §gt¥th

di st i but | oM FEE AETH JHE e o HiF Tl HemORTREE B bt Pmpdiatpad the
cal cul ating s@l%@feﬂsﬁblﬁﬁn material name are also selected. For instance, when the user
selects “resin 1”7 as the bobbin material name, “0.5” as the gravity described on

10 the same line as “resin 1” is also selected, as shown in Table 15. For convenience,

assuming that the user selects “resin 1”7 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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27. The speaker design support apparatus in accordance with claim20, 25
wherein the internedi ate processi ng neans obtains an effective vibration

system 83

mass i ncluding the voice coi

based on the voice coi

shape and

t he di aphragm shape by nmeans of a specific effective vibration system nass

cal cul ating ex

pr essi on.

5 28. The speaker design support apparatus in

accordance with claim20, wherein the equivalent circuit design neans

obt ai ns at
speaker,

| east one of a sound pressure frequency characteristic of the
an excursion frequency characteristic and an excursion margin of
t he di aphragm and a inpedance frequency characteristic of the speaker,

by

neans of the equi valAe@dtasédnidlof ndddsodiyatdind fdyddshimis@lkdivaict ebil réectihe
speaker design support apparatus in accordance with claim 20,

sel ect abl e dlatgcthesuser agputsefaos therinptibmieagsal 03] surchl iteys dhatdtheantmbés of

cal cul ate at |

circuit and ‘¥&raLt

stored in the
speaker design

i §h
TRt P DOBHE thisknge: g
sel ect[%blcgné%tgljts? tu S

tor
support ‘apparatus E1eir)1ec

shape of_the

&
gttt

iy
te:éoﬂ

w5 e oBhie
e

and .t he
BRArER S
REAKETe

clarm

conpri si ng

netic

gggg?e obj ect s
%&ﬁg%ggxgy t he

speaker @esisgnhe WA 1 1®LHMLwA RPPLBIENG. t he designing for a speaker

provided with
conprising ste

at | east a voice coi

a magnetic circuit,

and

a di aphragm

magnetic circ
based on the i

32. The speakeh

step of cal cul
excursion and

of 10 the diap
speaker design

provi ded with

conprising steg

ps of ~ 84 i nputting de¥akje 18ata of the voice coil, the
Tt —and—HKh L aphragnrca i SEer chiar acteri stic
ﬁ%?tﬁﬁﬁéfagaﬁd—égﬁtSEﬂgg?ﬁd;Phcvggfc ?;ted results.
qunal IAmedsr, et hod—-n—acPdancel clai-m-32| wherein the

AWuﬁgoanaFw calcul ate approxinate valdzgnﬁf“gmh Xi mum
aNirexdiamnetedin margin of the di #¥Aragm based &8 he design data
HYlaxim iy coi dismetr an _exclur si ommal cullati ng &@f ession. 33. A
Numper ¢f lapédsod supportihg tleyed@si gni ng for & ispeaker
Bobbaasiatérinoi ce coil, aj magnetic cirjcuit, Paper @ di aphragm
So®in 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 current resistance (DCR) Q 7.32

Coil mass mg 34.1

Total mass mg 37.34

Max. Voice coil diameter mm 8.69

Voice coil inductance H

And the preprocessing means 103 performs a computation by

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

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

10

118, with the result that the voice coil shape is obtained (Step 105).

The coil calculating expressions are

respective plurality of coil calculating expressions stored in the storage means

shown as the following

Expressions 3 and 4, for example. Expression 3 of those two coil calculating
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15 preprocessing for calculating shapes of the voice coil and the nagnetic
circuit magnetic circuit designing for obtaining a magnetic flux density
distribution for the nagnetic circuit based on the shapes of the voice coi
and the magnetic circuits 20 internedi ate processing for obtaining a factor
of force acting on the voice coil and an effective vibration nmass based on
the voice coil shape, the nmagnetic circuit shape, and the magnetic fl ux
density distribution for the magnetic circuit; and $5 equi val ent circuit
designing for obtaining an equivalent circuit of the speaker based on the
voi ce coil shape, the magnetic circuit shape, the factor of force action on
the voice cQibresdfdfls!iffo&ibt&Gt A WobiP haigh® THIYS LE BnBesnple otthe Wiices PGRKET
desi gn support nmethod in accordance with claim 33, conprising a step of
appr oxi mat e shypelr ahdnEgpiessibat 4ng torobtaincul atindigg appdthx (Wat)le Nedeueahosd a
maxi mum excursi on and an excursion margin of the di aphragm based on the
desi gn dat a esprashiondSasnsr hara theags aspndhe direlr embadigentupport program
supporting 3$e desigging for a speaker provided with at |east a voice coil,
a magnetic ct¥PEEH™ And a di aphragm) which makes a conputer operate as~

