WO 01/ 20754 PCT/JP00106298 1 DESCRI PTI ON Permanent Magnet Field Type
Conpact DC Motor and Method of Making Sane 5 Technical Field The present
i nvention generally relates to a conpact DC (direct current) notor suited
for use i RygbiHe9ssVi sual appliances such, for exanple, as FSTIEBOEScKuUps
for MDs or CD-ROMs and, in particul arqg but not exclusively, to a pernmanent
magnet field-type conpact DC notor utilizing arcuate pernanent magnets

prepared fromrare 10 earth netal, ' ow coggi ng torque, capable of
provi di ng a high output and capalg?%geél?{%l;@g sely rotating with mnim zed
starting voltage and current. The present invention also relates to a
nmet hod of making the pernmanent magnet field-type conpact DC notor. 15
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DC nmotor and an arcuate pernanent nagnet used therein, respectively, to
which the present invention is applicable. In these figures, reference
nuneral 1 represent a pair of arcuate pernanent nmagnets; reference nuneral
2 repibesenechnicat &Field nagnetic 20 frane; reference nuneral 3 represents an
armature including a brush-commuutator, an armature shaft and a beari ng;
and reference nunerfidie pregentinention ggaeraiiv relstesito g icopwpactBEi(digecteugant)o.
urge' and fixedly retain the respectiye arcuate permanent nagnets |
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reducgy daaiPhidtalOhaling & togHingofiful! LBREHIEGH HKioviding a high output and
capable of precisely rotating with minimized starting voltage and current. The
‘present invention also relates to a method of making the permanent magnet field-type

compact DC motor.

15  Background Art
Figs. 1A and 1B depict a permanent magnet field-type compact DC
motor and an arcuate permanent magnet used therein, respectively, to which the
present invention is applicable. In these figures, reference numeral 1 represent a
pair of arcuate permanent magnets; reference numeral 2 represents a soft magnetic
20 frame, reference numeral 3 represents an armature including a brush-commutator,
an armature shaft and a bearing; and reference numeral 4_represen_ts generally U-
o . ,.'__sha_pe,d f'sbrings giséd to 'u_rgje'énd_ ._ﬁx__edly'rétéiﬁ tﬁe réspeciiv_e argdaté- pé_rrnahent
magnété 1 aQainst tﬁe soft magnetic frame 2. Even this permanent magnet field-
type compact DC motor is, as is the case with any _other permanent magnet motor,
25 required to have a compact size, a high output and a highly precise rotational

performance.

However, it has been recognized that the permanent magnet field-type

compact DC motor has a problem in that the use of a reduced diameter of the



armature 3 renders it difficult to reduce the size of the notor w thout the
out put performance being,sacrificed. Specifically, it is well known that
ferrite magnets generally have a relatively | ow maxi mum energy product

[ BH max regardl ess of the conpression, injection or extrusi 9.)3, 6@2 | ng
process uswo@i/2074 ntering technique or a 5 resinous mat er BT Y | nder.
Therefore, reduction in size of the ferrite nagnets used in the pernanent
magnet field-type conpact DC notor would result in that no sufficient

static meghritire 3 iréiders St diicatoRefédube ahé bk of MheVedtol MAthBE! TRy 8Gfput magnet
field 1 and the armature 3, thus considerably reducing the notor output. In

vi ew of tgerformancaelbeingr sacrifieed.t hSpegjficxily, itaigi well knewncthat derrite ghagreets num
energy 10 product [BH max have | ong been desired for, because they can
provi de generallychavetanrelativelypliowt maxinush energyt product{Blmax wegardiese qidheranent
magnet field 1 and the armature 3 even though the notor is reduced in
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characteristic ranging froma magneti y ani'sotropy to a nmaghetically

i sotropy yigwadthis! Hictatd fde artherhaginets Having’ & Soltalled Migh Afhxiriim ehergy d
assenbly and is, after having been cooled within the nold assenbly down to

a tdopermbduct [Bbilaax tHaze lohg beeht desired oot bexfausd shéyh eanqpbvide i stresg n,
extruded to form an arcuate rare earth nagnet. The resultant arcuate rare
eart h nacgtatic magnetic fieldcin thesspacerketwagn dherpermanentiagneisfield ! and ther80 pm
On the other hand, the pernmanent magnet field-type conpact DC not or

uti | i zi nATRurgevandhpughthesmeter jigdueed BYsizee ki nd descri bed above and
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thickness smalier than 1 mm, which are effective to reduce the size of the permanent
15 magnet field-type compact DC motor, the method of making such arcuate rare earth
magnets is currently limited. By way of example, Japanese Laid-open Patent
Publication (unexamined) No. 6-236807 discloses a method of making an arcuate
rare earth magnet by the use of an extrdsion moiding technique. According to this
known method, a molten fluidized material including various rare earth magnetic
20 powder having a characteristic ranging from a magnetically anisotropy to a
magnetically isotropy in admixture with a thermoplastic resin is poured into a mold
assembly and is, after having been cooled within the mold assembly down to a
temperature lower than the melting point of the thermoplastic resin, extruded to form
an arcuate rare earth magnet. The resultant arcuate rare earth magnet is described

25 as having a maximum thickness of 0.9 mm=30 pm.
On the other hand, the permanent magnet field-type compact DC motor
utilizing the arcuate rare earth magnets of the kind described above and capable of

providing a strong static magnetic field in the space between the rare earth magnets



3 and the armature 3 as conpared with the ferrite magnets has an additi onal
probl em associated with increase of the coggi ng t.orque. Because of the
presence of armature iron core teeth 31 and slots 32 on an outer

peri pher ce of the armature 3 facing the permanegir,iFepabs fi el d 1,:
t he coggi%k%gmsgue results fromb5 gsneration of torque pu satlg’g% r ought

about by change in perneance incideAt to rotation of the armature 3. The
cogging torque is detrinental to the permanent nmagnet field-type conpact
DC not or@Rdhiae arpaiuse 3 as-eorRAred withdhe demitemagnets, has an additionsl paablemd a =
hi ghly acCura&g }ry%a.tional &ﬁ&{agrrmnce for which the present invention is
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arcuate magnets to render themto have an’i neq thickness so

that t haotationesdrthe arfnatire 3radrie sogging W6rqab i@ delirhental B 4R ipdtmagentni form y
magneti zed fromthe center of a magnetic pole to any of opposite ends of

each naygagnet fieldrtypd aompastdD@ snator thah iscrequined to have bueduweddasize; @i kighrgnet i c
flux densities to represent a generally sinusoidal shape. (See, for
exanpl e,outnill god Bdigiiy aceutatesotationaleormancskfor whitihithe presehtioventionGsy ou
(Applicatjo f Permanent Magnets in Conpact Mdtors)", transaction of
Kogat a l\')btﬁf‘ae‘gi’jutsu Synposium pp. 7, 1983.) On the other hand, USP No.
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at least 60%of the transition netal elenent being Fe. I ng
mat er i alDG smatanipimplecheated by ¢aasingrianerrandrougdraadl bbcurvRereofthe arduaté ng

tenperature (about 600C) of a magnet

- magnets to be eccentric or by chamfering edges of circumferentially spaced, opposite
18 end faces of the arcuate magnets to render them to have an inequality wall thickness
so that the. permeance of the magnets, in which a uniform material is uniformly
mégnetized from the center of a magnetic pole to any of opposite ends of each
magnet, can change so as to render the distribution of void magnetic flux densities to
represent a generally sinusoidal shape. (See, for example, Shogo Tanaka, "Kogata
20 Mohta-niokeru Eikyuujishaku no Ouyou (Application of Permanent Magnets in

Compact Motors)", transaction of Kogata Mohta Gijutsu Symposium, pp. 7, 1983.)
On the other hand, USP No. 4,710,239 discloses a method of making
an arcuate magnet. According to this disclosure, as the starting material, there is
used rare earth-iron-based rapidly quenched and solidified amorphous flakes of a
25 composition comprising, on an atomic basis, 10 to 50% of rare earth element Re (Nd
and/or Pr), 1 to 10% of B, the balance being transition metal element TM, at least
60% of the transition metal element being Fe. This starting material is compacted at

a temperature higher than the crystallizing temperature (about 600°C) of a magnet



WO 01/ 20754 PCT/JP00/ 06298 4 phase RE2TML4B, but |ower than 750C to form
an isotropic fully dense nmagnet having a different thickness, followed by
hot plasticizing process at simlar tenperature to provide the'arcuate
magnet. Since depending on the extent to which the hot p%ﬁhk@&%i on is
ef f ect ed, w@8Y20858es of nmmgnetization are oriented in a 5 difection
perpendicular to the direction of pla&tic flow, REZTML4B can be transforned
into an anisotropic rare earth nagnet having a strong magnetismin a

rel ati vel phade ®RE,THMQB, ibub lower thain. 750RC to titven amoisetropict fully dbne&Hndgnetl oses
t he arcuate magnet having portions exhibiting a strong ani sotropy and an

i sot ropy, hawisgegt difiergnt thickniees,afellosed rhyr diok aplasticizing eprocess hath®irmilar t he
portions of different 10 magnetic performances are used in the permanent
nmagnet fi tEnapargtwee tocprovidethe arcupte magnet biSinceddapgnding andthe @xtant Jawhish cur ve
in a circynferential, directi fromthe center of_ the magnetic pole and,
ther ef or o8 Hof Slastcization & iected. mey aesnel MagnefizaonoA OrieRted toad
magnetd ¢ f . densitl t . f net h ratuce iron
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a varying wall thickness, or of the arcuate magnets with their

ci r cunf er aavihg portides exhibitingfLstrshg anisstitpyandadn/isbiopy résgdttivdipess, so that

t he perneance of the magnets 20 can change fromthe center of the magnetic

pol e towards the cilfthendreuatet iase earth opagnets eacinbaviagdhe pbrtions wifi diffemgmtet | sm
of the magnets can be varied in a circunferential direction fromthe

cent €10 of magaetie gadeimanses @re uged imthedpermaseptmagnet figld-typeddeimetor.dhisof t he
voi d magnetic flux densities between the fjeld nagnets and the armature

iron core PQ‘_&"*“&'S‘? yary|3 demagnetization slyve it 8 ccyrpferaniigh diregtionfiom e cantere ent
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field-t yp@oﬁ%&?&tic%x@eﬂﬁie& Betlidehint Hid magnets and the armature iron core to

vary smoothly to reduce the cogging torque.

16 As discussed above, the use in the permanent magnet field-type DC
motor may be made of the arcuate rare earth magnets each having the inner and
outer radii of curvature that offset relative to each other so as to render them to have
a varying wall thickness, or of the arcuate magnets with their circumferential edges
chamfered to have a varying wall thickness, so that the permeance of the magnets

20 can change from the center of the magnetic pole towards the circumferentially
opposite ends and, aiso, the magnetism of the magnets can be varied in a
circumferential direction from the center of the magnetic pole, to control the pattern of
distribution of the void magnetic flux densities between the field magnets and the
armature iron core so as to allow the cogging torque to reduce due to the different

25 demagnetization curves.

