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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
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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 'sﬁrfééé;‘ 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
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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).
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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, particles 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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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
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controlling distribution of flux density in the air-gap between an armature
and the magnet as proposed by the pres%ht i nventi on enhances the high

preci sion revolving performance by further reducing cogging torque, in the
conpact and hi gh output. 30 According to an aspect of the invention, there
i s provigdle Bryse divegiientof seid measnet asibgih endalin ttRCivumbrentiohgiréctibmgrhare said

ar c- shapgg. i i ft-magnetic frane, wherein said
rragng? %ﬁp@%%g%?ﬁquﬁ{%’% %O%dasst?;htagkc &aet both ends in the thrust
direction that fits along the inner surface of said soft-nmagnetic frarne,
and a ¢ I i i 1 rt 18 DEC 2003 5a in the thrust

directi m%mmtéﬁ}@aﬂm 5in the circunferential direction
where said FIsoft(a aetal Godsl @ A t i i0
BRI EF DESCRI PTI N e DRAW Néés%nl(é?é%w?ﬁ(kg %gﬁ%\%s%aaaéc‘?%é?? g‘éé%(%aaﬁy vi ew
in key porrdBrnber the prseent vantign, EI@ dplbhisys peespbelivie rviaw ofgf magnet weed sethe
invemti Qhetof ! G 1 (b) is a perspective view of a nmagnet used in the notor
18 DEC 2003 6 FIG 2 (a) shows a cross sectional viewin key portion of a
conventional notor, FIG 2 (b) is a perspective view of a magnet used in
the notor. FIG 3 (a) shows a cross sectional 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 zation
curves. FIG 5 is a characteristics chart showi ng the tenperature
dependence of breaking stress. FIG 6 is a characteristics chart show ng

t he changes of cogging torque and back electronotive force (back enf)
relative to the angle.



10 FIG 7 is a characteristics chart show ng the changes of codg %erm
and back enf relative to the denmagnetization by heat. BEST _

CARRYI NG OUT THE | NVENTION Referring to FI® 1, an arc-shaped rare earth
magnet 1 having a maxi mumthickness 15t of 1 mmor less is fabricated by
conpression noulding fromrare earth - iron based nelt- spun flakes m xed
with a binder, therFlQuRes) shuwk aemsd Zeclbndd ol RIS pbx@ioh*a?at:&wégﬁonﬁ; 36 194y, Of
the nmagnet i s shaped in accordance with the inner surface of soft-magnetic
frame 2, whi? @) 2 pasneshive dow af amesnst ysedrinthegaeiobet ween the outer surface

of the magnet | ingfh 1.8 ' hn i i . both e 11
in the circunferenti a? (g rg‘l’:vt??gﬁ)%%%gﬂ?%agbggb?-kgzg%rgito:ﬁ?féﬁgﬁre%agmoﬁﬁ’%'
magnet s ar e ¥ (b)dur panspestieuied oHpmoegiah gseddn dmatotot her with an armature 3

di sposed i n betwe Q0 C |ete.a finished permanent, magnet field small DC
motor. Coj ect i vee@? '%(5Sr5}’r?q1%gacfeﬁ'§n%§l%%t51?5106’En$ Eer?acgnﬁti‘@\/f”ﬂ& fe ar c- shaped
rare earth magnet HIGW5tiS adctaeicteisticsSah@Ri sho®ingQhé tdhpehaiie @pBRIcRRCKS HiRkiGng! N
the m ddl e p%:rgt in the thrust direction at both ends 11 inh the ‘

ci rcunf erenti"&f di recti on. Thereby, providing the specific portion of the
25 magnet with a dgue@nsety ddtdcRRstdd hert Hdkink $he BRInk & m?ggw t

centre of magnetic pole in tr?e cigrc_ucnf erentlingl di rél ti?)n. ghg%qélgragggbgc%ay
be formed byleramPiVhEpresdbrcksmiyrelativpdo the angle. sof t - magnetic frame 2.

However ,jopr ef er ablpig & ik S e hy; ' e surface at .an
angle 0 53 - 82 to the Ioutdgléﬁéﬂgﬂﬁécgéhﬁjs?lcr’\ﬁi?lhghé:nghda%ﬁ% %g?qgg‘nﬁ tf”r?életaﬂbd’gfk
di rection ofensrelatightapacdamagectizatiothbylsghet 1 at both ends in the :
circunferential direction. A clearance can be 30 provi ded between ‘the both
end-surfaces 11 and the soft-magnetic frane 2, totally through a

conpr essi on BEST MODE RORMOARRYBGGIOUTTHETIVENTIIONChI ni ng process. O, (2)