inputtin WW -'ﬂ@grc;l - AeSh AN ) ?’W- coil, the nmagnetic
circuit, gan thg;g’lglgyﬁ rag}m %(gg‘fs‘%:u gg?%%xrr{exa%%g or Ci(‘:bgl cul ati ng a speaker
characteristic based on the inputted desi@indiai aidtdWdipbbyinansnFiys)

di splaying the calcul ated results. 36. A speaker design support program
supporting tHwressstmfi ng for a 20 speaker provided with at |east a voice

coil, a magnglic¢ cCir.cui ing a di.gphragm, whi ch nakes a conputer operate
as~ preprocgg}é’?‘ﬁﬁgﬁﬁmvﬁg‘g%@dﬁﬁjﬁﬁﬁﬁg? ‘ﬁ@’é"gf the voice coil and the
magnetic circuit 86 magneti c circuj i ining a

magnetic flux density distribution f’éwgﬁ%g%lgg%{]@ﬁgﬁt%ﬁ jabased on the

shapes qfp the voi ceg@his @B thE®rof@bsksin meakd 163 bitai®ldi Al@1ReQTeSAL NY
means for obtaining a factor of force acting on 5 the voice coil and an

ef fective vithagtaoannassnplas#othenvdite cvibishepeothe bolspe, hdiglet (Her ednd the
circuit shape) .and the &?gneti c flux density distributjon for the nmagnetic
Y

circuit and eddingarith SVyduire JBIngnand s 1s respachivalyn gndntheguinoss am
hape, ¢ he FAURREF e FBPRE Mt g on the voi ce coil . and the effective
vibration system maggd 8dw, the user can input plural patterns of necessary items for
15 designing 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 (Wve), 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, and
also selecting values of the winding number of the first layer and the bobbin
20 margin (Hbs) except the above. At this time, the display 119 displays the results
of the bobbin height (Hvc) and the winding width (Wvc) 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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In addition, according to the data that “the nominal diameter is 10 mm,
the wire rod name is copper wire 2, the wire diameter is 0.060 mm, the maximum
coil diameter is 0.065 mm, the number of layers is 2”, the preprocessing means
103 obtains such calculated results that the direct current resistance (DCR) Re is

5 8.5 Q and the inductance Le is 0.0001H. Each value of the direct current
resistance and the inductance Le is displayed on the display 119. And each value
of the direct current resistance and the inductance Le is used as a resistance
value of a specific electric element and an inductance value of the coil on the
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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Table 17
Description Unit of quantity Value

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 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 Turn(s) 45
Wire length m 1.21
Direct current resistance (DCR) Q 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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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 inputted 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 magnetic
circuit calculating expression stored in the storage means 118 to obtain the size of

magnetic circuit (Step 108).
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Expression 5:
5  YokeHeight(Hy)=Plate Thickness(Tp)+MagnetThickness(Tm)
+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 shown in
Table 22, together with the necessary items inputted or selected by the user for

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

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

Table 22
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 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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the preprocessing evaluation means 115 decides whether the diaphragm body 751

touches the plate 72 composing the magnetic circuit when the diaphragm 75
vibrates along with the vibration of the voice coil 71. That is to say, it is decided
5 whether a distance D1 between the plate 72 and the diaphragm 751, shown in Fig.
7, can be kept within the range that the plate 72 does not touch the diaphragm
body 751 when the diaphragm 75 vibrates.
In the second place, when the diaphragm 75 vibrates together with the
vibration of the voice coil 71, the preprocessing evaluation 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
15 evaluation means 115 decides whether 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
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 deciding 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 evaluation
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