However, the arcuate rare earth magnets of a thickness smaller than 1
mm suited for use in the permanent magnet field-type compact DC motor to which the

present invention is applicable, each of which magnets is prepared by hot working the



present invention is applicable, each of which magnets is prepared by hot
wor ki ng the WO 01/ 20754 PCT/ JP00106298 5 fully dense magnet having a
different thickness with the use of the starting material in the formof .
the rare earth-iron-based rapidly quenched and solidifi us fl akes
and has.WRBM%Bhs of the different magnetic performnceg&g@kg(} renel y
difficult to manufacture on an in8ustrial scale. Also, if the anisotropy
is strengthened, the 5 tenperature dependent coefficient of the intrinsic '
coer ci Vidlly dense magnst having@ ditfiereotibickness with thecusecof thhe startingomatsriahint ends t o
arise that_ thermal demagnetization at the center of the magnetic pole
havi ng thedoan of Hhe Hare: gadhirephased rapidly auenched -and, solidified amamhaus

acconpani, ed bé consideraple reduction in to a%e as a result of the thermal

denmagndtdkesan R?8P°F1‘?Bs Bt ntAgeRaticmesiopmangss. axe exiesely difiacor di ng
1 ot or DA bR SR Ipllbtig)sellel " WG Y S, AHEIERY s SRBAGTRRed Popi o 1ot o
Cher o TpefaRdBRuECoRiERAT i indihads boerchBToroadoids Be Rduosd. g ¢

pr oduce Fopythésicraasend)ia problarh tesdsdtd BRés i thetriyp !oﬁthr’]aeggaﬁzétiahrbtvmh' ed

arcuate rare earth 15 nagnet having a. maxi numthic s of.0.9 Mt 30 pm
Howev ercentdreofettter weignetic ipoledhaging ethiei steshgtienet hanisetdmsid subgahtialiyhen in a
nolten state to serve as a carrier for the rare earth-iron-based rapidly
guenchesbnaiderabie,i aticbmpanied diye sonsiderablei nedugtionain tocquenasch vasult dfither ar e
earth magnet fornmed by conpacting the rare earth-iron-based rapidly
quenchdherm dgmagam%anpf tieermanent magnetfield-tyee BCametor3 or smal | er wt % of

t tti ' th t h flakes to be filled t b
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maki ng the thin-walled arcuate magnet of a maxi num

by the use of an extrusion molding technique the thin-walled arcuate rare earth
156 magnet having a maximum thickness of 0.9 mm=+30 pm. However, the extrusion
molding requires the thermoplastic resin when in a moiten state to serve as a carrier

for the rare earth-iron-based rapidly quenched and solidified flakes.
| Accordingly, as compared with the rare earth magnet formed by
compacting the rare earth-iron-based rapidly quenched and solidified flakes mixed
20 with generally 3 or smailer wt% of a thermosetting resin, the amount of such flakes to
be filled must be reduced, accompanied by corresponding reduction of [BH]max, thus
reducing the static magnetic field in the gaps between the field magnets 1 and the
armature 3. Although it may be contemplated to make the arcuate magnet having a-
high [BH]max by the use of a magnetically anisotropic magnetic powder, the prime
25 problem which the present invention is intended to soive lies in the difficulty involved
in the compacting technique in making the thin-walled arcuate magnet of a maximum

thickness smaller than 1 mm within a tolerance of £30 um due to variation in scale

during the molding (see Japanese Laid-open Patent Publication No. 6-236807



t hi ckness smaller than 1 mmw thin a tolerance of 30 pmdue to variation in
scale during the nolding. (see Japanese Lai d-open Patent Publication No.

6- 236807 WD 01/ 20754 PCT/JP00/ 06298 6 referred to above). It is, however,
poi nted out that even though this problemis successfullyp&finafdesshe
resul tant WOUZPE4nagnet forned by the conpacting technique is
mechanically fragile to an extent the®ampunt of the resin is reduced.
Accordingly, the arcuate rare earth magnet forned by the use of the 5
conpact i ngefeserniogalkovedn rib tis, browrMer cpoipted outsthaglevehi though dhisopnoblepuiisli ng
portion of the soft magnetic frame when it is to be fixedly positioned

such as d&sepessidlly; golvad, e Jesulian - aisuatepsmagnet Flasmedaby offie compashing ed)
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solved by the present invention is to provide a nethod of making the

per manent Japgnese LaidlapenyPatedAbPablitatichs inexaiiied)N® 10-20H208amd No, ahong
wi th the cogging torque reduci ng neans brought about by the well known

shape of t18390aghedther womlsathelsecondsy pretsiemito bemsphveidbythe geesent invehtien r ar e

earth-iron-based rapidly quenched and solidified flakes of a magnetically

i sot ropi c liestinmeanstfor mouating thearcuate ¢argr earthmagoetst foomed ydhetuse af the

exhi bit different demagnetization curves at the center of the magnetic 20
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smal | si Z&4imaghéltend' tPHave BNGgh TBARRAx, 'the Bitid Prbbisin 3 B8 solved by the
present invention is to provide a method of making the permanent magnet field-type
15 compact DC motor of a kind wherein, along with the cogging torque reducing means
brought about by the well known shape of the magnets, the arcuate rare earth
magnets molded from the rare earth-iron-based rapidly quenched and solidified
flakes of a magnetically isotropic nature into an arcuate shape are unsaturation-
magnetized to exhibit different demagnetization curves at the center of the magnetic
20 pole and at the circumferentially opposite ends thereof to thereby reduce the cogging
torque.

The present invention is intended to provide a permanent magnet field-
type compact DC motor capable of providing a stronger static magnetic field in
spaces between an armature and field magnets than the ferrite magnets, and having

25 alow cogging torque, a small size and a high output. The present invention is also
intended to provide a method of making such a permanent magnet field-type compact
DC motor. The DC motor according to the present invention is made by molding

rare earth-iron-based rapidly quenched and solidified flakes of a magnetic isotropy



I ntended to provide a nethod of meking such a permanent magnet field-type
conpact DC notor. The DC notor according to the present invention is nade
by nolding rare earth-iron-based rapidly quenched and solidified flakes of
a magnetic isotropy WO 01/20754 PCT/JP00/ 06298 7 into an arc. Disclosure
of the | W@PK308H | n acconplishing the above and ot her obPEHIRIMEE8 ¢ he

met hod of nmaking 5 a permanent magnet field-type conpact DC notor
according to the present invention conprises the steps of fixing a pair of
rare earmo%‘ﬁ%p?ts mai nly conposed of rare earth-iron-based rapidly
guenched and solidified flakes to a soft magnetic frame so as to extend

al ong an i nner peripheral surface thereof, and unsaturation-nmagneti zi ng
the rare earth magnets so that demagneti zation curves at circunferentially

opposi t e Distiosntke pitheilventioh the rare earth magnets are made snaller than a
demagneti zation curve at a central portion of a magnetic pole of each of

the rare earth  nmadnacsomplishingthegbove bpd otier objectives; dive methdd gfmmaling
portions that do not serve as a back yoke at outer peripheral surfaces of

t he c r capesnanentanagnesfipiddypecempact B motersacsording:ta theeresent inveatioret s, and
the rare earth magnets are unsaturation- 15 magnetized with a soft magnetic
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circunferentially opposite end portions of the rare earth magnets than at
t he cent earve pbaicentralgortidreofEpmaghetic poid of eath dkdhé rareé @afthtinfeetss| v, t he

circunferentially opposite end portions of
' Advantageously, the soft magnetic frame has portions that do not serve
as a back yoke at outer peripherai surfaces of the circumferentially opposite end
portions of the rare earth magnets, and the rare sarth magnets are unsaturation-
15  magnetized with a soft magnetic material having a round or oval section interposed
therebetween.

Alternatively, spaces are formed on respective sides of a magnetizing
yoke and between the magnetizing yoke and an outer peripheral surface of the soft
magnetic frame at locations of the circumferentially opposite end portions of the rare

20 earth magnets, and the rare earth magnets are unsaturation-magnetized with a soft
magnetic material having a round or oval section interposed therebetween.

The rare earth magnets are unsaturation-magnetized by creating a
greater demagnetizing field at the circumferentially opposite end portions of the rare
earth magnets than at the central portion of the magnetic pole.

25 Again advantageously, the 'circumferentialiy opposite end pdrtions of
each of the arcuate rare earth magnets have respective generally flat surfaces

forming an angle of 50° to 82" on an outer peripheral surface thereof so that the soft

magnetic frame does not serve as a back yoke at the ciréumferentialiy opposite end



each of the arcuate rare earth magnets have respective generally flat
surfaces formng an angle of ‘50 to 82 on an outer peripheral surface
thereof so that the soft nmagnetic frame does not serve as a back yoke at
the circu r g2l |y opposite end WO 01/20754 PCT/ JPOOr 0648@ tions
of the arcn{y tog’%*g’?e earth magnets. It is preferred that the s‘ﬂ’@‘r’\%t of an
unsaturation-magnetizing field range8 from15 to 30 kCe. After the pair of
rare earth nagnets have been unsaturation-nagnetized, 5 they are heated so
t hat a depodioesiof thegarcaatevarecearthmagnetsunf erentially opposite end portions
I's made greater than that at the central portion of the magnetic pole. The
rare earth-iron-baslkds psgferreg thatthehettengtt ofoan dinsatdatidreiegnetizing fielde of a
magnetically isotropic RE2TML4B (RE: Nd or Pr; TM Fe or Co) phase smaller
t han 300 ﬁ?ﬁ%‘icff%\'}gt%ﬁoik%i nsic coercive force of 8 to 10 kCe and a 10

r emanent magnetizag&f?n of 7.4 to 8.6 kG The rare earth-iron-based rapidly
quenched. and sol i diferde paisRELEre e magneisfiave hean ynsassetionymegnetined, of a
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frame by madBesta wagneticalsisofrasit RE,TM,(B (REF INW r IFT; qu:é)iarstoz% se
magnetic material having a round or oval section. 20 Alternativély, the

rare eartsmatgmttian 300 nohaad eaveban intiinsicicoerdivd fred of té1¢o M@ ROe and a
earth-iron-based rapidly quenched and solidified flakes with a bonding

agent10 aremnanent glagpetitationraf 74 10,8.6kGsi t e end portions of each of the rare

earth magnets are _caused to engage with respective stoppers fornmed on the
soft magnetic frangherare zﬂashé&rgbaamgmmdlynayewemanﬂ dolidifiechefiakes s

obt ai ned ggnt&?lt magnetically isotropic ones of a nano-composite structure having a soft
magnetic phase such as «Fe, Fe,B, Fe,B or the like and a hard magnetic phase
such as RE,TM, B.

16 .~ The rare earth magnets are obtained by compression-moiding the rare
earth-iron-based rapidly quenched and solidified flakes with a bonding agent, and the
circumferentially opposite end portions of each of the rare earth magnets are urged
and fixedly retained against the soft magnetic frame by respective springs. Each of
the springs is made of a soft magnetic material having a round or oval section.

- 20 . Altemnatively, the rare earth magnets are obtained by extrusion-molding
the rare earth-iron-based rapidly quenched and solidified flakes with a bonding agent,
and the circumferentially opposite end portions of each of the rare earth magnets are
caused to engage with respective stoppers formed on the soft magnetic frame.

The rare earth magnets may be fully dense magnets obtained by hot

25 compression-moiding the rare earth-iron-based rapidly quénched and solidified flakes
at a temperature higher than a crystallizing temperature and lower than 750°C. In
this case, the rare earth-iron-based rapidly quenched and solidified flakes contain 13

to 15 atomic percent Nd and/or Pr, § to 10 atomic percent B, O to 20 atomic percent



25 conpression-nolding the rare earth-iron-based rapidly quenched and
solidified flakes at a tenperature higher than a.crystallizing tenperature
and lower than 750C. In this case, the rare earth-iron-based rapidly )
guenched and solidified flakes contain 13 to 15 atomc rcen and/ or
Pr, 5 to WO c percent B, 0 to 20 atom c percent V\D%’Mﬂw