Maki ng curvature q{‘ t he %U%Iﬁ%lsurfagﬁ ia the mddle part, in the thrust

direction at bot h RS{HEnE o HERRAeE AP gRrtymagnet | bavige aapaxiaws faigkness e
earth magnett of 1tembe: lesh it EarRAfed fbszq;mnﬁmsioﬂinohm&goﬁ&ﬁrra&l%ahﬁ%&% bA0d FhefNdS
in the thrust dhrect i,on. ithl earance can bhe 18 C 2003 7 provided between

the both endP¥hifkes auxeriwilngbinder, bsoptchiifiee il € afhosinends in thtthmptydineptionafithe
conpr essi on diﬂg%tdis%a%éﬂ' inRebrdRRRAN Y 1 nBO IR GRS -%gpétﬂ:cﬁ'ﬁtﬁe 21 While a
arc-shaped rare earth nagnet 1 may be attachecfl to the sOft-nmagnetrc frane
2 by insert i°AgRipclegranee ismpsovidddbegiveendhe entensifage efthe Magneicieindhe middlopart fithe
i nner surfagg Bfius Wikest | : leX | - Ssecuringeit at.
both ends int héu r evoT \E/E{i‘,1 %ge&(?:ﬂ)r; géﬁiﬁngugcagguygég@%é%%?g%naaﬂ?ptrhf ﬁgﬁz{"ﬁmm
U- shape20 | drapisi 2 Wiég, magnere dixsd @nd mealrett dppusingstoagaell otter evithndrt bromes el
1, which is L5 Ll /ul ner,abl e. t he shearing .f e an w t hst and
rel atively éd?# g%]eg I%P%grgﬁnr’\é? COEE r%gtgg%r%sﬁﬁ'% Bgfmanent magriet i SmdfT b RGtor,

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

certain specific portion having no back 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



in a soft-magnetic frane 2 easily and safely w thout cracks or
dr oppi ng-off.g The above arc-shaped rare earth nagnet 1 has been 3a%rDEz§eZpO3
froma granular 10 conpound, particle di afeter 250 m or |l ess, of rare

earth iron based nmelt-spun flakes mxed wth an epoxy-resin binder for 1.5

- 3 weight% The granul ar conpound is corrpress}son noul ded mtgl)tfm 'th _
arc- shaped rgaidid 8ot th UREESRY MHAR A -mG 21 1S
cured 01I‘D ep(;rpzy resin bi nderb{a{hTéhHea rare egrfgti}l I|?(%lon gﬂgggmﬂ}e Sp uﬁlﬁﬁﬂﬁdegs

a RE2 TML4B cCraprespign apulding,: withgus neediteg angoosp hmskipinghmogpsai rrhs |amesha1f>ec8ﬂee nm

ce.7. -
o6 he o tabh mdbfled Py B3lufiacha SORLSLNirbabnblid sitn; 2 b3 BBt £ ARG i of
fl akes of nawtercwmipesil? prostadirgs aloes mamgsmt;%mtmﬁ umme}zlr snkcpmﬁgan@nd
T. t ron se spun akes as
o erred® ?E‘%P%Jr#%f%%éﬁfbm S B rErdine diretiag wite: fes aaelp HUUE T I@ﬁm e
by J. F. Hetthehis, wish o dﬂa{ﬁesﬁﬂhld%dldeqna@@ﬁz{%ﬁd N&Jeeéahﬁlxﬁa 1|2@h{8ﬁwf BB it

Per manent et s", Ann. Rev. Sci ten a

cont ai ni ng Nﬁ‘ nerable to the sheatipg o X5k P%Wéhﬁéﬁl@ﬁehtlmiﬂ stpong prﬂssurelcarl]‘sbe rncl;untehd
rapi dl y-soli Bpase y heat
trgat rrgnt Aﬁ%fs?\%gl %%ﬁ%ﬁgﬁil&gﬁfﬁ%ﬁfﬁh@%cﬁ%ﬁ ém%n? a's the grain

si ze of single naé?hetab@mtmﬁlap@l sppreanth medgobty 1 300 been dabricated .fronDa, grandlar t

f t na hase, of , .for | e, Fe3 and hard
25 mmgnp  pRADEv T Bl R 0B oS- ot R e yleabt g mived
exchange i ntwithast buxyassift bindes lﬂértl of- ﬁ%tght%earﬁéegﬁamﬁﬂpédn%uﬁ@ 1§ éé x%'i&h

i ron based nel pun fl akes fve t.he purpose. The reason he rare
earth iron 5‘5’&‘1 % §fffﬁe?aP‘T ‘é‘géa‘élﬁ’e‘?fl"f)m@@ﬁ%i gﬁ@lﬁfﬁﬁmﬁ@wﬂsaﬂdﬁh@n tds a

function of cﬁﬁﬁ@@bﬂ@@lﬂeﬂﬂ biridet. drﬁetra@@lﬁﬁ'lﬁoﬁ PR t-ﬂﬁnce 58 %EEQWME RE

coercivity HcB both increasing sinmultaneously, an bits &
vel | - bal ancéiNdo Pre iy riae F2aCpbabise. thy grain\aizeeefod00 nmaer less ammbataadmtrmsm

nmagnet i ggd gb&tbRity ERE gexX & rem n@?QQCGSG fb?'l?ﬂlta bathASJRIReLLC. pol e
& PECH

