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present invention relates to a permanent magnet field snall mfréﬁaqiuuag
athin arc- 5 shaped rare-earth nmagnet of Inaxi numthi ckness 1 mm or | ess,
whi ch notor operating on a |low starting voltage and a [ow starting current
yet yielding a high output with an accurate revolving performance at |ower
coggi ng torque. Typical PRralidNehERRIdRE P PEMMIICBcMbebg 1S in the
optical pickup for MD, CD-ROM and the |ike audio-visual equipment. 10
BACKGROUND ART FIG 1(a) is a cross sectional view at the key portion of a
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- As a general rule among the permanent magnet field small DC motor, it is difficult

20  to maintain the output with a diameter of armature 3 reduced. Especially, in a motor using
ferrite magnet, whose maximum energy product [BH] max is low irrespective of whether it is
fabricated by sintering, or by compression moulding, injection moulding or extrusion
moulding of a material mixed with a resin binder, the air-gap between an arc-shaped magnet 1
and an armature 3 is not provided with sufficiently strong static magnetic field when

25  miniaturised. Hence, the output is signiﬁcantly reduced. In a wish to provide the air-gap

- bétweeii a atc-shaped magnet 1 and ari armatuie 3 with strong static magrietic fiélds among
the miniaturised motors, a rare-earth magnet in an arc-shape whose maximum thickness is 1
mm or less, which exhibiting a so-called high [BH] max value; has been required.

Regarding the arc-shaped rare-earth magnet whose maximum thickness is 1 mm or

30  less, the Japanese Patent Lajd-open Publication No. H6-236807 discloses a method for
fabricating an arc-shaped rare-earth magnet. The method comprising the steps of; pouring 2
melted mixture of thermo-plastic resin-binder and various kinds of rare-earth iron based
magnetic powders, ranging from anisotropic to isofropic, info a mould, and extrusion

moulding while cooling it below melting point of the thermo-plastic resin-binder, According



nmel ted mxture of therno-plastic resin-binder and various ki ndtﬁqgc 2003
rare-earth iron based magnetic powdersg ranging from anisotropi

isotropic, into a nould, and extrusion noulding while cooling it bel ow
nmel ting point of the thermo-plastic resin-binder. According 18 DEC 2003 2
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Che fc‘(? h CEic egl{eﬁnlg ﬁg‘% tpléacsfvplgﬁ are v:::r:pecteclC to be compact in size, yet required a high
mechanical output with an accurate revolving performance. The motors are the object of the

present invention.

Among the motors having an atc-shaped magnet, regardless whether it is rare earth magnet

or not, known technologies for reducing the cogging torque through a shape of arc-shaped

25  magnet include making radius of the outer surface of the arc-shaped magnet to be different
‘from that of the inifief 'sérfééé;‘ or cutfing edges at both ends in the circiumfetential direction of =

an arc-shaped magnet ; thereby making distribution of flux density in the air-gap closer to a

sine curve (an example of the publication: Shogo Tanaka, "Application of Permanent Magnets

for Small Motors", page 7 in the proceedings of the Symposium of Small Motor Technology,

30  1983). The Japanese Utility Model Publication No. §49 -4651 discloses that, in a permanent

. magnet field small DC motor, a cut provided in an arc-shaped magnet in the outer surface at

both sides off the centre of magnetic pole suppresses reduction of effective flux at the centre

of magnetic pole, despite the reduction at the cut portion. Although there is no mention about

the cogging torque in the Utility Model, there is an indication about a possibility that the cut



an arc-shaped nmagnet ; thereby nmeking distribution of flux densi aynipnt
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g20 ymoulding, ref. the Japanese Patent Laid-open Publication No. H6-236807, can be slightly

bent.)

The direction of thrust in the arc-shaped rare earth magnet 1 coincides with that of

' extrusion in the extrusion moulding, so the cross sectional shapes in the direction remain

identical as shown in FIG. 2 (). Therefore, when an arc-shaped rare-earth magnet 1 is

25  secured in a soft-magnetic frame 2 with the thinned both ends in the circumferential direction

of magriet 1,"at which a vacant space is forniéd to the soft-magnetic frame 2, engaged by the

hooking protrusions 21, the bent quantity at magnet 1 might increase depending on the

variation in thickness value + 30 pm in the magnet 1. This can lead to crack, tip-cut, etc. of

the magnet 1 at the engagement portion, or even the magnet 1 might drop off the frame.

30  Thus, there is a possibility of serious hazards in the reliability of permanent magnet field

small DC motors in the above disclosure.

Next, a practical means for fixing a thin arc-shaped rare earth magnet to a soft-

magnetic frame of permanent magnet field small DC motors is disclosed in the Japanese
Patent Laid-open Publication No. H11-18390, which is shown in FIG. 3 (a), (b).



The direction of thrust in the arc-shaped rare.earth nmagnet 1 ine
with that of extrusion in the extrusion noulding, so the cros?&ﬂegﬁgpos
shapes in the direction remain identical 4s shown in FIG 2 (b).
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different s ' l.on along.the thrust direction; nely, a
Shape of t hatOgh stk TRo Uebing CibALs bWl oricl BF ey 1B sdieren bt
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11 for redu%;,i?%wﬁgrgl%s et Qrgue. Ehe means for 10 redugl ng _coggi ng torque
di scl osed i At hEEbEINediARd asianed n p soff-magnsiic fameds AF forrofkof apagnet bavhieh
in the JapanesecPeinenio tiri fapapes Pubht Taididpan Noublichibn? 820610-901298, icdn be
generally kno ans Iieée devi ating curvatures or cutting corners of a
magnet . Thes'pgi“%,}\%’lﬁl YRovelr ack, tip-cut, etc. of an arc-shaped rare earth
magnet 1 at the CEUAGRBEHerdRI!diffguk di fablichting b3 foP Exafif) chydish flk
secured in a soft-magnetic frame 2, ‘or dr.op-ogf of a megnet 1, I C ‘are
rel evant to af‘ﬁ\g‘aﬁf‘é‘préﬁ‘é‘é’gh pyEBeitof mexanyp drickngss § oo drdess Mot hagitto20 1206 shapen
be signifi GiitelcYosk SBOU Gfbng the thrust direction. Providing the portion 11 for reducing cogging

20  torque will need a post machining process of cutting off both ends in the circumferential
direction. Cutting a thin arc-shaped rare earth magnet 1 at a high precision level is quite a
difficult work; cracks, drop-offs readily arise to invite a poor manufacturing yield rate,
Furthermore, particies of the raw material of rare earth magnet may increase the difficulty in
finishing an arc-shaped rare earth magnet 1 to be ready for mounting in a soft-magnetic frame

25 2. _

A rare earth magnet fabticated by comipression moulding from isotropic rare eaith
iron based melt-spun flakes mixed with a binder (e.g. an epoxy resin) for 1.5 - 3.0 weight%,
in general, and heated for curing the binder exhibits a density of 5.8 - 6.1 g/cm®. Whereas,
the magnet fabricated by extrusion mouiding from the same rare earth iron based meli-spun

30  flakes, which needs a binder (e.g. 12-nylon) for more than 5 weight%, exhibits a density of
5.7 glom’ or less. Since the maximum energy product {BH] max of the magnet is dependent
on the quantity of the filled rare earth iron based melt-spun flakes, or the magnet density, a
compression moulded rare earth magnet that can offer a higher [BH] max is more

advantageous for providing a strong static magnet field in the air-gap between an armature
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20  distribution of flux depsity in the air-gap by a known means of providing the magnet with a

appropriate shape for reducing the cogging torque.