PCT/ JPOO' 06298 9 Co, and a bal ance ®f an anor phous phase contai ni ng

i mpurities and/or an RE2TML4M (RE: Nd or Pr; TM Fe or Co) phase smaller °

than 300CeiMand b bafanes of 8 BRGrEHLYs pHase %ﬁ@hiﬁ&‘mrﬁﬁ? BRk/or BR RESFVEMM T O

directly energizing the rare earth-iron-based rapidly quenched af

sol i difi ¢REfNabePr;, TRE: Feoor Co)ishase smaler thahe3oopsh. pheral surface of the
magneti c pole other than the circunferentially opposite end portions of

each of the fully itismpesfemgdchat hed fullysdénse meapnets bebhestegiofor dieetly
integrated by direct energization. The circunferentially opposite end

por t i onsenergizinghthefrare eanthrregp-based sapidiypvenched and isglidifiech fakesce Byyso et ai ned
agai nst the soft magnetic franme ??/ respective 10 springs. |n another
aspe ofioinge theeo PRURMRMAL SUrgcs o Pheathentmagngtic: pojes| ethert ibancéepact DC
not or conprises of t netic frang, I 0 er manent . magnets fi xed
o an | nPBHTIPRCRR- PSR SR Popire, i srck BE e hihe Sip agheth A foson
circunfe | ' i armature nounted in the
soft 15 @gghée@li %"3@#@%Eénﬁ'_‘ﬁg‘é’p%?e'%@g%?%%ﬁ%e_ pair of pernmanent _
magnets, wherein RGRIRMEALIG ogHdsHE Sndlpdithe ol SHH 6 BB LunddPOS! te
end portions are nade smaller th a demagneti zation curve at” a central
portion mbaghetsReé Biged dialfikelly réRirfed dyairish ﬁﬂe%ﬂ?ﬂﬁ@ﬁéticwg% respBEtive

circunferentially opposite end portions are unsaturation- magnet | zed.
The {@er nsprings. magnets are rare earth nmagnets mainly conposed of rare
earth-iron-based rapidly quenched and solidified flakes. The pernanent
magnet s are obt ai eanether eapact of thenpreseai inyention, agpermaneht miagestsfigdal | er
than 1 {J'S‘e compact DC motor comprises a soft magnetic frame, a pair of permanent
magnets fixed to an internal surface of the soft magnetic frame and each having
circumferentially opposite end portions, and an armature mounted in the soft
15 magnetic frame and interposed between the pair of permanent magnets, wherein
demagnetization curves at the circumferentially opposite end portions are made
smaller than a demagnetization curve at a central portion of a magnetic pole of each
of the permanent magnets. |
_ The circumferentially opposite end portions are unsaturation-
20 magnetized. The permanent magnets are rare earth magnets mainly composed of
rare earth-iron-based rapidly quenched and solidified flakes. The permanent
magnets are obtained by compression molding and have a thickness smalier than 1
mm.
The permanent magnet field-type compact DC motor according to the
25 present invention is incorporated into a disc feeder, a pickup device or the like.
As described above, the present invention makes use of the rare earth-
iron-based rapidly quenched and solidified flakes, which have a nature in which both

the remanent magnetic flux density Br and the coercive force Hc gradually increase



The permanent magnet field-type conpact DC notor according to the 25
present invention is incorporated into a disc feeder, a pickup device or
the like. As described above, the present invention nakes use of the rare
earth- iron-based rapidly quenched and solidified fl akes, i a
nature in WR%RYBHth the remanent nmagnetic flux-density é%ﬁ%ﬁ?mgﬁgﬁ
coercive force He gradually increase WD 01/20754 PCr/JPOOr 06298 10

si mul t aneously as functions of a magnetization field, and a well-bal anced

demagnet i zgiinuftangousiye @nrfubetionst aifnad magnetization fisld At andit 4 owellshaiericeded
state. By conbining unsaturation nmagnetization of field nmagnets and a
convent i ondémagraiigation conveusanr bel wbtainpdrevers i Bhamsdturatian-sagoefized statpet
shape, a permanent 5 magnet field-type DC notor having a further reduced
si ze, a hiBy eambining unsaturation magnetzetion gfcfieldr magoetsc andba eenventional
Brief Description of the Drawi ngs The above and_ ot her objectives and
feat ures of0odging farade rRdycing-means offered\Py |a sReGirMagnet SRARe. & Pefmansnthe
rence to

fol |l owi_ng descr.iption preferred e iments  thereof with ref

he aconpaRgidIais-Bheros Matnf Bivie othe Roited 558 £ Dt Pyl Eg Eh by
i ke refer |n; Fig. 1A is a vertical sectional view
of a mtor'%?%m%ﬁ%hﬁcep@g#ﬁs{ﬁﬁ#emion Is applied; 15 Fig. 18 is a
perspective view of a magnet nounted in the notor of Fig. 1A, Fig. 2 is a
graph showi ng the tenperature dependency of the allowable stress of

arcuat e r agefIddcRpidHothd Drihgs3 i S @ graph showing a rel ationship
between the intrinsic coercive 20 force and the nagneti zation properties

of the magnets; Fi g.Thé abtove dHdadiher bbjactiestaric Fetitire8 i the [présert invdhtion
remanent magnetic flux density and the coercive force of the nagnets as
funct i1ons will lecomagnets appayent fedm the following description of preferred embodiments
thereof with reference to the accompanying drawings, throughout which like parts are
designated by like reference numerals, and wherein:
Fig. 1A is a vertical sectional view of a motor to which the present
invention is applied;
15 Fig. 1B is a perspective view of a magnet mounted in the motor of Fig.
1A;
Fig. 2 is a graph showing the temperature dependency of the allowable
stress of arcuate rare earth magnets;
Fig. 3 is a graph showing a relationship between the intrinsic coercive
20 force and the magnetization properties of the magnets;
Fig. 4 is a graph showing a relationship between the remanent
magnetic flux density and the coercive force of the magnets as functions of a
magnetizing field;
Fig. BA is a vertical sectional view of a motor, particularly depicting a
25 manner in which field magnets incorporated into a soft' magnetic frame are being
urisaturation-magnetized by making use of a demagnetizing field;
Fig. 5B is a view similar to Fig. 5A, but depicting another manner in

which the field magnets incorporated into the soft magnetic frame are being



Fig. SAis a vertical sectional view of a notor, particularly depicting a
25 manner in which field magnets incorporated into a soft magnetic frame
are being wunsaturation-magnetized by naking use of a denagnetizing field;,.
Fig. 5Bis a viewsimlar to Fig. 5A, but depicting another manner in

whi ch t heWO®28f54mgnet s i ncorporated into the soft nagnePCEIPYARBLr e bei ng
WO 01/ 20754 PCT/ JP00106298 11 unsat4y ati on-nagneti zed by maki ng use of the
demagnetizing field; Fig. 5Cis a viewsimlar to Fig. 5A, but depicting a

manner i ryngBturstiorAheiRetizéd By Seing abd enhb%ehﬁgﬁgﬁgjﬁ%{géﬁd out; Fig. 6is a

graph showi ng a reduction in cogging torque c e the 5 demagneti zing
field, Fig. 7 is aFigr 8Chisséoiwnsinfilar &!Feg. is2) bub depihg % #ﬂhﬁ&einCﬁHﬁﬁd by
the demagnetizing field and the magnet shape; and Fig. 8 I's a grap

showi ng ardiagtyonagnetizatiaroisdeing camiedieutcaused by the denmgnetizing field
and thermal demagnetization. 10 Detailed Description of the Preferred
Enbodi ment s Thi s abigl 6 dsiaigsaph showipg@ reductiorsippdagging torqusocausisd yard3 fi |l ed
Sept enber 16, 1999 in Japan, the content of which is incorporated hereinto
by ref eldemagnetizing field; per manent nmgnet fiel d-type conpact DC not or

composed of rare Pt hie PSR SX0 ASPOMGHoR B, FORUROIAEREAERH Padhe | akos
of "t et HemepHe A ndh 3Rh 4 fraghl BoSTEN ¥, L ong the. | nner per| pher a
inder & magnet i zi rgerann e TR g Bubolh G oG ik AlatR B he °°
denmagnet dgmapRétiAny fidld ahd therfialiemagtdtiatigid portions of a magnetic pol e
may be made smaller than a demagneiization curve at a central portion of
t he tgnetic pole. :

Detailed Description of the Preferred Embodiments

This application is based on an application No. 11-262143 filed

‘September 16, 1998 in Japan, the content of which is incorporated hereinto by

reference.

16 In a permanent magnet field-type compact DC motor according to the
present invention, two arcuate rare earth magnets mainly composed of rare earth-
iron-based rapidly quenched and solidified flakes are opposed to each other with an
armature interposed therebetween. Each of the two arcuate rare earth magnets is
fixed along the inner peripheral surface of a soft magnetic frame and is then

20 unsaturation-magnetized under a magnetizing magnetic field of 15 to 30 kOe so that
a demagnetization curve at circumferential end portions of a magnetic pole may be
made smaller than a demagnetization curve at a central portion of the magnetic pole.

The term "saturation magnetization” is generally defined as imparting a
maximum magnetic force to a permanent magnet material, while the term

25 ‘"unsaturation magnetization" used herein is defined aé not imparting a maximum
magnetic force to the permanent magnet material. Once the permanent magnet

material is magnetized, the magnetic force thereof is permanently retained. For this

reason, the general practice is such that the permanent magnet material is caused to



The term "saturation nmagnetization"” is generally defined as inparting a
maxi mum magnetic force to.a permanent nmagnet naterial, while the term 25
"unsaturation magnetization"” used herein is defined as not inparting a
maxi num magnetic force to:the. permanent nmagnet naterial. Pg:l.;_'? $r6kS0s

per manent QH@F“ material is magneti zed, the magnetic force %ereof S
permanently retained. For this reasar2 the general practice is such that
the permanent magnet material is caused to WO 01/20754 PCT/ JP00/ 06298 12

hold a maxbi@ WREiRlMC maghétc fiofcetfdreetfbdel tBe! tHeredt! - THE uMdaRiralicH | On
magneti zati on neans that magnetization is carried out under the condition

i n whi ch nidgnetization! heans that niagnstizationr istoanied dubinddreharBnaitibs in Which | N
the practice of the present jnvention, the arcuate rare earth magnets 5
ar e fi xedthere stikexiststroomdortetentionafthe magnetic forcmnner t hat the outer

peri pheral surfaces of the fornmer extend al ong the inner peripheral
surface of the | at tlorthe grastice of theopresemignentionf thenarcuatecarsearth magaets
portions that do not serve as a back yoke at circunferentially opposite
out er Sur AR fxedin the sof,magnetig,tramesinc sueh adMmaneer, tha tbatauter pefipheral

10 or oy aPugaeas o FrEPpdend Aenainn e ReghaAl e éfﬂbe%%t“e{rﬂg et s.

I . . . . . ¢ :
’r?aégtf Kt Hpsipgi ﬁ%ﬁ}%&%@@ %8\2%&@@9%%?ﬁ?}%ﬁgﬁé%'gapf ék"‘éh%fghgf
out er perlcp erfgraﬂ%ﬁif gggl(t)%/%tﬁﬁ%raggﬁ)@én%‘”gﬁglﬁ?8?#?%9%‘3%#&%%%% |I(§§gaig§?'wardl y

of the ci yRsatiRiEA Mainelzdioni® BaMedUPWAR'a S thagristicthatkhis! undt 1S

preferred that the circunferentially opposite end portions of each of the
nmagnetG hav eovats pectionv dnigfyuvedl Ibetkeaii B¢ fta0e arcdzté Nrdie Faringhagridhs S0 to
82 on an outer peripheral surface thereof so that the soft magnetic frane
does not Altemnativaly,he ankatycationahagnetization mag e, cartied ebtyusing ameagnetigiigci ng
t he cogging torque. 20 Furthernore, the cogging torque can be reduced by

unsat ur at yeke. niagthis icase,gspages: are fymesk enarespactiver sidescolr ah emdjroftthef i xed

along the inner . _ . .
magnetizing yoke and between the magnetizing yoke and the outer peripheral

surface of the soft magnetic frame at locations outwardly of the circumferentially

15  opposite outer surfaces of the magnets. It is preferred that the circumferentially
opposite end portions of each of the magnets have respective generally flat surfaces
forming an angle of 50° to 82° on an outer peripheral surface thereof so that the soft
magnetic frame does not serve as a back yoke at such portions, thereby further
reducing the cogging torque.

20 Furthermore, the cogging torque can be reduced by unsaturation-
magnetizing the two opposed arcuate rare earth magnets fixed along the inner
peripheral surface of the soft magnetic frame and by subsequently heating them so
that the demagnetizing factor at the circumferentially opposite end portions of the
magnets may be made greater than that at the central portion of a magnetic pole.

25 As disclosed in, for example, "Rare Earth-l?on-Boron Materials; A New
Era in Permanent Magnets" (Ann. Rev. Sci. Vol-16 (1986)) written by J. F. Herbest,
rare earth-iron-based rapidly quenched and solidified flakes used herein are obtained

by first rapidly quenching and solidifying a moiten alloy that contains Nd, Fe and B in



peri pheral surface of the soft nmagnetic franme and by subsequently heating
them so that the demagnetizing factor at the circunferentially opposite
end portions of the nagnets may be nade greater than that at the central

portion gj netic pole. 25 As disclosed in, for exaf&mweoddsdst
Earth-1r r?@g og Materials; A New Era in Permanent Magnets” (Ann. Rev.