is different fromthat at € both ends in cflrcu erenti a
havi ng no b#er b?@rdél,lelhmnvﬂaktﬁ ¢fe@pecomp0ﬁﬂbh9u¢m@mat/mgabﬂﬂhe séft Amgnetis phped

rare earth gﬁggagthg{d,r{l%%g%ggﬁ@?netization (B-H) curves (remanence Br and

coercivity neti ¢ pol e becones different fromthat at the
ends | | in the Cl'l"hcmrf:ealénirbmbaéhﬂ nidfHGpA0 ARLE i refered ein the ipfesé@inRation is

described ip t n et 1s, icated fromrare

egrt h iron B’lasge]lg 1% ﬁcége&%? %’m‘@h & ﬂFgﬁg&Sﬁt "n&{j‘ﬁ%{a?‘@l PeReFan Materials: e

magnet i 20 poNewaBigh inhermbmdin Magstst, i ReRi BEUNDEL 251 (fl@i;e)dl TR0’ Alfoyt he
erent magnets, despite

ent magnet,  forned of dif
T act. t hat ofSiPleESH Rl OP 1A s sk pportion 2 14 5 15 rapia-solidited, 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



5 The are-shaped rare earth magnet | fixed along the inner surfa
soft-magneticp frame. 2 i s nmagneti zed, and then it undergoes the mﬂaﬁc 2003
dermagneti zation by heating. The portion & magnetic pole which has a back
yoke and shows a | arge demagneti zation curve (large renmanence val ue for Br
and coercivity for Hcb), exhibits small demagnetization, while the gutﬁr
ortionin't ' LRy I i 0 t. at. bot

nds. |1 1 n CRayh i A be WAk h e tBhoChk SR, b bl ISR Bipontlate
exhi bi ts | aregghdwnigsedt flakes, iiosxhitits kiffdnent emgineticTirepatiiat initheimiagmetio fpofel dmd the

density in tbré aidvs-i IS | rqud.rguccb cl s{ r to ai5| ne.EZurve, rlandma rate
of cogging tOryiEsB T PPy reay % #fall PHEPERT 1} 8JHEIZF @ BECIANGH. MAgHFE
i e e e P e

Sé ?arraﬁenﬁ magngt f¥he| a1c-shaged rave eaish sragngifl firgd alang f?ﬁé&@ﬁtsuﬁfﬁfﬁ%iftspﬁﬂnagnetic
conpri se, NGiange $Q0 | | an@lifia a r 4N ?‘%9 i

t hi ckness | r%n_or I)e/rggﬁ%‘tg%?iaggt_gg?!}?ﬁe%tgé%sﬁgﬁﬁ%lu [ g?gﬁzgﬁ%n gﬁ)ffgr _e-shg%%d
rare earth rmsgins of magnetie golsdwhicl ey arbacke pokeharidr showb aslerte nishingsaianticl aires

m xed with Etla cn(g %n&%e%glgp'i‘cﬁ 4 cogrgfilrgtglfnr%{c ,' egcl}]\'bhasé n hr%r ioxrlr,El é(vhitlg an
that of the conventional magnet.. The arC:shape rér‘té Car R

fabricated e ceproedei ianhemiddit pgt iaalnt thiust digection ef thahegearat Bothepds Naiaake 20

fl akes hibi.ts pLncrease of both remgnence. Br d coercivity He

si mul taﬁéousﬁ“ﬁw& er%ltlaﬁaﬁ%ﬁloﬁnwg'lﬁhﬁjﬁ'ﬁ; ﬁ‘gﬁf“‘? ﬁ’@k‘?’ieé‘ﬁﬁ’fts e Iﬁl&‘ﬁé@eé&a_rﬂo!}iattéogl
wel | - bal anc egldsrepedistziBhtichnofFiik R nataA thd 4lr-3dp iSpinERfReh BRI L2RE ciial €.
Under the samﬁ ma epgéi zation conditions, a stronger static nmagnet field is

provi ded i n 3R Sepeg: e TeAuctiondh ereatss dharth thah ofradye aedushon.h Jihug the
stronger OUtdiH#ﬁbdtﬁan%?Hgﬁé A&ty FoREe el %ra]tiln %(o_ th¥io cbR P Qﬁﬁs%tl]&lx‘e tBLigﬁut'Ltﬁﬁéfecoﬁtfrol.

coggi ng torque, which 25 becones si I cant along w I ncreasli ng
out put, the preserts desrihediin thefpragomesthn eermanaprmagnaefield nwealksDEfmotors of the

control hgn | | | ook StV LI i -
| ncl Udeg? ?ﬁé}eﬁrggiﬁ%ﬂgg%gﬁgﬁzngg P SRRk ?’haégﬁf%aﬁé‘q%lg‘? n the PhFust
di recti on ofthiglness & hapediessofrbricatadity extrgsien mauldig, butemdsc-stapedmre earth magnet

