<;e3e| 41 yDDESFLGH6HT4l Q E  P20430 Brushl ess Mtor and Method of

*Manuf acturing the Same 5 Technical Filed The present invention relates to a
brushl ess nmotor and a nmanufacturing nethod of the sane, anjmmm

S particularly, relates to an arrangenent f coils thereof. Wwﬂﬂﬂmw Art
Brushl ess notors demand a greater torque per unit-current (expr,.ggﬁ%g th
the notor constant "Kt") in order to obtain a higher power with a small
body. For this purpose, in a conventional notor, coils are g

arranged tp20£30/py an area not |ess than the area a per manenj'm%@hw ’MMM"
occupies so that 15 a nunber of coils - represented by S - in

becones greater. However, in a caspRYCRIFEIGINNG nunber of flat H%%®¥ore
coils on a printed circuit board, the increasing of nunber "S" incurs a

hi gher nanuf act uri Bgushlehs Motdf hhd Metiydcof-NMapafadtupingCesbame As a result,
expensi ve brushl ess notors of a poor productivity are effected in many
cases. 20 It has been known that a brushless notor conventionally having a
stator enploying "S" pieces of coils in each phase functions properly wth
only Sy Nredlases) Pilegoils in each phase. (Both "N' and "SIN' are '
integers.) Accordingly, it is well understood that reduction of a nunber of
coils decreaseSThecoges@ﬁt C onvstEeH S relddeeves , avhbpushlesd amdterbeindf a3 X
S/'N pi eces of 25 coil s=where each phase includes S/'N pieces of coils-are
arranged amaidasturdig@mietiod of whiehsapp) enidraisree gafdicilpalye yeldatebeioraan,
there is a need to build another manufacturing apparatus for nounting coils
to a print geragige@idrit of cdileaheseofhi ch makes up a stator together with the
coils. This requires expensive cost of apparatus and bl ocks the

mass- production of | ow cost brushless notors: Figs. 4(a) and 4(b) are a
cross sectional view and a perspective view of a 5 conventional brushless
mot or .10 n Baekgroasl Aection of Fig. 4(a), total of 6 coils, i.e. a nunber
of phases is 3, and coil No. 1 - 3 in each phase x 2, are fixedly nounted
to printed circBrushleas dan@érs dentraid 4 igeeater [terduec perunit-cirapat] (expirossel ‘
i ncludi ng a permanent magnet magnetized in nunber of polarities. On another
si de of t heitloths motor pnétaatt-"KtSkirs bedeedoyalikeir? 8 higtier pbweofwitheyamialll 0
material and coaxial with the pernanent nagnet is arranged for converging

t he nmagnet bady.l uRot thie giurpose,fincancorenpiomah nestor, maglsetre gémerallB avvangsudes an
area not less than the area the permanent nmaghet occupies, and integrates
with print taloedupyuan abesmmndt desswhanthe@nes a pernsaventr magoetoscuies sx thatke 28
and printed circuit board 24 together to chassis 12. 15 The perspective

vi ew df5 Fi g. nfipbyeri |of usdilsat-aepredended| less sS moioreaghe pbdsé roenomesc -grhatsad
rotor 8 perspectively thr o;gh respective conponents. Coils 1 - 3 are
arranged i Havwevesninree cape ol rfrzanging viumhbez efoflat agpcereacoilhonaarpmigtadl

pl aces of coils correspond to the |ocation of the permanent nagnet. Printed
circuit boeirduithamedutheincreasingf mmlb@s'@"tlh@trsmgléxeéanan@fas:bungg@eau Py,
and 20 covers the entire circunference. Fig. 2 illustrates a nmachine for
bondi ng colbsveld ag merenstepscif procassingr dis afesulinerpensive bsuehless apper uses
for manufacturing the brushless notor, discussed above. Nunbers of jig bases
15 are nouef adoos praduetivitymare effgelpd iggnany £asqhe cross section of Fig.
5(b) illustrates a status where coils 1 - 3 25 and printed circyit board 24
are nmodhted to jt rasabeen tdoneynthatng dugblessymopey §9@\5q4%na)isé AYANE; .
5(a) illustrates the sang, status ﬁshovvn in gi ) S(fb) vi ewed fromthe side of
printed ci skafor emeploging"Papiepes el cailsyinianc ng’hase unctions properly with only

S/ N pieces of coils in each phase. (Both "N" and "S/N" are integers.)
Accordingly, it is well understood that reduction of a number of coils decreases
a cost of components. However, when a total number of 3 X S/ N pieces of
25  coils—where each phase includes SN pieces of coils —are arranged around a
rotary shaft with approximate equal spaces in between, there is a need to

build another manufacturing apparatus for mounting coils to a printed circuit



<3 respective conponents. In Fig. 2, sonme dozens of jig bases 15 are
“arranged on the'rimof rotary table 14, and outside of the rim
stator-take-out-nmachine 16; coil-nmounter 17, gluing nachine 18 and
S printed-circuit-board-nmounter 19 are arrgnged closely 5 with each other in
this order in the rotating direction of rotary table 14. From
- printed-circuit-board-nmounter 19 to stator-take-out-machine 16, enough
space is reserved. The rotation of rotary table 14 allows jig base 15
. sequent i abbyrd ovhithl nedk&s aipora tsaktorovdgethehi withl Ghe cevils. NUlinise redirire! ui ng
-~ machine 18 and printed-circuit-board-nmounter 19, and respective machi nes do
10 their gaspénsied ¢ozbsofvappairitie amd biddkedthy miagspasduction lfr ks cost
~coi |l -nounter 17 nounts two sets of coils 1- 3, nanely total 6 coils, onto
j1 g base BbyusiHesontbtogd.ui ng machi ne 18 applies enough glue to upper faces
of each coil so that every coil is covered by the glue. Third, printed
circuit-boar d- Figantdn) AAdrigbnace picrodsadetionaliviewband d petspadtivd viewcof 4 s 15
covered by the glue, then printed-circuit-board 24 and coils 1 - 3 -both
are sef ogopvéntiaissdl rmshlessahbtas [fnehs etossrsectionwd g dd(a) total of 6 coils,
stator-take-out-nmachi ne 16 whereby both are bonded by enough strength. Just
bef or e t hé.esuaiwmbeakef pliasedsidnantecoil Ne. Are8 dnureachpplidsedx 2 arbdixedly s and
printed-circuitboard on jib-base 15 is rel eased, then nmachine 16 takes out
a stator mesumi@dodo Pfinted circaitcbqardr24do chat the cbidaface dizcahtppd gotras® 15
is then forwarded to coil mounter 17, and another cycle of process starts.
Thr ough t irclodihg ofparnoneas disgnetsedigmetized onenymbebaf epdlaripresduds one
stator, and jig-base 15 repeatedly rotates so that the stators are
manuf act usedther swleunfethd poiléid bHBuSht-disc-stped golkowA8imade @f soéft tiagnethaped
rotor 8 having a 25 permanent nmagnet rotates with regard to yoke 28 fixed
t 0o ch38si snd@riglhend byaxiadith the qudmanentemaghet ts afangedrior dosvexghnped
rotor 8 with a permanent magnet is attracted to yoke 28 fixed to chassis 12
by magnet itbeanagaetic flnx traveling fxom the permayettonageeberYoke 28 ogewpigst o
t hrust bearing nenber 22. Meanwhil e thrust bearing. nenber 22 is provided to
beari ng 2anvuearnstilepsthan shafarea2the pepnenant magnet-os¢ipies anst mtegratesnt ed
to chassis 12, and thrust receptor nmenber 23 is provided on disc-shaped
rotor 8. Thith prinfedgciBeyitdwond 24owhdck fornes the statori cBerewshbs fixeyokeeBBer s
22 and 23. The eddy current-loss and sliding-friction di scussed above
produce t amguprinted cigouittoardiid togethertoschasstr 12annot del i ver its proper
torque. Wen a brushless notor is designed, this torque |oss due to the
eddy- drr ent - | dBke pavspsctivengew ef Fig &hbeﬂllusu@etqsméﬁushlegs aeetor ddewetlon
and therefore a greater torque 10 nust_be built in the notor. For instance,
a nunber dromolise-sbaped ratordd pernectiyelynthronghaespectie ompenentameCoilsand
t hi ckness of a notor is, enlarged; however; these neasures  generally bqost
the cost. IthBarearrangadimthe epfire eigcumisnence roz the sater spthat thy a%ramg@g