Sci. Vol-16 (1986)) witten by J. FI3Herbest, rare earth-iron-based

rapi dly quenched and solidified fl akes used herein are obtained by first
rapi dl y ajpropdriion) clos® $m|2:14:1 yan) by subsequently bpal-ineatingoitt tv depdélt aFe and B
in WO 01/20754 PCT/JP00/ 06298 13 a proportion close. to 2:14:1 and by
subsequemagneticaliy isotrepiciNdyFeBtphasepoltiis sufficientifi¢he Na,Fe; B phasophas aNd2Fe14B
phase. It is sufficient if.the Nd2Feld4B phase has a single donain critical

si ze sme¥diNge domain giifical size smaller thapabgut 309 pm. ¢ itemnativelyatherrare eath-based
Wt ch At pessemply; denied anctFoRNes Aakes TRALE TErO-ATRERtRRS Nor
oxohgngough B 6 oS B F Rt o A8 dndtonBRe By anofF bt of SphEgeNivani di y
T T hac B8 oY Ragref prisd rS, cHbie fogBnid? By ol BeRBfiag Bonl " ' O
densi ty Bononsht tRARER! CiSueh rare Bartifiroh-Beead 'ré(pidlﬂv%dé;ﬁhmg?l%_ﬁg%dﬁw&gneouy y

as functions of a magnetization field. According ance
demagnetfigkes iafe qaits usefahin fhe presentrinvbntion &N that they Wageanatliediir WhigRet | zed
state. By way of exanple, in a nmagnetic circuit having different

per meandmih dite révaanenitmagneticr iwodensity Bhendethe aidercive lferse dic tgnaduallp
arcuate rare earth magnets and at the circunferentially opposite end

por fl0ondneraasegimultanequsiynasiupclions:of @magnetizatiorefieldut with a soft nagnetic
mat eri al having a,round or oval K sectjon interposed between the two

magnets, the oppoAFaaEdipgly. govell-balanead demmagratization curve ean bephtainedve a
e B . 8 ok P BB Bt ™ 35S a3 bl
e o it e e L aHGEAREC A A P 308 07,
magnet | Graiiéfar@ Brth Rfagnets and at the circumferentially opposite end portions thereof,

16  if magnetization is carried out with a soft magnetic material having a round or oval
section interposed between the two magnets, the opposite end portions of the
magnets are caused to have a demagnetization curve (the remanent magnetic flux
density Br and the coercive force Hcb) smailer than that at the central portions of the
magnetic poles by the action of a demagnetizing field of the soft magnetic material.

20 By so doing, notwithstanding that the central portions of the magnetic poles and the
opposite end portions of the magnets are of the same material, the magnets provide
single permanent magnet field as if it is formed with magnets having different
magnetic properties.

In the practice of the present invention, the rare earth-iron-based rapidly

25 quenched and solidified flakes are madé of a magneticaﬁy isotropic RE,TM, B (RE:
Nd or Pr; TM: Fe or Co) phase smaliler than 300 nm and have an intrinsic coercive
force (Hci) of 8 to 10 kOe and a remanent magnetization of 7.4 to 8.6 kG.

Alternatively, the rare  earth-iron-based rapidly quenched. and solidified. flakes -



opposite end portions of the magnets are of the sane material, the nmagnets
provide a single permanent magnet field as if it is formed wth magnets
having different nmagnetic properties. In the practice of the present
i'nvention, the rare earth-iron-based rapidly 25 quenched pghgipgoaicesdi fi ed
fl akes arewﬂﬁﬂﬁmg‘{ a magnetically isotropic RE2TML4B (RE: Nd or Pr; TM Fe
or Co) phase smaller than 300 nm and1fAave an intrinsic coercive force
(*Hci) of 8 to 10 kCe and a renmanent nagnetization of 7.4 to 8.6 kG

Al t emat | véhployed in ther preserttiimvention cohiairether magnbticaily isotrbpid ones of @l natioki ed

fl akes WO 01/ 20754 PCT/, rnooro6298 14 enployed in the present invention
cont ai n t tompasjtecstiuchire )havingta spfit magnetic phase sactvas ceppbeiB; fs,Bortthe e
having a soft magnetic phase. such as a Fe, Fe3B, Fe2B or the |like and a
hard magniike andh ggzd rmagnetiophrase svER BS RRETMh,B pkthe likp. t Kféhe mare eagthtiron-r on-
based rapidly quenched and solidified flakes together with a bondi ng agent

iR el aiiymrigumptiagiipihe il ag
o enfer B RPrORS o BT e T,
g][ gj[ Rg an@agpégg!c?n ?%t @Bﬁé kgrh%@l'g W@E@Eﬁ? g{ﬂgﬁgfﬁ V %ﬁ%ﬁ@% t-,h é#ﬁ)eaBH :31???1
magnet s (PR SuaBaé tiRor ofd Bldsel and SudehEbAG 156 it bt
conpr essi Qi4%8! GkNg &G MBghetcO TRME Al | BY Qrpltg TRl ﬁ?@&l?eFétﬁinfﬁgagﬁ%nd

w t hout being broken. If the rare earth-iron-based rapidly guenche

sol i di fi egircuifértensallyogpidsite erd portiohd of ithe nR@Pats Witk sPishgs!Si IANthiddeskRd | nt o

arcuate magnets, the arcuate magnets tend to deflect slightly.

Accori@ ngéven thepercuatacate eartnataghets! thatl have/ beert copfigured(o betmechanically nade

by placing two arcuate nmagnets in a manner that the outer peripheral

sur f aces fragileday thercomppessienimolding, can:he dncorporate intesthersofymagnaticframel

surface of a soft magnetic_ frame and by engaging the circunferentially

opposi t e Witipy beinghdken. t I dhepyacrarthrrenbgsed rapidly mvenehersand woligiied of t

magneti c ﬂafkregr{gg'ether with a bonding agent are extrusion-moided into arcuate magnets, the
arcuate magnets tend to deflect slightly. Accordingly, a permanent magnet fieid-

15 type compact DC motor can be made by placing two arcuate magnets in a manner
that the outer peripheral surfaces thereof are opposed to and extend along the inner
peripheral surface of a soft magnetic frame and by engaging the circumferentially
opposite end portions of the magnets with protrusions formed on the soft magnetic
frame.

20 - The rare earth-iron-based rapidly quenched and solidified flakes may
have an alloy composition of 13 to 15 atomic percent Nd and/or Pr, 5 to 10 atomic
percent B, 0 to 20 atomic percent Co, and a balance of an amorphous phase mainiy
composed of impurities that are indispensable for the making of Fe and/or an
RE,TM, M (RE: Nd or Pr; TM: Fe or Co) phase smaller than 300 nm. In this case, if

25 apermanent magnet field-type compact DC motor empléys fully dense arcuate rare
earth magnets that have been compression-molded at a temperature higher than a
crystallizing temperature and lower than 750°C so as to be magnetically isotropic or

substantially magnstically isotropic by being made slightly anisotropic in the press



20 The rare earth-iron-based rapidly quenched and solidified fl akes may
have an all oy conposition of 13 to 15 atom c percent Nd and/or Pr, 5 to 10
atomc percent B, 0 to 20 atom c percent Co, and a bal ance of an anorphous

phase mai )osed of inpurities that are indi spensaﬁéﬂ";o%s e making
of Fe and‘?éc’)}‘l%ogg)ﬁgEZTMMM(RE: Nd or Pr; TM Fe or Co) phase smazP?er t han

300 nm In this case, if 25 a permat®nt magnet field-type conpact DC notor
enpl oys fully dense arcuate rare earth nmagnets that have been )

conpr essdirsttion) itispreferrad tieatprdifsct eRergizAntmebhé for dire6lly Shetbizing the rare
tenperature and | ower than 750cC so as to be magnetically isotropic or
subst ant éarth-iyonrbasee rapidly yuesciedoand sblidified figkesoble employed as anhéa!ingopi cin
the press WO 01t 20754 PGI/ JP00/ 06298 15 direction, it is preferred.that a
di rect emeans for the fulbadensesnagnets c tBy/sedeingi the wyter periplieral surfaces of then- based
rapi dly quenched and solidified flakes be enployed as a heating neans for
the ful IFagRaticProlas other they the cirsumferentially appesite endprstions of itheaflly of t he

magneti c,pal es other than the circu rentially opposite end portions of
The S /ddrs “Taadl ars dhe st FraBeli feckeyier Fert i Inogmid 4 desc |
I nt egr at l.re . | c h,arcuate rare earth magnets
are al so&%g %%ﬁnbaﬁega S%sggw:éfb%{ei'??ep%:éﬁgrﬁgﬁn?tﬁa?mt ﬂ'&dﬂ?@?aﬁlyphgr al
surface e tli m I ?I?r?éace e i nner
peri phe?& 'Ig'u'P%ac_e of tﬂéeﬁg%ft &%@P?@P rane%%fgﬁl%ﬁé&éﬁe%%?gﬁtial |y
0pposi t eppide ROEAA BReNE BUGHIARE it derisRébay sirficd oFafle Wbk taghtie Araidds- As -
di scussed above, the present invention makes use of Iﬁggdr\?e;{@m

ear t h- i rama-thessirdumtgrentially ppposite énd psbriics é furgstl Bha Iy Bt e a
nature in which" both t%e r emanent rT’rir,xalgnetic f 1 ux densitgl/ Br and the

coeflBi vespfingse He gradually increase sinultaneously as functions of a
magneti zation field and with which a well 15 bal anced demagneti zati on curve

can be obtai ned ef®fiscysses ahavert theapresant inupntion saakest use of Ithet tage pr act i ce
of the pre I nvent i for a field nmagnet is formed by

consol i &éﬂﬁ'ﬁ%t“f%e 5?@8&5“?[39'?%%?9‘?995@‘%&Wmﬂb'ﬂm"%@ insighyi f i ed
flakes gDy réthéndhit thalfhelic Mt 68K B Bhd the [d38ive Falte HYW gradlafly’ etic
increase simultaneously as functions of a magnetization field and with which a well-

15 Dbalanced demagnetization curve can be obtained even in the unsaturation-
magnetized state. in the practice of the present invention, for example, a field
magnet is formed by consolidating the rare earth-iron-based rapidly quenched and
solidified flakes into an arc having a thickness smaller than 1 mm, and a magnetic
circuit is obtained by making the permeance at the central portion of a magnetic pole

20 and that at the circumferentially opposite end portions differ during magnetization.
Furthermore, a demagnetizing field of a soft magnetic material having a round or oval
section is utilized by placing it between a pair of arcuate rare earth magnets. That s,
the central portion of the magnetic pole is caused to have a demagnetization curve
(the remanent magnetic flux density Br and the coercive force Hcb) greater than that

25 at the opposite end portions of the magnets by the reactioh of the demagnetizing field
during the magnetization of the arcuate rare earth magnets. The unsaturation
magnetization with the use of the rare earth-iron-based rapidly quenched and

solidified flakes has an effect of forming an integrated permanent magnet field as if it



circuit is obtained by making the perneance at the central portion of a
magnetic pole 20 and that .at the circunferentially opposite and portions
differ during magnetization. Furthernore, a demagnetizing field of a soft

magneti c ”@[ﬁﬁ}z 4having a round or oval section is utiligadpoyeddsaci ng it
between a pair of arcuate rare earth magnets. That is, the central portion
of the magnetic pole is caused to havt6a demagneti zation curve (the
remanent nmagnetic flux density Br and the coercive force Hcb) greater than
t hat 25 atis fdmmedmwithsiagnets baping idifferentrhagrirticrrgperties, motwitiestarding treat thd  t he
demagnetizing field during the magnetization of the arcuate rare earth
magnet s. Tedtralpertion af themagnetje polezand e opposite ard perioos of the magnsts are
earth-iron-based rapidly quenched and solidified flakes has an effect of
forning arPfitheciame Mmptedsl g By comRiping: such-effedlswith 3 knownogogaing Jorque-
PCT/ JPOQ 06298 16 is fornmed with nmagnets having different magnetic
propertied® WWM&'%%%@PQME&%@H{?"QF’ B%'l"?quﬁ’]’t masméﬁ%'egtm PC pol e
and thg oppgasite. end riions. of ' the nets,. are of the sane material. By
conbi nsng ‘38? ﬁ?‘f' Fp@[‘bﬁ %dk'ﬁﬁgﬁ'z@oggli%ﬁg d E%H%@-m'r’r@&ﬁc?'ﬁ 2IWHePaRINg | 2i ng
t he magne f ' : A ' -type DC 5 notors having a
ol g el pRiATRR & Hiol BARGH corl 6o o

further re curacy, and a |low togging torque

ond cenell o 0 B SUATGHToITD A R pereh COTPMD e

are preferably enployed in CD or eed pI C evl ces.