' nf | ' ' || ' use t he ,reverse nmagnet field
Gur g ragndiBtica U TRE L0 B lbn oIRA ROCMRE, fies bied UL SRR A FhmbsSidh,
by heat, i nnaadding evhichdias hizheofBIENhaothah khat kﬁmmomgsnaﬂ ﬁfaﬁﬁoad T {aﬁ;-zthlaped

[ t b IL.di.ng a.nmagnet w.th a uni que shape. w in_ the
Fol Powng.  EH1E B Blafyer P ean B SPGbudiey rubiie honamng Rogol ¢ ppebased
enbodi nRot s fakes aibitscixediees Wil aN@inahénch Brusdies %béi@ﬁit#r IHY Eiﬁﬁl'lt){neoﬂxﬁ?r [5G

: [ iti epoxy resin . synthesised from bi sphenol type
(Zaggiy(g)l I[ 5 :) 2&&1{0@%?, %%Igpeé;%{gg fﬁaqd, a%d h%nce exhibitsya well-balanced magnetizatign curve cvgnp

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.



aver age nol ecul ar wei ght Mwv 1400, and bl ocked-i socyanate (C2) | ahpy
synt hesi sed from 4-4'-di phenyl nethan diisocyanate (1 nol) andWh' B DIEC 2003
met hyl et hyl ket on-oxi ne (2 nol) are 5 dis%olved in acetone and the 50 wt.%
aceton solution is used as bi nder Ratio of the isocyanate -NCO group
versus sum of al coholic hydroxide group and epoxy group in the nolecul ar
chai n of epoxqBidegGompodittor. 8. (C 1). - 2 G 1~J c L: f - OCHR -({-CH z

O OCH2-CHCH2 OCHOHC o0 10 (C2) PO\ IT-CN=C/CH3 C=N--C-N 11-1 3H C
OH 11 CH H O 3 [ GPRAMCRY Teimponihejissdnfae; blﬁphqnakéﬂ)eusw}’bﬁgmwrs((Elﬁyevdiglan
I's a product ag\Vi: Yolal I de rk:

MJP-B), whi C?]vfefa‘sg arar gﬂggr Fy/{vtrﬂgﬁédg%%gﬁ@&ﬁd 1% g&t? 6%3 Sﬁ%ﬁ?%ﬁ?ﬂ%‘%@

of 20 - 30 M&iﬂhmwerﬁ@naldilwymatm(ﬁkl llnDl)nami‘ m&lﬂ;ﬂ&hﬂkﬁbﬁlﬁﬁnmﬁr{d oDt [ OfleC

-Nd2Fel14Bgph ter 0 - 50 nm _Epoxy
resin reggl \a}cggg Wﬁagge one (agdégv\gagwg% i’cr? 'd“%h'ipﬂiegt ?Soﬁ‘)“d%Fnthag? &f the
earth-iron ibayehtereNCOs pronp fveake sioh .ob a‘l@h@ﬂﬂi Ry diexiGe \WRIupMAndeshoks igREhpBinSihg e
bl ade kneader is heated to 80 - 90C to evapor at € tﬁe

acet one, anam?IS?‘ﬂ%rd’thf”Htogeﬁo’@B igWFIHER at room tenperature. The solid bl ock
was crushed yeimng a cutter mll under the roomtenperature, the crushed
granule was classified in accordance with the particle dianeter into
granul ar conpounds of 500, 350, 250, 212 and 150 p.m Finally, m xed
honmogeneously with a V 18 DEC 2003 10 bl ender at a terrper ature of 40C or
| ower, after addi ng cal |ums rate powder for 0.2 -~9. wei ght portion.
[Particle Di a ound and me@na curacy of Thin
Ar c- shaped bﬂcf - O-CH,-CH-CH . C- - - O-CH-CE-CH,

CH |, o

10 (C2)
3“ o5
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-



into classes smaller than 500, 350, 250, 212 and 150 gm res

G anul ar conpound of each class was supplil®d a powder conpacting press
(conpressi on nmoul di ng machi ne), nmeasured in volume and conpressed at 8
ton/cn2 to forman arc-shaped green conpact having thickness of 1 mm or

| ess. The coppRs af te L . 160C fqr 1,N.
Thus, sampl ee iy r e e b, S R SR el B o drroe Do s
magnet wer e Welghtingeibni or 30 pcs. each class. Dinensions of the magnet are:
Qut er radius a _Lnner radi us, 3. 55 Vaxi u hi ckness 0.90 nm and
Length in the[§ %ﬁ?lﬁs ! %‘F’%&gf |G6Wu£a§. WH?W%Q/P%?’HW“@‘B‘PWWiW%FI@PﬁéSS
0. 9 nm anongGtele Chbimpactjed arc-shaped rare earth magnets (n=30) in relation
to the upper limt_of particle dianmeter of granular conpound 15 used is
represented in t héPBYPLERTRRP UG Wap dassifisdriaspartiple cimsmetercintn elagse9 @@pller Ahan 0.