109D#& ()-' ! D D(DOD<D?D@NDeG+F 109DH#& ()- (' F 109DH& ()-F 109DH&E ()-F
1090#& ()-' F 109D#& () - NDQDUDVDIDgDhDi Del + F 1090#& ()-F 1090H#& ()-F
109048 ()-' -F 109D#&' ()-F 1090#& () -i DzD| D} D~DDDDeE) F 1090#&' () - F
109D#& ()-F 109D#& ()-' F 109DH#& ()--F 109D#& ()-F 109D#& () - DDDDDDDhH) F
1090#E& ()-F 1090#& ()-' F 1090H#E& ()-F 1090#& ()-F 1090#& ()-' DDDDDDDDel +
F 109D#& ()-)F 109D#& ()-F 109D#& ()-' F 109D#& ()-)F

109D#8&' () - DDDDDDDDEE) F

vibration direction of voice coil 71. That is to say, it is decided whether a distance
D4 between the voice coil 71 and the yoke 74, shown in Fig. 7, can be kept within
the range that the voice coil 71 and the yoke 74 does not touches each other.

Additionally, in the fifth place, though the speaker shown in Fig. 7 is

5 provided with the bobbin 76, the preprocessing evaluation means 115 decides
whether the bobbin 76 is required or not to connect the voice coil 71 and the
diaphragm 75.

Those deciding results by the preprocessing evaluation means 115 are

displayed on the display 119. At this time, if any one of the five decision items 1 to
10 5 results in a negative decision, it is decided that the speaker shape is out of the

limited range. The warning is displayed on the display 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 input 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 (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 bottom”. In this case, the user changes at least a part of necessary 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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Maximum coil diameter mm 0.055
Number of layers Layer(s) 2
Bobbin material Resin 1
Bobbin thickness um 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) Q
Coil mass mg
Total mass mg
Max. Voice coil diameter mm
Voice coil inductance H
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After the part of data is changed, it results as shown in the following

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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Bobbin material Resin 1
Bobbin thickness um 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
Max. Voice coil diameter mm 8.6
Voice coil inductance H 0.0001

After this, the preprocessing evaluation means 115 re-executes the

step of deciding the shape (Step 109). In result, the preprocessing evaluation

not touch the yoke 74 in the vibration direction of voice coil 71.

means 115 obtains the decision result that the bobbin 76 (or the voice coil 71) does

In case where affirmative decision 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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gravity is 1.3 mg/mm3. Besides, the contents of table 25 are displayed on the
display 119.

Table 25
Description Unit of quantity | Value
Diaphragm thickness mm 30
Diaphragm gravity mg/mm3 1.3
Effective vibration area mm?
Diaphragm mass mg

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 calculated effective vibration area Sd and the data of
diaphragm thickness and the diaphragm gravity. The calculated effective
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
119. Besides, the effective vibration area Sd becomes a coupling factor Sd of the

equivalent circuit shown in Fig. 6.

Table 26
Description Unit of quantity | Value
Diaphragm thickness mm 30
Diaphragm gravity mg/mm3 1.3
Effective vibration area mm?2 165.13
Diaphragm mass mg 6.44

In this way, the preprocessing result file F-2 (see Fig. 12) includes the
contents of Tables 24, 22 and 26.
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ELOVA#E& ()- # ] J*A ELO%A#& () -

Next, the preprocessing means 103 creates data for each block of
respective members (which are called the nodal point data and the element data
hereinafter) composing the magnetic circuit shown in Fig. 13 (Step 112). Here, Fig.
13 shows a mid-sectional view of the magnetic circuit

5] The configuration of the magnetic circuit is explained hereinafter
according to Fig. 13. As shown in Fig. 13, the magnetic circuit is consisted from a
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 and the segment P17-P19 is defined as 2:3. Those numerals
and the predetermined items are stored in the storage means 118 in advance.