(Exanpl e Trirl8ptical picksp @evicad. e, rare earth-iron-based arcuate magnets M
and M were nade using a bonding agent. Rare earth-iron-based rapidly

guenched HExampleii fied fl akes (Trade name: MOP-B) nanufactured by.
Magnequench International In, Co. and having an alloy conposition of
Nd12F&Q7Co5B6r a crlipsthis examplepgare earth-ifonrhased arCudté magrdts v andl M2
magnetically isotropi c Nd2Fel4B phase, and a thickness of 20 to 30 pm were
used. A ¥aremase using,d bepding ageat.n i n acetone (2.5 W% in solids content)

and 975 wioqof  the Lare eartilLon.Baned LaBid xS UhIRSS finds SPhach 1

) name: MQP-B) manufactured by Magnequench International In, Co. and having an
alloy composition of Nd,Fe,;CosBs, a crystallized particle diameter of 20 to 50 nm, a

16  magnetically isotropic Nd,Fe;,B phase, and a thickness of 20 to 30 um were used.

A solution of an epoxy resin in acetone (2.5 wt% in solids content) and 97.5 wt% of
the rare earth-iron-based rapidly quenched and solidified flakes were first wet-mixed,

and acetone was then evaporated, thereby forming a solid block at room temperature.
Thereafter, the solid block was crushed and classified at room temperature into

20 granular compounds having particle diameters smaller than 500 pm, 350 um, 250 um,

212 ym, and 150 pm, respectively. Each granular compound was finally added with

0.2 to 0.6 part by weight of calcium stearate powder.

Each granular compound was supplied to and weighed by a powder

molding machine, in which the granular compound was compression-molded into an

25 arcuate green compact having a thickness smaller than 1 mm under a pressure of 8
tonfcm®>. The arcuate green compact was then heated and hardened at a
temperature of 160°C for two minutes. In this way, thirty arcuate rare earth magnets

M1 having an outer radius of 3.65 mm, an inner radius of 3.55 mm, a maximum



and acetone was then evaporated, thereby formng a solid block at room
tenperature. Thereafter, the solid block was ¢rushed and cl assified at
roomtenperature into 20 granul ar conpounds having particle dianmeters

smal | er pm 350 pm 250 pm 212 pm and 150 p ively.
Each gra%aoz?é’g nmpound was finally added with 0.2 to Og}gr{)',g‘rﬁ@e%?} wei ght of

cal cium stearate powder. Each granul7ar conpound was supplied to and wei ghed
by a powder nolding machine, in which the granul ar conpound was '
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this way, thirty arcuate rare earth magnets ML having an outer radius of
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17 thickness of 0.90 and a length of 15.5 mmin the thrust direction
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mm ahd ShERTFRaton 91 ihe regressipn expression.is ters of the granul ar conpounds
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t hi n- watdgressiorc erpression.e ifethit partioleg diahfetdrd dratHeNgranuddl 6dMSSINGEN Al er than
1 mis below 30 pm and the density is 6.0 g/cn8. On the other hand,

pel 1@t ssmsleri than 250 wmxthegthicknassvafiation ef ther thin-wallexh atvamts rare aatihy
quenched and solidified flakes and 5 wt% of Nylon-12 at a 15 tenperature

of 260t MAgRets Mt havingraktbickpesmsmalier thasat tmnisghelow. 130 po, tand thet r usi on

nmol di ”gdér?s?t?:?é&ﬂeg/é’}%s.d' sclosed in Japanese Laid-open Patent Publication

On the other hand, pellets obtained by mixing 95 wt% of rare earth-
iron-based rapidly quenched and solidified flakes and 5 wt% of Nylon-12 at a
15  temperature of 260°C were used to make arcuate rare earth magnets. Using the
extrusion molding technique as disclosed in Japanese Laid-open Patent Publication
No. 6-236807, arcuate rare earth magnets M2 having an outer radius of 3.65 mm, an
inner radius of 3.55 mm, a maximum thickness of 0.80 mm, and a length of 15.5 mm
in the thrust direction were made by setting the end temperature of a moiding die at
20 175°C lower than the melting point of Nylon-12. The thickness variation at the
maximum thickness portion of 0.9 mm was £30 um, and the density was 5.7 g/cm®.
(Example 2)
In this example, rare earth-iron-based arcuate magnets M3 were made
without using a bonding agent.
25 Rare earth-iron-based rapidly quenched ahd solidified flakes (Trade
name: MQP-C) manufactured by Magnequench International In, Co. and having an
alloy composition of Nd,,FesC04sB,, a crystallized particle diameter of 20 to 50 nm, a

magnetically isotropic Nd,Fe,,B phase, and a thickness of 20 to 30 um were used.



No. 6-236807, arcuate rare earth nmagnets M2 having an outer radius of 3.65
mm an inner radius of 3.55 mm a maxi numthickness of 0.90 mm and a
length of 15.5 mm in the thrust direction were nmade by setting the end

tenperature o I ding die at 20 17510 | ower than the nebbti/igooRegsst Of
Nyl on-12. mj’lfﬂ?%ﬁness vari-ation at the maxi mum thickness portlﬁon of 0.9

mm was 30 pm and the density was 5.718lcn8. (Exanple 2) In this exanple,
rare earth-iron-based arcuate magnets M3 were nade w thout using a bonding

agent . 25 Tiease fRikes were wRighedemdimed iH o cavif/simorNekserbiyinkie @Pfdf%kcﬁé
(Trade nane: MXP-C) manufactured by Magnequench International In, Co. and
havi ng an ard a@aircafpunches that afsoNdivid-as réspbetite efectrodes.al Thezfidkedilled Gh ©
dianeter of 20 to 50 nm a magnetically isotropic Nd2Fel4B phase, and a
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the current density. After about 60 seconds fromthé energization,
t enper@t urreteobf téraperature hdse IiEg]sabStbhﬁéilyed@teﬁﬁinadR? epie aRflRA of e current
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crystallizing tenperature (about 60010) of the Fel4B phase, and the
conpact i ordeinsity.ne conpressing direction was 15 commenced due to a plastic
deformati on caused by the softening of the fl akes.

After about 60 seconds from the energization, the temperature of the
die having a thickness of 2 mm exceeded the crystallizing temperature (about 600°C)
of the Nd,Fe,B phase, and the compaction in the compressing direction was

15 commenced due to a plastic deformation caused by the softening of the flakes.
Upon completion of the compaction, when the energization was stopped (the period
of time of energization: about 80 seconds), the die temperature was 710°C. After
the cooling, the arcuate rare earth magnets M3 having an outer radius of 3.65 mm, an
inner radius of 3.55 mm, a maximum thickness of 0.90 mm, and a length of 15.5 mm

20 in the thrust direction were obtained by hot compression moiding. When the arcuate
rare earth magnets M3 were taken out, the density thereof ranged from 7.53 to 7.55
g/lcm®. In general, the thickness accuracy of all the fully dense magnets simply
depends upon the amount to which the flakes were filled in the cavity. Furthermore,
uniike the magnets containing a bonding agent, the magnets made in this example

25  were subjected to no spring back when they were re!easéd from the mold assembly
and, hence, the mold shape including the outer radius, the inner radius and the like

was transferred just as it was.

The allowabie stress of the arcuate rare earth magnets M1, M2, M3



Upon conpl etion of the conpaction, when the energization was stopped (the
period of tine of energization: about 80 seconds), the die tenperature was
710C. After the cooling, the arcuate rare earth nagnets M3 having an outer

radius of 3.65 mm an inner radius of 3.55 nm a maxi | C ss of 0.90
mm and PURITH of 15.5 nm 20 in the thrust di rection%ﬁ%@g ned by hot
conpression nol di ng. When the arcuaftge rare earth nagnets M3 were taken

out, the density thereof ranged from7.53 to 7.55 g/cnB. In general, the -
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amount to which the flakes were filled in the cavity. Furthernore,” unlike

t he magrof0O0cmn, andi a tergtiboits. 8 anmda he thrlst dREH6H, Sarithsl théthod Bfﬁxiﬁ%%@' e 25
were subjected to no spring back when they were rel eased fromthe | d

assenbl fhem teithersafovagndiic framelareidigaussed hedsinegtet.ne out er radi us, the inner
radius and the like was transferred just as it was. The allowable stress
of the arcuate rafig. @adepictsageaph showing, theBempetature0dependenty) BOMM&6298 19
havi gg a o%g er radi ?’ of 3.65 mm an inner radius of 3.55 nm a maxi num
thi cRncalowghie siiggs ofhe Aretiats Fa i agnsts M2 Mac A% sbewn dersint | on, and
a nmet hog _of, fixi h ot of.t netic,f are di scussed
her ei na&%%’.'ovﬁbégg'fe%fe'gFgc%t?sgqggfzmegﬁsaﬁwmﬁiﬁgﬁ?eMﬁ weee dapagrfbncy of
the 5 I rn@ﬁlm rar, arth ghet M2, MB. As
shown t%&r@?%héttﬁée a o%‘bﬂﬁggés’gg’g}tﬁgsa&gﬁe@égr(’%f )W@"I’f@ Mabnet s ML,
M2, MB YE[rBsdifte e droudie Pdr SsdrifOmb tgadﬁ ' if&ﬂﬁr@ iBRrhd &#et he
magnet sréﬁn the figure, M represgﬁ?s t tgﬁgarj?&a e ra?%'gga'{r‘élﬁmgh ts .
obt ai ne fegheserngtHose Obtdingd byl ieRBusidR md_]@iﬁg,eﬁrﬁi‘m t‘eﬁ%%‘én&%ﬁé@%ﬁta%/eoex" rusion
nol di ng, and M3 represents those obtaine 10 by hot conpression nol ding.
It tan by hebeompressiomnpldifg.t hat the al |l owabl e stress of M is |ower than
60% of that of M2 at roomtenperature. Furthernore, the magnets ML cannot
be deflected andtearebe segn frem Hig.cdthiit thg gllowsble biresscafiM1 és iveatimancaused t o
engage with and snugly fit to a corresponding portion of the soft nagnetic
frame i 89% ofdhatel M2 at room temperature. Furthermore, the magnets M1 cannot be
deflected and are fragile. Accordingly, if the magnets M1 are caused to engage with
and snugly fit to a corresponding portion of the soft magnetic frame in a manner as
15  described in Japanese Laid-open Patent Publications Nos. 10-201206 and 11-18390,
cracking or fracture is caused. For this reason, the magnets M1 cannot be
incorporated into the soft magnetic frame with the yield maintained high on an
industrial scale. Although the bonding of the magnets M1 to the soft magnetic frame
is possible, incorporation of the magnets M1 into the soft magnetic frame by such
20 bonding is not desirable in the permanent magnet field-type compact DC motors, as
described in Japanese Laid-open Patent Publications Nos. 10-201206 and 11-18390.
Also, Fig. 2 reveals that the allowable stress of M1 exceeds 6 kgf at
room temperature. As compared with M2, the allowable stress of M1 is substantially
constant in a temperature region below a high temperature of about 120°C.
25  Accordingly, as shown in Fig. 1A, it is desirable that a pair of magnets M1 extending
along the internal surface of the soft magnetic frame 2 be fixed to the soft magnetic
frame 3 by urging and retaining circumferentially opposite end portions of the

magnets M1 with the use of, for example, the generally U-shaped springs 4. The



15 described in Japanese Lai d-open Patent Publ i cati ons Nos. 10-201206 and
11-18390, <cracking or fracture is caused. For this reason, the nmagnets ML
cannot be incorporated into the soft magnetic frane with the yield

mai nt ai ned“m(g? [ an industrial scale. Although the bondpagysionsds
magnets ML'tO R&*sof t magnetic frame 1is possibl:e;:incorporation of. the

magnets ML into the soft magnetic fra2@ by such 20 bonding is not desirable
in the permanent magnet field-type conpact DC notors, as described in
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depi cting the tenperature dependency of the allowable stress, the safety

factor of the all o@altheother Rand, Heeaassthbinadghdtd Maehd 2 defett BIRIRE ¢ re
region up to a nmaxinmumtenperature of 120C. This safety factor guarantees
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frame 2. On the other hand, because the magnets M2 tend to deflect a
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magnets m3 have a high allowable stress, they are mechanically fragile, like the
15 magnets M1. Accordingly, it is preferred that the magnets M3 be fixed to the soft
magnetic frame 2 in the same manner as the magnets M1.
A method of unsaturation-magnetizing the arcuate rare earth magnets
M1 having an outer radius of 3.65 mm, an inner radius of 3.55 mm, a maximum
thickness of 0.90 mm, and a length of 15.5 mm in the thrust direction, and the
20  characteristics of the permanent magnet field-type compact DC motors are discussed
hereinafter.
(1) Intrinsic coercive force and magnetizing properties
Fig. 3 depicts a relationship between the intrinsic coercive force Hci and
the magnetization properties of the magnets M1 obtained by compression-molding
25 the rare earth-iron-based rapidly quenched and solidiﬁed flakes having an alloy
composition of Nd,[Fe,;Co,,);.,Bs together with a bonding agent so as to have a
density of 6 g/lcm’. The magnetization properties are expressed by a ratio of