speed spinning apong others. |f cqQnventiopal brushless notor ig .

strean i natagss %ﬁmga ?R}TQSPQHAE)E‘P ?:hs?@ﬁatw PE j?h% BRVIBADEBh agnfki p%ﬂﬂted

i ncluding a coil bopding machi ne cannot _be ysed anynore, and the

depr eci at,i%%bgﬁ’a]fcﬂ 24 QUAEPIERSRR oFpa Nob 1755 TS the BEA apeomfs AEFUPNe 2B8st  of

t he brushl ess nptor. . .
covers the entire mrcumference.

Fig. 2 illustrates a machil}e for bonding coils to a printed circuit board,
this machine is one of appratuses for manufacturing the brushless motor
discussed above. Numbers of jig bases 15 are mounted to the rim of rotary
table 14. The cross section of Fig. 5(b) illustrates a status where coils 1 - 3

25 and printed circuit board 24 are mounted to jig bases 15 on the machine. The
perspective view of Fig. 5(a) illustrates the same status shown in Fig. 5(b)

viewed from the side of printed circuit board 24 perspectively through



~Further; a nunber of turns of coil in each phase is reduced thereby
“lowering the motor torque. 20 Summary of the Invention A brushless notor of
the present invention addresses the problens di scussed above, and its coils
S are arranged symmetrically with regard tg a shaft of a disc-shaped rotor:
Further, an apparatus which manufactures 25 stators of the brushless notor
- - the stator conprising a pair of coils electrically coupled-is enployed to
manuf acture N pieces of stators in one shot; where a nunber of coils in
each phaserdspe&iide cdmipsnants. nt eger equal to 5 or nore than 2, and SINis
an integer), and all the conponents nmaking up the stator including coils
are arranged w Ihifig.a2) saheadomaizoljie BASYINL 5lags aeramddd ¢retlig dirh @f 2ota@yar y
shaft of the disc-shaped rotor. A nethod of manufacturing the brushl ess
mot or of  t teblprids ant dutsiteestt therian mpatoraakemtshadkinef 16, abilfmshAteral 7,
plurality of coils on a printed-circuit-board in an -annular shape with
equal i nt egMahg ribdHine a@dnld poirtbé-cheudt-Fostthfdouditet 1 ardta@tangdd cldbaliydi ng
the printed-circuit-board along split lines running through the rotary .
shaft 5t owatlpledehl athgr dih shib- oider disy thedoldtihg)divestivh bEIpedtyl veble 14.
sub-boards as stators. The present invention allows the apparatus for
manuf act ur Fagmtpréntarsieatit-dboakd mosiiee 49 tonstatar-takepscimaehind' 16, enpaghf
stators and to be free frommjor nodi~. cations, so that brushless notors
‘Wi th statospact i fosbiveast The. fdtatich ofinrdieryretalilecidiradiowd Sigcleamedildg t o
an invention described in Qaim1l, in a brushless notor where a stator
i ncl udi ng sequentpdils ¢ofdadl adistatmortekeeodtsmbhahibme d6diceil- mbapésr 16f gluing
i ncl udi ng a permanent nmagnet havi ng nunbers of pairs of polarities,
respect i veneeinnon &8 tandmith tegl-cipeuidoatrdinnousier 18; nadgedpedtive mashinesela 20
spanni ng 360/ N degree with regard to a rotary shaft of the disc-shaped
rotor IMN i thein aissigngdrjokgwllen-theyrarewadlethgrji@ bpsédba result, the costs of
conmponents including coils and nmaking up the stator can be reduced.
Accor di ng to anFirsteedil-orouder L7 meolints tGioasets 2f caits 1 s 3phammintehh8eollsye
"S" pi.eces of flat-air-core-coils (Sis an integer equal o or nore than 2)
and are 25ontq jiggeasesydneSecal, |glumg mackyne d.& epplishanvugh gluditecuppaped
rotor. Further, the apparatus which manufactures stators of the brushless
not or the facesof eashpeditisnghat patery epilcisi ¢ayered byr theaglue. c dipird dprinited-
enployed to, 6 manufacture N pieces of stators in one shot, where a nunber
of coils i pireadtboargtimeunter IONmounts pyintededrequit-hoard ~24rontor she heails2,
~and S/INis an
15  covered by the glue, then printed-circuit-board 24 and coils 1 -'3—both are set

on jib-base 15 as well as pressed—are forwarded to stator-take-out-machine

16 whereby both are bonded by enough strength. Just before the stator-

take-out-machine 16, the pressure applied to the coils and printed-circuit-

bbard on jib-base 15 is released, then machine 16 takes out a stator formed of

20  coils and printed circuit board. Vacant jig-base 15 is then forwarded to coil-

mounter 17, and another cycle of process staits. Through the cycle of process

discussed above, one jig-base 15 produces one stator, and jig-base 15
repeatedly rotates so that the stators are manufactured in volume.

In the brushless motor shown in Fig. 4, disc-shaped rotor 8 having a

25 permanent magnet rotates with regard to yoke 28 fixed to chassis 12, thereby

producing eddy-current-loss. Further, disc-shaped rotor 8 with a permanent

magnet is attracted to yoke 28 fixed to chassis 12 by magnetic attraction



-integer), and all the conponents nmaking up the stator including coils are

“arranged within an area spanning 360/ N degree with regard to a rotary 5
shaft of the disc-shaped rotor. As a result, no additional investnent for

Jmanufacturing apparatus is involved, and, yet, "N' tines productivity and a
1/N cost of the conventional nethod can be enbodied in the stators.

