18 MAY 2006 DESCRI PTI ON PERMANENT MAGNET FOR A MOTOR, MOTOR, AND MEGNEY 2006 NG
METHOD TECHNI CAL FI ELD The present invention relates to a notor, for
exanple, a notor including a rotor provided with a pernmanent magnet.
BACKGROUND ART In recent years, conputers have been put in w despread use in
a rapid pace. Disc-like storage nedia such as a hard disc and a

magnet o-optic disc are wdely used for storage devices in nost of those
conputers. Those storage nedia are rotated at a high speed by a small-sized
notor provided to a disc drive andoEktrRIPBIONEad or witten fromand to the
medi a. The notor used for the disc drive is designed to generate a rotating
magnetic field by neans of a stator coil so as to act on a pernanent magnet
provided to a rotor, thereby rotating. The pernmanent nagnet is magnetized

o tch af BRATRERAH el hEF a TR SR B SRR Ble MERETHE S pal e
appear at regular intervals along an inner or outer circunference. The sane
polarity is attained in the same pitch; the nunber of domains where the sane

polarity appears is referred to as the nunber of 1 18 MAY 2006 pol es. At
present , TROENIWAHeFyEUBed ones are notors that excite a

The present invention relates to a motor, for example, a motor

including a rotor provided with a permanent magnet.

BACKGROUND ART

In recent years, computers have been put in widespread use
in a rapid pace. Disc-like storage media such as a hard disc and
a magneto-optic disc are widely used for storage devices in most
of those computers. Those storage media are rotated at a high speed
by a small-sized motor provided to a disc drive and data is read
or written from and to the media.

The motor used for the disc drive is designed to generate a
rotating magﬁetic field by means of a stator coil so as to act on
a permanent magnet provided to a rotor, thereby rotating.

The permanent magnet is magnetized radially (in a radial
direction) and inverts polarities at a predetermined pitch along
a circumferential direction. That is, the N pole and the S pole
appear at regular intervals along an inner or outer circumference.
The same polarity is attained in the same pitch; the number of domains

where the same polarity appears is referred to as the number of



stator coil and rotate a permanent magnet having 12 pol es using three-phase
AC. Regarding the permanent magnet size, the nmagnet having an out el MAadi®ber
of about 25 (m) has been dom nantly used. Those pernmanent magnets are
magneti zed by neans of a large nmagnetic field generated by a nmagneti zi ng
head installed to the inner or outer circunferential surface of the

per manent nagnet. Lead wi rei sprovidedi nside the magneti zi ng head, whichal |l ows
a pul sed DC (several tens of thousands of anperes (A)) to flow therethrough.
As regards a permanent nmagnet for an outer rotor type notor, the magneti zing
head i s p@nkanged at an inner circunferential portion of the pernmanent magnet
to magnetize the nagnet. This is because the outer rotor type notor has a

stator coil that i§ %E?“ﬂSQtFW@éﬁY Lﬁ]é‘eed'&%esr Gid Gl enti gl §;&EE%CS of the
per manent magnet, WA C requires g polarlzé}lon property (ge ini'te border
between the N pole and the S pole) of the inner circunferential surface of
the peit&@téft Fadnéfd FRTEh6r €, PERE2REGHe'REPRG ﬁégangnEZtﬁglﬁﬁnéPlng
circunferential surface of the permanent nagnet are arranged face to face.
As a redidinceethe ssolRari zBeyand propere yorfnatent megne tcisiaent ehenmighesur f ace
of the permanent magnet is inproved. In contrast, in the case of using a

per maneMaviagneh dofe ARliamefer ¢Ola®odtype Mi0hast Beestd@iimLoily searranged
to face the 2 18 MAY 2006 outer circunferential surface of the permanent

magnet, so the, RIpetizhagNRagnkssPL P A26hat; Ay A Gl d GHMTERERLEA

portion

magnetic field generated by a magnetizing head installed to the
inner or outer circumferential surface of the permanent magnet.

Leadwire isprovided inside themagnetizinghead, whichallows
.a pulsed DC (several tens of thousands of amperes (A)) to flow
therethrough.

As regards a permanent magnet for an outer rotor type motor,
the magnetizing head is arranged at an inner circumferential portion
of the permanent magnet to magnetize the magnet. This is because
the outer rotor type motor has a stator coil that is arranged toward
the inner circumferential surface of the permanent magnet, which
requires high polarization prcperty (definite border between the
N pole and the S pole) of the inner circumferential surface of the
permanent magnet. In short, the magnetizing head and the inner
circumferential surface of the permanent magnet are arranged face
to face. As a result, the polarization property of the inner
circumferential surface of the permanent magnet is improved.

In contrast, in the case of using a permanent magnet for an

inner rector type motor, the stator coil is arranged to face the



of permanent magnet to nagnetize the magnet. Mst of those per nmanenis M@ 286 s
are rare earth magnets. O the rare earth nagnets, a bonded nagnet forned of
an Nd-Fe-B based material as an isotropic nagnetic material has been used in
a great many cases. The termisotropic nmeans that the directions of nagnetic
force of the magnetic material extend not in the sane direction but
randomy. Magnetizing the nmaterial yields a nagnet. Al so, the term bonded
magnet neans a nagnet obtained by mxing a resin with a nagnetic nmateri al

for faciddidling, onhelpgyof,t ey, FEOCLIC JFY G Blanddk afditbon. sbn digcent
years, as disclosed in JP 2000-195714 A, an Sm Fe-N bonded nmagnet has cone

into use, Thetn.,z.lvnarihoeuas atster 'g}sdh ve bertlan ttaken .toLir_Egtal i ze a multipolar
magnet na%rheg 1sE' bf arﬂ J6t ngi ¢ 5 OBTér‘?y ot The SHiFE-N Bb porFs’fglﬁ@t or to
prepare an Sm Fe-N bonded magnet resistant to rust; an Nd-Fe-B bonded

nmagnet s 95 PHIERTRT iMRFERL sStaMednes Fasstthedgtagnathe t erm ani sotropi ¢ neans
that the magnetic force in the constituents of the magnetic material is
generated i n tNmstsaife thdiseepe roanedt megimett svdde aalieghamragnesdgocet or c&f as
conpared with the one obtained by magneti zing the isotropic mgnetic

mat eri al ghe GAT DR a@RHALAEHe DY, I BWneUSl Xaghé O Mend @ fdibhegd L pasp afaddie
magnetic 3 18 MAY 2006 force and then magnetizing the material. A hard disc

has beenmé@gfféi)ésuggdi%tsrooginc %%E%tﬁ'c%ﬁ'?eﬁfﬁ' has been used in a great

many cases.

The term isotropic means that the directions of magnetic force
of themagneticmaterial extendnot inthe samedirectionbut randomly.
Magnetizing the material yields a magnet.

Also, the term bonded magnet means a magnet obtained by mixing
a resin with a magnetic material for facilitating molding of the
magnetic material.

In addition, in recent years, as disclosed in JP 2000-195714
A, an Sm-Fe-N bonded magnet has come into use,

Then, various attempts have been taken torealizeamultipolar
magnet making use of anisotropic property of the Sm-Fe-N bonded
magnet or to prepare an Sm-Fe-N bonded magnet resistant to rust;
an Nd-Fe-B bonded magnets is inferior in resistance to rust.

Here, the term anisotropic means that the magnetic force in
the constituents of the magnetic material is generated in the same
direction. A magnet with a high magnetic force, as compared with
the one obtained by magnetizing the isotropic magnetic material,

can be obtained by previously aligning the directions of themagnetic



a conputer field, for exanple, a digital canera, car navigation SsSyBMAY 2005
informati on appliance. Along with this tendency, a small-sized notor for
driving a nenory disc of a storage device wth a size of typical 2.5 inches
or smaller has been growing in the market. In response to the recent
application of the small-sized hard disk to portable devices such as the
digital canmera or information appliances, there are demands for a downsi zed,
energy-saving notor that realizes a high torque, as a notor used in these.

Downsi zi pgrtde} i@t Ofeh eRbdsnd 01 F Cih ONd e SiZe of the permanent magnet used
therefor. Then, downsi zing the pernmanent nmagnet necessitates reduction in

o 1 AROned A0S0, L0 SIS NG 1S PELSRCDLBOPEL) D, I e

magneti zi ng hea ownsi ze a

Adi rect current suppl i edt ot hemagnet i zi ngheadr educes because, in part, of

Wit hst and 99TPaERr of 1¢Her nEhet¥FPe headdlgisa b ¢aekla, GhereaVisgat bl em
that full magnetization (magnetic saturation) for the permanent nagnet is
not al waygsaéhpwed andothetiabi kippy lianiter.enflbngt we timdmhdts ccarateardygl aannot
be conpletely brought out. It is therefore an object of the present

i nvent i 0Bmk 01 PE @¥YEdemofoPef FRNEAL v IBGNEtméREr @ DO o f Wi St 1 $q& PRLLe and
has a high 4 18 MAY 2006 performance, a notor, and a magneti zing net hod.

DlSCLCSU&%tgFaIyEm£N%ENUﬁg%al 2.5 inches or smaller has been growing in

the market.

In response to the recent application of the small-sized hard
disk to portable devices such as the digital camera or information
appliances, there are demands for a downsized, energy-saving motor
that realizes a high torque, as a motor used in these.

Downsizing themotor leadstoreductioninsize of thepermanent
magnet used therefor. Then, downsizing the permanent magnet
necessitates reduction in size of amagnetizing head for magnetizing
the permanent magnet.

When themagnetizing head isdownsized, leadwireusedtherefor
isthinned. Adirectcurrentsuppliedtothemagnetizingheadreduces
because, in part, of withstand voltage of the magnetizing head.
As a result, there is a problem that full magnetization_(magnetic
saturation) for the permanent magnet is not always allowed and the
ability inherent in the magnetic material cannot be completely
brought out.

It is therefore an object of the present invention to provide

a permanent magnet for a motor, which is compact and has a high



The present invention provides, in order to attain the above-nenti BM4aY 2006
obj ect, a permanent nmagnet for a notor, which is disposed in a rotor for the
notor and has a cylindrical shape, including donmains that are magnetized in
a radial direction and are arranged at regular intervals in a
circunferential direction, characterized in that provided that D represents
an i nner dianeter of the permanent magnet, t represents a thickness in the
radial direction, N represents the nunber of donmins, and Mrepresents the

nunber ofe A PhasEs, fOmdidyi nthd e RIRILi A r@thdP 20 (mm)  or smaller
and t is set to satisfy the relation of t 5 nn/(NM n) . Al so, the permanent
magnet for the notor according to claim 1 of the present invention is
characterized in that the permanent rmagnet for the notor is fornmed of an
Sm Co based magnetic material. Al so, the present invention provides a notor

i ncl udi Nt SN ChHorts oMV W ng a rotational symmetrical body around

which a cylindrical permanent magnet is arranged, and a rotational shaft
arranged on arllaxi pkeként ohvens icot gtionalesynmet dro@r bodyataaist dather
portion having a plurality of stator coils excitable with AC having M

phases, ¥bbeh-mEet Bacdd afyRNged 0RedManBREr meghedNEereACRot OF, QMIn is
circunference of the permanent nagnet to face the permanent 5 18 MAY 2006

nmagnet ; arin o) o] a n i vat.al 1] t
Tovati ool RPePf ot "d BOLbL 0RO L PLAL o8N Bl YA Yo PR =i ¢ body

and & he stator.coil are concentric to each other, ) .
%nciudlng domafﬁs {hat are magnetlzeé f% a radial direction and

are arranged at regular intervals in a circumferential direction,
characterized in that provided that D represents an inner diameter
-of the permanent magnet, t represents a thickness in the radial
direction, N represents the number of domains, and M represents
the number of AC phases for driving the motor, D is set to 20 (mm)
or smaller and t 1is set to satisfy the relation of t £ nD/{(NM -
) .

Also, the permanent magnet for the motor according to claim
1l of the present invention is characterized in that the permanent
magnet for the motor is formed of an Sm-Co based magnetic material.

Also, the present inventionprovides amotor including: a rotor
.portion including a rotational symmetrical body around which a
cylindrical permanent magnet is arranged, and a rotational shaft
arranged on an axial line of the rotational symmetrical body; a
stator portion having a plurality of stator coils excitable with
AC having Mphases, which are each arranged on an inner circumference

or outer circumference of the permanent magnet to face the permanent



characterized in that: the permanent magnet includes domains that BmeAY 2006
magneti zed in a radial direction and are arranged at regular intervals in a
circunferential direction; and provided that D represents an inner dianeter
of the permanent magnet, t represents a thickness in the radial direction, N
represents the nunber of domains, and Mrepresents the nunber of AC phases
for driving the notor, Dis set to 20 (mm) or smaller and t is set to
satisfy the relation of t < nD)(NM- n). Also, the notor according to claim

3 of th Nt ~l4NV¥ent. | IS0 SHAk |+Z80 \J - ggnet i s
f or med g[}a%g}(rnlescema&g gbgééegp?r%gé\%ti C I?rgj{cggra} al . };F%rnﬁgl,vto?%lg%grﬁgggq:gtgﬁgi n the

above- tioned. objet, th resent _invention.provides a gneti zi.n t hod
for  magndid 205G - 28nayi phAFr 5 B RERGAE RRGNAPRGFS pace T AoFaeoPTRDr t he
motor so that domains that are magnetized in a radial direction are arranged
at regulBfMSeS &1csly And EhecohtePEntPhl T AN L e YPeanmhenthemagnet
bei ng configured so that, provided that D represents an inner dianeter of

t he per marerdctragnetd ih tepr esend peantadhicoknmaagnen ihmeludeasdiddmadinseechiaan, N
represents the nunber of poles, and Mrepresents the nunber of AC phases for

driving dhe nRfrfei A2d SnSat rhQ@i 20 §MPhct 06n SO | £ and-dndety S8t reQuiatd sfy
the relation of t 5 nD)(NM 6 18 MAY 2006 n) , the nethod being characterized

by i ncl uding; ne-dir %i neti,zat.i o tep of netizing.th
per rranetlgtqwr}%fg‘ﬁagjtsci n o%e%?L Fgggte?%%t\%ﬁilcf?tlirser&ttﬁgnfaa%%ﬁglr?‘é%%‘ie%n}:ﬁgﬁd Pa pole
magret i zati on , ,

represents an inner diameter of the permanent magnet, t represents

a thickness in the radial direction, N represents the number of
domains, and M represents the number of AC phases for driving the
motor, D is set to 20 (mm) or smaller and t is set to satisfy the
relation of t £ nD/(NM - ).