[BH]max of ¢ 5 mm-magnets (L/D=1) when the magnets were pulse-magnetized in a



magnets nB have a high allowable stress, they are nmechanically fragile,
li ke the 15 nagnets ML. Accordingly, it is preferred that the magnets M3 be
fixed to the soft nagnetic frame 2 in the sane manner as the magnets ML. A

met hod of ration-nmagnetizing the arcuate rare eartgtgﬂm ML
havi ng anwgﬁpga%&radi us of 3.65 nm an inner radius of 3. mn%éggsrraxi mum
t hi ckness of 0.90 mm and a length &1 15.5 mmin the thrust direction, and

the 20 characteristics of the permanent magnet field-type conpact DC notors

are di scusagrtizing fieldtdmtaf 24 KO ot 60 kDesi ¢ coercive force and magneti zi ng
properties Fig. 3 depicts a relationship between the intrinsic coercive
force Hci and t heAsrshowni inaFigor8, pEvereift thesintrinsich eodreiyecforceVHep lof ah@ed by
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magneti zation properties be greater than 90% of a full gnetization at a

central polidifiedflakés shouid betsmallppthan 10kOéi s end, the intrinsic coercive
force Hci of the rare earth-iron-based rapidly quenched and solidified
f1akt® shoul d be Hesause thenmagnetskid. prepar@echy bot tompresgioat moldfhgoaepar ed by
hot conpression nolding are subject to plastic deformation at tenperatures
over a cPyRiechte plaskigd atien at temperatyees quep peryialfitiog tempdratureofitiie of rare

earth el ﬁgﬁfg{“% rghl\i!tc'is/e!:) trhé asnh}?ulljnlt gfr%?e géﬁr?teleerménrt]sa(?\ld%gr) should be greater than 13
atomic percent, which is slightly greater than the stoichiometric composition of
Nd,Fe,B. It is, therefore, difficult for the intrinsic coercive force Hci to be smaller

16 than 10 kOe in a single domain criticél size of the Nd,Fe,,B phase to maintain
thermostability

if the rare earth-iron-based rapidly quenched and solidified flakes, with

which an intrinsic coercive force Hci of 8 to 10 kOe can be obtained in the single

domain critical size of the Nd,Fe,,B phase to maintain the thermostability, has an

20 alloy composition close to the stoichiometric composition of Nd,Fe,B, it is necessary

to render the amount of rare earth elements (Nd/Pr) to be smaller than 12 atomic

percent. The bonding of such flakes requires a bonding agent such as a resin and,

from the viewpoint of the magnetization properties, it is desirable that the flakes be

compression- or extrusion-molded together with the bonding agent into the arcuate

25 rare earth magnets M1, M2 of a predetermined shape. 'Furthermore, the density of

the rare earth-iron-based rapidly quenched and solidified flakes can be made higher

by compression molding than by extrusion hwolding. For this reason, in order to

obtain stronger static magnetic fields in the spaces between the field magnets and



atom c percent, which is slightly greater than the stoichionetric
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Remanent magnetic flux density and coercive force as functions of the
magnet0 zi thg rhaghats in which tikerare earthfirondsapedirapidiyguenched aind doliifietiflakesof t he
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’ in the permanent magnet field-type compact DC motors, the remanent magnetic flux
density Br and the coercive force Hcb of the rare earth-iron-based rapidly quenched
15 and solidified flakes of a magnetically isotropic nature as the functions of the
magnetizing field increase gradually regardless of the intrinsic coercive force Hci.
Accordingly, weli-balanced demagnetization curves can be obtained even in an
unsaturation-magnetized state. On the other hand, the ferrite magnets that have
been generally used in the conventional permanent magnet field-type compact DC
20 motors have a nature of being rapidly magnetized even in a low magnetizing field Hm
and, hence, well-balancéd demagnetization curves cannot be obtained in the
unsaturation-magnetized state.
(3) Unsaturation magnetization of field magnets by demagnetizing field
Figs. 5A and 5B depict the manner in which field magnets incorporated
25 into a soft magnetic frame are being unsah;ration—magrietized by making use of a
demagnetizing field, while Fig. 5C depicts the manner in which ordinary

magnetization is being carried out. In these figures, reference numeral 1 represent

a pair of arcuate rare earth magnets; reference numeral 2 represents a soft magnetic



In general, in the range of 10 to 40 kCe that is used to nmagnetize the
field magnets in the permanent nagnet field-type conpact DC notors, the
remanent magnetic flux density Br and the coercive force Hcb of the rare
earth-irgnsfhased rapidly quenched 15 and solidified fl akegBbodes
magnetically 1sotropic nature as the functions of the nagnetizing field
i ncrease gradual |y regardl ess of th&intrinsic coercive force Hci.

Accordi ngly, well-balanced demagneti zati on curves can be obtai ned even in

an unsaframetin whichethecrcuatel rareaarth riaghéts 1oareamolnsted, refdrendechtimél @agnet s
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r epr esendreugie nareabhith rhagnefed. SThé dferUseriphbral suEfaced 8 fHexabudite’ @i N t he
respective arcuate rare earth magnets 1 against the soft magnetic franme 2;

r ef er encaarthnmagnsits 3 extepdraiang the innerpedpherahsirfacktof thsoft magnetickaraé) havi ng
a round or oval section; and 5 reference nuneral 6 represent a pair of
magi@t i &, @§d\tee soft magnetie frames2 isicaused tothave partionsthasde noheerve@saae rare -
earth magnets | are fixed to the soft magnetic frame 2 with the pure iron
5 i nt er (AREE Yoket FeeiFpumierentially, aprositg, euten surfaca; pE the arcuate rane: earth |

peri phe(rg% ggaces of the arcuate rare earth magnets 1 extend along the
I nner p %ﬁ | surface of the soft magnetic frame 10 2, and the soft

magnetic frame 2 of thg'\bid Hehd i thePOSAstRBEorl BRdwil % BRY. 5B WE aPduate

rare earth magnets 1 are fixed to the soft magnetic frame 2 with the pure iron 5
15 interposed between the arcuate rare earth magnets 1. The outer peripheral
surfaces of the arcuate rare earth magnets 1 extend along the inner peripheral
surface of the soft magnetic frame 2. The outer peripheral surface of the soft
magnetic frame 2 is held in contact with an end face of each magnetizing yoke 6 at
the circumferentially central portion of the corresponding arcuate rare earth magnet 1,
20 and spaces are formed on respective sides of each magnetizing yoke 6 and between
inclined side surfaces of the magnetizing yoke 6 and the outer peripheral surface of

the soft magnetic frame 2.
In the construction of Fig. 5A or 5B, when the magnetizing field Hm is at
work, the pure iron 5 having a round or oval section is magnetized, and a uniform
25 demagnetizing field Nl is simultaneously created in the. pure iron 5. The lines of
magnetic force emerge from a surface pole and do not produce eddies, unlike the
lines of magnetic flux. At the circumferentially opposite end portions of the arcuate

rare earth magnets 1, the demagnetizing field NI reacts against the magnetizing field



back yoke at circunferentially opposite outer surfaces of the arcuate rare
earth magnets 1. On the other hand, in the construction shown in Fig. 5B,
the arcuate rare earth magnets 1 are fixed to the soft nagnetic frame 2

with the pyre iran 5 15 interposed between the arcuate raperSpdolokzogBonet s
1. The outyro gp%gheral surfaces of the arcuate rare earth{’magnets I extend

along the inner peripheral surface o24the soft magnetic frane 2. The outer
peri pheral surface of the soft magnetic frame 2 is held in contact with an

end face ddmealfitheagereralyi Ueshaped dprings 4 lape Ghade ! oF & 66t imadneticemataial

portion of the corresponding arcuate rare earth magnet 1, 20 and spaces are
formed on havingea round of deal sectiercheywoeate i respartiye lsimifarademégristizing fidles | | ned
side surfaces of the nmagnetizing yoke 6 and the outer peripheral surface of
the soft Mtineespectitpdhe circumferentially pposite end podionsi af. the Arcuaté Barendarth t he
magnetizing field Hnis at work, the pure iron 5 having a round or oval
section i MeENSHR 2 APCordialy, Inividal, rape; esstiHicon-baseid, rapiqly| quenched and
sirmltg re iron 5. The lines of magnetic force

oo o1 et reoeull o e Conm i thrvesterre s o
arcuat o et bbbl SRk ol Rl o ff et ekl s v
h b i ' i 7540 B 2 | £ .

U'Shaped St Smedeind gl 7 SO iededRtcn e el i RS B o
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respect to the circunferentially opposite end portidns o e arcua rare

earth nmagndtis qlite Aiffersrdifigh Yhe madnetizitn darised D94 DnidrA! ma@Re6zikG RbY Y
guenched and 5 solidified flakes of a nmagnetically isotropiC nature
const 1@ ut Hmyas sbown inuBiige 5Caevereifitheievelag v $s theavameragnet i zed under t he

i nfluence of both the magnetizing field Hnand the demagnetizing field N .
. Such maéhdtedugtionin cogging tecquecaused hyldemagrietizingdieltanent nmagnet
field-type conpact d#% not ors accor di n% to the present invention and is
quite different frdMCHRle TRERRRh Magnsts M4 havinggn guienradiveohid§dgnmeiang

field inner radius of 3.55 mm, a maximum thickness of 0.90 mm, and a length of 15.5 mm

in the thrust direction were made by compression-molding the rare earth-iron-based

16 rapidly quenched and solidified flakes, by inserting them into a soft magnetic frame,
and by magnetizing them in a magnetizing field Hm of 15 to 30 kOe, as shown in Fig.
SA or 5B. An armature 3 was then incorporated into the soft magnetic frame to
make a permanent magnet field-type compact DC motor. The induced voltage and
the cogging torque of a plurality of motors thus made were measured.