15 Under conditions that each numeral of respective portion corners and
the ratio of each segment of adjacent two corners 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 F-3 of the storage means 118 (see Fig. 12).
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#$24 ;< ="hM 109%E#& ()-3A E10%#& ()- '*CA E10%4#& ()- A EL10%A#& ()-
A E10%#& ()- '*C (a}aaabb|[:, @S$L! 10%E#& ()- "10%E#& ()- @ Y10%EH& () -
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Sf &M 109E#& ()- S$M 109EHE ()- &' z#109EH& ()- SM 100EH#& ()-9 &z#109EHE& () -

C109E#& ()-ijLjjjlkk|[:vUs SOLOYEHE (PableS.ayM 10YEH#&' ()- Ss- M 109EH& () -
+#109E#& ()- ) 100E#& ()- S (109E#& () - KKKkkKI mdnnvU4 SH10%@EA@ ()- N#10%
Ef#; & ()- +F #100E#& ()- CF #10%E#& () FIORSBEH10EH

| 7109&#& () - no TP & ‘{)TE#T@TOE#W
%#10%#&'(%)- g?g &'(/‘éff+ — Lo"/U“F ?gqqqhﬁchbj 4A—fAOx<] 10% & ()
10% & ()-' x< 10% 13) X<~ 10082} —x n%'up,] qaqqgaarHE < 10% & () -
109 & () - x< 10%'&'2E 190y g (2 8
EL D 2 P9 P10 P11 P12
EL E 2 P10 P13 P12 P14
EL F 2 P15 P16 P17 P18
EL G 2 P17 P18 P19 P20
EL H 2 P21 P22 P20 P23
EL I 2 P22 P24 | P23 P25
EL J 2 P24 |Pi14 [P35 P26
Nodal point
NM [P1 4 5
NM | P2 3 5
NM |[P15 6 5
NM |[Ple 5 5
NM |P17 6 3
NM |Pi18 5 3
NM [P19 6 0
NM [ P20 5 0
NM | P21 2 24
NM | P26 0 0

NS

NS P101 |45 |70
NS P102 |45 [6.8
NS P103 |45 |6.6
NS P104 (45 |64
NS P105 |45 |6.2
NS P106 |45 [6.0
NS P107 [45 |b5.8
NS P108 [45 [5.6
NS P109 (45 |54
NS P110 |45 |b5.2
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10% & ()-x< 10% & ()-"' [rarbrsrvryrzrreGrdx< 10% & ()-(' x<
10% & ()-x< 10%W & ()-' x< 10%W & ()-rrrrrrrrel+4" x< 10% &
10%W & ()-' -X< 10% & ()-x< 10% & ()-rrrrrrrreE)x< 10% & () -
106 & ()-' X< 10% & ()--x< 10% & ()-x<

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 right 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.
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 of the magnetic circuit in Fig.13 as an example, respective P15, P16, P17,
and P18, which are described in the same line as the element number 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
(Step 107). The corresponding relation between those physical property numbers
and the respective physical properties of the plate, the yoke and the magnet is
stored in the storage means 118 in advance.

The “nodal point” is explained here. “NM” in the head position is a
nodal point name, and represents a nodal point composing each element. The
number at the right side of “NM” is a nodal point number indicating each corner
of respective portions “A” to “F” of the magnetic circuit in Fig. 13, and is
numbered sequentially. In two columns at the right side of such column,
coordinates position of each nodal point are represented by the x-coordinate and
the y-coordinate in this order. In case of taking the portions F and G of the

magnetic circuit in Fig. 13 as example, the nodal point P15 of the portion F
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10% & ()-rrrrrrrhH)x< 10% & () -Xx< 10% & ()-' X< 10% & ()-x< 10% & ()-x<
10%6 & ()-" rrrrssssel+ X< 10%W & ()-)X< 10% & ()-x< 10 & ()-' x<

10% & ()-)Xx< 10% & ()-s s"s#sPs/sls2seE)x< 10% & ()-x< 10% & () -x<
10% & ()-' X< 10%W & ()-x< 10% & ()-%x< 10% & ()-2s3sLsCsPsxsgshH) x<
10%W & ()-x< 10%W & ()-' X< 10%W & ()-x< 10% & ()-x< 10% & () -'

gsi sjskslsstiHyx< 10% & ()- 9M10%W & ()- Y'1I0% & ()- x< 10%W & ()-' x<
10% & ()-)x< 109 & ()-t-t0t1t2t3t;t G VivVex< 109K 10% 1# & ()-K