1

DISCLOSURE OF THE INVENTION
A permanent magnet field small DC motor of the present invention has a stronger
25  static magoet field in the air-gap between an armature and the magnet, by employing an arc-
shaped rare earth magnet of 1 mm thick or less fabricated by compression moulding, New
control means for controlling distribution of flux density in the air-gap between an armature
and the magnet as proposed by the present invention eénhances the high precision revolving
performance by further reducing cogging torque, in the compact and high output,
30 _ |
According to an aspect of the invention, there is provided a permanent magnet field
small DC motor comprising an arc-shaped permanent magnet fixed in a soft-magnetic frame,
wherein said magnet is provided with an outer surface at both ends in the thrust direction that

fits along the inner surface of said soft-magnetic frame, and a certain region in the middle part



securing in a soft-magnetic frame in accordance with the nethod ta i

the Japanese Patent Laid-open Publication No. H10-201206 and {r§ ﬁ&%m
Pat ent Lai d-open Publication No. H11-18390, neaning that attaching a
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means of providing the magnet with a appropriate shape for reducing the
coggi ng NTI ON A permanent nagnet field snal
DC mtoréwmﬁmwgﬁwga stronger 25 static magnet field in
the air-gap IKGHERH) aidwalaGbusecdihdl Vi8R ITGD ForrichlorSRbRY i Bheufifyy, Shaped
rare earth gnet _of 1 mmthick or |ess fabricated by conpressio ul di ng.
New corff¥ hipfthe sreseng vertiqn, FES-di &) isiamerspeetivefvidn ofie egnst tsedimthehe

ai r -1gap Hgbpeen an armature and the magnet as proposed by the present

i nventi on enhances the high precision revolving performance by further
reduci ng coggi ng torque, in the conpact and high output. 30 According to an
aspect of the invention, there is provided a permanent nagnet field snal
DC notor conprising an arc-shaped pernmanent nagnet fixed in a soft-magnetic
frame, wherein said nagnet is provided with an outer surface at both ends
in the thrust direction that fits along the inner surface of said
soft-magnetic frane, and a certain region in the mddle part 18 DEC 2003 5a
in the thrust direction of said magnet at both ends in the circunferenti al
direction where said 5 soft-magnetic frane does not function as a back
yoke. i 0 BRI EF DESCRI PTION OF THE DRAWNGS FIG 1 (a) shows a cross
sectional viewin key portion of a notor in an exenplary enbodinent of the
present invention, FIG 1 (b) is a perspective view of a nmagnet used in the




notor 18 DEC 2003 6 FIG 2 (a) shows a cross sectional view i n1kﬁﬂyg§¢ %gg%
of a conventional notor, FIG 2 (b) is a é)erspectlve view of a
C

in the notor. FIG 3 (a) shows a cross sec®ional view in key portion of a
conventional notor, FIG 3 (b) is a perspective view of a magnet used in
the motor. 5 FIG 4 is a characteristics chart show ng demagneti zati on
curves. FIG 5 is HGhasabbes h&ids%cﬁ&@dlhemﬂweﬁgo&laﬁ o?ﬁw%ﬁﬁé{{a? otor, FIG.
dependence of breaking stress. FIG is a characteristics c OWI ng

t he changes %fb)é%?g@?fwcﬂ‘@r‘a‘%}%oﬁﬁﬂlaﬁl&‘éKsedéné@tm@iﬁbt|ve force (back enf)
relative to the angke h t
changes of coggi ng to? é%?%hg‘hga Cl%siéecao lr@%?vgl%l?(\%%%%ﬁﬁgggé‘#aﬁa%m Tgfolr’gﬁcby
heat. BEST QR PARINY S LT mEiEt LdddENTHeGhOtRef erring to FIG 1, an

arc-shap rare e havi maxi num t hi,ckness 15t of 1 mm or
less is fabricat e?@“ n’%raéascém csﬁggﬁtgli‘%n$au gnelizatign PYReS: j ron based
melt- spun fl akes HTGXéCis\M (EHara%tebﬂsmaiharttshﬁwmgttﬁé tehickA6R degerflen®ObbRAER ! N
the thrust di rectlon of the magnet is shaped in accordance with the |nner
surface of e *magnetic frame 2, while a certain clearance is provided

bet ween the outer murbasq &Qrakﬁﬁst%%% showi ttﬂceclmnggécct?fl %{%rg{n% d;qur}'lE hedHAEKSt

direction at both ends 11 in the C|rcum‘eren i al
sof t - magnet | decompingiorce (bavkeemiheplasive taithe apglked and secured opposing to

each othgr with a r 0 ete a finished
ot mgnet 8 T M R IneH BB Bllogl 2of GRS Gefle i SAEC
is to provi @@lﬂrhletlwfoimmnﬂmeorebyhdat magnet 1 with a certain specific
portion having no back yoke, in the mddle part in the thrust direction at
both ends 11 in the circunferential direction. Thereby, providing the
speci fi c porBESINMEIDE ROR QARREONEGIOUT THEAINIENDION i zation curve that is
smal | er thanthat the re of netic le in the circunferenti al
direction. The cI %E’é C’;@&t Bet *HF%E%’ Eﬁafﬁﬁg‘%? paghst d daying o maximum dhickpess e
sof t - magBet iteffiramtordessHe WebéRhted Ibﬁz%ﬁﬁlﬁ)?ééh}én idoul Fnd oM 1R Q¥th (o lEa@EJT}n%g

pl ane surface t an  angle 0 53 to the outer surface 12 in the mddle

part in the SPH fidtes &‘?@c‘i’ﬁt}b‘i‘]b’@flﬂa% -‘f’u@ﬁ&B@Ge A picbainends inthg tlrustdingetianoaiithe
ends in the redgheal HRFIA inBlcoSidame! WRR the ik RIBRE ©f GBA-rMEnetic frame 2, while a

certain clearance is provided between the outer surface of the magnet 1 in the middle part in

the thrust direction at both ends 11 in the circumferential direction and the sofi-magnetic

20  frame 2. The magnets are fixed and secured opposing to each other with an armature 3
disposed in between, to complete a finished permanent magnet field small DC motor.

Objective of forming the clearance is to provide the arc-shaped rare earth magnet 1 with a

certain specific portion having no béck yoke, in the middle part in the thrust direction at both

ends 11 in the circumferential direction. Thereby, providing the specific portion of the

25  magnet with a demagnetization curve that is smaller than that at the centre of magnetic pole in

the circumferential direction.  The clearance may be formed by modifying part of a shape in

the soft-magnetic frame 2. However, preferably it is provide by: (1) Forming a plane surface

at an angle 0 53 - §2° to the outer surface 12 in the middle part in the thrust direction of arc-

shaped rare earth magnet 1 at both ends in the circumferential direction. A clearance can be

30  provided between the both end-surfaces 11 and the soft-magnetic frame 2, totally through a

compression moulding without requiring any post machining process.
Or, (2) Making curvature of the outer surface in the middle part in the thrust
direction at both ends in the circumferential direction of arc-shaped rare earth magnet 1 to be

different from that of the outer surface at both ends in the thrust direction. A clearance can be



30 provided between the both end-surfaces 11 and the soft-nmagnet ycqf
t ot gl ly through a conpression noul ding without requiring any p03§8 DET'E Zhoa
machi ni ng process. O, (2) Mking curvaturg of the outer surface in the
mddle part in the thrust direction at both ends in the circunferential
direction of arc-shaped rare earth magnet 1 to be different fromthat of

th t ' thr et di et i o | be
18 DRC 2003 L B e orut s 118 n B ety ok AN Bt 4

sof t - magnet i ©@MPFegRen mowlding| wighouh nerdifig any mstrﬁlaelsigingrpm@m.dﬂ"?ﬁ ,aroaﬁs'hhji?htfre

[ | i arc-shape re eart, et , y
be-at t ached T ERgck Baf e RURTET R, 180 NGB oRGRe (v Tpseiiart oD ape of
out er surf aceter k&rfpes 2 prhicagling dog the mmennefacs bf foRciRagltis Ghine TREEftiRg hhae
2, and fLxing and. equr i it at both,ends ip the revolving direction
usi ng, f§r é%%"ﬁwﬂé?at}ifmdﬁgn Hegevelyiap djpection ysingpfog Rpyplen spring 4 of U-shape.
conpr essi on-Iohisdesy, ar cngesRd-rhél &deat shapfB Ghe! cakh M@nﬁb i) l%hf%' it tph AR

vul nerable to the shearing force yet can withstand relatively strong
pressure, caNMsEbIfgiheshearing fresotet campitbsiand rlativily strengirespuignchndwf rabynted

Wi thout craGks sOf-nBEARR! Mg I:asilif B &%ﬂl ﬁ’gﬁ&ﬁ"’?%ﬁpglgdﬁéﬁﬁ%gﬁf th magnet 1

has been fabricated froma granul ar npoun . e di amet er 250 m
or less, of rare ddretabove gre-thapet rarelctrtls puagnét hies beex dabricwied Hroamn a granular

- i ' .5 - 3 i ght % Th ranyl.ar conmpoupd is )
cpoxy 551 A, [t hgind 8ot Sl B0y TR e
granul ar conyithumd epaxiydedifldindet forS1.5CUF Q@ighi%e Prhey. ﬁﬁhﬁc&z&l\;]{jb@ﬁ% -ris ?&%@%‘icﬁl

earth iron bas nelt-spun fl akes of a RE2 TMI4B (RE 1is are
o o) | phadiuideraniyoa ah-Seped BoId08 CAHIGH cOBBEScE g% compotmds indshen i

coercivity daled®fepdd-f6R bildefONRGR: Arth ifon%a&lg"rﬁélt-@un flaked 5% %%"15@4% (RE

i sotropic rare-earth iron based nelt-spun flakes of nano-conpos e
structure h&NdgPpotiMigie Fsofe) phasnethccsrpnasize 023 nimeothizssd emhifpiteni intnifsixs .