- According to an invention described in Cdaim3, in addition to the
description in Claim2, in the brushless notor having a stator with
flat-air I j ti- - t :

- di sc- shapé‘ghrgg({@r ﬂﬁ%’{/s? nljg? Q%ﬂggrﬁrlr%%g%? %'r?algs\r,\\gfée\?\nl m%}ﬁﬁﬁnﬁe?%a%ﬁé:g%?@? egfzz.

pol ari U esyBQUIRR (Rbult oRxitly GRhLS 49195 CARRAIGE dNBhaRn0bE! WiiEhS! i N0

val ue of preces of corls In €ach phase equals {0 a Cotar si sting val ue

of coils- t%\.lﬁ)cﬂblrir-g%)gﬁaﬂfﬂgﬁ%&)%sécﬂﬂ AkeGE el 1%04\5 fg&?nteﬂ {d @ﬁas@%ig%,"?ﬂﬁ of

soft magne erial aving an areéa equa 0 or nore € area

Side’of 't netesP PERRoPSRHBLEE 2 oY B e PR LSRIRE, siutghe
of pai 15 oF SR FrPaLS SRl kAN R R aag R TS
char act er i Grr et g abd SR RECAHE UThsHR! 48070 KRB Rarer g et
Stator i {11 PRRCERSE abIATG R QU 1 phIRIUANO T VR 3 PPl

di sc-shapeg, §6f & idFQi%hB&, Bhil SoPFHE MssBAH €3 ,tl’i@{:gld?%?éﬁt-g)fgg Pﬁ{% t§,lig{ng-

polarities-the coils are coupled 25 to a print Circult

sti cking ophetssif (shelPbet kPO tS coMyiddtationC kid OtHerbfo?8 4 e s BRIEOIERA gi ng

360/ N degree with regard to a rotary shaft of the disc-shaped rotor,” a
the bogyd_hastde RGHSILheSBOEOON FoRliheaRRBIA MithBer of coild¢r filrns dfMBilol
section. Thi's arrangenent avoids a case where N pieces of stators cann§t be

put in thej BT b EitePRM@AbLLT dHtHiSkhddsidf MBBGEisRetarRA; howeet,
coils' termnals and the |ike occupies greater space. An invention

described tiedel ﬁieﬁ_bﬁrése%érfé‘iﬁﬂ?%q%sﬂh@@ds@f Thigas 4bafrithbRY nbfibed if the
notors which conprise the followi ng el enents: a disc-shaped rotor having a

per manent BResbsdioofo¥ehizhodpeRrdishén@inghahni otlesis, and a stator having a
plurality of coils formng nmulti-phase-w ndings fixedly arranged on a

printed circuitIpgapaventidndBiakhliest dntalk s st@ailendtebeddacinrd aambdie
steps below arranging fixedly a plurality of coils on the printed circuit

boar d 1§ t hofasidd, donwehtiahal squiphdnt! imelwdinksa t6il Boadingd thAdtHe Eatngt dei
notor-rotation center; dividing the printed circuit board into a plurality

of sub-pri abed ah9nirecand the depfecidting codtl thiusl inogsise s thé 0gstt h'Thigblodkes
center; and using respective sub-boards as the stators. According to this
met hod, pr bevaiihgithy costcofehedaushleshimdtones conparing with a conventi onal
met hod, and manufacturing cost decreases.
Further, a number of turns of coil in each phase is reduced thereby
lowering the motor torque.
20
Summary of the Invention
A brushless motor of the present invention addresses the problems
discussed above, and its coils are arranged'symmetrically with regard to a
shaft of a disc-shaped rotor. Further, an apparatus which manufactures
25 stators of the brushless motor — the stator comprising a pair of coils

electrically coupled—is employed to manufacture N pieces of stators in one

shot, where a number of coils in each phase is S./N (N is an integer equal to



“An invention described in Claim6 further details the invention of 20 C aim
5, 1.e. aland for coupling is forned on a section stuck out fromthe
printed circuit board, the section is formed by the split-line -

. non-straight-line -running through the quasi notor-rotation-center. The
spilt line has been formed on the printed circuit board with a nmechani cal

- strength | ower than other parts of the board, and the board is split along
this split line. Coils are 25 ~ bonded to N pieces of stators, and then the

printed CigiGibte IRAA D, Idig Bl YN s SRtk (RPANGHENBRBIRMES idlkihe Mty

invention described in Cdaim?7 further a the invention 0O

Claimb5, ithe. stali6r qﬁbﬂlﬁiﬁgec(iﬂsﬁ%ﬂaﬁrﬁf;ggd;%ﬂhm tdh %%&'srggff{nﬁfégaééomt he

printed circuit board so That the coi rma ring arou guasi

mot or - r ot aié'ge@e%m%gamr@rémy%amo ASCOhabELAKS,SP! 1T into a

plurality of sub-boards, and the”sub-boards are ted wth each other.

Aiter the col | 9 ap@theded hanafdditriigdtfe rbggsljﬂggé AinloorS Rif rth@%é{%eirnggal .

sub- boards. The respective sub boards "are us as the stators.

the prgduGhi¥htiynicBARERRSTHe%tBh4 bf'es conparing with the conventional
met hod. Brief Description of the Drawings 10 Fig. 1(a) is a cross section

of a brushless nMpiYOfixiny 2$IRFAMYE d@nfs*brﬁafﬂriﬂedaﬁﬂ%ﬂt@ﬁwﬂl G ALY
t he brushle n

enbodi ment. Fig. 1(b) is a perspective view of SS notor |

accor dancehwiplvithe dual $hteaddlsSRAN S ¥ MO KRS Yot Qi FESY the Hhibfbr; i

illustrates an apparatus of manufacturing the brushlesa motor in 15 _
accordance with ihe dividihge¥BEPpinte@ehRAitTBtrd Flong 3§t iItnds RRIMTRASLI Ve
S

view ill ustrajti ng the brushl ess not or u_sed in the fi rst enbodi nment |
nmount ed t Ghohgld the g6ty dhadt oW phirdlity of sEh-doatds anldl 9- 3(b) is a cross
section illustrating the brushless notor used in the first enbodinent is

nount @g to the j i kaag reépddiiye@ibbastderdd@addpar atus. 20 Fig. 4(a) is a
cross section of a conventional brushless notor. Fig. 4(b) is a perspective

view of the corPlentygresent Bhvehties sallevortheFagpaiitay fof MaPRFsResing/¢hyi ew
illustrating the conventional brushless notor is nounted to the jig basge of

t he manuf aghwentignappaustiluss nfdtors &4 Prodscea" N oistess 6L stia@brs Ahd $b Mt freg [t he
conventional brushless notor 25 is nounted to the jig base of the

manuf act urfrow mpjarmbdificabibms] be thdesnishéssanotorstwieh Btetoes aed 1EXdhadss] Y
Enbodi ment s - 9 (Exenpl ary Enbodi nent 1) The i nvent i"Oms=sssTIIDed i n
Clains 1, can Fe nanufaetnded. are denonstrated hereinafter with referencelto
Figs. 1, 2 and 3. Fig. 1(a) and Fig. 1(b) are a cross section and a
persp@btive view of a 5 brushless notor of the present invention. In the
cross section of Fig. 1(a), ,

