DESCRI PTION  *159159* *@00002* PERVANENT MAGNET FOR -
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magnet . BACKGROUND ART In recent years, conputer sishave
been put in w despread use in a rapid pace. D sc-like

storage nedia such as a hard disc and a mag
disc are widely used foPESTRERGEONevi ces |n mﬂmﬂm ﬁmulmw
those conputers. Those storage nedia are

hi gh speed by a snmall-sized notor prOV|ded to a©
drive and data is read or witten fromand to the
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to generate a rotating nagnetic’f by neans of
stator coil so as to act on a pernanent nmagnet
provided to a rotor, thereby rotating. The pernanent
IS nagnetlzed radially (in a radial direction)
TECEHgCﬁﬁvgﬁpéDpolarltles at a predeternined pitch al ong

a circunferential direction. That is, the N pole and
t heTBepuiasent 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 réad
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



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
pol es. At present, nost w dely used ones are notors
that excite a stator coil and rotate a permanent
magnet having 12 poles using three-phase AC
pol&egardi ng the permanent nmagnet size, the magnet
havi ng an outer dianmeter of about 25 (mm) has been

don N getd e S L Gho sk QRS RINE MBRINLNBBIAGESMBfErs that excite a
magneti zed by nmeans of a’l arge nagnetlc field
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or ou circunferenti al sur

er nanent g Lead re is provided inside the
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tens of thousands of anperes (A)) to flow
havipgret RESEEHA1aEe g &fdabauperndABAt haadeen depinantly used.
outer rotor type notor, the magnetizing head is
ar rEmgesl pﬂrmanénuumagﬁemcumﬂerem@hatipedtbynmewﬁst@é a large
per manent magnet to nagnetize the magnet. This is
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face. As a result, the polarization property of the
therqilarough.

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 property (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 rotor type motor, the stator coil is arranged to face the



circunferential surface of the permanent magnet is
inproved. In contrast, in the case of using a
per mmnent magnet for an inner rotor type notor, the
stator coil is arranged to face the 2 outer
circunferential surface of the permanent magnet, so
the magnetizing head is provided at an outer
circunferential portion of permanent nagnet to
outemgrEirice fitdrentagietsuraste of f t hbse ppemamapent magyret,s so the
are rare earth magnets. O the rare earth magnets, a
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an isotropic magnetic material has been used in a
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Sm Fe- N bonded magnet has cone into use. Then, various

mangt tagpss have been taken to realize a nultipolar
magnet maki ng use of ani sotropic property of the
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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 to realize amultipolar
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 previouslyaligning the directions of themagnetic



direction. A magnet with a high magnetic force, as
conpared with the one obtained by magneti zing the
i sotropic magnetic material, can be obtained by
previously aligning the directions of the magnetic 3
force and then magnetizing the material. A hard disc
has been recently used also in other fields than a
computer field, for exanple, a digital canera, car
forravigdt taBn syghevlzoOngi bhermatéohanppl i ance. Al ong
with this tendency, a small-sized notor for driving a

MEeNRIYa £ 36 S hasShOERAR M 1GE usWHl 81 S0 SiZ®tBler fields than
typical 2.5 inches or smaller "has been grow ng |n t he
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I"-'Si ze érd drsk to portabfe devices suc
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realizes a high torque, as a notor used in these.
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per manent magnet used therefor. Then, downsizing the
witheanmaneat ofraigyeica net.ds Sintctess oredmaflilen hassbeenofrewing in
magneti zi ng head for magnetizing the permanent
thenagpReet . When the nmagneti zi ng head is downsized, |ead
wire used therefor is thinned. A direct current
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part, of wi t hstand vol tage of the magnetizing head
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Downsizing themotor leads toreductioninsize of the permanent
magnet used therefor. Then, downsizing the permanent magnet
necessitates reduction in size of amagnetizing head for magnetizing
the permanent magnet.

When themagnetizing head is downsized, leadwire used therefor
isthinned. Adirectcurrentsuppliedtothemagnetizingheadreduces
because, in part, of withstand voltage of the magnetizing head.
As a result, there is a problem that full magnetizationl(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