Also, the motor according to claim 3 of the present invention
is characterized in that the permanent magnet is formed of an Sm-Co
based magnetic material.

Further, in order to attain the above-mentioned objet, the
present invention provides a magnetizing method for magnetizing
a cylindrical permanent magnet disposed to a rotor for the motor
so that domains that aremagnetizedinaradial directionare arranged
at regular intervals in a circumferential direction, the permanent
magnet being configured so that, provided that D represents an inner
diameter of the permanent magnet, t represents a thickness in the
radial direction, N represents the number of poles, and M represents
the number of AC phases for driving the motor, D is set to 20 (mm)

or smaller and t is set to satisfy the relation of t < nD/(NM -



step of magneti zing the permanent nmagnet magnetized in the one di r8MAHRI0GN
the one-direction magnetization step to domains that inverse the magneti zing
direction at regular intervals in the radial direction. Al so, the
magneti zi ng nethod according to claimb5 of the present invention is
characterized in that the permanent magnet is formed of an Sm Co based
magnetic material. BRI EF DESCRI PTION OF THE DRAWNGS FIG 1 is a sectional
view taken along the axial direction, which shows a notor according to an

enbodi ment, ehet hetRHESEO ng | EWEN d 1k R Gy 2 1$RoWg iddyRaBhe-BE ¢esHiEn
generating groove forned in a rotational shaft flange or other end portion.

FIG 3 ghs t.i_call %nﬁ S i on. n.al.o |l i.ne A- of the notor.
FIG 4 3% %Qﬁéﬁ gﬁpér SQ%%éggnﬁgﬁggﬁé%?%SpgﬁgsQ%?&ggﬁgghﬁﬁﬁ% etnﬁ%ng *FIG 5
is a schematic diagran1shomjng a stator core and a pernmanent magnet as
vi eved fHIRIHEaRNAF dF ddts dRAIBLCI16eFE18NF aT@ 7 IRtichgagambilrati6h
exanpl es of the number 7 18 MAY 2006 of permanent magnets, the nunber of
sl ots, aicrt hef madyeat iofinAC tiphasesnadiG. Faghe¢usnagneeszaddifif ehenovebet ween
an isotropic magnetic nmaterial and an ani sotropic nmagnetic material .
directicn in the cne-direction magnetization step to domains that
inverse themagnetizing direction at regular intervals in the radial
direction.
Also, themagnetizingmethodaccordingtoclaim5of the present

invention is characterized in that the permanent magnet is formed

of an Sm-Cc based magnetic material.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a sectional view taken along the axial direction,
which shows a motor according to an embodiment of the present
invention.

FIG. 2 shows a dynamic pressure generating groove formed in
a rotational shaft flange or other end portion.

FIG. 3 schematically shows a section taken along the 1line A-A

of the motor.

FIG. 4 shows an outer shape and magnetic poles of a permanent
magnet.

FIG. 5 is a schematic diagram showing a stator core and a
permanent magnet as viewed from the axial direction.

FIG. 6 is a table listing combination examples of the number



FIG 8 is a schematic sectional view taken along an axial directior8 MAY 2006
magnetic field orientation device and a permanent nagnet. FIG 9 shows a

magneti zing head. FIG 10 is a graph illustrative of estinated results of a
reduction in residual flux density due to processing of a permanent nagnet.
FIG 11 is a graph illustrative of estimated results of a reduction in the

energy product due to the processing of the permanent magnet. FIG 12 is a
graph plotting demagneti zing factors based on tenperature of the pernanent

nmagnet . oBERE rMERENEORaGABRY| NenOURulbE, | BYENTLON, Hengi patt gimnarphef gered

enbodi nent of the present invention wll be described in detail. (1) Qutline
of Enbodjnent If a motor is downsized, a pernmanent magnet (having a
cylindrical shape and provided to a rotor) used therefor is reduced in size.
This requires_a _co ?ﬁ% nagnetizing head f ar nagnetizjnq:8 18 MAY 2006 the
per manent maghef -and ImHRESTESH FRIEGFENEE RETHRER AR ST YW1 M8APERIFar ge
anmounts at the time of magnetization. As a result of suppressing current to
be supplricgdtiglt kedmagnenizongoheadmaghetecnabteriadeferred to as nmagneti zi ng
current) at the time of nmgnetization, the pernmanent magnet is hardly
magneti zed tOoRIGS 8 is a schematic sectional view taken along an axial
direction of a magnetic field orientation device and a permanent
magnet.

FIG. 9 shows a magnetizing head.

FIG. 10 is a graph illustrative of estimated results of a
reduction in residual flux density due to processing of a permanent
magnet.

FIG. 11 is a graph illustrative of estimated results of a
reduction in the energy product due to the processingof the permanent
magnet.

FIG. 12 is a graph plotting demagnetizing factors based on

temperature of the permanent magnet.

BEST MODE FOR CARRYING CUT THE INVENTION

Hereinafter, a preferred embodiment of the present invention
will be described in detail.
(1) Outline of Embodiment

If a motor is downsized, a permanent magnet (having a
cylindrical shape and provided to a rotor) used therefor is reduced

in size. This requires a compact magnetizing head for magnetizing



limt of the magnetizing force (full magnetization) . Thus, it is 1SMAY 26t
to bring out an ability of the magnetic material fully. Anmbng others, in the
case of using an outer rotor type notor, a magnetizing head for allow ng
magneti zing current to flow should be arranged inside a cylindrical magnetic
material in order to nagnetize the magnetic material frominside the sane.
In addition, a nultipolar permanent magnet has been under study. Hence,
there arises a need to wind thick lead wire with nore wire turns inside the

magnet | 2y gmg] nefit FabfRtl bnd psgﬁga'igeelg%ﬁcaggetot a2160 A0etent N ead

W re an interva etween t SEeverer
limtations are.inposed on, the netl Zi (g%current i ght of the above,
n

accor di ng 4o lt“h@?%ﬁbSHPHﬁﬁF aEhE"e ¢ hitk @%?nef%zab%lr%neﬁts fagRgtiFsmade
smaller in aradial direction so as to enable full magnetization of the
unmagnetdiz et prRFeRMEIE CwhEfRt BVehewistiprd stk 1o nbigmenegnagielrgeheadAl so,
in general, when the thickness of the permanent magnet 1is made thin, the

magnet i sue&aesjirla;fwtag@éteirzedl dueas omddiee thghely i curféret d £t and Iﬁem@ubfi de. In
order to suppress this, an SmCo (samariumcobalt) magnetic material that

can gengfate @ JIBRANEL ¢ 13 MAY, 2006, fhhwx '1@ Ih%rrgﬁya%%fe%&\é%ntw thst he

smal | thickness in the radial dlrectlon and has a arge coerC|ve force is

adopt ed rP [t J I%a an ad\é ntage ﬂ“ nectl zatl on
et LN g e TEROREhoh T Ha Th TidnBePLoF o 8. RRARerE Hhre o
foree apc‘i’l'f'fe{jc{ft‘”{‘ot RS0 Suf%n JHH1:3Y L2 8 ARPan St & ATy Y 2%)11y
Among others, in the case of using an outer rotor type motor,
a magnetizing head for allowing magnetizing current to flow should
be arranged inside a cylindrical magnetic material in order to
magnetize the magnetic material from inside the same. 1In addition,
a multipolar permanent magnet has been under study. Hence, there
arises a need to wind thick lead wire with more wire turns inside
the magnetizing head. As aresult, the smaller the size, the thinner
the lead wire and the smaller the interval between the lead wires.
Thus, severer limitations are imposed on the magnetizing current.
In light of the above, according to this embodiment, the
thicknessof thepermanent magnet ismadesmallerinaradialdirection
so as to enable full magnetization of the unmagnetized permanent
magnet even with a small magnetizing current.
Also, in general, when the thickness of the permanent magnet
is made thin, the magnet is easily demagnetized due to thelnagnetié

field from the ocutside. 1In order to suppress this, an Sm-Co

(samarium-cobalt) magnetic material that can generate a magnetic



or demagnetization due to high tenperature (demagnetization resul tismAY 200,
the high tenperature) hardly occurs. Further, sone of the Sm Co magnetic
materials have the anisotropic property. Thus, there is another advantage
that the nagnetization is effected after the nmagnetic axes of the overal
magnetic material are nade coaxial through the magnetic field orientation,
maki ng it possible to generate the magnetic flux in |arge anobunts even with
the smal |l thickness. Besides, the Sm Co magnetic material has not been yet

videly rusediasibe BRbIRRSNL EROEL, fofe 3rmuokroRiAECQUDL ofc 0RO i gh.

despite its high ghetic characteristics. In this enbodi nent, ecause of
the small -sizednotor,. the requisite anount .of themagnetjc erial to be
used | SOSFRFF CGnd=SHuaSSt Re 055 of SE PG G EOF Finghet FACPheter [H1® GBI <ones.  he
probl em about the cost. (2) Details of Enbodinment Hereinafter, the preferred
enbodi nBAENBEiEhBaprES@ht DRAVERt BEiYankadle Béadestamassetiivadetod 1dueFI® 1 is a
sectional view taken along the axial direction, which shows a notor

accor di mgchont hgs (endoothearot . t HE: EhaVAE 2@A6 A foater wd@keasaduecto tdymnan ¢
notor of an outer rotor type wused for, for exanple, a hard disc drive or a

nmagnet 0r@RELECath Sied drbMerhd RRitter 300k 2 tPEchriUshl £ss 10hQEn hivgn by
using three-phase AC. Also, the notor 30 is a mcro notor having the outer

d'anEteEr demagnetization due to high temperature (demagnetization

resulting form the high temperature) hardly occurs.

Further, some of the Sm-Co magnetic materials have the
anisotropic property. Thus, there is another advantage that the
magnetization is effected after the magnetic axes of the overall
magnetic material are made coaxial through the magnetic field
orientation, making it possible to generate the magnetic flux in
large amounts even with the small thickness.

Besides, the S5m-Co magnetic material has not been yet widely
used as the permanent magnet for a motor on account of costing high,
despite its high magnetic characteristics. In this embodiment,
becauseof thesmall-sizedmotor, therequisite amount of themagnetic
material to be used is small and thus, the use of the Sm—-Co magnetic
material overcomes the problem about the cost.

(2) Details of Embodiment

Hereinafter, thepreferred embodiment of thepresent invention
will be described in detail.

FIG. 1 is a sectional view taken along the axial direction,

which shows a motor according to this embodiment.

10



of about 25 (mm and the thickness of about 5 (mMm) at nmaxi rum  Thd8A¥H20080
is conposed of a rotor portion 1, a stator portion 2 for supporting the
rotor portion 1, and the like. The stator portion 2 is provided with a cavity
charged with an oil 11. Then, a part provided with a dynam c pressure
generating nechanismof the rotor portion 1 (rotational shaft flange 10 and
other end portion 19) are housed in the cavity to constitute a dynamc
bearing portion S. Wth the operation of the dynam c bearing portion 5, the

L0 GPOLI OB ok SyPhHol 8l In UARONY Soh 10 A, SLAL T, BORELOR R AL bRE i

of rotatlon e rotor portlon fotationa t he
rotor 7, and the Like. The_rotor ort on 7 takes a convex disc- Ilkgashape

havi ng &5%& d5T8. TPReCE§TPhAri 2t ?%t 5S¢ 1Y 2 PY & FGPREHOaPPERE Biber
circunferential portion of the rotor 7. A U shaped space is defined inside

t he rot gfrire f orThousphgr BRe idyrmanPC beashagsporater 5dmckn hey statog coi |
4. Further, a through-hole in which the rotational shaft 6 is 11 18 MAY 2006
fitted iﬁhﬁdﬁ4ﬁﬁiéeﬁpmhe rotational shaft direction at a central portion in
the radial direction. The step 8 is subjected to positioning so as to fit

into an attaghnent (helthdnr aed; i [he eentesr Afatife dhetsldde sSharage medi um

such as the hard dlsc and fi xed there to.

of about 25 (mm) and the thickness of about 5 (mm) at maximum.
The motor 30 1s composed of a rotor portion 1, a stator peortion
2 for supporting the rotor portion 1, and the like.
The stator portion 2 is provided with a cavity charged with
anoil 11. Then, a part provided with a dynamic pressure generating
mechanism of the rotor portion 1 (rotational shaft flange 10 and

other endportion 19) are housed in the cavity to constitute a dynamic

bearing portiocn 5.
With the operation of the dynamic bearing portion 5, the rotor

portion 1 is pivotally supported to the stator portion 2 at the

time of rotation.

The rotor portion 1 is composed of the rotaticnal shaft 6,
the rotor 7, and the like.

The rotor portion 7 takes a convex disc-like shape having a
step 8. The cylindrical rotor flame 21 is formed at the outer
circumferential portion of the rotor 7.

A U-shaped space is defined inside the rotor 7, for housing
the dynamic bearing portion 5 and the stator coil 4.