0003P2 - 0. Os(b8850t 2342 : : s Where. , resents range of .
t hi ckness devi at on%61 g%?t,ld Pt “?lhreesé%%%e 't G%&P@F g?léﬁchlngﬁggaecfl cf)%f g/]as pypglied
granul ar corfppoider Xnpastingh pwass f(canpredson epnkig macking)MMeasurvd 6N vahai had

conmpound havj ticle ianeter 250 . gmor less. is used the thickness
de\r/r}) ation i né0 éésp%l ir%agz’atro %@g’hé%goﬂﬁ’gﬁ&sg‘msd I%‘é@g coppagt havipgthigknegs efahmpye or

suppressed tlesshehkesmpiatson mdfldednurcasit Weh! Wad @5t 4ch8tec 26 2Thin, MRV Sles
corrparaﬁlgve Ogarrpl ?s for the sane di nensions were al so provided using
f

pel | ets sovailghtuprresionamaulded prs-shapedtrater earthiraagsdt wetet propided fdral0epcs.

m xed with Sa¥ertdit D ; ) T arati-ve sanpl wer e
fabri cat ed b; t_h%&tex.t %%%%ﬁg%ﬁéd@ﬁg%g%é%%ﬂe gw%gt emﬂla[%'érf%%‘ﬁ%a?%ﬁfnm’
Lai d- open Pi¥aximym;thiskngss 0.98 nag eablzengtii infthe theust dmutivat siSenmat tip end of
nmoul der dice set B5C, | | t. erature | ower than ltin oi nt
of 12-nylon. Thi aer‘{ﬂeaégg g\\?@a F’éir‘%ﬁ’é’?mﬂﬁ@g{%??e&%d%aﬂ%g\}ée g‘glfﬁbﬁéfﬁﬁgﬁ%ﬁr@m
at the port icanth megnetagi-iOnntrblatémteshe Op@r timit FPatticlodymber sNeanIQaghpbiad
the thinpzarcg- rare.ear magngt s havi ng .t he e, or i gher,

di nensi ?)?lal %5?:&(}8?%%56%83%@%%&0%% @’3?3]5%59?38&?‘??95 e 888 ng, can be
fabricated from anOud)(mBPtoammspdy@w@onpr.Qgsi on noul di ng usi ng a powder

‘conpacting press in_accordance with the present invention. Wich,
according to the PEheist Apupipresants swenof thisdngsg dpi@i@gaqmd)] 236807, was

described to be di fff J ﬁ'}éllg.rgest L%@fg%&rga&q u%g grg}:aﬁlmg cszclmpound.'

G een Conpacts] 5 Granul ar conpound was cl assified by parti cl ng ﬂgpsznna

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-



Granul ar conpound having particle diameter of 250 .mor |ess V\qs cWe 93
at 8 ton/cn2 to forma round col umm of gln’mhl gh with dianeter g ng
t

colum was cured at 5 160C for 2 mn. 1provi de a colum shape rare earth
magnet. The magnet was pul se magnetized at 50 kOe in the direction of

hei ght. Demagnetization curve was measured using a vibrating sanple

magnet onet e43o8YEWasalcsambad toriendiffivalgnet i c field 20 kCe. Al so,
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ext rusi on r ts of rare earth iron based flakes 95 wei ght %

m xed with 12- 10Gaxh@Acdmp¥RLE Rbvin@bartO0 GiantBR: o8 Bs@NE GQLlds %alfs iﬁﬁﬁgre:g%g‘at 3

conpares the rare earth magnet fabricated by conpreSsion nou ]
accor dance WiVER thiorp eaawst columiert I om kighl with diangterfanat iThe colune s dubed at

br ' moul ding, with, respect t demagneti zati on
Curve. Tabl 01 g Bk HERE, ROy Supd b ep SRt ol FofdirEss puse-
demagnet i zabignstisidray 60 k0B ifthel didditiat cﬂthe'igllgt. FhémagheBpsliohdRhe vas l?%g{ﬂtﬁgtubiglgt he

resent inventign exhibits a higher [BIT] max. as conpared witl
Eorrpar ativé %é‘ﬁfil‘%@a@%@ég@f@fﬁ@%@m%meﬁﬁlélnﬁmglgel @tll(c by mh e. i ncl ;Jde; a
hi gher packing d )t r ' d . es_Ln the ne '
t hg pr eg ent” i gveﬁ??%nc?m\%f%gét%g?ﬁ@n%%gé* |S§H%ir%§%§ rvfnlihe arﬁgef‘éf# |na)a}g§?tg§gfl?f"t‘?‘ﬁg?’
conpar at i vexagipn moulliafiere pelets of adce sarfieiven baed dtesds Wefth®t eiRed SeaN.Ng

| ' ht ab i dat i f
cr ushedO 1 ARRe"S VAR R Grolltse o, NS comeres e eenemaympenstuct

Hoi kOe4 i tfabrickifeti Bl BmpMeiih |diouRligs GAt acorddoeB%Rh e - 1 Qsehd ViIAhd; and. the
Conparative 8.666.588. 302 24 Exanple. 25 [Wthstandi ng Stress an I Xi ng of