According to an invention described in Claim 1, in a brushless motor
where a stator including multi-phase flat-air-core-coils faces a disc-shaped
rotor including a permanent magnet having numbers of pairs of polarities,
respective components making up the stator are arranged within an area

20 spanning 360N degree with regard to a rotéry shaft of the disc-shaped rotor
(N is an integer equal tQ/or more than 2.) As a result, the costs of components
including coils and making up the stator can be reduced.

According to an invention described in Claim 2, coils of each phase have
"S" pieces of flat-air-core-coils (S is an integer equal §o or more than 2) and are

25 arranged symmetrically with regard to a shaft of a disc-shaped rotor.

Further, the apparatus which manufactures stators of the brushless motor—

the stator comprising a pair of coils electrically coupled —is employed to



~di sc-shaped rotor 8 havi ng a permanent magnet faces printed-circuit-board 4
on which coi]s 1- 3 of respective 3 phases, i.e. total 3 pieces of coils,

are bonded. On the other side of the coils, disc-shaped yoke 9 nade of

. soft, magnetic material is arranged. Yo 9 is coaxial with disc-shaped

rotor 8 and has an 10 area equal to or re than the area the pernmanent

- magnet occupi es. The perspective view of Fig. 1(b) illustrates the

brushl ess notor of the present invention viewed fromdi sc-shaped rotor 8 .

perspect i yghiutRHIN HRIOSEE bitRoFOIPBAE Mhdt, WAl 3 |

S circuit boarﬁuiﬂ%re ar?angeg mytﬁﬁﬁ an ar §m§§§%h?ﬁén%@%egggfgggaﬁg%cpegard

to a rotar Rafst s TReMrig8aan s € d;/tog REe RHL e t..spanni ng

180 degreéﬁﬁf%hsregard(té t he P%%%fy af't, aﬁ%'t%gﬁfgﬁgi%%ﬁgggﬂggg Pg

vacant . Fiigt?]g?er'),l gﬁataﬂﬁgﬁé Ao ARARL AhBRiAS Hegﬁag%f hﬁ‘cﬂu&ix?%%ﬁ& are

conprising the coils and the printed circult "boar S apparatus has been

used for TERRhSE Withh AnDEHANEAANIHY B60ZONPALSAIWAIPLEAIRI6 1 Uty hoar d
on which 20 each two pieces of coils 1 - 3 of respective tonventional”3
phasesg i. 6 £l r ndgd. r | 3354 Exq\qéé(f ji t

i ncr eas5es St%c? ﬂ% \%itf gﬂén eagfsgrrugc pgg t tggcoﬁ\g/e%ﬁ%gﬁgl’ q?ryétartgigéﬁgﬁﬁp I g. Ei,eﬂs?oﬁ)g

dozens of ihhAubtafink addtabil 30 IRIOBA! BRI VT O thnds ﬁﬁtbg{r%@%zag?&‘gﬁui g

out si de of erim ator -t ake- out - machi ne 16, coi

machi ne 181 amndcqdtioFtRE c6hvEitidnIaREchdEN Bb ehPhdHi€d 3h tRBYEskoFs 0Sel Y with
each other in this order in the rotating direction of rotary table 14. From

pri nt ed- ci r cui tARBAd G TR e invéhtioh dedkfibell 3L -(UUImMBC hh "gadiGioncBouse 10
space is reserved. The rotation of rotary table 14 allows ji1g base 15

sequent i al desctiptionl in Elaipt @t 9h thekaRWledFBmdteChabing a dtabRURSEH flhf-aif! Ui NY

machi ne 18 and printed-circuit-board-nounter 19, and respective nachines do

t hei r 1@ssi @pedoil®Bs mMlEilphidiesaf wherd tidstaYol fadebasdisd-8hape& kbl having a
coi |l -nounter 17 nounts two sets of coils 1 - 3, nanely total 6 coils, onto

jig base Ifmrnfataidmaghet Withmaakibees b8 papky ofegolarititd - 8lnifinbér bPREMsfFCeS
of each coil so that every coil is covered by the glue. Third,

print edci reil fs-inoadedeythet a 18tdlTdsisting w1861 Sopicéd ot @AIGN' déhlplhrard 4
onto the coils covered by the glue, then printed-circuit-boards 4 and ¢goils

1 - 3-bot heqifhlgte atetalars]stingoesiee 10T coils wethle mempee 98 e6lls & fodwedabded [t o
stator-take-out machi ne 16 whereby both are bonded by enough strength. {Just
before theNst Fetjra flak diswinadecdfi soft ifagrichie maesdal andlplving andafed égualrid
printed-circuitboard on jib-base 15 is released, then machine 16 takes out
a statlér ftororeshooé tham lthe amea phe peerhanient uhhghebsattipidée oing fliat glifebeingd i s
then forwarded to coil 15 nounter 17, and anot her cycle of process starts.
Thr ough t hlispgsalde onf a pfirsteskledbf dheseul] amd/ deingecqaxiplbadeh ltheproducess t wo
stators, and jig-base 15 repeatedly rotates so that the stators are

manuf act ursythchnonmislyrerotategl vaithl thestdiat-shaped hetos ledviagbthoagetmanas wel |
as 6 pieces of coils, i.e. 2 each of coils 1 - 3 of respective 3 phases,
‘are nount edagoef mgthhasembérs dhpait® afrpsarisest owm sécomidgsida(ef) thd koidt r At es
coils 1 - 3 are nounted to jig base 15, and on top of that, sub-boards 4
are nount eaumbhe Of)eailﬁoi@dbiuse‘eguewl td 1A N, tispeby vietasling dhe datersomsttimanofi n
Fig. 3(a) fromthe side of sub-boards 4 perspectively through respective
conpo@ént smotariseharactertaias. board 4 is split into equal hal ves each
spanning 180 degree with regard to a rotary shaft center. One 25 half of
the board is rm‘gtmoedunghtm e 3nvemtien desgribedi i Qlaim34, 9n addition shetdies of
sub-boards_4 can be mounted to jig-base 15. As a result, one jig base 15
can si mul tdasevipsion i Gdaise 2 ip t@negbmsb_less mptanbayieg asstatoswhitlb flatddr-4 are

nmounted to jig base 15 with slit_ 10 of )
core coils in multi-phases —where the stator faces a disc-shaped rotor having a

permanent magnet with numbers of pairs of polarities —the coils are coupled
25  to a printed circuit board at a sticking out section of the board, which sticks
‘out from the range spanning 360N degree with regard to a rotary shaft of

the disc-shaped rotor, and the board has a recessed section corresponding to



-2 mmw dth between the two sheets so that an operation efficiency of
"nmounting boards 4 to jug base 15 i nproves. Coupling sections 26 and 27 are
provided in parts of the slit so that the 5 two sub-boards can be handl ed
~as one board. For instance, total of 6 p%eces coils, i.e. 2 each of coils 1
- 3 of respective 3 phases, are nounted to printed circuit board 4 by the