Further, a through-hecle in which the rotational shaft 6 is

11



I nt hi sway, the rotorportionand the hard disc can be integrally rotgivay 2086
per manent nmagnet 3 of 12 poles forned in the cylindrical shape is
concentrically attached to the inner circunferential surface of the rotor
flame 21. A rotational magnetic field generated by the stator coil 4
arranged at the stator portion 2 gives the rotor 7 a torque. An upper end
portion of the rotational shaft 6 is inserted into the through-hole of the
rotor 7. The rotational shaft flange 10 for generating a dynam c pressure in

a thrustidiegctE0BoLReR OFi dRE rOPatDEnENtLRSr €l EEHOERISRCSr grodnd ihe
central portion in the axial direction of the rotational shaft 6. Regarding

t he rotgggggghaﬁﬁﬁkgefkgﬁgglsgisﬁgtige rotational shaft 6, a through-hole

may be forme e cen e radial direction of the rotational shaft
flange 10, and the rotational . shaft 6 may be inserted into the through-hole
and fixed t heFBBoSTeRIR ern&UVECFES he PR hET 8RBT sHafaS & ardd tt hBtPotat i onal
shaft flange 10 may be integrally processed. Forned at one end of the

rot at i omdlt ashaentérgbfoanedchetheiddntkx ¢8 teYd200611 ke stotmrge/hedsumn

ot her-end portion 19 for producing the dynam c pressure in the radial

di recti giichThe ehbehaeaddperti andl9iney beetetsed by inserting the
rotational shaft 6 into the rotational shaft flange 10 or fornmed separately

on a | ower enQn%WﬂE%ﬁ?F%hé?StBQ%%EEQ%#aﬁH¥ﬁéhgké%qgccanbeintegrally

rotated,

A permanent magnet 3 of 12 poles formed in the cylindrical
shape 1s concentrically attached to the inner circumferential
éurfaceoftherotorflameZl. Arotatiocnal magnetic field generated
by the stator coil 4 arranged at the stator portion 2 gives the
rotor 7 a torgue.

An upper end portion of the rotaticnal shaft 6 is inserted
into the throcugh-hole of the rotor 7. The rotational shaft flange
10 for generatingadynamic pressure ina thrust direction is provided
on the entire circumference, around the central portion in the axial
direction of the rotational shaft 6.

Regarding the rotational shaft flange 10 and the rotational
shaft 6, a through-hole may be formed at the center in the radial
direction of the rotational shaft flange 10, and the rotational
shaft 6 may be inserted into the through-hole and fixed thereto.
Alternatively, therotational shaft 6andtherotational shaft flange
10 may be integrally processed.

Formed at one end of the rotational shaft 6 {(not attached with

12



10. Also, the rotational flange 10, the rotational shaft 6, and tH8MAHh2n06
end portion 19 may be integrally processed. Note that the rotational flange
10 may take various shapes in section when in use, such as a rhonbus shape
and trapezoi dal shape. The stator portion 2 is conposed of a stator frane
16, a base 17, an upper plate 18, the stator coil 4, and the |ike. The upper
plate 18 is a disc-like nenber having a through-hole for |oosely inserting
the rotational shaft 6 at the center in the radial direction. The end

surface i sgegﬁc% wid Bt B@hgirt hd phrilen W%;orpgy%euc&%gcggétéﬁ]wgﬁfc an

opposi ng surface receiving the Synanlc pressur enerate the rotational

shaf t flan%e 10. .Th throagh-hﬁte fgrned at the center in the radial
directi &f¢ 5Prﬁhénug88rr5 f& $8°PS*#8Pmed into a taper shape so as to

decrease the dianeter toward the reservoir for the oil 11 and constitutes a
capi | | ary sealfhRoPthesvéemd mpyeakagk? ohayh&eoiflormed by tHise Mednd byhe or m ng
the through-hole so as to decrease 13 18 MAY 2006 its dianeter toward the
reser voirotfaariohhé ehbftle iteottlteughtdtolenalanhdfite fiahati onabrshafhed serve
to prevent the oil | eakage by neans of capillary phenonenon acting on the

oi | 11 apghdrtse3yr bace t&Rst odng Ther hase o7 thas 2 theaseainsgLton heke 26 for
housing the other end portion 19, a sleeve 22 formng the cylindrical
surface:ﬁﬂcing

-

Also, the rotational flange 10, the rotational shaft 6, and
the other end portion 19 may be integrally processed.

Note that the rotational flange 10 may take various shapes
in section when in use, such as a rhombus shape and trapezoidal
shape.

The stator portion 2 is composed of a stator frame 16, a base
17, an upper plate 18, the stator coil 4, and the like.

The upper plate 18 is a disc-1like member having a through-hole
for loosely inserting the rotational shaft 6 at the center in the
radial direction.

The end surface in contact with the oil 11 of the upper plate
18 constitutes an opposing surface receiving the dynamic pressure
generated by the rotational shaft flange 10.

The through-hole formed at the center in the radial direction
of the upper plate 18 is formed intc a taper shape so as to decrease
the diameter toward the reservoir for the oil 11 and constitutes
a capillary seal for preventing leakage of the oil 11.

In this way, by forming the through-hole so as to decrease

13



the outer circunferential surface of the rotational shaft flange 418Msanzhoa
step 24 that is forned at the upper end of the sleeve 22 and fitted to the
upper plate 18, which are integrally forned. These | oose-insertion hole 26,
the sleeve 22, and the step 24 are formed concentrically. An inner dianeter
of the | oose-insertion hole 26 is set larger than an outer dianeter of the
other end portion 19. Wien the other end portion 19 is inserted into the

| oose-insertion hole 26, an appropriate gap is secured such that the dynam c

pressur ey k sqRAuced oyt i he Qidy kil A Qheacfhﬁﬁﬁropﬁ%aglﬁrocﬁﬂg?n Oc%l 5. defined

between the lower end of the other end portlon 19 "and 't t he

| oose-insertion ,hole rves as an oil ervoir. f the oil 11. An
ooy S P M Enar BHE S8 TS o e Stenf B3F PRl siiace By RS of 't he
rotational shaft flange 10. A space between the outer circunferenti al

sur f ace©éfcarie liegap h RN RIARELE NAMFe thO Oldndl e + iner répceUERT &M i al
surface of the sleeve 22 is used as the oil reservoir. An inner dianeter of

the step 24 iShsélastol heb alvakaeihbatrtidn i IMAY6 X06h enabh€$ hiehet hpper
plate 18 to be fitted with a predetermned fit tolerance. The upper plate 18

is fittedat@otheostien 34 pawhd @@sfoymgﬁagmé ctﬁ‘%.rﬁﬁsﬂcta'logbggacgh@ac1n
t hrough-hole fornmed in the upper plate 18, the |oose-insertion hole %6 t he

sl eeve %%e 8u r%afééﬁkeréh€¥§i(§ﬁ% ace\g th%n%o%ngggggl thpg Pféﬁ%ellne'

-

10, and a step 24 that i1s formed at the upper end of the sleeve
22 and fitted to the upper plate 18, which are integrally formed.

These loose-insertion hole 26, the sleeve 22, and the step
-24 are formed concentrically.

An inner diameter of the loose-insertion hole 26 is set larger
than an outer diameter of the other end portion 19. When the other
end portion 19 is inserted into the loose-insertion hole 26, an
appropriategap is secured such that thedynamicpressure is produced,
with the oil 11.

Also, an appropriate space is defined between the lower end
of the other end portion 19 and the bottom of the loose-insertion
hole 26 and serves as an cil reservoir for the oil 11.

An inner diameter of the sleeve 22 is set larger than the outer
diameter of the rotational shaft flange 10. A space between the
outer circumferential surface of the rotational shaft flange 10
and the inner circumferential surface of the sleeve 22 is used as

the o0il reservoir.

An inner diameter of the step 24 is set to such a value that
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The stator flanme 16 is fornmed around the base 17. The stator flane 16 is a
U- shaped menber having formed therein an insertion hole for inserti3MAY HWo
base 17 at the center in the radial direction. The stator frame 16 is used
to fix the notor 30 to the casing of the hard disc drive by screw ng or

ot her such nmeans. The stator frane 16 has the plural stator coils 4
concentrically arranged at regular intervals. A gap is secured between the
stator coil 4 and the pernmanent magnet 3. At the tinme of rotating the rotor
portion 1, the stator <coil 4 and the permanent magnet 3 are not brought into
cont actemilbhes edvh widwer plEt@ 13 shohs &idyednvitipragswed: gemelrratd g tgr oove
formed in the rotational shaft flange 10 and the other end portion 19. A

dynani ccplessHEe. gamney apipet graeve 120i6f eitexampbechbestépe 4 hone greove) for
generating the dynam c pressure in the thrust direction is forned at the

upper epdasphiacepl dde Lihatdonasghehto.bhangee 1PoAbkhongiyhat ahown, the

ynami c pressure generating groove 'S I'n f ower en ace of
the rotation shaft . flange 15 | S MAY 20Q6 10, as | 1. en the rotational
Shaf 1 PARGE Lo e bPERdTn FRELaPRaI L S eoba BT A B8t O DAt TE NG
surfaces of the rotational shaft flange 10 in the thrust direction by neans
of a purpi A§cacPrBha bf WiEheory nandEhor e’ utlee genba ht $ bre gr ooves 20.

The stator flame 16 is formed around the base 17. The stator
flame 16 is a U-shaped member having formed therein an insertion
hole for inserting the base 17 at the center in the radial direction.
The stator frame 16 is used to fix the motor 30 to the casing of
the hard disc drive by screwing or other such means.

The stator frame l6has theplural statorcoils 4 concentrically
arranged at regular intervals.

A gap 1s secured between the stator coil 4 and the permanent
magnet 3. At the time of rotating the rotor portion 1, the stator .
coil 4 and the permanent magnet 3 are not brought into contact with
each other.

FIG. 2 shows a dynamic pressure generating groove formed in
the rotational shaft flange 10 and the other end portion 19.

A dynamic pressure generation groove 20 (for example, herring
bone groove) for generating the dynamic pressure in the thrust
direction is formed at the upper end surface of the rotational shaft
flange 10.

Although not shown, the dynamic pressure generating groove

20 is formed in the lower end surface of the rotational shaft flange

15



Then, the generated dynam c pressure produces a pressure in the thrust
direction between both the end surfaces of the rotational shaft fl|BMa&Yy2m6
and the surface on the stator side, which faces the surfaces through the oi
11. The pressures applied to both the end surfaces are bal anced, whereby the
rotational shaft 6 is supported in the thrust direction. In this way, the
other end portion 19 constitutes thrust-direction dynam c pressure
generating means. Dynam c pressure generation grooves 14 and 15 (upper and

| ower oblique grooves tilted in different directions with respect to the
axi al dihpegki @) jare fornmed in the circunferential surface of the other end
portion 19, for generating a dynam c pressure in a radial direction. Wen

the rotationa ; i Mot t nam r £SS. S n ted about the
ot her end por tﬂlhgﬁa%e grycpdr?eiglnc?snaojf gﬁgxpg%ﬁﬁg fgcjt%lr gfr?toaft%ﬁe%é%ngwaémh? essure
generatin% %;poves 14 ?nd 15. The generated dynamic pressure yields a

pressur ®TEFSURE FadPBPL 187 BetR O bthediT favE e iofc tte O REAPT&dr $BREE of t he
other end portion 19 and the inner circunferential surface of the

| oose- i ddengieodChoh et 126 Wppusi 6 relvdrienobyhneagh ¢he gidmplihg Thenenl6f 18 MAY
2006 the pressures applied to the circunferential portion 19 are bal anced,
wher eby tthke dvelaatiicopal sshatt genegasippogtedves tbe radial direction. In this
way, the other end portion 19 serves as radial-direction pressure generation

means. The rouglPOLhE Oflrle S D& AALABLY 80 PLYOEALLY SRS 1 1n

the thrust direction between both the end surfaces of the rotational
shaft flangé 10 and the surface on the stator side, which faces
the surfaces through the 0il 11. The pressures applied to both the
end surfacesarebalanced, wherebythe rotational shaft 6 is supported
in the thrust direction. 1In this way, the other end portion 19
constitutes thrust-direction dynamic pressure generating means.

Dynamic pressure generation grooves 14 and 15 (upper and lower
oblique grooves tilted in different directions with respect to the
axial direction) are formed in the circumferential surface of the
other end portion 19, for generating a dynamic pressure in a radial
direction.

When the rotational shaft 6 pivots, the dynamic pressure is
generated about the other end portion 19 by means of the pumping
action of the dynamic pressure generating grooves 14 and 15.

The generated dynamic pressure yields a pressure in the radial
direction between the circumferential surface of the other end
portion 19 and the inner circumferential surface of the

loose-insertion hole 26 opposite thereto through the 0il 11. Then,
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about the rotational shaft by the dynam c pressure in the thrust dismesy cave
generated in the rotational shaft flange 10 and the dynam c pressure in the
radial direction generated in the other end portion 19 as nentioned above.
Note that the rotational shaft 6 pivots counterclockwi se as viewed froma
direction of an arrow 28 of the notor 30 (FIG 1). FIG 3 schematically
shows a section of the notor 30 taken along the line A-A (FIG 1). The notor
30 is a DC brushless notor with the 12 poles and 9 slots. As shown in the

oAt | ohi RRAT L S (Fe Srirer wory 5o e SRR e 22

The permanen net 3 i.s forned concentrically with the  rotational shaft 6
at a gi@gﬁrﬁgﬁmﬁgﬁﬁPFﬁélgPﬁngE%%% :§§?uﬁﬁ8r58¥éV‘tE?HEﬁ%W%H@hFF%Tl%%rface of

t he permanent nmagnet 3 is bonded to the inner circunferential surface of the
rotor fllamsh2s. wIke the ptilvhalerwhafarwg,on B servasent naghel-diraatiicohe rot or
flame 21 can be integrally rotated about the stator core 39. 17 18 MAY 2006
The 9 stateeisucer gendfagienf aeard.so as to radially protrude fromthe sleeve
22. A slot is fornmed between the adjacent stator cores 39. A wi nding for

excitation (aneSf6W%Q'ﬂd%gWQHpq @éﬁqﬂgrEEQtaﬁﬁgtgﬁd%gﬁ&m%gﬂgIgﬁﬁ%B£€§%phase

AC is supplied thereto and the rotational magnetic fiel generated at the
I nner CE&%H&T%%%”EE%gtional shaft by the dynamic pressure in the thrust

- direction generated in the rotational shaft flange 10 and the dynamic
pressure in the radial direction generated in the other end portion
19 as mentioned above.

Note that the rotational shaft 6 pivots counterclockwise as
viewed from a direction ¢f an arrow 28 of the motor 30 (FIG. 1).

FIG. 3 schematically shows a section of the motor 30 taken
along the line A-A (FIG. 1).