20 Fig. 6 depicts a relationship between the induced voltage and the
cogging torque. In the figure, "Invention" meané motors having field magnets
magnetized in a manner shown in Fig. 5A, while "Comparative example" means
motors having field magnets magnetized in 2 manner shown in Fig. 5C. In the
motors according to the present invention, the field magnets incorporated into a soft

25 magnetic frame were unsaturation-magnetized by makiﬁg use of the demagnetizing
field.

it can be seen from Fig. 6 that even if the induced voltage level is the

same, the cogging torque is reduced no iess than 40% in the motors according to the



10 Hm as shown in Fig. 5C, even if the level of Hnis the sane. (4)
Reduction in cogging torque caused by demagnetrzing field Arcuate rare
earth magnets ML having an outer radius of 3.65 mm an inner radi us of

3.55 mm @“Clgg,érrumthlckness of 0.90 mm and a length Qfr ??p in the
t hrust d| were made by conpression-nolding the rare eart | ron-based
15 rapidly quenched and solidified 28 akes, by inserting theminto a soft
magnetic frame, and by nagnetizing themin a magneti zing field Hnof 15 to
30 kCe, presertawention.Fig. 5A or 5B. An armature 3 was then incorporated
into the soft magnetic frame to nake a permanent magnet field-type conpact
DC ot or. The i ndAfterthe ahdtargeversdiisrhirstietoarai thg ar A6 farefeapththagirdtd 4y of
notors thus made were neasured. 20 Fig. 6 depicts a relationship betvveen
t he i nduwere tekenoul dhexefrom/ tbe Imiuggcngencmedome Hai of fragrhents icat off fromehéi on”
means rmtors havi ng field net s netized in a manner shown in Fig. 5A
V\/m | e mﬁa&mm%omérmt@ P‘ﬁ%éﬁ@ from) raircHeferaptiallysipposite)end portiagset i zed
accordi n% to the present

| nverit) gf he PEGHA 1dvandresded oY Sleq Tharasasiaments sovaal e fers are
can be. 8R4 ofbes SRR R afierE i 1 mBaned o SEoRgE S eramelet h
Soter o Miadrefifed 4 5o iy ER, SEHHAGTHRGE obbRR PRE N iRt FOBTS 5 o

the not b B.2K0B, EnalhBE tdinkiltsid BBertiveUdrée Haf Qt %r agm c&){ tP{?r e taken

out therefrom the intrinsic coercive force Hcl f from

the cemagnetio pold ofnthef magrsts of ClnvehtorfNAadrclized fza% sHown-iff Bige BAI falid ¥
opposite end portions 5 of the magnets 1 was neasured using a VSM The

mead@r em&ﬂnnstheesame rahge (7.8etoe8.2i kOe))ag rthat ofithel magneis ahtCmpdrativeocat i ons,
in the nagnets of "Conparative exanple" magnetized as shown in Fig. 5C and
t he i nt EXABPE".c ddeweves, thermpeasurementsaiso revesl thabthetiotrigsi2 doeegivenforcs hat  t he:

II’ltI‘II’lSII_F cotﬁrclve orce Hci at the central portion of the
ci at the circumferentially opposite end portions of the magnets of "Invention” differs

from that at the center of the magnetic pole and ranges from 7.0 to 7.5 kOe. This
means that the arcuate rare earth magnets according to the present invention have
.15  different demagnetization curves (B-H curves) at the center of the magnetic pole and
at the circumferentially opposite end portions of the magnets, though they are of an
identical uniform material. Accordingly, even if the magnet shape is the same, the
cogging torque can be reduced with the use of the field magnets having
demagnetization curves that decrease from the center of the magnetic pole towards
20 the circumferentially opposite end portions.
(5) Reduction in cogging torque caused by a combination of demagnetizing field and
magnet shape
Fig. 7 depicts a relationship between an angle 6 shown in Fig. 1A and
the rate of reduction in cogging torque or induced voltage. The angle 6 isanangle
25 formed by two generally flat surfaces formed on the 6uter peripheral surface of
circumferentially opposite end portions of each arcuate rare earth magnet. The
length of each generally flat surface in the thrust direction was 12.5 mm. Because of

the presence of the two generally flat surfaces, two spaces were formed between



magneti c pole of the magnets of "Invention" nmagnetized as shown in Fig. 5A
falls 10 within the sane range (7.9 to 8.2 kGe) as that of the magnets of
"Conparative exanple". However, the nmeasurenents al so reveal that the

i'ntrinsic m%‘)ﬁ force HCI at the CI rcunf erent_.i_ally OpPPPET/iIkoREds
portions of the nmagnets of *lnvention" differs fromthat at the center of

t he magnetic pole and ranges from7.0260 7.5 kQe. This nmeans that the
arcuate rare earth magnets according to the present invention have 15

di fferent themegmethiezinheoperiphersi SufBcd!of e/ soft nitignelie frefid &rd, HericBetgpgnet i

pole and at the circunferentially opposite end portions of the nmagnets,

t hough t heyeremm bieickayokes dbsuchqartians. f dach megret hhd aAotderdadiob of 3@6anmi f t he
magnet shape is the sane, the cogging torque can be reduced with the use
of the fi eanlinpagresius ofa3:55 gnmde maxnumthickoessof 9.8 mmaand adergtheof 1580 t he
center of the magnetic pole towards 20 the circunferentially opposite end

porti ons. MBintheithesst girestion: o Jheaaanat was nezanstized in thecaanian shown inFig.
o aogbe & dasunner BRinnuSRRE R ol e medhesbinacta Hio it i degrRgeRia e o
I nd d ) [ 25 f b ly fl
sur taces MEGRE JA i BREnEncnt Hadh 3R Bog Rl Bt Wﬁ?ﬁ%@h e “
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croo L SB35 21 R SRt
the pr esercﬁvéﬁ‘1.ﬁb%—érﬂﬁhrﬂ:9§tﬁﬁéérh&aﬁ6ﬁ9va§%mtt BhasiGrthesd Gal eé.olr med

bet ween WO 01/ 20754 PCT/ JPOO 06298 26 the e I nner peri phera

surface of the soft Aregrestion exprssBion giver TG, 7 SREWS thatThe inticBd Yhitagekes at
such portions. Each magnet had an outer radius of 3.65 mm an iInner radius

of 3.36 mW dacreasesnlineary witherespedt 10. i@ amgle and Howeveg! bver ifltheSangi@pi n t he
thrust direction. The nmagnet was magnetized in the manner shown in Fig. 5
5A and undiecreases ifiom §8nde & . tha redustiomdny irduced rvpitagelisl obiy 5%d Orethe
demagnetizing. field NI. In the Ber manent magnet fiel d-type conpact DC

mot or s us &theidiapenthe; ¢paging terque Cl ghanges quagically withy respechio the angle @ 218

mv/ T pm an%n% qge (r;acig%'f rc]:i;lart1goer I%un%aximized at an angle of about 65", at which the cogging

torque is reduced about 70% with respect to a criterion of 90°. In the range of 82°
156 1o 50, the cogging torque is reduced no less than 40% with respect to the criterion of
Q0.

As described previously, the rare earth-iron-based rapidly quenched
and solidified magnetically isotropic flakes have a nature in which both the remanent
magnetic flux density Br and the coercive force Hc gradually increase simultaneously

20 as functions of a magnetization field, and provide weli-balanced demagnetization
curves even in an unsaturation-magnetized state. The above effect is caused by the
use of the thin-walled arcuate rare earth magnets obtained by compacting such
flakes and also by the unsaturation magnetization utilizing the demagnetizing field
effect under the condition in which the soft magnetic frame does not serve as a back

25 yoke at circumferentially opposite end portions of the mégnets as if a field system is
formed by magnets having greatly different magnetic performances.

(6) Reduction in cogging torque caused by a combination of demagnetizing field and

thermal demagnetization



Gt was 1.15 g-cm and standardi zation was carried on the basis of these
val ues. A regression expression given in Fig. 7-shows that the induced
voltage 10 V decreases linearly with respect to the angle 0. However, even

if the a decreases from90 to 50, the reduction igibdbledsk Vol t age
Is only @%W@ﬁ"he ot her hand, the cogging torque Ct changes quadrically
with respect to the angle 0, and tBg rate of change is maximzed at an

angl e of about 65, at which the cogging torque is reduced about 70% w th

respect to a crit enittemahnéOshowh inlRg! smasuéta uﬁéathfbti@ﬂzmédﬁtifé’tﬂ?li ng

torque is reduced no less than 40%wth respect to the criterion o 90. As
descr i bevapcaviedwsit gn tHeharcuate eareadrih magretd havitlg bApULEr Yadiue6r368 mnand
solidified magnetically isotropic flakes have a nature in which both the

r emanent an inngn &adids of 3,25 amsa maxBnumrtbickhesscoicd.80 wm/f and-a lémtly oA 465! | y

I ncrease sinultaneously 20 as functions of a magnetization field, and

provi de WA inthe thiustliregtion:alwoitages of:tH0040.2408 velleusingiagapacitor having a
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great |y st CtRGioR IR 12 HERIET T madiiis RARHE  bftiechd CRAGHBANGICT JUe
caused by a conbination of denmagnetizing Tield and thernmal denmagnetization

WO 01/ 2Cdeadrielizatidpdt déMperaturel df 140%C Foriermmb@sn in Fig. 5A four-stage
unsat uration magnetization was carried out on the arcuate rare earth

magrét s havi ng anFig.Sedepictdi aisharigedirb bogging tonque ramelr a rchéhge imindiced Nm  a
maxi mum t hi ckness of 0.90 mm and a length of 15.5 mmin the thrust
di r ect i oieltage before gad afier thedbermal dec@onetizationsi Tijs graptpwes prapanedong a 5
capacit F. The angle O formed by the two neral ly fl at

3HCE of 2000 8 8 . L wgg . . _
sur f acesN®R3SIP RE2500BING I¥AKR REF AN iadhgeckoltaee ahtredtime whee themeXimum opposi t e
end por trhé’d}?e;i_gi]cr\gt fi§id was applied at a voltage of 2400 V and before the thermal ‘

- demagnetization. - In the permanent magnet field-type compact DC motors used
15 herein, the standard induced voltage V was 0.214 mV/rpm and the standard cogging
torque Ct was 0.46 g-cm.

As can be seen from the graph of Fig. 8, when the permanent magnet
field-type compact DC motors according to the present invention are thermally
demagnetized, a reduction in induced voltage V is smalier than about 0.5%, but the

20 cogging torque can be further reduced about 10%. The reason for this is as follows.

When initial demagnetization is carried out by heating after the arcuate
rare earth magnets that are fixed to the soft magnetic frame so as to extend along the
inner peripheral surface thereof have been magnetized in the manner of Fig. 5A by
making use of a demagnetizing field, the demagnetizing factor at a central portion of

25 a magnetic pole having a large demagnetization curve (Both the remanent magnetic
flux density Br and the coercive force Hcb are large) becomes small, while the
demagnetizing factor at circumferentially opposite end portions of the magnet having

a small demagnetization curve becomes large. As a result, the distribution of void



arcuate rare earth nmagnets was 62 . The |length of each generally flat
surface in the thrust direction was 12.5 mm The magnets were subjected to
thermal demagnetization at a tenperature of 140C for five mnutes. 10 Fig.
8 depicts a,qﬁ&ggg in cogging torque and a change in i nducggrmusletnse

bef ore and 5& €r 'the thernmal - demagneti zati on. Thi-s graph was prepared on

t he basis of a cogging torque and an 2&duced voltage at the tine when the
maxi rum nagnetizing field was applied at a voltage of 2400 V and before

t he t her nahagridtiofigr dengitiés isrenderet! e rapeesemt arshape ¢iuser {0 & bikubyidal sHapeact DC
nmotors used 15 herein, the standard induced voltage V was 0.214 nVv/rpm and
t he st and@nd alagggrirgte afreductiontin waggidg4eragednan the raten obreduction fir induddd:
graph of Fig. 8, when the permanent magnet field-type conpact DC notors
accor di ng vollagenis ghtained, by damagnetizatione t hernmal |y demagnetized, a reduction
in induced voltageug iﬁ&%b |l er than abgut 0.5% but the 20 coggi ng torque
can be further reduB&RP RERAENEriVentiar diast been fylly descibedoby may. of when

i ed out by heati,n the arcuate rare

ie?lirt e hS%S?@BF%sL@% It 38 he SEn@Mbaming diunge ' <foube ol Refedptnc
Tangr of VRO EhBAgeS Bl moditbati WIERECReAHG, B Wodk Riibd 7R ne"an "®
demagnet i ZihggsfbraC Ulesdisugh e%?hgﬁ aﬁﬁ rﬁé&ﬁcﬁfen?%ﬁ@erﬁ%"@éﬁé}f %Hetﬂéaélé@g a

| ar ge demagneti zation curv e remanen g ux densi Br
and the ceptcicopeldfrine preberit! idvatiche thé\e SROEIY 158 Rbhstridd b8 By included
demagneti zing factor at circunferentially opposite end portions of the
magnet hathergin. a smal | dermagneti zati on curve becones large. As a result,
the distribution of void WO 01/20754 PCT/ JP00/ 06298 28 magnetic fl ux
densities is rendered to represent a shape closer to a sinusoi dal shape,
and a larger rate of reduction in cogging torque than the rate of reduction
in induced voltage is obtained by demagneti zation. Although the present

i nvention has been fully described by way of 5 exanples with reference to
t he acconpanying drawings, it is to be noted here that



vari ous changes and nodifications will be apparent to those skilled in the
art. Therefore, unless such changes and nodifi‘cations otherw se depart
fromthe spirit and scope of the present invention, they should be

construe jng included therein. WD 01/20754 PCT/JR 29 CLAI MB
s, el

1. A net ki ng a permanent magnet field-type conpac tor,
conprising the steps of: fixing a @8r of rare earth nagnets nmainly
conposed of rare earth-iron- 5 based rapidly quenched and solidified flakes
to a soft magnetic frame so as to ¢Liigmg al ong an i nner peripheral surface
t hereof; and unsaturation-magnetizing the rare earth magnets so that
demagneti.zati on cAmetbodof makingr permanent magretfieki-fype €ompREI DC Mo t he
rare earth magnets are nmade smaller than a demagnetization curve at a
central GoFRrisng the stepsof nmagnetic pol e of each of the rare earth magnets.
2. The nmethod accgrding to claiml, wherein the soft magnetic franme has
portions that do g hayof sareeasth-magasts l@amwlﬁompogeﬂpgmreaeartbtimces of
ortions of the rare earth nmagnets, and

th [ nf tiall | t.e

he 25 R s bR S af A b als e sa .t evadins
terial | . I on interposed therebetween. 3. The

gt ﬁ(r)haaatlzc Vﬁ%&%%f%%ﬁ%@%ﬁ#ﬁ%@ages :are fgrmed on respective sides
¢ i 7i vy - th o ¢
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ci rcunf helizafiof Rps! 4 @&dnﬁéh{i&@%ﬁosﬁé‘%n&gioﬁi?ﬁréfhhg?gféeééﬂth and the