- bondi ng process di scussed above, then coupling sections 26 and 27 provided
on board 4 are separated so that board 4 is split into two sub-boards 4. As

~ §h;§Z§' et SHORHIC SRR 65 s LAY BP0 Fladd M NMEENES
Corpons < Gl MR S0 BELAS PR M DR iy
Cireuit bodrerdpERdating oL ARSI Rl o@uplodreht ) sl " 20 dear ee
wth regard to Whe Rkeat: nghgéstcrfbeﬁtiiﬁkscw it Oreﬁﬁ’%%ér?d% 6, I‘Flﬁ%&fat u‘gkt out

section 6 is used as | an or soldering the term™nals of co o]

print eg; Ci g&ﬁdfa Ritide ﬁruﬁilg@ﬁﬁ%rss@ﬁf&%%x%ﬁggFlgés)gcﬁ&vﬁglgélgﬂleﬁt@ e shaped

so that section 6 can"nmate wth section printed circuit
board is avail abl g 4:Q.. H&d rﬁf’]@ﬁﬁ i : LS &GRNGS ar Y,
stuck out secti on§6d1(§)? §§é§?(ﬁgp&§ogfg" |sg spo%%%ﬂurlﬁnd%n({%ﬂgng{;r?e co&lg %f | f

this condit (W}Hj‘l REs-0pght into a conventional manufacturing process,
coil 3is hg?%only %%ngse’gp{to printed circuit board 4, but also bonded to

anot her print ed cjrauid: haank 4 Pluldity SAMEolld Toriithd habist hRobuRishaaY S

~cannot be separ at ed. I's thus required that 25 par e glue applied
to coil 3 @ﬁeamﬁg%gkawa{lﬁmﬂe&@fr_t:hftrbo%l-rdwtﬁ_erq%wﬁdereélsgI ue |owers the
bondi ng strengt’h of coil 3 Substantially conparing wth those of coil 1 and

coil 239!l n ordemHOmevissC&imptiBéSthe stbps Befpvant age, an area-where coil 3
i s bonded and of which resis? filmis renpoved-is enlarged so that the

bondi ng strength bfragye fikedly 4 QMIﬁﬁtE@fE&@é(onTh@_pQﬁﬂféﬂr&rcﬁﬁf Boaiidwigt ween
a coil and a printed circuit board is known for being inproved by renoving

resist fil ggRaPYheedalnsd MeatPthdbsils Foren aCtimly RAANMH aRpiasddhotdil@atibhs
.expected result, the wiring to be printed at the correspondi ng area shoul d

be noved t @eafrgt her pl ace in order to avoid any problems due to the renoval
of the resist film (Exenplary Enbodi ment 2) 10 An exenpl ary enbodi nent of
the invention desgividitk ithe @r3hted3 cirzuiteibasd rate ?ﬂﬁfﬁlﬂ@f b reubl-printed
reference to Fig. 1. The sane el enents used in the first enbodi nent are

denot eds Wi tehrcullebsads AliK splitlides ahhinfetnbughi theseater; @md t ed here. In
Fig. 1, disc-shaped yoke 9 - nmade of soft nagnetic material and 15 coaxi al

wi th the rotor-isudipgaespdctive sulbboardsagitheobtatord.s 1 - 3, and rotor 8 is
on a second side of coils 1 - 3. Yoke 9 has an area equal to or w der than
the area the perAmosdihgnmagnehisocmephed. prhbdupivitandntremsgsneto at' N atimes
di sc-shape yoke 9,, and holing nmenber 11 supports yoke 9. Printed circuit
board 4 f orcomgring watloa coavahtioes methud) sand maeafsgannighepsbppcredsant e | 80
degree

) An invention described in Claim 6 further details the invention of

20 Claim 5, i.e. a land for coupling is formed on a section stuck out from the
printed circuit board, the section is formed by the split-line’—non-straight-line'
—running through the quasi motor-rotation-center.. The spilt line has been

/ formed on the printed circuit board with a mechanical strength lower than

other parts of the board, and the board is split along this split line. Coils are

25 | bonded to N pieces of stators, and then the printed circuit board is split

i thereby increasing the productivity.
An invention described in Claim 7 further details the invention of

i
1

|




-20 with regard to a rotary shaft of rotor 8 and includes coils 1, 2 and 3
“assigned to respective 3 phases. Being different froma conventional stator
having two coils in each phase, the stator according to this invention has
~one coil in each phase. In the case whenga nunber of turns of a coil and a
thread dianeter of the coil 25 equal to those of a conventional coil, a

- total resisting value of respective phases- is thus a half that of the
conventional one. The coils of the brushless notor according to the present

i nvention gcltaﬁw gtﬁ@% Q%ﬂr gmahoafn d%tﬁ%&é?iﬁﬁe‘r%ls% e gHatL®

- decreasin er o COI each ase from2 to 1. Howeve parts of
this decr S d u f a
coi | / phas g:ﬁu%r??? ngﬁae ﬁﬂ%%g i glﬁng&\}mahﬂfeihrgga?g P]gg atth%3 gﬁﬁ& Blo t&#f&?g‘é}ﬁst i ng
val ue of GRRYANNR! (oMbl hitd BEGP lreHaYEE intd atdlfirdlityor gaﬁpsses at
the same thread dianeter, the coil neasurenent gro I ar g ere

event ual | y, £t ehmoh?&s BE& 288 SwItR!ich other.t NARaF tHd i ﬁi‘e BHﬁEleéP%%? 2;8

t hi nned appropriately. For instance, a conventional coil

di amet gr, tké”fFBé‘fd“stl?e”%oﬂr@ i9%gIRN a8 8i38tdTRUBhoalhas, aCTﬁé'z%tsRE&r!fé ub0- 56,

while the coil uséd In resent invention of O. read arret er,
163 turns yyargk %?i'éedjseﬁywﬂ% 'sYat%Qs/‘) AdnOrebutt, $he/ﬁ1€&ﬁ6t1(rﬁ9%h%a%8§%)N has
not or characteristics . It proves that the coil used in the pr esent

i nvention t@ﬁ@s%gﬁgf wiﬁl giﬁ‘@&@ﬁ&‘érﬂ;gngﬂ m&hodcharacteristics Kt at a small
| evel . Disc-shaped yoke 9 is attracted by the permanent nmagnet equipped in