The motor 30 is a DC brushless motor with the 12 poles and
9 slots.

As shown in the figure, the motor 30 has the sleeve 22 formed
concentrically with the rotational shaft 6, and the stator core
39 is arranged around the sleeve 22.

The permanent magnet 3 is formed concentrically with the
rotational shaft 6 at a given gap from the stator core 39. The outer
circumferential surface of the permanent magnet 3 is bonded to the
inner circumferential surface of the rotor flame 21.

The rotational shaft 6, the permanent magnet 3, and the rotor

flame 21 can be integrally rotated about the stator core 39.
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portion of the permanent magnet 3. The permanent nagnet 3 has 12 dimiMled2006
magnetic domains in the circunferential direction. Each domain is, as
descri bed below, magnetized in the radial direction fromthe stator core 39
side to the rotor flane 21 side or fromthe rotor flanme 21 side to the
stator core 39 side. The 12 domains constitute the permanent nmagnet having
12 poles. In the figure, denoted by N and S are nagnetic poles appearing in
the inner circunferential surface of the permanent magnet 3 in each domain.

As shoun Tn thed bt gy obheo NP d cbhaea B8 5. ald arnalany, (3BReghol n the

circunferential direction on e 1 nner circunfterentral

per mane magnet The al .ma net| field erated by the st at or
core d¥‘§%ghﬁhé ﬁﬁe gbﬁ tf&? grif ?%tﬁ%?ﬁa. SEPEGTELE SHPACEr act

wi th each other to cause the per manent magnet 3 to generate a torque about

t he rot &l Ishah tviediMgef posixdidrst iofn tihe tnelgmer | ¢ pubesdofradrel péenanent
magnet 3 are detected to appropriately control the current caused to flow :8

1 8 MAY 200601 neddee 3t .at GheCcahese3Bharekipag iist spegdiikide the readsendhehe
permanent nmagnet 3 to generate a torque. Next, a shape and nagnetic materi al

of the pgryBNeMaI"RIRSE: i3 A8 desydRedtd & 4 Shous - an Quket rhangand

magneti c pol e of the pernanent

portion of the permanent magnet 3.

The permanent magnet 3 has 12 divided magnetic domains in the
circumferential direction. Each domain is, as described below,
magnetized in the radial direction from the stator core 39 side
to the rotor flame 21 side or from the rotor flame 21 side to the
stator core 39 side. The 12 domains constitute the permanent magnet
having 12 poles.

In the figure, denoted by N and S are magnetic poles appearing
in the inner circumferential surface of the permanent magnet 3 in
each domain.

As shown in the figure, the N pole and the S pole alternately
appear in the circumferential direction on the inner circumferential
surface of the permanent magnet 3.

The rotational magnetic field generated by the stator core
39, and the magnetic poles formed in the permanent magnet 3 interact
with each other to cause the permanent magnet 3 to generate a torqgue
about the rotational shaft 6.

The positions of the magnetic poles of the permanent magnet

3 are detected to appropriately control the current caused to flow
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magnet 3. FIG 4(a) shows the permanent magnet 3 as viewed from thsMAY 2006
rotational shaft direction (arrow 28 of FIG 1) . FIG 4 (b) shows the

per manent magnet 3 as viewed fromthe direction vertical to the direction of
the arrow 28. The pernmanent nagnet 3 has a ring shape. The pernmanent magnet

3 has 12 poles and the permanent magnet 3 has 12 divi ded magnetic domains in
the circunferential direction. The respective domains are nagnetized in the
direction fromthe inner circunferential side to the outer circunferenti al

si de or ifr efet Bea bt efodd QUNT RERAhGal t Sbsleih De tthe daRes taier puphenenti al
side. The adjacent domamins are inverse to each other in the magneti zing

di recti op.gARSUMRg jbhat-stBepeppBAent magnet 3 has 16 poles, the permanent
magnet 3 i's divided'into 16 domains in the circunferential direction to

t hereby form 16 _nmagnetic domajns. It .is assumed, re commonly, that N poles
are enpl oyed, eﬁg'p@rﬂ%ﬂgﬁf”ﬁgﬁﬁgpe%lFsmﬁfgfa@g ?ﬂ?ﬁ“eﬁe&gﬁﬁﬁﬁg TAIPRE
circunferential direction and the respective domains are nagnetized in the
radi al di F&@ i99FddRd-hat the adj acent domamins are inverse to each other in
the magneti zing direction. For exanple, in a domain 33, the inner

ci rcunferenti &IGsi deshb¥slén MY e208baps armnetheedctmm senyelas pehmaiepel e,
while the outer circunferential side is magnetized to serve as the S pole.

Meanwhi Ii@ygridt dOmBERg. 34 pnsh3es adi&Gemd e thenLpmal i l%% vtimleidn@%m

circunferential side is nagnetized to serve as the S pole, while the outer

cireunf gnential ; sige o3 -BeneldZesh {9,961V 88 e N POL&s. 4 (b) shows

the permanent magnet 3 as viewed from the direction vertical to
the directicn of the arrow 28.

The permanent magnet 3 has a ring shape. The permanent magnet
3 has 12 poles and the permanent magnet 3 has 12 divided magnetic
domains in the circumferential direction. The respective domains
are magnetized in the direction from the inner circumferential side
to the outer circumferential side or from the outer circumferential
side to the inner circumferential side. The adjacent domains are
inverse to each other in the magnetizing direction.

Assumingthatthepermanentmagnet3has16poles,thepermanent
magnet 3 isdividedinto'lGdomainsjjlthecjrcumferentiéldirection
to thereby form 16 magnetic domains. It is assumed, more commonly,
that N poles are employed, the permanent magnet 3 is divided into

' Ndomains inthe circumferential directionandthe respective domains

aren@gnetizedintheradialdirectionsuchthattheadjacéntdomains
are inverse to each other in the magnetizing direction.

For example, in a domain 33, the inner circumferential side
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Therefore, the N pole and the S pole alternately appear along the ignvgy 2006
circunferential surface. Simlarly, the N pole and the S pole alternately
appear along the outer circunferential surface. Next, a relationship between
an inner dianeter D of the permanent nagnet 3 and a thickness t will be
described. As shown in FIG 4 (a) , a magnetic pole pitch is represented by
P (mm, and as shown in FIG 4(b), the inner dianeter of the pernmanent
magnet 3 is represented by D (m) (< 20 (mm)) , the thickness in the radial

directi . Cl |l ar. .porti LS. _hepresen b t(r nd t he_nunber
of pol eg%iﬁggrté%?le%éeélggdsaebrﬁ\ﬁgIﬁgjt%eﬁ%ﬁalt%'t eﬁrréagﬁgtc%/uctep%%ém%}l{niﬁrf’nl %aget to,
with the provision that a circle is drawn so as to pass through a mddle
poi nt béterS PRENFRAERD 1T QRAS &t FAF 3T Re AWFIHE Jut dp domains

circunferential surface of the permanent magnet 3 in the radial direction, a
| engt h 34nehdd¥d aidj aeach tdormhiendohathel Hr ave Thnet eoiotref drteatt Matlenida out er
di aneter of the permanent magnet 3 is 20 (nm), the inner dianeter Dis

snmal | er itdwaigRt { 78d tolheive hba HOk @) guiexpe sl Ot d A - 1ksuRstabht shed based
on the geonetric formof the permanent magnet 3: 20 18 MAY 2006 [ Nuneri cal

Expr essi IR = n.D_% : l.n e\C of designing the pernmanent
magnet fsg‘;aezli 1%,'[1311&(;’11%%9;% }t%)J Eeeff\(leljg)er?st ﬁégt Hi g%ﬁgs’s t and the pitch P is set

so as to substantially corres ond%{é) ghe nunber _of AC phases, so the
sati sf act or ynot' 61 SOt B HdUPOwRi TH! hAS T £559 BAk&gRGF 1Y PHARINEL PEY

- the inner circumferential surface. Similarly, the N pole and the

S pole alternately appear along the outer circumferential surface.

Next, a relationship between an inner diameter D of the
Apermanent magnet 3 and a thickness t will be described.

As shown in FIG. 4(a), a magnetic pole pitch is represented
by P (mm), and as shown in FIG. 4(b), the inner diémeter of the
permanent magnet 3 is representedby D {mm) (£ 20 (mm)), the thickness
in the radial direction of the circular portion is represented by
t (mm), and the number of poles is represented by N.

NotethatthemagneticpolépitdﬂPissetto,withtheprovision
that a circle is drawn so as to pass through a middle point between
the inner circumferential surface and the outer circumferential
surface of the permanent magnet 3 in the radial direction, a length
included in each domain of the drawn circle.

Note that when an outer diameter of the permanent magnet 3
is 20 (mm), the inner diameter D is smaller than 20 {(mm).

Then, the following expression (1) is established based on

the geometric form of the permanent magnet 3:
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flux and high performance. Provided that Mrepresents the nunber of8 MY 2006
phases for driving the notor, the enpiric fornmula corresponds to the
foll owi ng expression (2): [Nunerical Expression 2] P/t = M...(2) Renoving P
fromthe above expressions (1) and (2) results in the follow ng relational
expression (3): [Nunerical Expression 3] t SnD(NM- n) ...(3) In the
expression, t has only to be not larger than a value derived fromthe right
side of theexpression (3), which is represented by the inequality sign in
the expression (3). Also, variations in design of values in the expression
(2) are [Aurewegaki Expregsionet AndP of M 5% dr tlless..(The range of t in the
case of allowng the variations in Mwithin the tolerance of 15%or less is
represented by the follow ng expression (4): [Nunerical Expression 4]

nD/ (1.15 x NM- n) :- t SnD(0.85 x NM n) ...(4) Further, in the case where

the nunber of pal efeiSade @mjetél%zn&o bglredgteraggéﬁtiIﬁagneﬁhfoygﬁrot'&fﬁt and

lower Iimt of P/t can 21 18 MAY fined as represented by thé
foll ow ng expr.ession (5;:.. [Nuperical ression 5] 0.75. x M<< P/lt <- 2 x M
... (5; H%rer,a é%?}&%@’&%%?haeyﬁ%%ﬁeﬁﬁe‘%gﬁ‘?e@%‘? oghlt](%k) it 3¢ S i%ed.
FIG 5 is a schematic diagramshowing the stator core 39 and the pernmanent
magnet 3 SaPsEadkd@lily tFRrEBEranddi Eecithen. nWex t At AC phases, so the

satisfactorymotorisobtained, whichhas less leakage of themagnetic
flux and high performance. Provided that M represents the number
of AC phases for driving the motor, the empiric formula corresponds
tc the following expression (2):

[Numerical Expression 2] P/t =M ..(2)}

Removing P from the above expressions (1) and (2) results in the
following relational expression (3):
_ [Numerical Expression 3] t £ nD/(NM - nm) ..(3)

In the expression, t has only to be not larger than a value
derived fromtheright sideof theexpression (3), whichis represented
by the inequality sign in the expression (3).

Also, variations in design of values in the expression (2)

~are allowed within a tolerance of *15% or less. The range of t in
the case of allowing the variations in M within the tolerance of
+15% or less is represented by the following expression (4):
[Numerical Expression 4] nD/(1.15 x NM - n) < t £ noD/(0.85 x NM
- n) ..{4)
Further, in the case where the number of poles is 12 and the

number of slots is 9, the upper limit and lower limit of P/t can
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FIG 5 shows a case in which the nunber of AC phases is 3(M= 3) g may2mb
exanpl e. This can be extended to the other nunber of phases, for exanple, 5
(M=5). O those, FIG 5(a) is a schematic diagramillustrative of an upper
limt of the thickness of the permanent magnet. Considering the magnetic
flux | eakage between the magnetic pole of the permanent magnet 3 and the
stator core 39, the thickness I|imt of the pernmanent magnet may correspond
to a ratio between an area for one pole and an area of one iron core tooth

facing U%edel%%gdat%%é Beg@ptégabyr ahd Of‘ iléﬂzlnb” H?QQQE!LS RES

concentration he p rnanent na net e area ra 01IS represented by the

follomr nby 1 oles S .15, | u s given as the

| ower %Ppg5ﬁc5 t “XBF éfﬁ ? 9% %e%ati%?ﬁi_ ﬁltﬁgirative of a design
center val ue of the pernmanent magnet 3. Re%é;drng the desr%n center value, t
= P/Mis prefépred. 2 Sweedihgof helepRadadi he fespedshied ticnesipger bagnetic

pole. Taking into account the nagnetic flux | eakage, it is nearly preferable

22 18 MA¥s200betdo neet t @ PPM=1: 1. FIG 5(c) is a schematic di agram
illustrative of the lower |imt of the thickness of the pernmanent nagnet 3.

Consi dering thegligifs tah§3:hgr§l§§lB%lé%%hb%ﬂ@%ﬁ@%@é’t&y%re Blae, | gwer
limt of the thickness is set such that the thickness he per nanent

magnet St es g}cjrtbtgttlea‘rrt] Imae‘il lry guaasl, vti%wtegeinq:@l%t Qx?gl direction. DNote that

= FIG. 5 shows a case in which the number of AC phases is 3(M = 3)
bywayof example. Thiscanbeextendedtothe other number of phases,
for example, 5 (M = 5).

0f those, FIG. 5(a) is a schematic diagram illustrative of
an upper limit of the thickness of the permanent magnet.

Considering the magnetic flux leakage between the magnetic
pole of the permanent magnet 3 and the stator core 39, the thickness
limit of the permanent magnet may correspond to a. ratio between
an area for one pole and an area of one iron core tooth facing the
pole across a gap {saturation limit in magnetic flux concentration
of the permanent magnet). The area ratio is represented by the
following: (nD/12 poles)/( nD/9 slots) =0.75. This value is given
as the lower limit of P/t.

FIG. 5(b) isaschematicdiagramillustrativeof adesigncenter
value of the permanent magnet 3.

Regarding the design center value, t = P/M is preferred.