Magnet to S8PPIRHEYHdRIC nBPpSEst a fabrigeted obp oentsion  proulding, e withamespect 260 m
or |ess vagesegevigsitRi bdvé PONHETT 180 EDP W3netic characteristios derived from the
demagnetization curve.
15 As indicated in FIG. 4 and Table 1, magnet in the present invention exhibits a higher
[BH] max. as compared with that of comparative sample. Supposed reasons for the higher
[BH] max. include; a higher packing density of rare earth iron based flakes in the magnet 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 Squareness
‘Coercivity energy product
Hei kOe 4nlr kG [BH]max
MGOe Hk
Present
. a 9.53 6.87 9.55 2.59
Invention
Comparative
8.66 6.58 8.30 224
Example ‘

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



12 conpacting press, measured in volune, conpressed at 8 ton/cgzatgﬁggpgg
ar c-shaped green conpact of less than 1 nmmthick. It was cure or

2 min to provide a so-called conpressivdX ormed arc-shaped rare earth
magnet. Di mensions of the nmagnet are: Quter radius 3.65 mm |nner radius
3.55 mMm Maxi num t hi ckness 0.90 nm and Distance in the 5 thrust direction
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resent invention is as | ow as appr oxi e extrusli
E ount er par t ket Howeightds anché vesiight¥, Ofdﬂdlybunllmbdtcbdhﬁzmm mgltdreadtsoldified. ng

t Ther ef or t gnet | S,.not abl e for nounti ng in a soft-
ﬁ;gggl %:/ frane in Igccosr(?ance a\ﬂﬁmttfﬁlsgcsrrﬁ{'?fﬁcf QEwe, s etgmparaie deaensdercee obdbhent

Lai d-open  Muiistanding otesiof abile-a204H206d it é4ih raHBRE TR Raﬁ@taﬁd&ﬁt%ggfé? s to

lica hon .18390 nmeanj ng fIItI to be e ged b
Eggkl ngrlpr otarNg’gq Eﬁés[gl %%H{“f%?eb%tﬁh? tﬂ’ﬁ“’f"ﬂé’ @(ﬂn%db@gﬂqsaméleeaﬂswrMn%
I f the nagnehowmniﬂiedﬁm@ent i nvention is slightly bent and inserted 20 in
a soft-magnetic frang, the magnet is liable to case breakage, or even
falling-off, at tH¥ Ueifgsl§®digay F1Gn 5, Trashatiesl estrength atatpost deroeritive pf dsent

i nvention aﬂ:exnﬁe%s1§;uhtoatab§ o Qe @@E‘J}E'eﬁﬁhgﬁaegtntgﬁm 13 es%h;agﬁrg? WeRAR Bwhs @

ate in the industrial scale. I S posSsI
[)r esent i nvépRPymaiely 80 %‘Pﬁthwalgn@tqncmwlémoumdq:w\ﬁé the sameditaexsidne,hnd britthe

Paront ol d oo Ber IR b TRk dne MR A iGeTEe B rubRratbe neknod
tg SI ue a rrﬁglﬁmp tlct &arac s fatcomdegne twith 4 mastheodf d);fsciﬁﬂi’ddSmtM@Gaﬁne@e]’dt&mq_ﬂﬁd_gpg{]et
field smallp %% t.he ent _i nvention can w thstan
pressing st ress | n excess o?f%’s?f% zg?pang t‘f"er{ﬁ@r%ﬂeﬂrpé‘bh‘é?émgwlﬂnlsﬁi’@

5. Conpari ngleamng,H'éittmgrtpaneahgaged $>ambﬂ the liRkingprftafsrnd b?gh%ﬁ‘lly%ndhﬁ the arc-
mai nt ai ned erat S h| h .as appr oxi mat el % 6
preferred t % é(raé eﬁﬁgfﬁ ‘Eﬂ 13 fisgaesent 'BV@UPHéS slighidy beny ﬁlﬂ@meertﬂfd
sof t - me@het lmafsbﬁmgné’tld/\frhrhe ath@‘rﬁ@ﬁ@teﬁ 15Ble 3%cade mhﬁ%epésﬁié\%ﬁﬁfﬁ%ﬁ&-f@?%ﬁi 1

t both ends in the circunferential direction, _
gt reggt h of e‘Fﬁ"‘ﬁ?“L@"’ft’r?é n&@ﬁ&fomﬁ the mesnetsal) et presdnt dneengion 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



eneral Iy depends on pressing force of a spring used. A pressi fmg
8.5 kgf or less is enough for generally considerabl e operati ngpae ga?QP@