15 di sc-shaped rotor 8, and supporting nmenber 11 supports yoke 9 so that
'yoke .9 incorporates with rotor 8 and al so rotates synchronously with rotor

8. As a reBHbf Destiiption@fdhe W¥dveitigs! 0Ss i s produced. Further, supporting
menber 11 supports di sc-shaped yoke 9 so that yoke 9 incorpor at es wth

rotor 18 having Fiége ey I BeosSBeoitn ofhebelshlassrasdtonid dcorthgitetwith a
attraction work 20 between yoke 9 and rotor 8. The magnetic attraction thus

does not Vir¥dE iRl Aeecorhesahplaky eafibodigdent. 8. As a result, the thrust
force-working on thrust receptor nenbers 22 and 23 disposed on bearing 21

fixed to chassiBiglA(b)sisfaopempectivey vivw af tiad hrushilesatmofordnrarcardanvedyithf the
brushl ess nmotor. The torque | oss working 25 between thrust receptor nenber

22 and 23 thedfissttandsdcdndeienplarp enmtadémdnby, rotating the brushl ess
nmotor-is also reduced. It is known that the sliding friction is

proportional toFg. Zallusteites anpumraates epmanedadtaring tdei eshibsandtol in 14
"a slide speed". The torque | oss due to the sliding friction thus decreases
at a l1éweraqeoedsncecewithpthecfirdtexeneplaky dmbodidaent. The net hods di scussed
above | Fig. 3(a) is a perspective view illustrating the brushless motor used in
the first embodiment is mounted to a jig base of the manufacturing apparatus.
Fig. 3(b) is a cross section illustrating the brushless motor used in the
first embodiment is mounted to the jig base of the manufacturing apparatus.
20 Fig. 4(a) is a cross section of a conventional brushless motor.
Fig. 4(b) is a perspective view of the conventional brushless motor.
Fig. 5(a) is a perspective view illustrating the conventional brushless
motor is mounted to the jig base of the manufacturing apparatus.

Fig. 5(b) is a cross section illustrating the conventional brushless motor

25 is mounted to the jig base of the manufacturing apparatus.

Detailed Description of the Preferred Exemplary Embodiments



- vibration

-can decrease the eddy-current-loss as well as the torque |oss, thereby

“conpensating the decreasing of notor characteristics Kt. 5 Next, the

attraction and repulsion in the thrust direction work on rotor 8, and a

. degree of decreasing of this work is de§fribed herei nafter. The attraction
and repul sion is produced by the magnetitc flux of rotor 8 and the magnetic

- flux produced by powering the coils, thereby rotating the notor. The force

of attraction and repulsion only in radial direction is utilized for 10

rotating t t i orce in the thrust direction causes
(EfefflRky, PRMIGRAE D

e influence of this attraction and repulsion in

the thrust diropid gyl deabeasstibimbioo! 8l bobag Meidadsofbeange (e

coil s of each phase approxi nate Cc rotary

shaft, an [ i t4i the coils so that the polarity
of attracﬁ}e%%{%rdgg&qgf%%ﬁﬁe?g%gé%dld?za |%'the coils are the sane. As a
result, moment . i tor i C . - W ion
of rotor 8 can ﬂt;l%r gg?}\pl)\glé%gelg Eigb\ke&\{/%rg cgéscéoge iﬁjgl fﬂé&t ge%?}ggﬁelﬁ%'%%é&?rf;ﬁ on,

the cokl s t iy ¥ - W tiel .ot

shaf .y L tapiise Rty SEORE pRTII FsALN, | hithel B8% Seliinl oF Tigh 2

supportin ig@gﬁﬁﬁe&}oto-f.@ ﬁabﬁ%’%é ?e@ﬂlaﬁeﬁ%%&é/n& fa%é@‘hﬁh%e&-@ﬁ%}xft[mrﬁeti ng

f
bonded w th yoke conparing w he rigidity of a conventional stator

bonded wi tdy gy, S‘oiIQafi-e3Q>ffrésﬁéc€ifvei§15’l'i‘a§éls?f.§. tob 4103 YRKEs 5&0@399@1@6&@3?6

printed circuit board. As a result, attraction and repul sion - avail

bet ween Cg)hsth"e bﬁﬁeﬁ@ﬂier 8F theSeild d’i@é-ghﬁﬂecpfirok@tgrmﬁflg%ﬁr %ﬁﬁa%ﬁ&i@f fect

on rotor 8. In other words, 1f the attraction” and repul sion 25 between

coils 1 - Rapa\dar i%f[é’fraﬁ?@&.e Y@Ee%@‘%oiaﬁiélh@itﬁ%y@%ﬁﬁ’&?kotﬁ?@ﬁn&'}ﬁstmt of

the present invention, the stator of which rigidity relatively decreases ; ~

i ncur 3091 ele@reqiiad tabk Mére tHch fHGreatheVidhddredit lﬁﬁgﬁ&t&buﬁiééecr eases. .

15 The net hods di scussed above can conpensate nost of the decreasing of

not or char act erTgé ipessptictive vie! ofdBigs UMY #hstidtes thod bahsldes®ndtet of the due
to decreasing a nunber of coils. The brushless notor of the present

i nvention ffdentBndbitiont WewedEromh adia6ishhped | ftoRB tpeesyariivel ith@@uhm%mne.
As a result, 5 the present invention can provide a brushl ess notor ich
sati sfies jfRpestive asxh?bhsﬁws Cdiks tory antipriwledodiecitbogid g, arenikraaged
utilize the sane manufacturing apparatus as the conventional one, and yet
doubl e t hewiyheluet hMial sparinihg 1SWdedret abitArREARRES hiroyarssidifsCUFhedrea
previ ously, the brushless notor of the present invention can utilize a
convers on@rrégponidach the perappeht msgiat spamaing 180kigred withheegard to the
characteristics of the conventional one, |lower the cost for itself, and
i ncrease tiapy ehaft] hnd the ebmanifgasgaceiisyatdmet. br ushl ess notors to N ti nes.
15 16 CLAIMS 1. A brushless notor having a stator with flat air-core
coi | s in phaseBigiilhugistes thappparatus fdramangfactpeingea etdtomegmeirising h
nunbers of 5 pairs of polarities wherein said stator faces said rotor, in
sai d not orthecspids tandetloo ppdriedtdrowkibogrdyp Thisdapparatus diss heermnged farrt hi n
an area spanning 360 degree/N, where Nis an integer and equal to 2 or nore
than 2, w mamdgendinga brushlesy nsdtaf comfprisingl arpinted-dtcudt-boahd o whisk
nmot or nmanuf actured by a manufacturing '

20 each two pieces of coils 1 - 3 of respective conventional 3 phases, i.e. total 6

coils, are bonded. As a result, the productivity increases to twice as much as
the conventional method.
In Fig. 2, some dozens of jig bases 15 are arranged on the rim of rotary
table 14, and outside of the rim, stator-take-out-machine 16, coil-mounter 17,
25  gluing machine 18 and printed-circuit-board-mounter 19 are arranged closely
with each other in this order in the rotating direction of rotary table 14.