Switchingthephaseiseffectedthreetimespermagneticpole. Taking

into account the magnetic flux leakage, 1t is nearly preferable
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one of both ends of the iron core tooth of the stator core 39 prot ri8MAi)2006
fromeach pole of the permanent nagnet 3 (magnetic flux dispersion |imt)
It is preferable that the length in the outer circunferential direction of
the stator core be set larger than the I ength of one pole of the pernmanent
magnet by t/2 each. In this case, substantially, P/t = 2M This is given as
the upper Iimt of P/t. Deriving the range of t fromthe expression (5) thus
obtained results in the follow ng expression (6): [Nunerical Expression 6]

rib(2 xoN\batM <_phy =-1(6) 1D/ (0.75 x NM- n) As will be described bel ow,
downsi zing the pernmanent nmagnet 3 leads to reduction in the nagnetizing head
for nagnet|2|ggﬁ;h§ er manen net. .Then, this Ssiti reduction in

{hi cKnoss Ut of Tl atdLd WREE Al ed LEREF8Eore FRLDS| Jorer

difficult to increase an anpere-turn for the magnetization, with the result
that théifagnefi EPAgtedFKkeAES| 8T| FhetRermMIRephrh#gMeard-in a region where
the inner dianmeter of the permanent magnet 3 is 20 (mm) or |ess, severe
limtations aCenbmﬁesedgoﬂuiMEmnagﬂeﬁjdb@grmﬂﬂfeﬂtceRSmﬂﬁoﬂ@dézﬁﬂﬁuém,a
regi on where the outer diameter is 20 (mm) , the inner dianeter is 20 (nm or

smal | er £ h30 16MEe $eMekeoki HhE%hQBﬁnéE@ i BpRgedsychl ‘§}Qat""clt1@ Nd: Egnbsas a
conventional magnetic material, the thickness t of the permanent nagnet in

the radial Ar SELEORA® Rined ¥ 98" s0B0aLPE, ] 1 K08P IPhRCT RYchR; above

one of bcthends of the ironcoretoothof the stator core 39 protruding
from each pole of the permanent magnet 3 {(magnetic flux dispersion
limit). TItispreferablethatthelengthintheocutercircumferential
‘direction of the stator core be set larger than the length of one
pole of the permanent magnet byt/2 each. Inthiscase, substantially,
P/t = 2M. This is given as the upper limit of P/t.

Periving the range of £t from the expression (5) thus cbtained
results in the following expression (6):
[Numerical Expression 6] nD/(2 x NM - n) £ t £ nD/(0.75 x NM - m)
..16)

As will be described below, downsizing the permanent magnet
3 leads to reduction in the magnetizing head for magnetizing the
permanent magnet. Then, this necessities reduction in thickness
and wire turns of the lead wire used therefor. Thus, it isdifficult
to increase an ampere-turn for the magnetization, with the result
that the magnetizing current is limited. Inparticular, ina region
where the inner diameter of the permanent magnet 3 is 20 (mm) or

less, severe limitations are imposed con the magnetizing current.
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order to obtain larger nmagnetic force after the magneti zation or t@ MY Bjoai n
the magnetic force after the nagnetization. Wien the thickness of the

per manent magnet is increased, the larger nagnetic force, i.e., magnetizing
current is necessary upon the nmagnetization. For these reasons, conventi onal
conpact permanent magnets (in particular, with inner dianmeter of 20 (m) or
smal l er) cannot full-magnetize its magnetic material even if nmagneti zed
using a naxi mum possible current supplied to the magneti zi ng head. This

means that .t - i gty 0t ti.C erj i ol ; etely
broughtth?.ﬁ$%q%?ﬁ®%E%or %fh%‘%Pgé%H?Fg?gggfﬁb(ﬁQZﬁééﬁéfﬁgmﬁéé aﬁ%%%%es a
limtati,on gn the ability_of the permanent magnet. To that end, in this
embodi mirt 21 HETe a8t Lrggne TOFE SREGESt RER-bASAGRS 674 LBROERE 1 ul |
magneti zation with the magnetizing current limted by the ability of the
magnet i zi ng hédséo,i Aithdi¢ath a8 axdiar echvent ihab madresteld sagaydsdi, bihiety t hat
the reduction in thickness of the pernmanent nmagnet 3 |eads to the magnetic

force oftrtihﬂcrre@mn@ﬂtth%pé&m%\éﬁzoﬁ@?ﬂagmei tde WaHeh1i&imeakesn tikagebef ore
or the ability to keep the magnetic force reduces, but this enbodi nent

over co | r.ab I t] ter| t netic
mater a2 BERP B LRYCHILEE B0 A& T o S e 8 MR by

unl i ke any, conventional i sotropi ¢ Nd- Fe-B nagneti c terial. .
ogﬁer 0 o%taln larger gagnetlc forceg%f%er the magnetization or

- to maintain the magnetic force after the magnetization. When the
thickness of the permanent magnet is increased, the larger magnetic
force, 1.e., magnetizing current 1s necessary upon the
magnetization.

For these reasons, conventional compact permanent magnets (in
particular, with inner diameter of 20 (mm) or smaller) cannot
full-magnetize its magnetic material even if magnetized using a
maximum possible current supplied to the magnetizing head. This
means that the magnetic ability of the magnetic material is not
completely brought out.

In other words, the ability of the magnetizing head imposes
a limitation on the ability of the permanent magnet.

To that end, in this embodiment, the permanent magnet 3 is
madethinenoughtoallowthefulln@gnetizationwiththen@gnetizing
current limited by the ability of the magnetizing head, in the radial
direction.

Also, there is a possibility that the reduction in thickness

of the permanent magnet 3 leads to themagnetic force of the permanent
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The use of the anisotropic material can yield, as described bel ow, 188vAY 2006
sufficient magnetic force even with the small thickness, through nmagnetic
field orientation. Further, the Sm Co magnet has a constant magnetic noment
due to a pinning mechani smof the magnetic nonent, and thus is known to

i nvol ve | ess machi ni ng demagneti zati on and hi gh-tenperature denmagnetization
than the Nd-Fe-B nagnet having no pinning nmechanism This is because the

Sm Co magnet has a magnetic domain wall pinned by using a pinning site and

the wal hahfichagd (91 EPVEs Jdike PITHENBeHR RASt8eShBE19E yabQULsEVELAl ten
angstroms (A) and exists in plural in a crystal grain. Even if a process

stress grotber. - sueh exiernal, stresses arg: applisd thereon e therehy break
a part fHereor, " fo 1 nfluencé 15 exercrsed on-an overal SRSt R Y e
coersive force is exerted by fixing the magnetic domain wall in the crystal
or crysPyl USéUAdEPY S ThAsT2ERRE 5 CBt RagAet 2Schie eRegiet he ReRr£dkr si ve
force by pinning the magnetic donmain wall. Accordingly, even if the stress
or ot her suchSboeces ahe appildcednaandthiec SmatCGor Mmigne¢xhopit hent eopecatare is
rai sed, the magnetic 25 18 MAY 2006 donmain wall cannot nove, resulting in the

St ruct Uk opess ylirkelke art Pcdetegnebhz € ikhe ropgaeld- s BRidh onednabeyea1 even
when applied with heat or force such as stress after the magnetization, the

Sm Co MagnelsCalky KAtPah 8o PBINE S d O FP A% GPLPA] Sk 1R N Ll Fer &, manet
a sufficient magnetic force even with the small thickness, through
magnetic field orientation.

Further, the Sm-Co magnet has a constant magnetic moment due
‘to a pinning mechanism of the magnetic moment, and thus is known
to involve less machining demagnetization and high-temperature
demagnetization than the Nd-Fe-Bmagnet having no pinningmechanism.

This is because the Sm-Co magnet has a magnetic domain wall
pinned by using a pinning site and the wall is hard to move. The
pinning site has a size of about several ten angstroms (A) and exists
in plural in a crystal grain. Even if a process stress or other
such external stresses are applied thereon to thereby break a part
thereof, no influence is exercised on an overall structure.

The coersive force is exerted by fixing the magnetic domain
wall in the crystal or crystal boundary. Thus, the Sm-Co magnet
can exert the high coersive force by pinning the magnetic domain
wall.

Accordingly, evenif thestressor other such forcesareapplied

to the Sm-Co magnet, or the temperature is raised, the magnetic
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nore preferable as a raw material for the permanent magnet 3. Al so,183fAYoiG060
magnetic material has been conventionally known to be superior, but samarium
(Sm costs high and thus cannot be used. However, the pernanent magnet 3 has
a small inner dianmeter and small thickness in the radial direction, and thus
requires a small amount of samariumto be used. As a result, the pernmanent
magnet 3 can be manufactured at a | ow cost. A permanent magnet such as an

Nd- Fe- B bonded nagnet having used conventionally for a rotor nagnet can be
reduced jn size and _thickness. Howeyer, there arise a_problem abput
denagneég?gﬁpoﬁaiésﬁﬁppﬁ m?V8n1fﬁ§u¥§aﬁgt?8ngpﬁ §§£§°5ﬁﬁeth?§ﬁﬁ£%§e%¥ t he
conventional permanent rmagnet and a probl em about a nagneti zi ng nethod for
real i zi 1§ e@agmetizfolBf RagRet- To sol ve the problems, preferably used as
the smal |l -sized permanent magnet is a permanent magnet nmade of an Sm Co
magnetic nat ésisént abiet aboae , anvée-WFerBappihetivi tlaheritabr flolrGe Sutls a
table listing conbinati on exanpl es of the nunber of poles of the permnent

magnet 3 £neugh st areansthd ubSghdie: iDL 06n 26 HS WA 2006;3Q, JheBupbey . of

slots of the stator, and the nunber of AC phases for driving the notor 30.
|0 LIS I TP LR, UG SRl 4Ureds 3, A EXTBLS, BURR R (e
AC phaS?ilgénbégggggg%etgg gogga %Zt%iig% for the permanent magnet 3.

Also, an Sm-Comagneticmaterial has been conventionally known
to be superior, but samarium (Sm) costs high and thus cannot be
used. However, the permanent magnet 3 has a sméll inner diameter
and small thickness in the radial direction, and thus requires a
small amount of samarium to be used. As a result, the permanent
magnet 3 can be manufactured at a low cost.

A permanent magnet such as an Nd-Fe-B bonded magnet having
used conventionally for a rotor magnet can be reduced in size and
thickness.

However, therearise aproblemabout demagnetizationresulting
fromthereductioninsizeandthicknessof theconventional permanent
magnet and a problem about a magnetizing method for realizing the
multipolar magnet.

To solve the problems, preferably uéed as the small-sized
permanent magnet is a permanent magnet made of an Sm-Co magnetic
material rather than an Ne-Fe-B magnetic material.

FIG. 6 is a table listing combination examples of the number

of poles of the permanent magnet 3 enough to constitute the motor
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shown in FIG 6, however, various conbinations of the nunber of poles, the
nunber of slots, and the nunber of phases are allowed. A nost frequéMAY2@Péed
one at present has a permanent magnet of 12 poles, 9 slots, and 3 AC phases.
FIG 7 illustrates a difference in process step between an isotropic
magnetic material and anisotropic magnetic material. Also, FIG 7 is a
schematically diagramillustrating a process step of the magnetic structure
of the magnetic material but not necessarily illustrating an actual nagnetic
physi cal structure. FIG 7(a) schematically illustrates a process step of an
i sot r opi30, mapeeturtbamtcem sabtsThe Nk Fa-aB orggaeti cheat@ibat owhCchhafas been

w dely used so far, is an isotropic nagnetic material. The nagnetic nateri al

i ncl udes At o8 vhavi RgMRgReL goronents.  Aligning the magneticronents in the
sanme direction nmakes it possible to exert the nmagnetic force. The isotropic

magneti c material, has _random rmagnetic no S _in_the un netized terial,
and by magnet i Zi %Bl%heé"br?aq%énrelrﬁ tESNP%W% he ﬁ%ﬁté??ﬁeaﬁ% 8% BX%%g?%n t he
material fromthe outside to thereby align the nmagnetic nonents), a magnet

i s fornefcin?hal Wy PEOUB RS Mephehadd st de BPLEFG thE uddiemdt FéaFFy shows
the directions in which the magnetic nonents act in the unmagneti zed

mat er i alis Pheaddr eloe i omsbef dhéOrphrekisc fnonment siagetidenodedr hys 3t.heRarr ows.
As shown in the figure, the nagnetic nonents act at random before the

magnet i za{dWN.in FIG. 6, however, various combinations of the number of
- pcles, the number of slcts, and the number of phases are allowed.
A most frequently used one at present has a permanent magnet
of 12 poles, 9 slots, and 3 AC phases.
FIG. 7 illustrates a difference in process step between an
isotropic magnetic material and anisotropic magnetic material.
Alsc, FIG. 7 is a schematically diagramillustrating a process
step of the magnetic structure of the magnetic material but not
necessarily illustrating an actual magnetic physical structure.
FIG. 7(a) schematically illustrates a process step of an
isotropic magnetic material. The Nd-Fe-B magnetic material, which
has been widely used so far, is an isotropic magnetic material.
The magnetic material includes atoms having magnetic moments.
Aligning themagneticmoments in the same directionmakes it possible
to exert the magnetic force.
The isotropic magnetic material has random magnetic moments
in the unmagnetized material, and by magnetizing the material

(dllowing the magnetic field to act on the material from the outside

to thereby align the magnetic moments), a magnet is formed.
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The magnetic material is generally in a powder fornmy the material 1I8BMANIZ006
into a nold and heated to be sintered, or heated together with a resin
(bond) and subjected to resin nolding or conpression nolding, thereby
nmol di ng the magnet. Next, the unmagnetized nol ded magnet i s machi ned and
shaped into a proper outer size, after which the resultant nmagnet is
magneti zed by a magnetizing device. If machining is carried out after the
magneti zation, the cut pieces are attracted to the magnet, deteriorating a

fini shed prodygt. (1e'f%a%%ndi n.i9enesal ;@?GH%BZ@ 'h%%aﬁtac%%g ed, QU a{é er
G pi ¢ magnetic

machi ni ng. FlI 7(b) schematically ilTustratés the anisotr

material,., The.Sm Co_base netic terial used in.this enbodi nent hows
Che” an; SHEFOHIERSr OpeNEye THEE SHATSIO PAemionectc Lnt BF | APV ASRA noZthe

ani sotropic property is constituted of aggregations of regions
(const i M@&srspl-whehe derpliosoferths seangtignagreptsharsagendtedcktyon. In
the figure, the three regions where the nagnetic nonents are aligned in the

sane di reeet aeroase skhestedvrcald wrshdwyuard ahkemagegitoaSmoneft oNhttedk 28 18
MAY 2006 The nagnetic material having the anisotropic property is known to

gener at &/ i @RI HRINELI mafbhetd whepnmagnet | zed after the magnetic field
orientation. The termnmagnetic field orientation neans directional alignnent

of the nagnet%%eﬁ%g%%%%i%ymgkg%agﬂsh% QP QS&hﬁbp%Jghg powder form; the

- material is put into a mold and heated to be sintered, or heated
together with a resin (bond) and subjected to resin molding or
compression molding, thereby molding the magnet.