locates at the position that the x-coordinate is 6 and the y-coordinate is 5. And the
nodal point P17 of the portion F in Fig. 13 locates at the position that the x-
coordinate is 6 and the y-coordinate is 3. The nodal point P19 of the portion G
locates at the position that the x-coordinate is 6 and the y-coordinate is 0. Besides,
5 the coordinates are imparted to each nodal point of respective portions in Fig. 13.
“NS” shown in Tables 27 is explained here .the “NS” is a nodal point
name and the name indicating the calculation position of the magnetic flux
density in a space at which the voice coil is placed. Specifically, it represents each
position-coordinates name 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 number described at the right side of “NS” represents the nodal point
number. That is to say, the numbers represent respective position numbers 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 preprocessing 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.
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Tables 28

uuu! uSu(u) u7ueGrK 10% 1# & ()-'
K 10% 1# & () - 7u: u?2u@QuSuXueE+K

(1) Magnetic flux density calculation command

(2) Magnet material data
Magnet material name | Magnetic flux density (B) | Magnetic Field (H)
Magnet 1 -10000 0
0 1
(3) Plate material data
Magnet material name | Magnetic flux density (B) | Magnetic Field (H)
Metal 1 240.0 0.6
320.0 0.8
330.0 0.9
(4) Yoke material data
Magnet material name | Magnetic flux density (B) | Magnetic Field (H)
Metal 1 240.0 0.6
320.0 0.8
330.0 0.9

-K 10% 1# & ()-K 10% 1# & ()-K
K 10% 1# & ()
K 10% 1# & ()-K

-K

The detailed contents of the condition file -4 shown in Tables 28 are

explained here. The condition file F-4 is consisted from a command to make the

magnetic circuit design means 104 calculate the magnetic flux density

distribution for the magnetic circuit assuming that the magnetic circuit is in a

symmetrical shape with the y-axis as the central axis, and the material data of

the plate, the yoke and the magnet composing the magnetic circuit selected at the

step of inputting or selecting the necessary items for designing the magnetic

circuit (Step 107).

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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10% 1# & ()-K 10% 1# & ()-K 10% 1# & ()-' -K 10% 1# & ()-K

10% 1# & () - uuuuuuvvhl, K 10% 1# & ()-K 10% 1# & ()-' K 10% 1# & ()-K

10% 1# & ()-K 10% 1# & ()-' vv vow)vOvlv2veG K 10% 1# & ()-'

to obtain the magnetic flux density distribution for the magnetic circuit
composing the speaker.

After the shape file F-3 and the condition file F-4 are created as

described above, the magnetic circuit design means 104 calculates the magnetic

5 flux density distribution for the magnetic circuit based on the shape file F-3 and

the condition file F-4 assuming that the magnetic circuit is a rotational symmetric

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 obtained 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 magnetic 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 the display 119. Besides, Fig. 4

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

this the second embodiment.
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| 4#109%#& () - 91 109KH& () - & +y# OW#%M) 109K#& (
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ST o LRI G O o o
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10 ‘of the plate 72 composing the magnetic circuit as shown in Fig. 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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20

displayed 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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iié%ﬁz&d ? fﬁég%fpg&?e) %gj&#g()% %é §%0%§§1%%é&ed1ate 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
15 bonding 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 system mass

calculating expression stored in the storage means 118.
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5 the vibration system of the speaker like the voice coil (Step 117). The
intermediate processing means 105 stores the effective vibration system mass
Mmd in an intermediate processing result file F-7 of the 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 processing 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 saturated or not, and then decides whether the magnetic flux density
for each portion of the magnetic circuit is saturated (Step 14). For instance,
regarding 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 of 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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at any portion of the magnetic circuit, or that there is a possibility of occurrence of

demagnetization due to the temperature change in the magnet composing the

magnetic circuit to be designed, the warning is displayed on the display 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 items to design the voice coil using the

input means and then the steps up to the step (Step 117) of calculating the
effective vibration system mass 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 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 added 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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5 Fs: Minimum resonance frequency

After that, the user inputs to the speaker design support apparatus the
acoustic data such as the frame of the speaker by means of the inputting means
101 (step 120). The acoustic data are shape information of a frame size, a shape of
through-hole provided to the frame (diameter 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 (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 an air density, a
sound velocity value, and a correction 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
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diaphragm front and the acoustic impedance Za2 of the diaphragm back in the
equivalent circuit. If the impedance “Z,;“ illustrated in the equivalent circuit in