W

rare earth 20 magnet s ar e unsaturati on-mgneti ze a soft magnetic

mat er i aimagmetshgreamadesthaller thaneh deerdgnetizativhedupes afl at deti@bpbMRArLf &t The
met hod according to claim1l, wherein the rare earth nmagnets are

uns@ ur magoaticpgiesf eachiobipe careaartngmagngatsat er demagnetizing field at the
2. The method according to claim 1, wherein the soft magnetic frame has
portions that do not serve as a back yoke at outer peripheral surfaces of the
circumferentially opposite end portions of the rare earth magnets, and the rare earth
magnets are unsaturation-magnetized with a soft magnetic material having a round or
16  oval section interposed therebetween.
3. The method according to claim 1, wherein spaces are formed on
respective sides of a magnetizing yoke and between the magnetizing yoke and an
outer peripheral surface of the soft magnetic frame at locations of the
circumferentially opposite end portions of the rare earth magnets, and the rare earth
20 magnets are unsaturation-magnetized with a soft magnetic material having a round or
oval section interposed therebetween.
4. The method according to claim 1, wherein the rare earth magnets are
unsaturation-magnetized by creating a greater demagnetizing field at the
circumferentially opposite end portions of the rare earth magnets than at the central
25 portion of the magnetic pole. '
5. The method according to claim 1, wherein the circumferentially opposite
end portions of each of the arcuate rare earth magnets have respective generally flat

surfaces forming an angie of 50° to 82" on an outer peripheral surface thereof so
e

| A



circunferentially opposite end portions of the rare earth nagnets than at
the central 25 portion of the magnetic pole. 5. The nethod according to
claim1l1, wherein the circunferentially opposite end portions of each of
t'he arcuate rare earth magnets have respective generally flpaipsiisiddCeS
form ng an%ﬂ@*@%f 50 to 82 on an outer peripheral surface thereof so
Lereerr reerrr "rer reeer rr rill * C3a MW 01/ 20754 PCTIJPOQ 06298 30

that the soft magnetic .frame does not serve as a back yoke at the

ci rcunf er etidtahé yoft anppetit frareidesy hotstive bstdBack goldd 4t thedircamtdrintidignet s,
and the rare earth magnets are unsaturation-nmagnetized with a soft

magnet i ¢ mapposital eridgportionsaofithe adcuate rarelearthanagrsts, aridtheaardedrtremaasteeen.

5 6. The method according to claim1, wherein a strength of an

unsat ur at i 8re Hegateationmagnetized mithga soft rroagridtict matdiak Baving.a foundret beal
according to claim1l, wherein after the pair of rare earth nagnets have
been unsat §egiondnterrasedthorebetyeen. a soft nagnetic material having a round
or oval seétion i nt osed@%)gerebetween, the pair of rare earth nagnets are

10 heatfb_d o that a ziaﬁﬁ"ﬁdglﬁt dp é‘la"f‘hé"c}“’h&[ﬁlWe?eﬁ_trﬁﬁﬂth%/ Eﬁﬁsi te
ragnet ¢ popestigtoRpiadiEhahg ﬁs@@%ﬁaﬁ%@?@%ﬁ@?ﬁ Wher 6in the rar Ef °
o based . RSN
et i ol Ty sot r ophe U BREGEARfng 6! it £ updiéinl e he Helt SF1GFe Bt
small er  WRgAA HaveRenHsaNARdBLRASAR vifh 6 38R ThuGhdiR oAk iy 40 kO2

and a remanent magnetization of 7.4 To 8.6 € nethod according to

claim 1, woundior dvae seetion ieterpbsed tierétetween, Bi Hil ofike G Maghete!drdi f i ed
fl akes contain magnetically isotropic ones of a nano- conposite structure
havi ndl0a shéatedeg that iaclepragnetizing factoraatdhersignenfiererpialy oppdsite eRdpomdisas
according to claim9, wherein the soft magnetic phase is 20 nmade of a Fe,
Fe3B, or F&age geagtenthan thatat theeantrial pprtios of the mageetisf pokE2 TMLAB.

8. The method according to claim 1, wherein the rare earth-iron-based
rapidly quenched and solidified flakes are made of a magnetically isotropic RE,TM, B
(RE: Nd or Pr; TM: Fe or Co) phase smaller than 300 nm and have an intrinsic
15 coercive force of 8 to 10 kOe and a remanent magnetization of 7.4 to 8.6 kG.
9. The method according to claim 1, wherein the rare earth-iron-based
rapidly quenched and solidified flakes contain magnetically isotropic ones of a nano-
composite structure having a soft magnetic phase and a hard magnetic phase.
10. The method according to claim 9, wherein the soft magnetic phase is
20 madeof aFe, Fe;B, or Fe,B, and the hard magnetic phase is made of RE,TM,B.
11. The method according to claim 1, wherein the rare earth magnets are
obtained by compression-molding the rare earth-iron-based rapidly quenched and
solidified flakes with a bonding agent, and the circumferentially opposite end portions
of each of the rare earth magnets are urged and fixedly retained against the soft
25 magnetic frame by respective springs. |
12. The method according to claim 11, wherein each of the springs is made
of a soft magnetic material having a round or oval section.

13. The method according to claim 1, wherein the rare earth magnets are
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11. The method according to claim1, wherein the rare earth magnets are
obt ai ned by conpression-nolding the rare earth-iron-based rapidly quenched
and solidified flakes with a bondi ng agent, and the circunferentially

opposite end portions of each of the rare earth nagnet r d and
fixedly M‘HFR'@GJ agai nst the soft 25 magnetic frame bﬁF@'&'ﬁ%"Z‘{‘ e springs.

12. The nmethod according to claimXy wherein each of the springs is nade
of a soft magnetic mat erial having a round or oval section. 13. The nethod

TrT ) pdfied ! Byt B8, 57 R BRRRE 1908 ghetied B 1,
ext r usi ogyiiambd iaresivith 4 Bbﬁdlﬁ%hbént' BAA tHPERGNTTeRTAN, SpHRRRE8Ad gafly 8 oposi te

solidified flakes with a i ng agent, and the C|rcum‘erent|

end por tof@aeh ofthesare edrthi Magnhetscareadusedag rehtgagewmmpe@hvbomemse W th
respective stoppers forned on the soft magnetic frane. 14. The met hod

accor di rfgrnted an thersoft, magretieiframehe rare earth magnets are fully dense
magnets obtained by hot conpression-nolding the rare earth-iron-based
rapi 8ly 1q‘uenched Hnrimethadiecdoeding lte klaim 4. whereinjhae sarerearih magnets e a
crystal |IZI ng %rature and | ower than 7509Q, the rare earth-iron-based
rapi dl y Tl ts QB@!WW&P‘W&P&%S%W%"Q@%@’Q earifs-lraﬂzhased per cent
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opposite end portions of each of

containing impurities and/or an RE,TM,;M (RE: Nd or Pr; TM: Fe or Co) phase

smaller than 300 nm.

15. The method according to claim 14, wherein the fully dense magnets are

heated for directly energizing the rare earth-iron-based rapidly quenched and

15  solidified flakes.

16. The method according to claim 14, wherein an outer peripheral surface -
of the magnetic pole other than the circumferentially opposite end portions of each of
the fully dense magnets and a soft magnetic back yoke are integrated by direct
energization.

20 17 The method according to claim 14, wherein the circumferentially
opposite end portions of each of the fully dense magnets are urged and fixedly
retained against the soft magnetic frame by respective springs.

18. A permanent magnet field-type compact DC motor comprising:
a soft magnetic frame;

25 a pair of permanent magnets fixed to an fntemal surface of the soft

magnetic frame and each having circumferentially opposite end portions; and

an armature mounted in the soft magnetic frame and interposed

between the pair of permanent magnets,

* c L M S *



the fully dense magnets and a soft magnetic back yoke are integrated by
direct energization. 20 17. The nethod according to claim 14, wherein the
circunferentially opposite end portions of each of the fully dense magnets
are urged c{,)‘z g:dly retai ned agai nst the soft magneti c #5298
respective plll%s. 18. A permanent magnet field-type conpact DC not or
conprising: a soft magnetic frane; & a pair of permanent magnets fixed to
an internal surface of the soft nmagnetic frame and each having
circunferential |y opperein demagnetization warvesnat the ancomferentiallyuoppasitereridhe
soft magnetic frame and interposed between the pair of permanent magnets,
[111111 1potiohs|areimade smaller than & den@gnetiz@ioncwye 28 75 geptcal/ porton @6 208 32
wher ei n demagneti zation curves at the circunferentially opposite end
portions magnetiepolerfieash of thepeamassalynagnets: i on curve at a central portion
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18, wherei _n't e pernmanent hegnets are obtained ression nolding and
have a tIafEéfaeaﬁhsmldasbd%wlyhmﬁand\sauﬁedm@e.r having a permanent

magnet field type conpact notor conprising: a soft magnetic frane;
21. The permanent magnet field-type compact DC motor according to claim
10 18, wherein the permanent magnets are obtained by compression molding and have
a thickness smaller than 1 mm.
22. A disc feeder having a permanent magnet field-type compact DC motor
comprising:
a soft magnetic frame;
15 a pair of permanent magnets fixed to an internal surface of the soft
magnetic frame and each having circumferentially opposite end portions; and
an armature mounted in the soft magnetic frame and interposed
between the pair of permanent magnets,
wherein demagnetization curves at the circumferentiallf opposite end

20 portions are made smailer than a demagnetization curve at a central portion of a

magnetic pole of each of the permanent magnets.

23. A pickup device having a permanent magnet field-type compact DC
motor comprising:
a soft magnetic frame;
25 a pair of permanent magnets fixed to an intema! surface of the soft

magnetic frame and each having circumferentially opposite end portions; and

an armature mounted in the soft magnetic frame and interposed

between the pair of permanent magnets,

AR



15 a pair of permanent magnets fixed to an internal surface of the soft
magnetic franme and each having circunferentially opposite end portions; and
an arnmature nounted in the soft magnetic frame and interposed between the
pai r of permanent nagnets, wherein demagnetization curv ﬂi‘oo{oﬁﬁs

ci rcunf eWOHRYP4 y opposite end 20 portions are made smallér an a
demagneti zation curve at a central ggortion of a nagnetic pole of each of .
t he permanent magnets. 23. A pickup device having a permanent magnet
field-type compacindetin dBthalnci2ERin EibEs of 130 Lirci@RdHtefly loppBBiie éu 2 Pai r
of permanent magnets fixed To an I nternal surface of the soft magnetic
frame apdrtRns ard anaded shaliéruthan £ demabhetizitien durde and ditdal PBRIonadTcR an
armature nmounted in the soft nmagnetic frame and interposed between the

pai r of megnetic pole ofegaebdfthe permandritimagniets.| | 11T TIHITT 1T TTI( Ms WO
01/ 20754 PCTI JP00106298 33 wherein demagnetization curves at the

circunferentially opposite end portions are ma nal | er than a
dermagneti zation curve at a central portion of a nmgnetic pole © ch of

the per manent Magnets. A o