Next, the unmagnetized molded magnet is machined and shaped
into a proper outer size, after which the resultant magnet is
magnetized by a magnetizing device.

If machining is carried out after the magnetization, the cut
piecesareattractedtothemagnet, deterioratinga finished product.
Hence, in general, magnetization is carried out after machining.

FIG. 7(b) schematically illustrates the anisctropic magnetic
material. The Sm-Co basedmagneticmaterial used in this embodiment
shows the ;nisotropic property.

The unmagnetized magnetic material having the anisotropic
property is constituted of aggregations of regions (constituents)
where magnetic moments are aligned in the same direction. 1In the
figure, the three regions where the magnetic moments are aligned
in the same direction are schematically shown and other regions

are omitted.
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raw materials in one direction before nmagnetizing the magnet to obtsavAaybes
mul ti pol ar magnet. The permanent nagnet is manufactured fromthe magnetic
material having the anisotropic property by the foll ow ng process. First,

t he powdery ani sotropic magnetic material is put into a predeterm ned nold
(in the case of sintering the sane, put into the nold in the powder form or
together with a resin upon resin-nolding) and roughly shaped. At this point,
the material is conpressed by applying a pressure of about 7 tons, for
exanple, to the material .in the state of bhei.ng, put .into the nold and heating
The hateri al . TnERRRghet e ac & i She BB TR R 159 TEHFBUGh ¢ hi s
treatnment, so a magnet having a stronger magnetic force can be prepared. The
f ol | owi AYIpFr6ERSES afsr'fo"rﬁqﬁ?erh%%@e‘ﬂ%étlﬁé%ﬁ”hte@ TNl ¥3ebR £ bAr the nparedifed wit h
the material put into the nold. Next, the magnetic field acts on the magnetic
mat eri afiéhdtheiestatiorof being put into the nold, in a given direction and
the magnetic nonents are aligned in the sanme direction through the nmagnetic

field orientgtdoneM hhhSetid®e, ridiey Magnehi-atrBher hahnexidids: wapk but 29
18 MAY 2006 magnetic property. Note that the nmagnetic field orientation is

perfor . t] eri i e powder formin the abov I ocess,
so t hengg%ggrgélts?@i % ca ?eed&‘acgdg%%/c p@%nééergtsg. %ﬁhgj rVn\égglnoe T YT orient gﬁjeon

i ncludes a wet process where the nagnetic field orientation is
raw materials 1n one directidn before magnetizing the magnet to

obtain the multipolar magnet.

The permanent magnet ismanufacturedfromthemagneticmaterial
having the anisotropic property by the following process.
| First, the powdery anisctropic magnetic material is put into
a predetermined mold (in the case of sintering the same, put into
the mold in the powder form or together with a resin upon
resin-molding) and roughly shaped. At this point, the material is
compressed by applying a pressure of about 7 tons, for example,
to the material in the state of being put into the mold and heating
the material. The magnetic material can attain higher density
through this treatment, so a magnet having a stronger magnetic force
can be prepared.

The followingprocess fromtheheat treatmenttosolidification
is performed with the material put intc the mold.

Next, the magnetic field acts on the magnetic material in the
state of being put into themold, inagivendirection and themagnetic
moments are aligned in the same direction through the magnetic field

orientation. At this time, the magnetic material exhibits weak but

29



perfornmed on the powdery magnetic material inmmersed in a liquid insay2dioen
thereto. Next, an AC magnetic field etc. are applied to the magnetic

mat eri al havi ng undergone the magnetic field orientation to thereby
demagneti ze the material. Demagnetization can keep the magnetic material
from bei ng magneti zed whil e maintaining the magnetic force direction of the
magnetic material. This is because the N pole and the S pole are forned in
the sane direction before the denagnetization, while after the

demagneti zatjon, the Ni ole and the S pole are arranged at random while

i ntai PGSt He BRI

c force direction. Subsequently, the material is
subjected to heat treatnment and resin-nolding or sintering to be solidified,
of fering t he Nefffrddrét FeedaErstaet ertlghai enFal Lo ify perifo rmereos ditiedi f i ed
magnetic material is taken out of the nold. Then, the resultant is nmachi ned
and shapednénio reetproipdr inother pswaer foth awedHay abageebirzatson sw tdhea
magneti zi ng device. The unnagneti zed permanent nagnet shows no nagnetic

propert ¥rgu€sst Os tdel deMegRet) 2aldciys MBkhBOnkin POSET Pl €14 b aMaldSiueh a
trouble that the cut pieces are attracted during the nmachining. 30 18 MAY

2006 Upon factyrin h er manent .magnet 3,. t Co_.based . nmagnetic
materi a nf’g&gg? :‘%n Slcagﬁ%fsgsgnggfégﬁg%hf grﬁ‘ né%lé:s slhegvrgq Orolneriscr?%ﬁo& '?L-Snand
side of FIG 7(c), after which the magnetic field orientation is effected in
a gi venPBFERETFBNOR uEh® tPRYIRF pofeenahtc R RY B3l atneFsethged dnt diithner
side and an outer side, respectively,

in addition thereto.

Next, an AC magnetic field etc. are applied to the magnetic
material having undergone the magnetic field orientation to thereby
demagnetize the material. Demagnetization can keep the magnetic
material frombeing magnetized whilemaintaining the magnetic force
direction of the magnetic material. This is because the N pole and
theSpoleareformedinthesamedirectionbeforethe demagnetization,
whileafter thedemagnetization, theNpoleandthe Spolearearranged
at random while maintaining the magnetic force direction.

Subseguently, the material is subjected to heat treatment and
resin-molding or sintering to be solidified, offering the
unmagnetized permanent magnet.

Following this, the solidified magneticmaterial is taken out
of themold. Then, the resultant ismachined and shaped into a proper
outer size, followed by magnetization with a magnetizing device.
The unmagnetized permanent magnet shows no magnetic property due
to the demagnetization, making it possible to avoid such a trouble

that the cut pieces are attracted during the machining.
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for exanple. Next, thematerialisdenmagneti zedsoasnottoshow hemagnet i mMAY 2006
property and then subjected to heat treatnent and resin nolding or sintering
to thereby nold the material into a ring shape. Then, the material is

machi ned and shaped into a proper outer size, followed by nagnetization by

t he magneti zing device to have a predeterm ned nunber of poles.

Subsequent |y, an explanation will be given of how to magnetize the permnent
magnet 3. FIG 8 schematically shows the section of the permanent nagnet 3
andthenagnetig field o%ieﬁéatlon devi ce in the aX|aI line direction.  The

|

magnet i ¢ 11 el P8P BREALFORHUT ey & CBELEd TGS oy RARI SATCo i h e dor e 41,
a magnetic circuit 40, a power supply device 42, and the like. A gap is

def i ned T6EPREER TRESTRPEr 1 P TPHEISL of MiHe iansh reopalyashangdt e Fh@net i c
circuit 40, and the permanent magnet 3 can be inserted into the gap. A

wi ndi ng od3ths lwimcharduwideanfi FOR. Corea ,44ftArl @hpeh armntagnet ipuf s€dd cur r ent
can be supplied fromthe power supply device 42 31 18 MAY 2006 to the w ndi ng

43. I'f & GWteRt ohsigld omed 4@ ihl awyived i ARG sudd. tﬁawi}%&bg fogce lire
develops in the iron core 40 and the nagnetlc circuit 40. Then, the magnetic

field generate veen etlc circuit 40 and the |ron core
41 servgs'rs1 %‘é n%éﬁeaflilrza:ng%t Oena er nen eane %Ouﬁegnsel v BEPPORTLVE

for example.

Next, thematerial isdemagnetized soasnot toshowthemagnetic
property and then subjected to heat treatment and resin mclding
or sintering to thereby mold the material intoc a ring shape.
| Then, the material is machined and shaped into a proper outer
size, followed by magnetization by the magnetizing device to have
a predetermined number of poles.

Subsequently, an explanationwill be given of how tomagnetize
the permanent magnet 3.

FIG. 8 schematically shows the section of the permanent magnet
3Jandthemagneticfieldorientationdeviceintheaxial linedirection.
The magnetic field orientation device is composed of a cylindrical
iron core 41, a magnetic circuit 40, a power supply device 42, and
the like.

L gap 1s defined between the upper periphery of the iron core
41 and the magnetic circuit 40, and the permanent magnet 3 can be
inserted into the gap.

A winding 43 is wound around an iron core 41. A large amount

cof pulsed current can be supplied from the power supply device 42

31



In this way, the nmagnetic field orientation device should be downsiszgdyabweng
with the reduction in size of the permanent magnet 3. In accordance wth
this, it is difficult to supply a large anount of current to the w nding 43.
However, the permanent magnet 3 is not thick on account of being [imted in
the thickness t and thus can be magneti zed up to magnetic saturation or near
to magnetic saturation with less current. FIG 9(a) schematically shows the
section taken along the axial I|ine direction of the structure of the

magnet | zciongh@eagnéﬁn% The,_magngtd.zi ng,head 46 Has .oy bpdr] ¢ale §*ﬂa§§n nd
includes plural slots 48 in the axial line direction on i1ts circunference.
Cores 49

re faorned regul ar ;interval.s in_a_nunber rrespondin to the
nunber 6¥ﬂﬁ%ngn8 l?%%”ﬁ@%#%ﬁ%ﬁ Vﬁgaﬁéﬁ' %h%ﬁﬁﬁqgﬁ2§ggﬁ%?ﬁ@@ﬁmagﬂSE%gach
ot her across the slots 48 on the circunference of the nmagnetizing head 46.
Lead wi reed a7 tafl - wolhieh i rrhenBagnet ¢ 4Bl e e neatt schip die agpalpetypen| ead
wre 47 is wound in the slot 48 by two wire turns each, but in general, 1 to
4 wire tirensagnetermpkoyeditFiG afd (e sthematomwaldly sshows themaggaetizzi ng
head 46 as viewed 32 18 MAY 2006 fromthe direction of the arrow B of FIG

9(a) . AxrhQMrrdnhdrite dadggidie 3 tihe oheadiweke 144 .1 s disposed in a neandering
formaround the core 49. For that reason, when a DC current is directly

supplied to  the | ead W " €&/ bRE: MBINEH & RYETPIEH §8y DY NG, A Bgent

core

downsized along with the reduction in size of the permanent magnet
3. Inaccordancewith this, it isdifficult to supply a large amount
of current to the winding 43. However, the permanent magnet 3 is
’not thick on account of being limited in the thickness t and thus
can be magnetized up to magnetic saturation or near to magnetic
saturation with less current.

FIG. 9(a) schematically shows the sectiontakenalongtheaxial
line direction of the structure of the magnetizing head 46.

The magnetizing head 46 has a cylindrical shape and includes
plural slots 48 in the axial line direction on its circumference.
Cores 49 are formed at regular intervals in a number corresponding
to the number of poles of the permanent magnet 3, which are separated
from each other across the slots 48 on the circumference of the
magnetizing head 46.

Lead wires 47 are wound in the slots 48. Note that in FIG.
9(a), the lead wire 47 is wound in the slot 48 by two wire turns
each, but in general, 1 to 4 wire turns are employed.

FIG. 9(b) schematically shows the magnetizinghead 46 as viewed
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49 are inversed. If the permanent magnet 3 having undergone the nmagieMAY 2006
field orientation is disposed around the magnetizing head 46 and the DC
current is directly supplied to the lead wire 47, the permanent nagnet 3 is
magneti zed to the desired nunber of poles by the magnetic field generated by
the core 49. The magnetizing head 46 is thus configured. Hence, when the

per manent nmagnet 3 reduces its size and increases the nunber of poles, the

| ead wire 47 disposed to the nagnetizing head 46 is thinned, making it

difficult to.allow a Iar nt _of cu t f Low. t her ei n. However, the
thlcknegi(% & e IpEr e ﬁ?ng§8n85r§w ﬁ gﬁe nEES iment is limted within a
predeternlned range. The permanent net can be nmagnetized up to magnetic
sat uration or Afe&°Wg 1ﬁa§ﬁ§tﬁéggéﬁurégﬁoﬁeﬁPtH1F§s§7caﬁréhﬁPOﬁFgolntﬁe use
of the Sm Co based magnetic material enables the permanent nagnet 3 to

stably mgemeteationg Homegmetind toeceosef fbci ently even if the thickness t
falls within the range defined by the expression (3). FIG 10 is a graph

illustrative oforeshiafBiedsbasulhsnof o HBAUGd A ign XERENEL isgpphacactgristic
(characterlstlc regardi ng 33.18 MAY 2006 resi dual flux denS|ty due to

h Nd2
- Fo-B Dasad %8%2?(%*‘2&%%%%&5 LhoRe B PR R el R 260
magneti c terlal vari ous experinents. Note that Sm2Col 7 i s an

ani sotro c?rneadﬁ‘é‘ﬁ erﬁjerterlal and SnCo5

If the permanent magnet 3 having undergone the magnetic field
orientation is disposed around the magnetizing head 46 and the DC
current is directly supplied to the lead wire 47, the permanent
magnet 3 is magnetized to the desired number of poles by the magnetic
field generated by the core 489.