The rargsea g s tz ke r i n_the. presen
i nvent i g?l i gbé}?lkg?c@;{r?ggagfbd%@%r?ﬁg%@ C{ g?‘ e?%g?%‘[eé;’gg/{nﬁg cb&ﬁe‘?%ueogfc?mfenea‘%ar e
Ear t h- | r on- Beh baseunadi-spandlakgs ofandswmBositeistrudPateriamiag thoftbth 6 841 magdutic. phRay .

Sci. Vol - aﬁdm@%ﬁ@%ﬁﬂgﬁ%‘}dﬁg@ nolten alloy containing Nd : Fe : B in an

approxi mat e proporti 1 is rapidly-solidified, and precipitate
the isotropic Nd2Tkeiate Bantthree bised hesdt-spun dakeentrefeABY tIN2thE @leder iDlat66 is

appr oxi mat ol IBc-FlREibe ol Seeife %8, Pt in e g Eow BororoUte Mg et
phase dQ fdleweRanpl Rermakedt MgBets',amch. (RsvdSci. Vol - 16. (1986). That is; molten alloy
containing Nd : Fe : B in an approximate proportion 2 : 14 : 1 is rapidly-solidified, and
precipitate the isotropic Nd; Fej4 B phase by heat treatment. Any Nd, Fe;4 B phase would be
available as far as the grain size of single magnet domains is approximately 300 nm or less.
Or, a sort of nano-composite of soft magnet phase of, for example, aFe, Fe; B and hard
25  magnet phase such as Nd, Fey4 B, Sm; Fej; N3 combined by a strong exchange interaction as a
result of heat treatment applied on rare earth iron based melt-spun flakes can serve the
purpose. The reason why the rare carth iron based melt-spun flakes are specifically
nominated is that as a function of magnetization field it exhibits both a remanence Br and a
coercivity HcB both increasing simultaneously, and hence exhibits a well-balanced
30  demagnetization (B-H) curve even in an unsaturated magnetized state. For example,
permeance coefficient at the magnetic pole is different from that at the both ends in the
circumferential direction having no back yoke, and with respect to the magnetization of arc-
shaped rare earth magnet 1, the demagnetization (B-H) curves (remanence Br and coercivity

HcB) at the magnetic pole becomes different from that at the ends 11 in the circumferential



25 magnet phase such as Nd2 Feld4 B, SnR Fel7 N3 conbi ned by a st
exchange interaction.as a result of heat treatnent applied on ri(r)@(ﬂgcrzma
i ron based nelt-spun flakes can serve the 8 purpose. The reason why the rare
earth iron based nelt-spun flakes are specifically nomnated is that as a
function of magnetization field it exhibits both a remanence Br and a
coercivity HgR.-Bot hrys ' -S| % ! | 0k L

nel |- bal anced 50 aenuerar Pe bR i IR Y ey Bl RS Bl rom rare
magnet i zed staeth éron aseddiedmy liesxhitite diffaert enagoetd propetits iatthd magmeig pele andphé e

s different_f,romt.h at t bot.h,.ends in_the circunferential direction
havi ng no o %%elpa{’g%81r%qr}ﬁrepg%lpdé@{;thxbas[ ﬁéﬁfhﬁ’@ﬁ‘éettili Atngired peupanentInagnol
rare earth nlagnelofHifférbe nihghegnREpizal faehdt ikHorkidd YES sdnicommegdIce Br and
coercivity HcB) at the magnetic pole becones different fromthat at the
ends | 1°in the cite@i-ehapsd rae eah prengdobixed dermteiioner syies ofepftweagnetic
described T Midnlte) ol @i WaM: i 8 nBerBBENGE ihifial A4 - e

earth iron based fll al?gigj. It exh}j%'i{]ts gf eP@%tlhlﬁglgﬁégﬁgg&%ég%%P?{Hgétﬁ{gh Pﬁ%
magnet i ¢ polRertiandoti agnetio phlecwbish has & frack Foksuandeshews iaglargdi desepnadizatios: ¢urve he

magnet is a ot t net . f.or f_different. magnet despite
oot that G LARLRE\IRR R n A Uk T ol 308 s BRI Aron P e
magnet | fi Xbelowtkmogtidrhia thewnétdlspu iade thfussditdctiomgNit ntagnétra@b&th 2ndsS11 in the
magneti zed, ‘and then. jt.undergopes .the initial de netization hy heating.
The. potDi orfgrmirigilal Fissthie YHRh dir Radak yakk FORDS de SHOARHAMRGE bots
denmagnet i zatend) TAY distribGtichl SEUXRIFBAES 16 The/al-bab & npRivedRficl BREG Y b lsihe fcOfve,
Hcb), exhi bi ta smal |  demagneti zation, while 'the oquter portion in the

m ddl e part %f 3 TE Phreagimedior@te Tegretion 16 ekearidhen that ofdaave ardnstipn.| Thys the
10 cl r cunt elauiiibution @ L UERIy i b Gl-AB %o 1N iR CEXP ifnart Vi blinkél 3

: ; : ol.
demagneti zati on at bot ends. Ity 1n the

tribution o en
air-gap is inprovet dpsertbed|in derforgoiagsthn ermanget, megnntifield r emadl BE maugiafghe
torque ﬁS_dU%ﬁés@ﬁE inVerflof Hoftipribd) ot ta%hvé?lftiohﬁ%gsﬁ@g&'ﬁrle Wt 1Rt Fmaximum
di stribution of flux en5|tpy I'n the air-gap to the iron core of arnmature 3
i s put underthigigresy bmm aislessafgbniGabrelchyi extrizsien fronkliyg, byt antde stppedeaneadrthmpnet
field small .15 . prese I nvention conprise,. npt a .
convent i Onalf&%%c%@é%%%i) ?Egl'rﬁ% gérrltbﬁse geﬂgé?pugfﬂa X VU'B}]?E’RWS%EY FOrRRegs on

| ess fabri cateddiby whichrhas highenfH]dhagthai tat ahtha cenwhamed niaghic. The aic-dmpstet
fabricated fromrare eeﬁ n based nelt-s abirsléjder

by compr essi3% b IRER ré.at’%lﬁtr?ﬁ by SempregHen “{OBE?}WE({%{Q%FT?};% mP)F(Fg‘idare\(l)\%"}r%H’é’n ba
convent 20nalflak@geiibits TiereadeCofSbuaR @renfafidiRe B Addl ARE&EH i) I bigAl@sboldy as a
- compression furrl%tjilog iort] gma(égeq}zamignﬁqu, .'atrlrlss)lrh%n(gc:aegx‘.al'ni1:>eit(fjs1 rat vgelll—{:glgncggsﬁ?aqgneﬁzation curve even
in an unsaturated magnetized state. Under the same magnetization conditions, a stronger
static magnet field is provided in the air-gap between the magnet and the armature, so that a
stronger output is obtained. Especially, with respect to the issue of cogging torque, which
25  becomes significant along with the increasing output, the present invention proposes new
‘improvemeént means of controlling the distribution of flux density in the air-gap, which
includes, (1) making demagnetization curve in the middle part in the thrust direction of arc-
‘shaped rare earth magnet at both ends in the circumferential direction small, making use of
the reverse magnet field during maguetizing, (2) making use of the difference in
30  demagnetization by heat, in addition to the conventionally known means for reducing the

cogging torque by providing a magnet with a unique shape.

Now in the following, the present invention is described further in details. The

embodiments are only examples and not to be understood limitedly.