From printed-circuit-board-mounter 19 to stator-take-out-machine 16, enough



- apparatus whi ch manufactures a stator of another brushless notor conprising-
“coils in each phase wherein each phase has S pieces of flat air-core coils,
where S is an integer and equal to 2 or nore than 2, and said coils in each
C phase are symmetrically arranged with regard to a rotary shaft of a 1~

di sc-shaped rotor and forma pair coupl el ectrically, wherein said

- brushl ess notor has S/'N pieces of coils in each phase, where Nis an
integer and equal to 2 or nore than 2 and S/Nis also an integer, and all

Someren SabBLIF BB TBELFR Y BE SARLY 0 TP i 38 o
S L RN G S 08 TR T AR 0B s
VNG & ool lnli bl Bhn 4 GEALE 190LA Sp b @DASCRnA B lliCagRRRd do0 O

havi ng a. pg} nunbers pairs o erern said

f saj d. i | f th il

?Liiiéﬁeé‘cfﬁ?ﬁ%&aﬁh‘%ﬁh@s g{h}éﬁa PRI ERASE B O e i TS
t .hat t i i

er 2o RO L S M,
pairs or pg g&;% Base®152 Ehésdd zélﬂ?noéfmééixﬁﬂ&% 8 éﬂéé&%uéﬁ'@?&%"?ﬂé& Wi th
a flat disc di sposed on a seconad si 0 e codJ and nade sof
magnetic gl el 8 o % Yl lsoaﬁxta%%ir ot feMedvdfed Q)goi)he ?ﬁled f’i‘l?itrd,d. ?ﬁlt@@-\’i ng
an area equal  to or greater an ah axea occupl e y Che permane magnet .

10 4. The sl 635 Ghrte1 SO0 5 B CL@IOT i R0 o R oalled Bl oL O

with flat arr-core co ases and a di sc-'shaped rotor having a

per manent pRINGL M HD S Ge Oéhegai)ﬁatéﬁ-cﬂehgrﬂ&ra§ ARRH FoflsSPL B -Shaor

faces said rotor, wherein sald coil Is coupled to a printed circuit board

at a 1ppSeqhhyat ﬁgiuagﬁgwr ab "WPaM 33 e‘%@e&?ﬁ@@ifﬁﬂwéﬁ{bcﬁ%rs?ﬁloN,t%%J?&uf-egard

to the rotary shaft” of t otor, and wherein the printed circuit board has

a recessed;5201ih8MN ¢ AP HALR Girb bIdHRASEF enBight dtekhHi%h. OWtust HfSre the

met hod of manufacturi ng asgrushl ess notor, said notor conprising: a

di sc- shapeqis @hQhkBAVNHaéhiRe! TR AR praBaNRt ayplidd 68'ebRS andl pRAtddcitbuit-
polarities; a plurality of coils form ng multi-phase w ndings fixedly 25

arranged omoar@bhiliBasd 154é keld@ssd thehngehitle 16k, a SRtEr FEIQTof
conprising the steps of: (a) arranging fixedly the plurality of coils on

the printegojls and printed circuit boards. Vacant jig-base 15 is then forwarded to coil-

15 mounter 17, and another cycle of process starts. Through the cycle of process
discussed above, one jig-base 15 produces two stators, and jig-base 15
repeatedly rotates so that the stators are manufactured in volume.

Fig. 3 illustrates 2 sheets of sub-boards 4 as well as 6 pieces of coils, i.e.
2 each of coils 1 - 3 of respective 3 phases, are mounted to jig-base 15. The

20 cross section of Fig. 3(a) illustrates coils 1 - 3 are mounted to jig base 15, and
on top of that, sub-boards 4 are mounted. The perspective view of Fig. 3(b)
views the status shown in Fig. 3(a) from the side of sub-boards 4 perspectively
through respective components. Printed circuit board 4 is split into equal
halves each spanning 180 degree with regard to a rotary shaft center. One

25  half of the board is mounted on the 3 coils, i.e. coils 1 - 3, so that 2 sheets of
sub-boards 4 can be mounted to jig-base 15. As a result, one jig base 15 can

simultaneously produce two stators.



- on the section StIC Ing o

-~ 18 circuit board to forman annular shape with equal intervals with regard
"to a quasi center of said notor rotation; (b) dividing the printed circuit
board into a plurality of sub boards along a split |ine running through the
T quasi center after step (a); and 5 (c) %ﬁlng the respective sub-boards as

the stators. 6. The nethod of manufacturing a brushless notor as defined in
. Caimb5 wherein said split line running through the quasi center is forned
in advance with |ess mechanical strength than other parts of the printed
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or cou ng a erm e col
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@ 3" 109! & copventignabmanyfpchariugsiracess, 3pil 8 is not only bonded to printed

circuit board 4, but also bonded to another printed circuit board 4 at the same
time so that the two stators cannot be separated. It is thus required that

25  parts of the glue applied to coil 3 be removed from notch section 7.
This removal of glue lowers the bonding strength of coil 3 substantially

comparing with those of coil 1 and coil 2. In order to overcome this
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weak. The bonding strength between a coil and a printed circuit board is

known for being improved by removing resist film provided on the printed

5 circuit board. For obtaining this expected result, the wiring to be printed at

the corresponding area should be moved to another place in order to avoid any

problems due to the removal of the resist film.

(Exemplary Embodiment 2)

10 An exemplary embodiment of the invention described in Claim 3 is
demonstrated hereinafter with reference to Fig. 1. The same elements used
in the first embodiment are denoted with the same marks, and their
descriptions are omitted here. .

In Fig. 1, disc-shaped yoke 9—made of soft magnetic material and

15 coaxial with the rotor —is disposed on a first side of coils 1 - 3, and rotor 8 is on
a second side of coils 1 - 3. Yoke 9 has an area equal to or wider than the area
the permanent magnet occupies. The permanent magnet attracts disc-shape
yoke 9, and hol‘ing member 11 supports yoke 9. Printed circuit board 4
forming a stator is placed‘within an area spanning approximate 180 degree

20 with regard to a rotary shaft of rotor 8 and includes coils 1, 2 and 3 assigned toy
respective 3 phases.