The magnetizing head 46 is thus configured. Hence, when the
permanent magnet 3 reduces its size and increases the number of
poles, the leadwire 47 disposed to themagnetizinghead 46 is thinned,
makingitdifficulttoallowalarge amount of current to flowtherein.

However, the thickness t of the permanent magnet 3 of this
empodiment is limited within a predetermined range. The permanent
magnet 3 can be magnetized up to magnetic saturation or near to
magnetic saturation with less current. Also, the use of the Sm-Co
based magnetic material enables the permanent magnet 3 to stably
generate the magnetic force sufficiently even if the thickness t
falls within the range defined by the expression (3).

FIG. 10 is a graph illustrative of estimated results of a

reduction in magnetic characteristic (characteristic regarding
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is an isotropic magnetic material. FIG 10 is a graph in which a hdBMA9hi08é
axis represents a thickness in a radial direction of the pernmanent magnet
and a vertical axis represents a decreasing rate of the residual flux
density in % As shown in the figure, in the case of the thickness not
smal l er than about 2 (mm, there is no particular difference between the
per manent nmagnet made of Nd2Fel4B and the permanent nagnet made of SnRCol 7
or SnCob. Fbmever in the case of the thickness of 2 (rm) or smaller, the

per manent, ma 2Fel 4B abru tly decre the residua

fons: 1y L Se s FAs i d?Ps%’& A FROPRE

t hi ckness of about he ot her hand, even when the pernmanent magnet
made of Wédpqt%ﬁna%ﬁé I?J‘%?-E%]r%ékf ag| WosEend Raspst Magmeits ccaateaiah t he
residual flux density. Ina region where the thickness is 0.5 (m) or

smal | er ,and $m2Go Pt esdrvddhat darhgmpeo iasent maguytet c hateedadf SntasSiassan

i sotropic nmagnetic material decreases its residual flux density, while the

per nanexg@dnintfsar med of Sn2Col 7 as the anisotropic nagnetic material does
not reduce its reS|duaI flux density. 34 18 MAY 2006 Fromthese estinmated

results, in the Leg %ﬂ‘@@&fg&@%{)&%h%%?ﬁgﬁﬁlaénémmq{ £ TR €8 kRS

per manent nagnet na TFCc material i's supériror to the
per manent magnet nade of an Ne-Fe-B hased nmagnetic material in residual flux
densi ty.23 T gGEORLS MaGRE Shér AETEFL ragnet nade of an ani sotropic Sm Co
based

FIG. 10 is a graph in which a horizontal axis represents a
thickness ina radial direction of the permanent magnet and a vertical
axis represents a decreasing rate of the residual flux density in %.

As shown in the figure, in the case of the thickness not smaller
than about 2 (mm), there is no particular difference between the
permanent magnet made of Nd2Feld4B and the permanent magnet made
of Sm2Col7 or SmCo5.

However, in the case of the thickness of 2 (mm) or smaller,
the permanent magnet made of Nd2Feld4B abruptly decreases the residual
flux density; the residual flux density is decreased by about 10%
with the thickness of about 1 {(mm).

Cnthe other hand, evenwhen the permanent magnet made of Sm2Col7
or SmCob5 is thinned, almost no reduction is caused in the residual
flux density. Inaregionwherethethicknessis 0.5 (mm) or smaller,
it is presumed that the permanent magnet formed of SmCo5 as an
isotropic magnetic material decreases its residual flux density,
while the permanent magnet formed of Sm2Col7 as the anisotropic

magnetic material does not reduce its residual flux density.
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magnetic material is estimated to excel in characteristic. FIG 11 is a graph
illustrative of estimated results of a reduction in nagnetic char aétM4Y 2406c
(maxi mum energy product) due to processing of the permanent magnet for a

not or made of Nd2Fel 4B as an Nd- Fe-B based nagnetic material and SnRCol 7 and
SnCoS as an Sm Co based magnetic material, by various experinents. FIG 11
is a graph in which a horizontal axis represents a thickness in a radial
direction of the permanent nagnet and a vertical axis represents a
decreasing rate of the energy product in % As shown in the figure, in the
case of the thirckndesaest smatédresuhan, abotite 2egimh wherwetlee tsiakneasti cul ar
di fference between the permanent nagnet nmade of Nd2Fel 4B and the pernmanent

magnet nmrde (gh) SI2Caha1 108 SHERS peliawaear, mbintbensas & Ofarf kg -thi skoegs of 2
(mm or smaller, the permanent magnet nmade of Nd2Fel 4B abruptly decreases

(D STETRALOMEL e SOSLaUePEOtuel L. daensel by gl v L Lhe

e ot her even e permanent nagnet
made of SmRCol 7 or SnCo5 i s, thinned, alnobst no reduction is caused in the
energy 35 TEWAY ProdEttS PAtSTrEgi oF WifeH e Yale thitkABRETE: 0. 5% (mm) or
smaller, it is presuned that the pernmanent magnet formed of SnCo5 as an

i sot r opiranteigvatac hae ardralargedr Bagest inxienéray apisdtcopinhineo bheed
per mmnent magnet forned of SnmRCol 7 as the anisotropic nagnetic rmaterial
does notmag@ticie: int=xearierlgh pre@dueiated to excel in characteristic.

= FIG. 11 is a graph illustrative of estimated results of a
reducticn in magnetic characteristic {(maximum energy product) due
to processing of the permanent magnet for a motor made of Nd2FeldB
‘as an Nd-Fe-B based magnetic material and Sm2Col7 and SmCo5 as an
Sm-Co based magnetic material, by various experiments.

FIG. 11 is a graph in which a horizontal axis represents a
thicknessinaradial directionof the permanent magnet andavertical
axlis represents a decreasing rate of the energy product in %.

As shown in the figure, in the case of the thickness not smaller
than about 2 {mm), there is no particular difference between the
permanent magnet made of Nd2Fel4B and the permanent magnet made
of Sm2Co0l7 or SmCob5.

However, in the case of the thickness of 2 (mm) or smaller,
the permanent magnet made of Nd2FeldB abruptly decreases the energy
product; the energy product is decreased by about 30% with the
thickness of about 1 (mm).

Onthe other hand, evenwhen the permanent magnet made of Sm2Col7

or SmCo5 is thinned, almost no reduction is caused in the energy
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Fromthese estimated results, in the region where the thickness i sisgvAwayosor
smal | er, the pernmanent nmagnet nmade of an Sm Co based nmagnetic material is
superior to the permanent magnet made of an Ne-Fe-B based magnetic materi al
in energy product. In particular, the pernmanent nagnet made of an

ani sotropi ¢ Sm Co based magnetic material is estimated to excel in
characteristic. Wien manufacturing a permanent nmagnet for a notor, in
general, the nagnetic nmaterial is magnetized to obtain a pernmanent magnet,

fol | owed, by pal | SKing Lo £u LI PLACESS ;19 shapesthes ParANENt, gagget into

a proper outer size. rstood from the above considerations, I'n

case, usjing. the Sm Co based germanent magnet, in ﬁarti cul_ar, tge ani sotropic
Sm Co ba]s%dl?)é?lf’r%%%‘?dnéb% t*hS RN efBIERFE tAERACEsPhgSPHE NESFEPB based
permanent magnet in the region where the permanent magnet has a thickness of
2 () oFseimdni MGt LR Nafex igrlasie Qrleststeisng tée paigratyi pinvglukcact ohd lef t he
per manent nmagnet made of Nd2Fel4B and the permanent nagnet made of SnRCol 7

based on:lhemeemanenhe. mAgnapparad brosmE &l 7 B2 thbeatesmgnet i  magnkadtor is
about several % up to about 100 (C) in both the permanent magnets. However,

36 18 MAY; 20061 Nided O JMRSE sthe ér%ygﬁ;“?wo%ats equal to or higher than

100 (OC) , the permanent nmagnet nade of Fel 4B ‘abruptly increases itIs
Ont hent her hand, - ThE-BEREaNeTT ZEng Taror of (e PEPVHIERt thader edde of
SnmRGel ~ | s kept at about 20% even at around 200 ('C) .
is 2 (mm) or smaller, the permanent magnet made of an Sm-Co based
magnetic material is superior to the permanent magnet made of an
Ne-Fe-B based magnetic material in energy product. 1In particular,
the permanent magnet made of an anisotropic Sm-Co based magnetic
material is estimated to excel in characteristic.

When manufacturing a permanent magnet for a motor, in general,
the magnetic material is magnetized to obtain a permanent magnet,
followed by polishing or cutting process to shape the permanent
magnet into a proper outer size. As understood from the above
considerations, inthis case, using the Sm-Cobased permanent magnet, -
in particular, the anisotropic Sm-Co based permanent magnet is more
preferable than using the Ne-Fe-B based permanent magnet in the
regionwhere the permanent magnet has athicknessof 2 (mm) or smaller.

FIG. 12 is a graph plotting demagnetizing factors of the
permanent magnet made of Nd2FeldB and the permanent magnet made
of SmzZCol7 based on temperature. |

As apparent from FIG. 12, the demagnetizing factor is about

several $ up tcabout 100 (°C) inboth the permanent magnets. However,
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As mentioned above, the Sm Co based pernmanent magnet is expected to involve
a smaller change in magnetic characteristic due to heat than the NBM4aYB006
based pernmanent nagnet. The expl anati on has been nade so far with reference
to FIGS. 10 to 12 by using Nd2Fel 4B as the magnetic material. However,
simlar results can be obtained by using a magnetic material simlar
thereto, such as (NdDy)2E el 4B. This enbodi nent as descri bed above can
provide (1) a permanent nagnet for a notor, (2) a notor, and (3) a
magneti zi ng nethod as described below. (1) It is possible to provide a

per manent, pRgRgt ohokharBOERE t&hsepsedia & rajan ofo emieer tRehudhpg
domai ns that are magnetized in a radial direction after magnetic f ield

ori entati,qn, have aligne magneti zin |.r.ections,, and are arranged. at

Cegul ar (hLer Vi SRRRTG PRRAFbrtatT B NP Ee PBrabENs B el SR i Fhat ¢ ne
pernmanent magnet is forned of an anisotropic Sm Cc based magnetic nmaterial
havi ng &SMAGTWEIZART SASPRIWREH bh dshasedilafst &y 8P %20f (MAHE G- 2ERENFer .
Also, it is possible to provide a permanent magnet for anotor, 18 MAY 2006

whi ch | 20 sjagsedOnnha atdiearhaid t heredeagnechasiagciddtadré £ahe peapenenand i s
made of an ani sotropic Sm Co based nmagnetic material, including donains that

are magngldrzadmbRedo f adioal, 101 { 80ld AN aaf LiesuBanetiven 44 @ enbafbon, have
al i gned neagneti zing directions, and are arranged at regular intervals in a

circunferentials qiracti oy 5038 actREl 26d dn ety POy dedht hat gR.r epsesents
an i nner di aneter

-

expected to invcolve a smaller change in magnetic characteristic
due to heat than the Nd-Fe-B based permanent magnet.

The explanation has been made so far with reference to FIGS.
10tol2byusingNdZ2Fel4Bas themagneticmaterial. However, similar
results canbeobtainedby using amagneticmaterial similar thereto,
such as (NdDy)Z2Fel4B.

This embodiment as described above can provide (1) a permanent
magnet for a motor, (2) a motor, and (3) a magnetizing method as
described below.

(1) It is possible to provide a permanent magnet for a motor
disposedinarotor of themotor, includingdomains that aremagnetized
in a radial direction after magnetic field orientation, have aligned
magnetizing directions, and are arranged at regular intervals in
a circumferential direction, characterized in that the permanent
magnet is formed of an anisotropic Sm-Co based magnetic material
having a cylindrical shape with an outer diameter of 20 (mm) or

smaller.

Also, it is possible to provide a permanent magnet for a motor,



of the permanent magnet for the notor, t represents a thickness i n8tMa 2006
radial direction, N represents the nunber of domains, and M represents the
nunber of AC phases for driving the nmotor, Dis set to 20 (mm or snaller
and t is set to satisfy the relation of t < nD(NM- n). (2) It is possible
to provide a notor, including: a rotor portion including a rotational
symmetrical body around which a cylindrical permanent nmagnet is arranged and
a rotational shaft arranged on an axial line of the rotational symetri cal

body; a .stat,or .p. i Vi I Lt S 0 i it with AC
havi ng I\ﬁ)%argéss , gl%é)%%d ral?le!aglg%?olgrolrf;gg% Ooérjléra’nthladtr?ngercc%lrnzdur%)%garle%géggf t he
permanent . magnet to face the pernmanent magnet; and a bearing.potti,on

ot at b1 5P SRASBFCCHT £ SUDEORLT NG O GrdLT SHal s SHATEL {61 ¢ hECLLHLER
portion so that the rotational symretric b'ogﬁ and the stator coil are
concent rd@na neddrtoefér naghatacedr ined Fadinhtdindwt jver ;e maggretc is
made of an ani sotropic Sm Co based magnetic material having a cylindrical

shape wi fiebdh atiteart aiiamgt eravef 20 ey neigredldierg anldedtieohydeandoagiens t hat
are magnetized in a radial direction after 38 18 MAY 2006 magnetic field

Orientatéffbn@@ﬁeaélEgeﬁga?ag%ﬁgfgaﬂ% QH{QQtEQ@%umf@BQneﬁglaBHQQQ%qoﬂE
regular intervals in a’circunferential direction. (3) A nethod of
manuf act

based iRt TS HR ST 4T KAVE ARG v A PRari S oAt aean ER TH SuESP™G oot or of
20 () or smaller, characterized by including a nolding step of charging
t he nagn%fi%he permanent magnet for the motor, represents a thickness

in the radial direction, N represents the number of domains, and

M represents the number of AC phases for driving the motor, D is

set to 20 (mm) or smaller and t is set to satisfy the relation of

t £ nD/(NM - ).