5 Fig. 6 is consisted from a resistance, a compliance, and an acoustic mass (acoustic
inertance), the intermediate processing 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 the 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 experience 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 processing 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,
the coupling factor Sd, the acoustic impedance Za) of the diaphragm front and the

25 acoustic impedance Za2 of the diaphragm back, as shown in the following Table 32.
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Table 32

Description Symbol | Unit of quality | Value
Direct current resistance of voice Re Q 27.0
coil
Inductance of voice coil Le H 0.015
Force factor (coupling factor) Bl Tm 0.70
Effective vibration system mass Mmd g 0.02
Retaining system mechanical Cms m/N 0.01
compliance
Retaining system mechanical Rms Kg/s 0.01
resistance
Effective vibration area (coupling | Sd m”2 0.24
factor)
Acoustic impedance of diaphragm Zal Pa-s/m”3 1.056E+07
front
Acoustic impedance of diaphragm Za2 Pa‘s/m”~3 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 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 the 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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the storage means 118 (see Fig. 12). In addition, the excursion frequency
15 characteristic data is made a graph as shown in Fig. 14, and also displayed on the
display 119.
Expression 7:

Excursion frequency characteristic X=V [(jw)
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Frequency (Hz) | Excursion (mm)
20.0 0.089

20.7 0.089

21.4 0.089

22.2 0.089

23.0 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 1impedance 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 speaker is calculated. As the result of the calculation, the
impedance value for each frequency (impedance 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 data is made to

a graph in a form shown in Fig. 15, and also displayed on the display 119.

Expression 8:
Impedance frequency characteristicZ=E /I

15
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15

Table 34

Frequency (Hz) | Z-impedance (Q)
20.0 7.682
20.7 7.682
21.4 7.682
22.2 7.683
23.0 7.383
17419.0 10.163
18031.0 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
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 represents 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
voltage value across a predetermined element (e.g., compliance) of Zs2 of the
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 represents the voltage value as the sound pressure of the
diaphragm back for each frequency, is obtained (Step 124).

The calculated results of the sound pressure characteristics of
diaphragm front and back are stored in the sound pressure file F-11 of the storage

means 118 (see Fig. 12). Here, the calculated results of the sound pressure
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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 57.5565

Next, 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
stored 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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to the maximum excursion (Step 126). The calculated result of the excursion
margin is also stored in the speaker characteristic file F-12 of the storage means
118.
The speaker characteristic calculation means 108 extracts values of the
b sound pressures for a plurality of predetermined frequencies from values of the
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.

10 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  value is stored in the speaker characteristic file F-12 of the storage means 118.
After the Q-value is stored in the storage means 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 speaker 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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At this time, if the respective calculated results do not satisfy the
requirements, the warning is displayed on the display 119 (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 items to design the voice coil

5 from the input means 101 to the speaker design support apparatus (Step 104),
and then the preprocessing means 103 executes the preprocessing again.
Otherwise, it goes back to the step of inputting the acoustic shape (Step 120) and
then the intermediate processing means 105 executes the specific processing and
the steps following to the step are re-executed. For instance, if the calculated SPL

10  (sound pressure level) obtained by the above calculation is lower than the target
SPL (target sound pressure level), the procedure goes back to the step (S104) for
reducing 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 maximum excursion and the

15 excursion margin of the diaphragm 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 to the frame and the speaker thickness can be
reduced.

20 And if it is decided that the respective calculated results satisfy the
requirements, the message indicating such contents is displayed on the display
119. Consequently, the designing of speaker is completed. And the output 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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outputted as shown in the following Table 36, and then stores the created data in
the output file F-13 of the storage means 118. Additionally, the data of the output

file F-13 is printed out as the design specification (Step 131).