20 fl akes exhibits increase of both a remanence Br and a coerci\4 yDEC 2003
simul taneously as a function of magnetizing field, and hence ex a

wel | - bal anced magnetization curve even in?an unsaturated magnetized state.
Under the same magnetization conditions, a stronger static nmagnet field is
provided in the air-gap between the nagnet and the armature, so that a
stronger out fBindesCompaditieg. Especially, with respect to the issue of

coggi ng torque, which 25 becones significant along with the increasing

out put, the presenf?iROENtIEYRH %P@E%%eélsﬁﬁ@mblsphﬁwb\ﬁmnpomhgmn@f (C1), weight

controlli ng Mgﬁagélln«?éléduBHWe t Rfw fhob¢ aHEBRbke 1%%5&% géd:{) El} js's yﬂﬁlfﬂ%edtfﬁ?last

i ncl udes, ki ng enagnet|zat|oﬁ CUrve in
direction of "ér@Ph@ﬁhlpfé@nr diigocpanateh (hmynbt arat nbﬂhyﬂethyﬂﬁstonmxtdil& (2 mol) , are

- Ci rcunf erzent r.ec sl eof the revers gnet field
during rr:ats)gne(!th@?l‘}ré\g,1g Q) PH the SQB ‘édgt ﬁcgod’i Fetation, Seused %Sog'é‘ga fragRatie 24t then
Ca gt ng. tor que. by proy F’*‘”“" S’G“r?:ﬁﬁ“e‘? e B NP el Athe
fol | ow ng, ﬁ'ﬂgl f#@g" ﬁPfgWﬂ‘%W%iréSQ@scrl bed further in details. The
enbodi nents gcg)only exarrpl es and not to be understood limtedly. 18 DEC
2003 9 [ Bi nder Conposition] An epoxy resin synthesised from bi sphenol type

epoxyol i goner (C), weight average nol ecul ar wei ght Mv 1400, and
bl ocked-i socyanate (C2) which is synt hesi sed from 4-4' - di phenyl nmet han

diisocyanate (1 nDI) an neth yIketon oxi are 5 di ssol ved
i n acetone and soI ut| on is us er. Ratio of the
i socyanate - p &ﬁffaﬁﬂ{
group in the Decul ar cha| ncg‘ epoxyol iCgp e |s 0 &CH,(C 1). 1 Jc
L. f - OCHR -({-CH z OCH2-CHCH2 OCH o 10 (C2) PQ I -G N=C
/CH3 C=N--C-N

10 (C2)

3 H3

[Granular Compound]

Magnetic flakes used in this invention is a product from Magnequench International In, Co.
15  (Trade Mark: MQP-B), which is a rare earth-iron based melt-spun flake with a thickness of 20
- 30 pm and having alloy composition of Nd;Fe;;CosBs, and isotropic Nd,Fey4B phase with

grain size having a diameter of 20 - 50 nm.
Epoxy resin resolved in acetone (2.5 weight% in solid composition) and rare earth-iron
based melt-spun flake 97.5 weight% were wet-mixed using a sigma blade kneader. And then
, 20 it is heated to 80 - 90°C to evaporate the acetone, and formed into a solid block at room
temperature. The solid block was crushed using a cutter mill under the room temperature, the
crushed granule was classified in accordance with the particle diameter into granular

compounds of 500, 350, 250, 212 and 150 pm. Finally, mixed homogeneously with a V-



11 1 3HCOH 11 CH H O3 [Ganular Conpound] Magnetic flakes fEﬂ(Ep ggns :
I nvention is a product from Magnequench International In,

Mark: MQP-B), which is a rare earth-iron HB&sed nelt-spun flake with a
thickness of 20 - 30 mand having alloy conposition of Nd12Fe77Co5B6, and
| sotropi ¢ Nd2Fel4B phase with grain size having a di arreter of 20 - 50 nm

Epoxy resin piegRt ¥eshehipeRGRE ?f@quzorﬁog@ﬂ Qﬂ?&‘;ﬁd@ﬂ@%iu OSI tlﬂ?%begdsq gma

earth-iron based nelt-spun ake 97 I'g re We
bl ade kneadeveightpgrtidven 20 it is heated to 80 - 90C to evapor ate the

. Th |'id bl ock
e orushod UERREEDREbREPr P sl opRt b BinerSibal Atcie aintin dreshpad

granul e was @tea:sﬁlbﬁlpeds]l n accordance with the particle gi anﬁt er int Od
ranul ar . conpound 500, 350, 250, 212 and 150 m Finally, mxe
%ormgene Sus! ;rp Wit h “‘Q}aﬁSOIEEC‘EHQO%@ alassified yepartigle af iaregipreinttt glegsen Smaldeg than

| over, aft ersogdsko)gs6 al6iah ﬁ%oﬁtsgecfw egrabﬁfar Qorg 8 ggebc °é%§/w8 sourleﬁd

[Partlcle D|amater of Granu SR
Ar c- shaped aGpewderCompmcting pﬁese(anmbrassxcmonmnldmg mshlﬁé)asﬁaéuredj ubwoﬁ@;[é hfad e

500 0, 25 and 150 g
eopect | vel y P ARG SR oS o ¥ on.tehostd ateef 0ingies Seoa higknotAfoh mm or
conpact i ng Heses The conpreesion Mduled biung RRCRINRted ABBHUT & o I’H]ﬁlav :I’II_-%EEE sﬁ'ﬂﬁjles

conpres at 8t cn? to, forman arc-shaped green conpact g
t himgkne ofof $01 r?ﬁﬁ%ﬁ/' COIFI@%@IOHFH@“IQW@EWQrfamiwieua@ptwate@mmded a3 0cpesed

at 160C for edcHTbBss. THiRensRANRE 8 &Qgrfé f%oéﬁ‘?é §9HR G5 eSSI eré'r‘lﬁlsdggs mm,

arc-shaped rare earth magnet were pcCs.
Di nensi ons AYlaximumithighesss aﬁﬁmrmamiahen@ldmuheGnn&!sdmcnohmﬁxélmmadl us 3.55 mm

Devi at i on of t he. gy ol B F G Bk 8 thinesne: B Sblied pie-ueggoraee
rare earth em}gmgg@ets( n=30) inirelatied @tthonpeo liitcoNpapile diadber 6f grimidd ©hPound
di anmet €h5 of o A Pep%esente&r&o e gollowmg formula (regression coefficient 0.988).
A =0.0003P- 0.0718P + 24.745 -.eeenns (1)
where; A : represents range of thickness deviation( + pm),

P : the Jargest particle diameter pm of the granular compound.

20 As shown from the regression formula, when granular compound having the particle
diameter 250 pm or less is used the thickness deviation in the thin arc-shaped magnet of less
than 1 mm thick can be suppressed to be less than £ 30 pm, actually less than & 26 pm.
Meanwhile, comparative samples for the same dimensions were also provided using pellets of
95 weight% the same. rare earth iron based melt-spun flakes mixed with 5 weight% of 12-

25  nylon at 260°C. The comparative samples were fabricated by the extrusion moulding
disclosed in the Japanese Patent Laid-open Publication No. H6-236807, with the temperature
at tip end of moulder dice set at 175°C, which is a temperature lower than melting point of
12-nylon. Thickness deviation among the comparative samples was + 30 um, at the portion
of maximum thickness 0.9 mm.

30 It may be understood that the thin arc-shaped rare earth magnets having the same, or
higher, dimensional accuracy as those fabricated by extrusion moulding, can be fabricated
from granular compound by compression moulding using a powder compacting press in

accordance with the present invention. Which, according to the Patent Publication No. Hé-



15 used is represented in the followng fornmula (regression coe'f Bi Qggtgqu
0.988). A = 0. 0003P2 - 0.0718P + 24.745 ........ (1) where; A ™r s

range of thickness deviation( pm, P: tlﬂe | argest particle dianeter pm of
t he granul ar conpound. 20 As shown fromthe regression formula, when

granul ar compound having the particle diameter 250 gmor |less is used the
t hi ckness d&@B8T.ivng deseribbdtot e diffisnit.- shaped magnet of less than 1 mmthick
can be suppr .t e.less.than. 30 gm actually less than 26 m

Meanwhi | e, cl%ﬁl a'sfjtf'ft(i(’)h acé%ﬁ%?sés for the same di nensions were al so provided

using pellets of GRauMEL@RMNY H@Viﬁ%%ﬁgcléﬁfa%e%r Fhsh h@rr})rl?@s?%s %Eﬁar'ﬁ&ﬂ@

flakes m xed with 5 weight% of 12 I on_at 2060C. e conparattve sanpl es
ver e fabri daVeR Byforme rasad-apdinomoffomhdhigly withidizpteteredninn Theeollapanesarddadtent