(2) It ispossibletoprovideamotor, including: arotorportion
including a rotational symmetrical body around which a cylindrical
permanent magnet is arranged and a rotational shaft arranged on
an axial line of the rotational symmetrical body; a stator portion
having a plurality of stator coils excitable with AC having M phases,
which are each arranged on an inner circumference of the permanent
magnet to face the permanent magnet; and a bearing portion rotatably
and pivotally supporting the rotational shaft to the stator portion
so that the rotational symmetric body and the stator coil are
concentrictoeachother, characterized in that: the permanent magnet
is made of an anisotropic Sm-Co based magnetic material having a

cylindrical shape with an outer diameter of 20 (mm) or smaller and

includes domains that are magnetized in a radial direction after
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material into a nold to nold the nmagnetic material; a magnetic fi el MAY 2006
orientation step of perform ng nmagnetic field orientation on the nolded
magnetic material; a demagnetizing step of demagnetizing the magnetic

mat eri al havi ng undergone the magnetic field orientation; a heat treatnent
step of subjecting the demagnetized nmagnetic nmaterial to heat treatnent to
solidify the magnetic material; a machining step of machining the
heat-treated nagnetic material into a cylindrical shape with an outer

di i . I . 1 71 h
| amet o 29 {51 406, S 4 €1 o AN, A TAARELI? (G, SkeD, oy APoDel 14h0g Lhe

machi ned "nmagnetic materia ave a pre nunbe poles in a
radial diyection_so that domains having aligned magneti zi directions are
arranged 512 TR AP ARG S At - EF Fot Aot | HUHT 25t 1 ORI APSBioF he
mol di ng step of charging the magnetic material into anold to nold the
material may ilRdl bdeethetohpraraf ot ¥ &pd of PERFERgend MpABE S Ce abagedr
magnetic material into a nold and conpressing the nmaterial; and a heating

step of udwdatd ngnt haiconppessedEnmrEgmebiacednatayiat i¢ Nnmatetate dfathieighgachar ged
into the nold. 39 18 MAY 2006 | NDUSTRI AL APPLI CABI LI TY The af orenenti oned

enbodi nenf ;ofatihe 1preseRt WiRkeRhi enteandiRreduce othe of Qhkowergsghi eets. (1)
The Sm Co based magnetic material is used, whereby a notor characteristic

stable agalnsle & changs quer,d1tp ARG LemPeralying £Ra098y ) nIfgerRanet is
made mul tipolar, ere%y 114 6%SSI%}6

- material into amold to mold the magnetic material; a magnetic field
crientation step of performing magnetic field orientation on the
molded magnetic material; a demagnetizing step of demagnetizing
the magnetic material having undergone +the magnetic field
orientation; a heat treatment step of subjecting the demagnetized
magnetic material to heat treatment to solidify the magnetic
material; a machining step of machining the heat-treated magnetic
material into a cylindrical shape with an outer diameter of 20 (mm)
or smaller; and a magnetizing step of magnetizing the machined
magnetic material to have a predetermined number of poles in a radial
direction so that domains having aligned magnetizing directions
are arranged at regular intervals in a circumferential direction.
Also, the molding step of charging the magnetic material into
amoldtomoldthematerial may include: a compressionstepof charging
the Sm-Co based magnetic material into a mold and compressing the

material; and a heating step of heating the compressed magnetic

material in a state of being charged into the mold.
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reduce magnetic vibrations (pure tone), which are of particular nadS&MAY2@0he
dynam c notor. (3) Based on the expression (3) , the nultipolar notor
magnetic circuit can be designed. (4) The magnetizing current is allowed to
flowin the magnetizing head in a reasonable range of current anount,
whereby a jig for the magnetizing head elongates its service life, resulting
in a stable quality after magnetizing the magnet. (5) The nagnet is made

mul ti pol ar, whereby cogging is reduced. The above description is centered on

one enbegimpkial hberpregentri,nvention. However, the present invention is
not limted to the above-nentioned enbodi nent but allows vari ous

nodi fications,, within the sco of. appended cl ai ns. For  exa
foth e s

| h
PrIBETELG BT ot eyggeﬁﬁQFelpﬁgnﬁa?érg%%rtion

aforenentioneghno or is"0
is positioned outwardly fromthe stator portion. However, this is not
intende@rP@uFﬁnFPetﬁ§l¥9ﬁénéfeﬁﬁ?6F§- to the outer rotor type and an i nner
rotor type notor can be used. 40 18 MAY 2006 In the case of using the inner
rotor type not(dn,ThhémsCatlorsepoaynenic mayiesiitadlonedi s ,anhentby acmotonf er ence
of the rotor portion having the permanent nagnet fixed thereto, with the

resul t tdpatrackBe iBkycaktsbabosgs0hts Al AlJaRgRd %tim%eﬁHBaEeinPé%t’@ké to
surround the permanent magnet. According to the present invention, the

ConpaCtthange.

-

(2) The magnet is made multipolar, whereby it is possible to
reduce magnetic vibrations (pure tone), which are of particular
note in the dynamic motor.

(3) Based on the expression (3), themultipolar motor magnetic
circuit can be designed.

{4) The magnetizing current is allowed to flow in the
magnetizing head in a reasonable range of current amount, whereby
a jig for the magnetizing head elongates its service life, resulting
in a stable quality after magnetizing the magnet.

(5) The magnet ismademultipolar, whereby cogging is reduced.

The above description is centered on one embodiment of the
present inventicn. However, the present invention is not limited
to the above-mentioned embodiment but allows various modifications
within the scope of appended claims.

Forexample,theaforementionednwtorBOjj;oftheouterrotor
type where the rotor portion is positiconed outwardly from the stator
portion. However, this is not intended to limit the type of motors

to the outer rotor type and an inner rotor type motor can be used.
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hi gher - perf ormance notor can be provided. 41 IS MAY 2006 CLAIMS 1. {3MAY 2006
per manent nmagnet for a notor, which is disposed in a rotor for the notor,
conprising dormains that are magnetized in a radial direction, have aligned
magneti zing directions, and are arranged at regular intervals in a
circunferential direction, characterized in that the permanent magnet having
an inner dianeter or an outer dianeter of 20 (mm or snaller and forned of
an Sm Co based magnetic material. 2. A permanent nagnet for a notor, which is
di sposed in a;.r r he .opt.o n cyl indri h i sing
domai ns t hat %?égﬁgdﬁ%%{fgdefgﬂ %%%i%Pm%?92§f¥%%y%ﬁa§§k8?f3%@% g%%g%%tizing
directions, ,and are arranged at reqular. intervals i circunferenti al

di r ect | BRZL&RArSPEF AN TR FHAT DGV GoHC TR . BTeBie en o tan RHoton

di aneter of the permanent magnet for the notor, t represents a thickness in
t he radhavidpor ebei pArmpneepresenes fheeduhberetof dobai hse weriuM rigprtesent s

t he nunber of AC phases for driving the notor, Dis set to 20 (m) or

smal | er tapIudsl seitdo covallissdne athengelatt oagwliat i HrableNMto #)rrSandhe

per mmnent magnet for the notor according to claim?2, characterized in that
the pernppent pRERRL fQfnthe motor is formed of an Sm Co based magnetic

mat eri al .

According to the present invention, the compact,

higher-performance motor can be provided.
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4. A notor conprising: a rotor portion including a rotational symeigmgehoos
‘body around which a cylindrical permanent nagnet is arranged, and a
rotational shaft arranged on an axial line of the rotational synmetrical
body; a stator portion having a plurality of stator coils excitable with AC
havi ng M phases, which are each arranged on an inner circunference or outer
circunference of the permanent nagnet to face the permanent magnet; and a
beari ng portion rotatably and ppééggégy supporting the rotational shaft to
the stator portion so that the nal symretric body and the stator coi
are concentric to each other, 42 18 MAY 2006 characterized in that t he
permanent fagnet {9@%9@&9@@4&& that afn%teﬁgn%aéﬁdls | 83 &pd lh 4 rection,
have aligned nmagnetizin I rections, and are arranged regu |ntervals
in a ci rcuﬁpé?érﬁ%rthedn%%h SIPMRIAE WtgeAenAl n A Rty ﬁ&‘ﬁefﬁ@gfh%"gh@éd Havi ng an

inner  di agetgai o AUt i®In dlh%ns%t ﬁalahea%QMtpﬁlﬁaﬁai@écﬁ%sf orgied of an

Sm Co based nmgnetic nat eri al . nprising’ a rotor portlon
i ncl udi ng & PotHt T s?ﬁne%?g‘ééﬁrbo’dytera‘f%d 1fhi @h S ESHMEedEnEdia er nanent
magnet is airaaggdn,and a rotational shaft arranged on an axial line of the

rotational s tr|c
y arac erlzéh in that the permanent magnet having an

inner diameter or an outer diameter of 20 (mm) or smaller and
formed of an Sm-Co based magnetic material.

2. A permanent magnet for a motor, which is disposed in a
rotor for the motor and has a cylindrical shape, comprising
domains that are magnetized in a radial direction, have aligned
magnetizing directions, and are arranged at regular intervals
in a circumferential direction,

characterized in that provided that D represents an inner
diameter of the permanent magnet for the motor, t represents
a thickness in the radial direction, N represents the number
of domains, and M represents the number of AC phases for driving
the motor, Dis set to 20 (mm) or smaller and t is set to satisfy
the relation of t £ nD/(NM - n).

3. The permanent magnet for the motor according to claim 2,
characterized in that the permanent magnet for the motor is
formed of an Sm-Co based magnetic material.

4. A motor comprising:

a rotor portion including a rotational symmetrical body
around which a cylindrical permanent magnet is arranged, and
a rotational shaft arranged on an axial line of the rotational
symmetrical body;

a stator portion having a plurality of stator coils
excitable with AC having M phases, which are each arranged on
an inner circumference or outer circumference of the permanent
magnet to face the permanent magnet; and

a bearing portion rotatably and pivotally supporting the
rotational shaft to the stator portion so that the rotational

symmetric body and the stator coil are concentric to each other,
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a stator portion having a plurality of stator coils excitable w thSMAYhZPH NG
M phases, which are each arranged on an inner circunference or outer
circunference of the permanent nagnet to face the pernanent magnet; and a
bearing portion rotatably and pivotally supporting the rotational shaft to
the stator portion so that the rotational symetric body and the stator coil
are concentric to each other, <characterized in that: the pernmanent magnet

i ncl udes dampinscd.haleprig, wgretized in a radial direction, have aligned
magneti zi ng directions, an are arranged at regular intervals in a
circunferential th PRETIRFRt RAENHE dAHEWashdendipe phadent 8 ragnehAceddi anet er

of the peisranedidmanetctioh Pageedt SgRed haghkRessing dheesadbd, adirection,
N represents the nunber of domains, and M r(ipresents t.he nunber of _AC phases
for drivimfFsh@Tmelgrd Pts AU 28Ntemplor Shmid ecidmymiersnséelt o

Sﬁt i sfy t_minéeamwrﬁn a)fdhtwl”ﬁar@'ﬂn tN¥ permanedt ﬁfbgn@mg wavaex@ogdi %gnﬁﬁ cgai m S,
characterized in that the , permanent ma is forne an se
mmgneti o g R? SEyah Sy dTaBERE - RETAL (i’ REgRae Flehgns EORMRG: | ca

per manent aofgretSiGpdseed magnedtior madertilké .not or so that donains that are

magneti zed-in ayadial_ dj | and have aligned magnetizing directions are
arr anged a?' reglﬁ gn?)tg)g %@ﬁ#sgg%

a rotor portion including a rotational symmetrical body
around which a cylindrical permanent magnet is arranged, and
a rotational shaft arranged on an axial line of the rotational
symmetrical body;

a stator portion having a plurality of stator coils
excitable with AC having M phases, which are each arranged on
an inner circumference or outer circumference of the permanent
magnet to face the permanent magnet; and

a bearing portion rotatably and pivotally supporting the
rotational shaft to the stator portion so that the rotational
symmetric body and the stator coil are concentric to each other,
characterized in that:

the permanent magnet includes domains that are magnetized
in a radial direction, have aligned magnetizing directions, and
are arranged at regular intervals in a circumferential
direction; and

provided that D represents an inner diameter of the
permanent magnet, t represents a thickness in the radial
direction, N represents the number of domains, and M represents
the number of AC phases for driving the motor, D is set to 20
(mm) or smaller and t is set to satisfy the relation of t € nD/ (NM
- m}.

6. The motor according to claim 5, characterized in that the
permanent magnet is formed of an Sm-Co based magnetic material.
7. A magnetizing method for magnetizing a cylindrical
permanent magnet disposed to a rotor for the motor so that
domains that are magnetized in a radial direction and have

aligned magnetizing directions are arranged at regular
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intervals in a circunferential direction, the permanent magnet bei movAY 2006
configured so that, provided that D represents an inner dianmeter of the

per manent magnet, t represents a thickness in the radial direction, N
represents the nunber of poles, and M represents the nunber of AC phases for
driving the notor, Dis set to 20 (nm or snmaller and t is set to satisfy
the relation of t S nD(NM- n), the nethod being characterized by

Pt | noingeEPE1d el A IRANCAA AT S EROR] (HRIBEHNZADG: Wi Rer MRnent

magnet in one_ di recti on di rectl on; )
magnet i zat b@hngtwmgumén ‘zhﬁg,tméo‘pledamrtémt Dnagpeesm‘gﬂeam i@dieim t he one

direction. BEaﬁQ@ePr@f Cﬂhreeﬁékﬁane%%%ﬁé@t 'tO'}eﬁtr%@eh@.sdQ ki@l jiverse
the magnetizing direction at regular intervals in the ial direction. B.

The magnet FREnERFR hed re&stdading FOPERIEMY Y, thecwna@trepﬁz@@lﬁeﬁ, tad M he
per nanent pBgRELehbs fiHdRGnek ranr I %aslé%sger nBenein$ tHRt pbtak, #4s

set to 20 (mm) or smaller and t is set to satisfy the relation
of t £ nD/(NM - 1),

the method being characterized by comprising:

a one-direction magnetization step of magnetizing the
permanent magnet in one direction which is the radial direction;
and

a pole magnetization step of magnetizing the permanent
magnet magnetized in the one direction in the one-direction
magnetization step to domains that inverse the magnetizing
direction at reqular intervals in the radial direction.

8. The magnetizing method according to <claim 7,
characterized in that the permanent magnet is formed of an Sm-Co

based magnetic material.
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