Table 36
Description Symbol | Unit of quantity | Value
First frequency for SPL average Hz 1000
Second frequency for SPL average Hz 1500
SPL dB 108.0
Max. Excursion mm 0.2
Excursion margin mm 0.32
Effective vibration diameter dD mm 0.36
Effective vibration area Sd m*2 0.24
Direct current resistance of voice Re Q 27.00
coil
Min. resonance frequency Hz 385.00
Impedance of min. resonance Q 35.00
frequency
Force factor Bl Tm 0.07
Effective vibration system mass Mmd (g 0.02
Mechanical compliance of retaining | Cms m/N 0.01
system
Mechanical resistance of retaining | Rms Kegl/s 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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equivalent circuit shown in Fig. 6, and the equivalent circuit design means 106
performs a specific calculation for the equivalent 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
5 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 means 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 one 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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user use can change or add the respective selectable objects in Table 13, Table 14,
Table 15, Table 19 and Table 20.

And in the second embodiment, 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 all or some of data stored in the storage means
118, such data as the approximate excursion file F1 to the speaker characteristic
file F-12, according to the user’s instruction or automatically.

At leaset one of the magnetic circuit design means 104 and the
equivalent circuit design means 106 in the second embodiment may be a means

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 magnetic circuit, and the diaphragm. 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 used 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 speaker design support
apparatus in the first and second embodiments, the program making a compuier
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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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 the 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 1,
comprising;
concrete example storage means for 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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y 0 expressions for calculating the speaker characteristic based on the inputted
5 design data, and

wherein 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 calculating expressions includes a plurality of the excursion
calculating expressions, and

wherein one of those excursion -calculating expressions is for

calculating a maximum excursion and 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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demgn d/ata o% t&xe voice coql Qby meagrgs o{ ? ast a coﬂlcalculatmg expression
included in the calculating expressions and calculates a shape of a magnetic
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 design 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 circuit shape obtained using the coil calculating expression and the
circuit calculating expression, and

wherein the calculation 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 calculation data by means of
a magnetic flux density calculating expression included in the calculating

expressions.
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wherein the calculation means is provided with force calculation
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 shape, and
15 wherein the calculation means is provided with mass calculation
means for calculating an effective vibration system mass including 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 means is provided with sound pressure calculation means
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 means of a sound pressure calculating

25  expression included in the calculating expressions.
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14. The speaker design support apparatus in accordance with claim 12,
wherein the calculation means is provided with excursion calculation means for
calculating an excursion frequency characteristic of the diaphragm based on the

5  voice coil shape, the magnetic circuit shape, the force acting on the voice coil and
the effective vibration system mass by means of a diaphragm excursion

calculating expression included in the calculating expressions.

15. The speaker design support apparatus in accordance with claim 14,
10  wherein the excursion calculation means also calculates 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 design 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 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
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18. The speaker design support apparatus in accordance with claim 17,
5 wherein the sound pressure calculating expression, the diaphragm excursion
calculating expression, and the impedance calculating expression represents an
equivalent circuit provided with the relation equivalent to the mutual relation
among the voice coil shape, the magnetic circuit shape, the diaphragm shape, and
the acoustic system shape of the speaker.
10
19. The speaker design support apparatus in accordance with claim 18,

wherein the calculation means calculates by means of an equivalent circuit

selected from a plurality of prepared equivalent circuits.

15 20. 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;

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 processing means for obtaining a factor of force acting on

the voice coil and an effective vibration mass based on the voice coil shape, the
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5 force action on the voice coil, and the effective vibration system mass.

21. The speaker design support apparatus in 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

on the design data of the diaphragm.

22. The speaker design support apparatus in accordance with claim 20,
wherein the preprocessing means calculates the voice coil shape based on the

15 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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25. The speaker design support apparatus in accordance with claim 24,
comprising file storage means for storing;
a shape file including respective position coordinates of component
5 portions composing the voice coil and the magnetic circuit, said coordinates as the
shapes of the voice coil and the magnetic circuit obtained by the preprocessing
means ; and
a condition file including a command to calculate the magnetic flux
density distribution for the magnetic circuit based on material data of component
10 portons composing the magnetic circuit and the information that the magnetic
circuit is a rotational body symmetrical with respect to the central axis by means
of the respective position coordinates of component portions 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,

wherein 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 circuit 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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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.

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

diaphragm based on the design data of the diaphragm.

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;

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
speaker 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 circuit;
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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 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 actiing on the voice coil, and the effective vibration system mass.
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