Lai d- open b han. No.  HG6-236807, wi.th the t er at ur at tip end of
moul der goli Elteé%s%?g‘ta? qﬁ‘?g%’ prvf)%f(%ha Fqug‘“t AR Fate &?@%ﬁ@?ﬁ t hBheengti was pHset
of  12- nyl onagn¥titedien§8 kOden itrtdirBiaaiM@idiheDeRARRAIM MO USRS gm
at the portiogqqgof maxi mum t hi ckness 0. Qghnm 3(&)@&1 ms?y be undser%a}tégl%gugiﬁgt

the thin arc? b%ﬁi‘“?‘p&? wagastemetar Pt mepsunige miagnetimiésld 6120 Kiglegher |

di mensi onal accur . o trusion | di ng, .¢can b
fabricated - frqm%?%nu A %%ﬁ%%ﬁg%ﬂvg?aggmng%ggéi%ln LN &@%n&%ﬂc%ﬁﬁb&
conpact i ng ephesien meuldingcisord petiets wi tdre phvéh poebeset! flakveds inelht9hiebd with 12-
accor diAg he_Patent Publi cat,jon - 8 C 2003 11 236807, was
descri 834 ;118,10%1653 Eﬁe%g?‘?%dﬂt tz'.éa (f’r&é‘&h&%“ Séh@%ﬁ%t ElFs¢ icempares heuters cxdnpagned
havi ng par tfhbzleatedi Beb@bresdion §Qou1dﬂh§> lin| RESdWRS %M@?;ﬁ@éénéﬁn&nﬁ&{’ 16§ et ©
forma round colym of 5 high with dianeter 5 nm e colum was cured
at 5 160CSPHPaBUYs farg paph ofnageet ; fabsicgad bhagrérusian e meaiding, mavthe trespdtte to
magnet was demhSRtibRACLIGEd #bld ' LECehd ioheleght

Demagneti zat i o%&qurye was meas&r gldlgfﬁ?’énghé g‘f‘a\gﬂﬁcaﬁ%rg&grg{?ﬁ?ede %ﬂ\&%‘?@b‘ér
(VSM at nﬂ&@ﬁ%eﬁéﬂ’@&@ﬁ@@i c field 20 kCe. Al so, denmgnetization curve was

measuregl Wi th rang ifakibs Hag | S at . extrusion nmoul di fro
pellets of rare earltﬁ %tr on bg%g%gﬂ(??gaqgg rﬁ%gn\%;lng ?H/%e?ﬁ%’aewwxﬁg’%s T@I%Fon
5 wei ght % #HPBEE, aneimparedanith dok ol kérapatativel GSmple. cOmpasisrebftfs e Be Bashed
t fabgy . . i on .oyl di ' v d ith th t
inﬁggﬁt i oﬁ SJ%%T‘{T%% lhglugé), THiERR padking density Of rate Sarthiror based Hakes in the rgggnse? of
the present invention; whereas, magnetic properties deteriorated in the comparative sample
because the flakes were kneaded with a strong shearing force under a high temperature

+ 20 260°C, which brought about oxidation of crushed flakes.

Table 1
Remanence Maximum Squarenéss
‘Coercivity energy product
Hei kOe 4nlr kG [BH]max
MGOe Hk

Present
vention 9.53 6.87 9.55 2.59
Comparative
Examplo 8.66 6.58 | 8.30 224

25 [Withstanding Stress and Fixing of Magnet to Soft-magnetic Frame]

Granular compound of particle diameter 250 pm or less was delivered to a powder



conparative rare earth magnet fabricated by extrusion noul di ng,‘[ ﬁl []EC 2003
respect to demagnetization curve. Table | shows the magnetic =~ = .
characteristics derived fromthe denmagnetiZati on curve. 15 As indicated in
FIG 4 and Table 1, nagnet in the present invention exhibits a higher

[BIT] max. as conpared with that of conparative sanple. Supposed reasonsh
for the hi gh&mpabiBtg pro®xmedsNEddUl SolupheNt GRGEssPRGKE R/ HERS k¥ Va%faré-%a%eg grre%n
iron based flakes in the magnet of t he present 1nvention; er eas,

magneti c pr diEerieef lgest then dmametickn It es compat 260°Cefos anpine to PReRIYSEsotdifled

: ] t hearing force,under a high tenperature
202600, whi CRIRE S te e SE SRR 48 GRS n DT UhaBIgn arc: Outer
RemanenceMaxadusSiianen &apr CaluCS 85 titBNPraginudi adellessH900 R Ani tﬂi§t%%%§{ iE'}%QﬁX
MXei | k Bresent, 9.5 6. q . 552. 59 invention Conparative 8.666.588. _

Exanpl e. “25 tFth ‘ﬁ‘éﬁcﬁﬂ’ai g% &y e‘gEOaa?P&‘Hﬂ_F%HVﬁ@a@f’lel\@gﬁ@teaﬂb ngghet-ipgehe same
Frame] G anuhage @RBHAAPby BaRlsidhl BotbRBRIHL pdRls 57 %Fe J:a?élsifalr\fiéasg(gl I -?srglgrg
to a powder 18 DEC 2003 12 ‘compacti ng press, rpreasure I N vol uneg, _ ed
at 8 ton/ cniflakes $oweightle anrd 5 sreighs% ol @erylondmmpiadtat 260°Cemsltéhmd sdlidied hi cK.

It was cured at 1 for 10, to.provide a so-called conpressive-forned
arc-shaped rare egsri tgh Sgﬁsg%e?ﬁarﬁt%gﬂgﬁ Sﬁ%rgpspo‘fvﬂlg ﬁ’ﬁgﬁ&pe’é‘ ¢ ‘@f’@ﬁncer alithe
3.65 mm | nvethstaading stréss 5B above ahﬁ?ﬁaﬁbﬁa&&%ﬁ@hﬁ?é@e@: 98 :wg%hgffaﬁdr.% i&%gge?ﬁg B
the 5 thpust directi.on 15,5 nm so, copparative sanp e
nmagnet tfqgvi g]%?%ggtsgﬁﬁ‘? %Osﬂ’ﬁﬁ%agﬂﬁ%atftgﬁtpf’gﬁétf mgx iy thickeass wgh di isdprékeoimas
pel l ets of rshswn Batht Brawig) based mel t-spun

As it is clear from FIG. 5, mechanical strength at room temperature of the

compression-moulded arc-shaped rare earth magnet in the present invention is as low as
approximately 60 % of the extrusion-moulded counterpatt of the same dimensions, and brittle
15 having least bending property. Therefore, the magnet is not suitable for mounting in a soft-
magnetic frame in accordance with a method described in the Japanese Patent Laid-open
Publication No. H10-201206 or the Japanese Patent Laid-open Publication No. H11-18390;
meaning, "fitting to be engaged between the hooking protrusions by slightly bending the arc-
shaped rare earth magnet". If the magnet in the present invention is slightly bent and inserted
20  in a soft-magnetic frame, the magnet is liable to case breakage, or even falling-off, at the
engaged portion. Therefore, the magnets of the present invention are not suitable for
mounting in the frame at an agreeable yield rate in the industrial scale.
It is possible to glue a magnet of the present invention to a soft-magnetic frame.
However, as described in the Japanese Patent Laid-open Publication No. H10-201216 and the
25  Japanese Patent Laid-open Publication No. H11-18390, it is not an appropriate method to glue
amagnettoa soft—magnetic frame for this type of permanent magnet field small DC motors.
Magnets of the present invention can withstand a pressing stress in excess of 6 kef at
room temperature, as shown in FIG. 5. Comparing to the comparative sample, the
withstanding value is maintained until a temperature as high as approximately 120°C. So, it
30  is preferred to fix a pair of magnets 1 disposed along the inner surface of soft-magnetic frame
2 with a U-shaped spring 4 which presses the magnet 1 at both ends in the circumferential
direction, as shown in FIG. 1. Strength of fixing the magnet 1 to soft-magnetic frame 2
generally depends on pressing force of a spring used. A pressing force of 0.5 kgf or less is

enough for generally considerable operating temperature range. So, safety index relative to



fl akes 95 wei ght% and 5 wei ght % of 12-nyl on kneaded at 260C, d 3
solidified. FIG 5 is a characteristics chart show ng the terrpngirgtem 200

dependence of the withstanding stress of 1dbove arc-shaped rare earth
magnets. The withstanding stress refers to 10 . a load kgf given to the
magnet at the portion of maxi mumthickness when it is broken, as shown in
the drawi ng.thAsillbwabls cemprEsiéd §FnEGs rfore MBGNBRNKARY h?éh%ﬁ&%hﬁ@hh&%q{aeraﬁntg
tenperature of the conpression-noul ded are-shaped rare eart magnet 1n he
present i nvelSopgitiraragge ppty B9°Caphichis thahighsst fossilofenphmatie writhshopermandded

count erpart ' lons,. and britile 15 having | east bending.
proper t 5 Thlg’];l %gtﬁgl’ﬁaﬁaéfjbnggﬁ% rs,{]tgm%fan% ﬁ?qshdtgragioFg}e aﬁ]ﬁﬁ“ﬁglier?éesﬁﬁgétr%@flg 1ts
magnet i ¢ fr awmperatuac depetldonce Bhidthe mapnbiol riamedd HAdebited RethJARIRGSAIFRLAN
Lai d-ope% Pr%lgl l.cation No. H10-201206 or the Japanese Patent Lai d-opéen