range. So, safety index relative to 18 DE@320_03 13 the all owabl e _
conpression strength is more than ten tines higher over the whole operating
tenperature range up to 120C, which is the highest possible tenperature
with the periinago#abloRgnpiesdiorebttbngiielk mdPC1mROR Simek g@h@goﬁé}ttﬁe G@E@ &%f]a'i’i L,on
the allowable pressing stress and its tenperature _ependency_.. us“the
magnet is nolRPe@uEhEnge bR POt whigh &ihé higheshpbspitie gnpefature Miithtthd pdrnanent
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FIG 1, the teaperatie tiyendaggi Mus thermmerid dnduntedBadkcoles Wit PhiGedty) igh
(Back em‘s) w t.h.an arc-shaped rare earth nmagnet. 10 The magnet is provided
with a pl anereé%}’l‘ﬁlﬁte with an angle O to the curving outer surface of the
conpr essi on 1MBEke of khe Pd?ﬁommh%le@%ichﬁ%e%%@%rpl% ng?e %Hh-rﬁ%n&ﬂ“c?lﬁta e.Lil§tBac%(
direction of__the mnagnet at both ends in the circunterenti I rection, Tor
formng a cl'¥kehnce havi ng no back yoke with respect to soft-magnetic

. D [ . are: r, radius 3 | nneyg .radi us
355 mm Vi mm (s Enaale § Mt bR e i Bl Tt o, [nlbe t%PE e EPeiine s
15.5 nm Valtusme and dregBackOelaftrotdogive tﬁage f(]sa.tkfeagy v;?ﬂheans;ae@higetg qalt%ﬁﬂg dn(p‘{gngﬂ e
I d angl.e 90 derive rom the Japanese Paten ai d-op
Eﬁbfﬁia?}%ﬁ gt Beroved Wﬁh a Plage SeRRe R athaiie 9 the erdnappteDarfioe of
df i ef; L5 r |
115 goom ar o Paoion AEMEH b rildle ok Haihee DR niA (0l By MR
linearly rel™Bi8ogkatibgth ends i thecirgumterentipl dieection dorf fomnngheclcagmeémvmg ng back
f | a, but : h&. 3 S, 20| ange of 0O from
53, The t ogd R ey soft binBiPhinal pidlddl i IR 1HFerd) ot QPR g 465
second- or dermmf Iyaet tadivs B &5 animAdagiouhhickness €.90 mmdint MEstardvanig ehertkashdifectibe

i ' I = 65. . The t ' torque.i s reduced by al nost
70 % at Phatoh Bhksteet At o7 06 (e Bopa G Betraaar iesbbts6! 53,y s o an
reduced by mrBduenddhapie4d° %rixrearﬂohheie\ﬁﬁausse%te%@zaia%tpmPuﬁ'&%&i ﬂx%.sﬁﬁb-%f’ztos.

advant age has been brought about by the thin arcuate rare earth “magne _
havi ng gt bgi‘ fthe Agrmanent ipagnet field reaplb MG miotati used;nforaneeauwegnbnllshawmg ¥o is
back yoke a ' f ahq LAl ibhpon based nelt-spun

fl akeg, whi E%Igwwk&gﬁnﬁ%ﬁ%e%ﬁ%nggggr ’.Eétsé]algpmct I on of magneti zi ng
field and a coer ciAsiseyn ictBe detwing the/Bak ien@ VSddttdabaaRugy dlath8do BRNGGle 0 as
exhi bi.tg.a \gel,l (Pgl arg}(l:ed magneti zati on curve even in an unsaturated
magnetiégd crived from

¢ regression formula, but the decrease is as small as 5 % in a range of © 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



30 staté. Thus the permanent nmagnet field exhibits a magnetic p
as if different nmagnets having different respectlve propert|esftﬂlﬂggmzan3

into one nagnet. The arc-shaped rare eartB4magnet as disclosed in the
Japanese Patent Laid-open Publication No. H11-18390, having an engagenent
portion to be engaged with hooking 18 DEC 2003 14 protrusion of
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dermagnet i z atWitre plavpitvcieciatiap aeglp(ﬁsﬁiﬂgo ths calr\tlengmuuﬁaee dﬂtﬁé:ctﬁmpreESmm mould,

Di mensi ons are ter, r.adi.us S
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after a demagnetlzatxon 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,

I 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
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becones si gMIEPTHAHOLPERG VR IR 2 HBSaHREE Feencfized stater Undsr the spme mageatizatjornew

means proposeddiiishs} iR MRS Plovidey atloRFer latic Adnelid FBM ihNRe QirrT-gﬁ]{a ibEWeiel? 'ﬁ?eof
magnetic fl ux denS|t¥16| n the ai r-gaB, In addition to |‘]r$rove nt by wel
known means RERCt: T |anatyren heprecs highes pufpet berpmen evailsblen sPiohletrhef pogeient
i nvent i on i Rekulesmorz bHBRK iifich SEERURCLLARE] SER! bnoldlsihh S ddke
part of the?frrggnet (l)r(ng t he fhru%t dir ectlgI nﬁg%lﬁ'?ﬂgﬁ%ﬁgth g%r Enc#e%m[mgeoutpu% 15
ci r cunf4? enimaioved by aew sreangrntopaspdiin dhopresene inventiorsef comynibing ftheedistridtition of
magneti zati gp, ﬁ,gpl ki ng yse .of .a.difference caysed t he heat
demagnet i zat | %&ﬁ usfl&éat}(': (ri)@rrg{zfc%lr H?pg ﬁﬁ) adgitlgf] to %ngrovemcn%lf)y WCIP Inown 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.