Being different from a conventional stator having two coils in each
“phase, the stator according to this invention has one coil in each phase. In
the case when a number of turns of a coil and a thread diameter of the coil

25 lequal to those of a conventional coil, a total resisting value of respective

hases is thus a half that of the conventional one. The coils of the brushless

otor according to the present invention incur the decreasing of motor
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‘ " 10%&5() 1ﬁ¥1]eases at the same thread dlameter, the coil measurement grows larger
thereby eventually \enlarging the brushless motor. The thread diameter
must be thus thinned_ appropriately.

For instance, a cdnventional coil of 0.29 mm thread diameter, 114 turns
and 4.2Q “phase has motor characteristics Kt = 0.56, while the coil used in

10 the present invention of 0.24 mm thread diameter, 163 turns (increased by
nearly 50%), and 4.4Q phase (nearly equal) has motor characteristics Kt =
0.40. It proves that the coil used in the present invention can suppress the
decreasing of coil characteristics Kt at a small level.

Disc-shaped yoke 9 is attracted by the permanent magﬁet equipped in

15 disc-shaped rotor 8, and supporting member 11 supportsv yoke 9 so that yoke 9
incorporates with rotor 8 and also rotates synchronously with rotor 8. As a
result, little eddy-current-loss is produced. Further, supporting member 11
supports disc-shaped yoke 9 so that yoke 9 incorporates with rotor 8 having
the permanent magnet, whereby almost all of magnetic attraction work

20 between yoke 9 and rotor 8. The magnetic attraction thus does not Workv
between chassis 12 and rotor 8.

As a result, the thrust force —working ,on.thrust receptor members 22
and 23 disposed on bearing 21 fixed to chassis 12—is formed only by a self-
weight of a rotary body of the brushless motor. The torque loss working

25 between thrust receptor member 22 and 23 —due to sliding friction caused by
rotating the brushless motor—is also reduced. It is knowh that the sliding

friction is proportional to a value of "a pressure applied to a slide member" X
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can decrease the eddy-current-loss as well as the torque loss, thereby
compensating the decreasing of motor characteristics Kt.
5 Next, the attraction and repulsion in the thrust direction work on rotor
8, and‘ a degree of decreasing of this work is described hereinafter. The
attraction and repulsion is produced by the magnetic flux of rotor 8 and the
magnetic flux produced by powering the coils, thereby rotating the motor.
The force of attraction and repulsion only in radial direction is utilized for
10 rotating the motor, while the force in the thrust direction causes vibration of
| the motor. The influence of this attraction and repulsion in the thrust
direction can be decreased by the following method: Arrange the coils of each
phase approximately symmetric with regard to the rotary shaft, and arrange
/ the same polarities of the coils so that the polarity of attraction and repulsion ,

|

15 / produced in the coils are the same. As a result, moment force working on /
/

| rotor 8 is cancelled, and thus vibration of rotor 8 can be 'suppressed.[il,f

f

!

However, accord_ing'to the present invention, the coils cannot be arranged

el :

symmetricallyrwith regard to the rotary shaft. Disc-shaped yoke 9 facing
rotor 8 thus integrates therewith by supporting member 11. This lowers
20 rigidity of stators free from being bonded with yoke comparing with the’
rigidity of a conventional stator bonded with a yoke made of a flat iron plate —
the yoke is bonded to the printed circuit board. As a result, attraction and
repulsion —available between coils 1 - 8 and rotor 8 and working on rotor 8 —
decreases its effect on rotor 8. In other words, if the attraction and repulsion
25 between coils 1 - 3 and rotor 8 are the sanie in the conventional motor and
that of the present invention, the stator of which rigidity relatively decreases

incurs greater vibrations, and thus the vibration og'g,tor»&décréases. /
‘ o /
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10$ S 9$1Qfé@re(3smg a number of “‘_30113‘ i The brushless motor of the present invention '
thus maiﬁtain the same characteristics as the conventional one. As a result,
5 the present invention can provide a brushless motor which satisfies the
characteristics the conventional one embodies, and can utilize the same
manufacturing apparatus as the conventional one, and yet double the

productivity. \

10 Industrial Applicability
As discussed previously, the brushless motor of the present invention
can utilize a conventional manufacturing apparatus for stators, satisfy the
characteristics of the conventional one, lower the cost for itself, and increase

the productivity of manufacturing the brushless motors to N times.

15
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components making up said stator are arranged within an area spanning 360

degree /N, where N is an integer and equal to 2 or more than 2, with regard

to a rotary shaft of said rotor.

10 2. A brushless motor manufactured by a manufacturing
apparatus which manufactures a stator of another brushless motor
comprising coils in each phase wherein each phase has S pieces of flat air-core
coils, where S is an integer and equal to 2 or more than 2, and said coils in
each phase are symmetrically arranged with regérd to a rotary shaft of a

15  disc-shaped rotor and form a pair coupled electrically,

wherein said brushless motor has S.”N pieces of coils in
each phase, where N is an integer and equal to 2 or more than 2 and SN is
also an integer, and all components including coils making up the stator are
arranged within an area spanning 360 degree/N with regard to the rotary

20 shaft of the rotor, and |

wherein the stators of said brushless motor are

manufactured in N pieces simultaneously.

3. The brushless motor as defined in Claim 2, said motor
25 having a stator with flat air-core coils in phases and a disc-shaped rotor
having a permanent magnet with numbers of pairs of polarities wherein said

stator faces said rotor,
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5 with numbers of pairs of polar1t1es on a first side of the coils rotates

synchronously with a flat disc disposed on a second side of the coils and made
of soft magnetic material as well as coaxial with the rotor, said flat disc having

an area equal to or greater than an area occupied by the permanent magnet.

10 4. ) The brushless motor as defined in Claim 2, said motor having
a stator with flat air-core coils in phases and a disc-shaped rotor having a
permanent magnet with numbers of pairs of polarities wherein said stator
faces said rotor,

wherein said coil is coupled to a printed circuit board at a

15 séction sticking out from an area spanning 360 degree/ N with regard to the

rotary shaft of the rotor, and
wherein the printed circuit board has a recessed section

corresponding to the section sticking out.

20 5. A method of manufacturing a brushless motor, said motorr
comprising:
a disc-shaped rotor having a permanent magnet with
numbers of pairs of polarities; |
a plurality of coils forming multi-phase windings fixedly
25 arranged on a printed circ;uit board with equal intervals,
said method comprising the steps of:

(a) arranging fixedly the plurality of coils on the printed
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10  board, and said split line is a non straight line to form a land on the section

sticking out for coupling a terminal of the coil.

7. The method of manufacturing a brushless motor as defined in
Claim 5 comprising the steps of:

15 (a) arranging fixedly the coils with equal intervals on the
printed circuit board for forming a ring around the quasi center of motor
rotation, wherein the board is split into the plurality of sub-boards in advance
and the sub-boards are mated with each other;

(b) bonding the coils to the board after step (a);

20 (c) splitting the board again into sub-boards after step (b);’

and

(d) using the respective sub-boards as the stators.