Publ i cat i"on R2PHH1- 18390: meaning, "fitting to be engaged bet ween t he '
hooki ng pr ot MEgLQRT tHRYPSHibOO! MdgrRe MiidRD ded MR RS0 Sda M e 8 falhe
| f thegnggnet{gi n the present i n%/lgﬁt ifon is sli ghtplcéhgent anﬁfnsgrﬁegg%%l n
a soft-rragneY‘?k@]frarre, the magnet is liable to case breakage, or even

falling-off, at t Ftion.  Therefor th g s _of the present
i nvention are not I’tgl(.l}l 'ES zriég?‘?g(r)@&wﬁ%@ﬁtafnﬁag the ?qgge, i ﬁﬁ@t ﬂihe 553? Bfe%cgggmg d
rate in the torygashd it Bsdadlextrohiotivs fqros @dekenttp withus ac @trar@fcatth Snagnet.
pr esent 'bnv tion to, a sqQft-npgnetic frane. However, as described in the

ft g . ,
Japanesd OPat BIft MgRe IS Rvdes witk éé‘ﬁ@S Fuiees Hittparpangla B tathe qumeng pateg sipfne of
Pat ent Lai d-ta9esmBeRidLAbIANINGe nidis 3:%% %&?tahée 28 H‘H{l) i Bt F&Eﬂeéﬁo? Ji5hpod
to glue a magnet to a soft-magnetic frame for this type of permanent Teghet
field snal | MEEURDEtdoth endyimyestcircehferdnsiabditestion, fomfpeningorcleamonitiavisg an daak

[ t b -~ r ture s sho in F
D Conpar i ngro "t RASHSEED sShafuehile Bhme.” PRIASIPEE Bl tifiuns? G BT pidhus 163
mai nt ai ned Ui Inner radiyp /54 um Maxirtungthicksesa P0anmrant &istark2 G theIorusi diredQom S

referr t q<fd ir Qo ets, 1 disposed along.fthe inner surface of
Dot - gt 18- Pafie VRber 8t 0Bl elfnS SRRNG o GRfAic Caseten Bhasigron 1
at bot h endasiumedngieione UerwE v Bl TathnbR At L2 @Speh P¥Rlidafod NG #0-201206.
Strength of fixing the magnet 1 to soft-nagnetic frame 2 generally depends

g =
on pressi ng 1f &heeerarnent dpaepalgficld e smalh DG ewiirniged Gcmeastirefest, k@facélo emf e?'s t1$ s
nough for I C ' e ! ature range. So, safety
?ndgg rel at %%t@v){%m%g%&%éﬁ% {iﬁ %&glb%tﬁgprpressi on strength is nore
than ten tines hi giserewircthe dhaving theBaoRemd™M d@reases linearly relative to the angle O as

- 20 derived from the regression formula, but the decrease is as small as 5 % in a range of 6 from

90° to 53°. The cogging torque Ct, however, shows a significant change in a second-order
function relative to the angle © and the change reaches the highest at approximately 6 = 65°,
The cogging torque is reduced by almost 70 % at that highest point. Even in a range between
82° to 53°, it is reduced by more than 40 % from the value at 90°.
25 The above-described advantage has been brought about by the thin arcuate rare earth
magnet having at both ends in the circumferential direction a region having no back yoke and
- being fabricated from rare earth iron based melt-spun flakes, which exhibits both a remanence
Br as a function of magnetizing field and a coercivity HcB both increasing simultaneously
Vand hence exhibits a well-balanced magnetization curve even in an unsaturated magnetized
30  state. Thus the permanent magnet field exhibits a magnetic performance as if different
- magnets having different respective properties unified info one magnet.
The arc-shaped rare earth magnet as disclosed in the Japanese Patent Laid-open

Publication No. H11-18390, having an engagement portion to be engaged with hooking



tenperature range up to 120C, which is the highest possible te

with the permanent magnet field small DC notors, taking into gtﬁﬂggi;@g
the allowabl e pressing stress and its tedfierature dependency. Thus the
magnet is nmounted and secured with a sufficiently high 5 reliability.
[Effect of the Portion of Magnet which Does Not Enploy the Soft-nagnetic
Frame as Baciotrdiedf folinaghetid @fe and &l RSP tAuSHRREpdi o@nf#%' r

FIG 1, theoﬂfahe of the cogglgi ng torquep%anﬂ t he Bac g%éel}(;:??o f.ﬁ?/‘gd?’oﬁaere
(Back enf) viafth magngh whish haetive ey mosmshapeninghe ccrosy Gection ahgnide spsalrdothrgied

w th a pl aneg;gus W : I V| e rfac f. ot
conpr o561 on i e crn At EHcARALE el By B o T BE T b
di rection ofopeh&ublicigine tNeatHbh23480@nddoviavet, by the compfessien maalditd bf afel M@sert Or
form ng cl.earance havi no_back oke with.respect to soft-nmagnetic
frane. D%rre A g?ecl)l ﬁgn i ﬁ%eg%%rﬁ ﬁg‘%h QP%’.“X ﬁﬁf‘é]?e ?%?‘hgg’ﬁg&o baﬁ%}y OIF%@PﬁF%i%ﬁ“ﬁ%‘C
3.55 mm  MaxfdimiRahtiepesnaaead BroSh BRI P HHRB G SufScd aHSheldio £0tL.ign tﬁ5
15.5 mm Val yes at angl e Q of the plane surface are specified based on the
val ues at arthe ga¥ingeyics sease 96 thgeompeagsion orpuldaén the priddls parvan thetthivsi direstien
Publ i cati on- 0] ; per ef. Il .| not
used for nea%&?%?é%#ﬁ %%ﬁ gfa#ﬁ‘\l}ﬁalréget %%%ﬁ{lﬁ ?ﬁ%@ %‘6"{5‘8‘?‘{’%3“@*‘2? (ﬁrﬁgt% 9 @5
1.15 g-cm danakingcigaturaof deantdr sutfime il tleshitiglet feet Bahk thewst diveaion o dranagnet

i nearl ynrel.ag] ngle, 0 as 20 derived fromthe ression.,
f or mul a?iObuttg{b#%\élﬁ:f éég]} tgg’%e%?go as® g‘%ﬁﬁ f“rgge &t Rt pndg ip gl]?fgtgm(ﬁ{ ‘%gecf‘f”bm?n Yther of
53. The t ogghnigastgrag uec-Sape o vath maHRBambs f@hicll ité aminigRanggmbitotilly by a
second-order__ function.relative to the angle 0 and the change reaches, the
i ghest at  ASBPERGOMAREIRE Riess (mpressid Toitins BroceTl ythout e e posymashirias
70 % at t hatpréveghest point. Even in a range between 82 to 53, it is

n 40 % fromthe value at 90. 25 The above-descri bed

reduced by rrgé%eé;t hta ! K ¢
advant age ha LAt Head dsmasagigatonyf Nagaet iniNp Back ¥oke Pegtics] eart h nagnet

havi ng @ both endﬁlsataratéaqnggtne&ia%ﬁ%Qaﬁlﬁied%hraﬁ%}é-gﬁp xra%aﬁﬂ pﬂﬁoﬂaed

back yoke and being fabricated fromrare earth iron based nelt-s
flakes, whi G¥theaplpisi usfapmatianangle PefiSric the dBrvings owterf smxtd of the Eompagssidn mbuid,