output small DC-notor with a highly accurate revol ving perfor
I npl emented in accordance with the present invention. 18 DEC Zgg [X%E\/mﬁa

is clained is: 1. A permanent magnet field snmall DC notor conprising an
arc-shaped permanent magnet fixed in ﬁ soft-magnetic frame, wherein said
magnet is provided with an outer surfa © at both ends in the thrust
direction that fits along the inner surface of said soft-magnetic frane,
and a cer kg ¥1£ag@%£ én the mddle part in the thrust direction of said
magnet at DO Ssin the circunferential direction where said

soft - nagnetlc frame does not function as a back yoke. 2. The pernmanent
magnet field small DC notor of claln1é%gmh ein a pair of _ arc-shaped

per manent IJragnets oppos&i PRIMAReIE 2agne %‘Fé’%@"e&ommlsﬁ%eafséﬁﬁﬁﬁ?&netic
frame w t eiriheftihBinePHEdAA R sI-nRRRBICRER, Whotle thrust direction fitting
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in the circunf ersaidtmagnets meetidashnwitly sn aytensufack aybotB endthin the threst elirectivagnet
field snal , =T\ er nanent gnet
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th k f- the less. 5. Th
per manent HEGIRURTER S oTsRe FaPOEon PRt R aP -0 cortain

air-gap is provided between the outer surface of the arc-shaped permanent

magnet in the m ddl art in thet direction at both ends in the
circunfereftial di rec&#gﬂe%e‘itﬁ'éagn@tfr# ?%'rﬂ%glr%"t?rr‘%fﬁ@mé whersingepaveefent

magnet fi gtdshap@ pertdendMiRignels dpbadifg & eé@ﬂe(ftﬁ'érrhre QEE]&%ENE &h®koft-Heg! Qﬁfcer

surface of the arc-shaped rate €arth magnet in le part In
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out er surfgiegaispringae nmiddl e part in the thrust direction at both 18 DEC

2003 17 ends in the circunferential direction.

3. 'The permanent magnet field small DC motor of claim 2, wherein the arc-
shaped permanent magnet is compression moulded from rare eatth iron based melt-spun
flakes and a binder.

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



7. The permanent magnet field small DC notor of claim1, wherei BB{EQ 2903
arc-shaped rare earth nmagnets opposing to each other flxed al ong h n
surface of soft- magnetic frame exhibits different demagnetization curves
at | east by unsaturated nagnetization.i8. The permanent magnet field snall
DC notor of claimb5, wherein distribution of flux density in the gap with
the armature iron core is controlled by once magnetizing the pair of

ar c- shapedepdafiethe afrduinferRahASreRROSI Ng to each other fixed along the inner
surface of soft-magnetic frame and then providing initial demagnetization
by heat so that rate of demagnetization increases along with a distance
fromthe centre of 2 reunt er.enti al
di rection, ggvent ual l'y na%tehﬁan%ﬁ ﬁa@%ﬁélﬁé@?%ﬂ?@ﬁ%; 3 Celgurtl':he<31?CV*L|h‘mlnfl Rat 0%
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surface i t hrust dir.ect 0 n the cir renti al

directi onr}g?ﬁleP%eﬁm%f?Xh%%nélf e(‘fe’Fr g?fﬂa iﬂn oftt¥esalatp e@"ﬁugy deQsafiEated

conpri si ngnigdretipgioianent magnetic field small DC notor of claim1 .

ABSTRACT A permanent magnet field small DC notor conprising an

arc-shaped rare earth magnet of maxinum thickness 1nmor |ess fabricated by

conpr essi oy, moul di ng f’I"}@'ﬁeﬁﬁeﬁﬁntrﬁ?%ﬁhﬁél&@ﬂa@%ﬂoﬁ?%fdéﬂ{@ flakes and a

bi nder. The_ magnet is_ provided a certain specl portion at both

ends in th¥ eﬁemdixmibmt@mcqféluxm%@m indhe gaphwith ma@mnwramcrkcqm ksecoml:reliectlbw
magnet is f [a

magnet fabdrﬁlegzlfa ét'%l/dgwgg ir}eégsalq%%ﬁﬁoa faé &S ﬁggesrﬁll%gtﬁ 6381}1 gﬁeﬁ?ﬁﬁé nor e

rare ear t aléngothe lirawe dunfask tof spﬁl-lmafghak:eﬁamexhd ﬁlenansvldmghﬁnelodmagﬁafzaﬁ@e of

and honco oUbra e A dofen PR RS 1 i Vish = e s, B8 Seblsiof | o

unsat ur at enagmeiin @bleztedark ahe ends in the circumferential direction, eventually making the

demagnetization rate reaching the greatest at the air-gap formed between the middie part of
the outer surface in the thrust direction at both ends in the circumferential direction and the

soft-magnetic frame.

9. An optical pickup device comprising the permanent magnetic field small
DC motor of claim 1.