field and a; v B _bat h,i ncr easi.n L mul t anepusl a hengce,

exii bi 15 a i pitalel o vino e bl SRR, iy 15 dml e SPitp ot in he
magnet i zed 3Bcwhfatentiallditestisrhfor fremimge oértaifglemtndei lakihg e babl {ekeawilR RSk €
performance as_if ditf&rent, maragnets having different respective Erope[ties
uni fied i nt858ﬁ7§“%6tﬁe_ amesin 4 sfges Wi @ Fapactance 2000 uEeas 1800 2 24Qf) Yc FHaetisi ;
the Japapesehdtadteritkics sh §H3¥ing a change in the cogging torque and the Back emf, before and

after a demagnetization conducted by exposing to a temperature 140°C for 5 min.
Dimensions of the magnet are: Outer radius 3.65 mm, Inner radius. 3.55 mm, Maximum
thickness 0.90 mum and Distance in the thrust direction 15.5 mm. The values are those which
have been normalized to the cogging torque and the Back emf of the magnet magnetized with
25 -the maximum magnetization field, at 2000 uF, 2400 V; before the demagnetization by heat,
In the permanent magnet field small DC motor measured here, the reference Back emf V is

0.214 mV/rpm, cogging torque Ct is 0.46 g-cm.
As shown in the chart, when a permanent magnet field small DC motor of the
present invention is demagnetized by heat, reduction of Back emf V generally remains at 0.5
30 % or less. However, the cogging torque is further reduced for approximately 10 %. When an
arc-shaped rare earth magnet mounted and fixed along the inner surface of a soft-magnetic
frame is magnetized and then given with an initial demagnetization by heat, the portion of
centre of magnetic pole having a back yoke exhibits a small demagnetization , while the outer

surface in the middle part in the thrust direction of the magnet at both ends in the



Publ i cati on No. H11-18390, having an engagenent portion to be eﬁn@d}ﬁﬁmma
hooki ng 18 DEC 2003 14 protrusion of soft-nmagnetic frane and a portion for
reduci ng coggi ng torque, nanely, a rare darth magnet which has two or nore
shapes in the cross section along the so-called thrust direction, can not
be fabricated by extrusion noulding as taught in the Japanese Patent Laid-

open Publ i catitcamfdyential #fie 236 SRKich HpdENRIng Y bdcRE0RE RABES] Efkerﬁéﬁa?ﬁéﬂﬂaﬁn
the present 5 inventt'bon ar c- shaped net with the portion ’

rare earth m

havi ng no badkPyyiea 8¢ magnet hrs ghistgecdemagastization prusve desge mémanggee Bi ahdr
(1) providi ngheridyamen)s Y @6 fesile, BRriBE nsifA it ' uher
surface of the corrpres):i.on m)lfl d, in1 t éleonfﬁ}%ﬁignsﬁgﬁ{ltt?enalﬁ E% ﬁﬁ@ég@gd%&her
direction dP belstosalie-assingruever andghe lrgen coggimetorqie rbictior isdibtaimedtrblative to the
circunfegent| LT ' ki ng_curvature of the outer surface in
the mddle pﬂgﬁil%afla{rllo?ﬁé&f%fucgpsegi é%rr(i%ghagg?mta @ magnet 10 to be different
fromthat of the outer surface at both ends in the thrust direction. In

either of t e - d rare earth magnet can be forned to a
finished mﬁ@[ﬁé@@ym@]ﬁgmer conpacting press (conpression noul di ng
process), w thout N@Eﬂ@n@ﬁb’m@%ﬁ fiBIIC Bin Bl M it R R SEe prlefdnt GREn %éﬁ?&r
Demagneti zat i og of%l\/agnet in Back Yoke Parti oni‘ 1% Url1lsat ulrlatne ses an

[+

magnet i zat i A° ppfi @ethomagnet Hf cmayimyey thidknesse b rmm, (fakyiveted phyo wompssion t h
a pl ane 1pur fRgRina o 2088 £ € i asurface of the . .
conpr essi on rmu_In%, N ?\ the m %ﬁfgkgeﬁ%ﬁpﬁﬂtfﬁg&%ﬁﬁggﬁ% A;Eélgﬁ(%bﬁ’e(rﬁ?%lf%%eé‘ég
12.5 m) at metidedewifh 4 eettafre portion dusingrrenbackl yakierat diotto endsoin fhe ratfcmg ferential

certain cl egrape Vi ) 0 iLth respect to a soft- net i
frame, in 4%@2@5%%’%&2 %aglg%é?éaéniggh%%ﬁctﬁo gtsoé'gﬁ’gnqt“?ﬁﬁ@e \?’TI%gI‘b‘S gx?% a
20 char act ertheseinogitic i arassisg mbn g The atoeshageedi raret dagth GRGHENEGnt@ifE hodd fhré BAth
Back enf, b r d,after a d etization copducted hy exposing to a

t enper at ur eq{f%d)%sgo@e Rk .akebeﬁgﬁ%n%% 2 Spmanractap Attt %‘HPE‘?n pLmaguctizige figld

3. 65 il nped a ewraisity BlcBSbathindyBasingUsinutthieokIe 96d heBQ SMRiIEIRGa ReBlRNmEed N
the thrust di rectiﬁn 15.5 mm, The val uea are those which have been

normal i zed CHEPREALEYGINY YR a8 uaiireisd magastized statss Under thagrae meapsiisationed
with 25 the coRdtiionsIEREARE FRVIdeR afsuSlishr sBltic 3R cfu Fé\ﬂgﬂsér{% F?%tf‘,%rbﬁ%{e%? the

demagneti zati on by heat. In the perpanent magnet fiel

measur ed heMAEEHEC, 8P drpate, Beige L hiehe paputobezomesrpyaijohie. cBublengof cogpire Cr

Ims)t gr 4(6)f 9{ ﬁé‘!@rq&é AN othlrs! Rehi G BelomedN §Bnific Rt " B Wit TRAD ﬁltcrgakigé dou%pntﬁ,l ks BC
20  improved by new means proposed in the present invention of controlling the distribution of

magnetic flux density in the air-gap, in addition to improvement by well known means of
controlling a specific shape. The new means in the present invention includes; (1) making
demagnetization curve small in the middle part of the magnet in the thrust direction at the end
part in the circumferential direction, making use of the reverse magnet field at magnetization,
25  and (2) making use of a difference caused by the heat demagnetization. Thus, a compact high
output small DC-motor with a highly accurate revolving performance can be implemented in

accordance with the present invention.



present invention is demagneti zed by heat, reduction of Back enj(ﬁllpgg 2003
generally remains at 0.5 30 %or |ess. However, the cogging to

further reduced for approximately 10 % Wen an arc-shaped rare earth
magnet nounted and fixed al ong the innﬁé surface of a soft-nmagnetic frame
is magnetized and then given with an inrtial demagnetization by heat, the
portion of centre of nagnetic pole having a back yoke exhibits a snall
demagnet i i . Whi-].e the outer surface in the mddle part in the thrust
directi onzvg#lét?ﬂ%lalrrﬁgéﬁéét at both ends in the 18 DEC 2003 15 circunferenti al
direction, which ends having no back yoke, exhibit a | arge demagneti zati on,
even when the nagnet has a | arge dena tization (B-H) curve (large
remanence gr and coer%ﬂ‘?"’_ﬁ‘?“ B}?g“?;{sg%]ﬁémﬁ A tmotes CIMRIHAG Hhaises fpadx
density i petdihedi ha@RPfited ih AREVEEnitY A8, whbRiPe closer to a sine curve
and the larger cogging torque reduction is obtained relative to the 5
reducti on of BadRiddngenebiseeridsd witle an enigy sisfice at bath endsNBUBT Rirwdt direction

APPLI| CABI t eflQl s | s t f the presen

i nventi onk%%\fngf\ﬁggé%%grr (@gﬁgﬁgéh@asggﬁg%?%%%ﬁ’e do% c‘r%“k‘?rﬁﬁ%?’%m&i?ness 1
mm fabri ezitidld eyt tother thewsi directiv® 6fosaid mepghetosn bath endalii hhd choubaadal

mel t-spun {| s mxed - with a hinder,, the et bejn rovided with a
certain pg%r?%goﬁ' st i %@"6‘5%’@9%&@&“&29&@%%&% aﬁbalcﬁé’gléqr cunferenti al
direction for formng a clearance with respect to a soft-magnetic frane
when it is,.fixed therein with a pressing force. The arc-shaped rare earth
magnet confai ni ng mr&gFﬁ?@%%ttWWFWﬁ%m #aal i Capater of slaiml, whessinampainnf; s
both a regrAgRpS] Frmdfierd haphelsi PPoshg FPERALIHK:We ispbd iR ROLMRERLE Vi ty
HcB both i ncr eg_si Eé si?rul t%edu@?&aagnd hence éxh?.bisgs a well -g%afl%%@éeﬁ
magnet i zatfaBK \Yﬁ]i‘\ﬂgﬁ evten syrface pt badaendsdn dbe tupwalitegiéan Sttmgealongntherinnére sane

magnet | Zakidive RULIA Menotib sl MLt RUAPEA if WOHASSEAD GrlREACt | ©

field in the air-gap between the nagnet an e arnma ence a hi gher
out put be®#®ne8 sprag.| abl e. Probl em of togging torque, anong others, which
becones significant along with the increasing output, is 20 inproved by new
nmeans proposed in the present invention of controlling the distribution of
magneti ¢ fBux densi ty Tha peinenentrmapapt fidld smaltiDC rastot 6f dlaipr 1) vwehizesin theyarave! |
known nea f..controlling.a specific s The new.npans in the present
vent i on RS pefepCmn it i oSREEon moWOGT Fom et Gt basel eleshinda) o
part of t fiekevagdatbirider.t he thrust direction at the end part in the
circunferential direction, nmaking use of the reverse magnet field at
magneti zati on,

4. The permanent magnet field small DC motor of claim 2, wherein the

maximum thickness of the arc-shaped magnet is 1 mm or less.

5. The permanent magnet field small DC motor of claim 1, wherein a
certain air-gap is provided between the outer surface of the arc-shaped permanent magnet in
the middle part in the thrust direction at both ends in the circumferential direction and the

soft-magnetic frame.

6. . The permanent magnet field small DC motor of claim 3, wherein

curvature of the outer surface of the arc-shaped rate earth magnet in the middle part in the
thrust direction is made to be different from that of the outer surface at both ends in the
thrust direction in a compression mould so that the sofi-magnetic frame does not function as

back yoke at the region of the outer surface in the middle part in the thrust direction at both



25 and (2) maeking use of a difference caused by the heat demagnet BzatEenZO[B
Thus, a conpact high output small DC-notor with a highly accura

revol ving performance can be inplenented in accordance with the present
invention. 18 DEC 2003 16 What is claingd is: 1. A permanent magnet field
smal | DC notor conprising an arc-shaped permanent magnet fixed in a
soft-magnetic frane, wherein said nagnet is provided with an outer surface
at bot h enggls imtht bRcuni¥etestialQiiessdn on that fits along the inner surface of
said soft-magnetic frame, and a certain region in the mddle part in the
thrust direction of said nmagnet at both ends in the ci rcurnc erenti al

di rection ere said Hﬁgg B8 back yoke.

2. The per\r’fanent magnzl?{;ple g{ﬁlﬁﬁf)@ﬁﬁsgﬁﬁﬁ Og?ﬁ]&& v%ereéel%agalﬁgr of
ar c- shapedrpehapadh ene earrﬁgrmegmeta)cpmmmngtgo tarhedich fmbdh eFongltlﬁB idhaposee dMofthe

sof t - magnet i c er surface at both ends in the thrus
directi on P} l%gg%fp%n‘a{thf%é % Q?IPT%‘&fézaHPnt REVeSorat - IRandY | Ensfwééﬁ%‘% and
fixed at hasghetirudion) N t he ci rcum‘ erential direction wusing a spring. 3. The
per mmnent magnet field small DC notor of claim2, wherein the arc- shaped
per manent magnet is conpression noulded fromrare earth iron based

nel t-spun gl akes and 'ﬁ:e@eﬁ%fentﬁagn@hﬁel&@hﬁﬁ@@%oﬂgfgpﬁﬁmf5el d smal | DC

notor of claim2, wherein the naxinumthickness arc-shaped magnet
is 1 nm or Whegi dlgrquth:@ dluredensity indbmeap wite e asmature DM care dy copfroliédabym 1,

wherein a i rsurf t he

ar c- shapedonggl;n{ nent g?r%lg%glr&a% gi/ahg&garp %e paﬁ{“ﬁgo %ﬁﬁl tﬁre&gl?%g'l ie‘léff‘ron at

bot h ends aleng the inyier sumﬁefce rodf mbft—athagdetueﬁame) and figntrhevidiag fititialodpneighaizbti@me. 6.

The perma fie or of claim 3, wherein, curvatuyre of

{he but or SIEREBE; ratd B GorbiBrizalitn FRt eslone Tisbnatoetie iout Mheckind phr ¢ 1 1

t he t hr ustmapinede pblentoivardsattie ehds hettdi difcan@srential Qmettﬁta;t eOéntidls MLkiRE thalr f ace
s in.the ection in a,conp on rnoul d sé)cgthat t he

at both en
soft - nagné%?@g‘??t‘ﬁﬁéonorﬁgsr Eﬂngfth‘?lé’ieﬂ’?ﬁ aé ¢ %%4? BR btwegndthe gHdde pgt of he
out er sur ftheeutbrsuifae: i tAett@ud Alrkctiof at BehlhadmtthébkQett@RtiA iR dh and the

soft-magnetic frame.

9. An optical pickup device comprising the permanent magnetic field small

DC motor of claim 1.



18 DEC 2003 17 ends in the circunferential direction. 7. The p
magnet field small DC notor of claim1, V\/nerel n a pair of arcj m@rzaﬂﬂﬁ
earth magnets opposing to each ot her fi xed8al ong the inner surface of soft-
magnetic frame exhibits different demagneti zati on curves at | east by
unsaturated nagnetization. 8. The pernanent magnet field small DC notor of
claim5, wherein distribution of flux density in the gap wwth the armature
iron core is controlled by once nagnet|2|ng the pair of arc-shaped rare
earth magnets opposing to each ot her 4 B8R 4ACohg the inner surface of
sof t-magnetic frang RAdadefemapie@\icti NGhdiNbEs ﬁbtog%%glgﬁ}n% %ﬁltalré)%ha by zﬁg%&rtﬁo
that rate of derragnetl zation Increases along wt ance tromt

centre of rueHet PEmayinaim thigkngss kowe asrieks fﬁbrlqatedtnflmmssmennmaﬂmglﬂfoactamn

event ual sy nBkinRgY ng%r@g reachi ng the t est At

ai r-gap formed bet \t}\jg%g t he Hz%*(gsaahar tbmdg} e{l}?ém}‘ﬁ‘}?tel p’éodfdfeg FerRR sPﬁ‘i“ﬁ%t
di rection atpdsiderhatebath dnds umﬂlecc:mumféxencémt digdctio, I elGith @As a0thatR&oke when the
sof t - magnet i An optical |cku evi ce conprising the permnent

magnetic fi lﬁ%gnseﬁglﬁressﬁ&‘%ﬁ mBEH@F amei & argy] gaye earth magnet fakricated by

per manent ne@nmpreskiog ntbubdifgy frorke iR c&RATBInE $AJE ra@@eﬁ!h%m&ﬂnél@ Eﬁ.\o 6[?%{3@
magnet of naeeéhﬁiflsm fhickness 1mm or | ess fabricated by conpression

fromrare ingiltapous fickRass ofdioiina ramegpeRceBrRs & fljll(pt@erofmﬁgeetmyﬁqld agd
provi dedow tdhcqrdifit B i t e

circunferencial di Eytecg?g%@ﬁgﬂh({ec&hlbggar%ggbﬁ%cp&)&gn W“tuhet(ﬁﬁggne es;eyen in
press-fit r?ndm%‘ﬁlﬁteﬁﬂ@&mfﬂ@dﬁfﬂ@ne The arc- shaped rare earth magnet

fabri cat ed by conpression noulding froma material containing nore rare
earth iron based nelt-spun flakes exhibits sinmultaneous increase of both a
remanence Br as a function of magnetizing field and a coercivity HcB and
hence exhibits a well-bal anced denmagneti zation (B-H) curves even in an

unsat urated magneti zed state.
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