brought out. It is therefore an object of the present
invention to provide a pernmanent magnet for a notor,
whi ch is conpact and has a high 4 performance, a
notor, and a magnetizing nethod. DI SCLOSURE OF THE
I NVENTI ON The present invention provides, in order to
attain the above-nentioned object, a permnent magnet
for a notor, which is disposed in a rotor for the
perfiotmanaad hasovory! amdra cadgrsdtapeing imetiusd ng domai ns
that are magnetized in a radial direction and are
arranged at regular intervals in a circunferentia
direction, characterized in that provided that D
n [ i ter of the pernmanent magnet,
DIS§E§§§$§séﬁt§ﬁ% ?@?%%ﬁgggein the radial direction, N
represents the nunber ,of donmamins, and M represents ,
t he RO mBER 6 CACTHIFRGADT T AP G5 Ry the T, CD pEtain the
set to 20 ()M or smaller and t is set to satisfy the .
aboyermepbropedtobieqip @ge et Radpetnhinend Melgpet which is
for the notor according to claim 1 of the present
disppvedt innai sothar dotretheedoitrt katd thas peraynenmtrical shape,
magnet for the notor is fornmed of an Sm Co based
inchagieyi Gomaiesi tthat A 5O, maddeetpl 8s€Mn i AviedifIN direction and
provides a notor including: a rotor portion including
aredafAdd PRl aY¥0TBL! 168l rPOOY 3] QUAE, MRhEDr&@ntial direction,
cylindrical permanent magnet is arranged, and a
' sh [range n.,a xial line of.the ..
chab g Bt EREN ) Pt BEOTREh M B P sl B piler g ameter
lurality of stator coils excitable with AC having ,
of KPPHESERSNGRT CRRGRE" ot ST oh WhGHiRgS i the radial

. circunference .
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 -
mn.

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

Also, thepresent 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 exéitable with
AChavingb4phases,whichareeacharréngedonaninnercircumference

or outer circumference of the permanent magnet to face the permanent



or outer circunference of the permanent nmagnet to face

t he permanent nmagnet; and a bearing portion rotatably

and pivotally supporting the rotational shaft to the

stator portion so that the rotational symretric body

and the stator coil are concentric to each other,

characterized in that: the permanent nagnet includes

domai ns that are nagnetized in a radial direction and
magAEE; asnang ek ati e @alrar onl BbeaYabsyi in@ pivotally supporting

circunferential direction; and provided that D

thel BPELEESESL Ahdner dhanBt £foPfpdhe PELBRRRAL PREINGIbational
t represents a thickness |n the radial direction, N
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ler and t is set to satisf
chaFgPRERoROOI L H ATt LRI SCRIATORS dRTRE HOFORTREcaPE s that
to claim3 of the present invention is characterized
arejpagnatizee peramssha lmdgrectiont gpaedrof anpaspedrt regular
based nmagnetic material. Further, in order to attain
inteheaabode-wenﬁh&nm&éﬂﬁnﬂiaﬂtﬁﬂr¢nﬁ&nﬂﬁ angeptbotided that D
provi des a nmagnetizi ng nethod for magnetizing a

rep€¥keAdEi Hali nperNBNam t SBTEE i SPasatbrito md gh@kQr t fipresents
the notor so that domamins that are magnetized in a
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a C|rcunferent|al di rection, e per manent nagnet
1 ng confijqured so.th ded D rep resents
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represents a thlckness in the _radial direction,
moteEnr Rkt 1@ AQntBR) o?rp%v%%éeﬁuﬂqutréﬁré%@n?% séﬁkﬁfy the

nunber of AC phases for driving the notor, Dis set to
relapippmpt t < nD/(NM - m).

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 aremagnetizedina radial direction are 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 -



or smaller and t is set to satisfy the relation of t
<- nD(NM 6 n) , the nethod being characterized by
i ncluding: a one-direction nmagnetization step of
magneti zi ng the permanent magnet in one direction
which is the radial direction; and a pole
magneti zation step of magnetizing the pernmanent
magnet nmagnetized in the one direction in the
1) , Otlke dh¢ Eedd dre imag netairaatican zedepyt Ondduaing: thadne~direction
i nverse the magnetizing direction at regular intervals
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according to claim5 of the present invention is

; ract efr | j h e ent . t 1s formed . .
a1 IR BRI BBt PRER B B ble i Fiation
OF THE DRAW.NGS FlI 1 is a sectional viewtaken alon
5te?h8¥a§1ia§|“eg\!lr2é89i Gﬁe PRETMER *SfoRe 93 SRS eSEd ngt tidre one
. an_enbodi nent of the present invention. FIG 2 shows
dirgcgypane theessgrdigentiani morebbiet for md@d o domains that
rotati onal shaft flange or other end portion. FIG 3
invecrherndts vaghgt Shovg darsettibomtt akgnlak dmg erive s e tAeAradial
of the motor. FIG 4 shows an outer shape and nagnetic
dirpetesnof a permanent magnet. FIG 5 is a schematic
di agram showi ng a stator core and a pernanent nmagnet

as xiguednbrpmihe ax dPELLQPA1 Fh Bo B dith Rokal t
l'isting conbi nraarllti on e%gllln% es ozf tﬁeln%nber e cpresen
invention is characterized in that the permanent magnet is formed

of an Sm-Co 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 line‘A—A
of the motor.

FIG. 4 shows an outef 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 1s a table listing combination examples of the number



7 of permanent magnets, the nunber of slots, and the
nunmber of AC phases. FIG 7 illustrates a difference
bet ween an isotropic magnetic naterial and an
ani sotropic magnetic material. FIG 8 is a schematic
sectional view taken along an axial direction of a
magnetic field orientation device and a per manent
magnet. FIG 9 shows a magnetizing head. FIG 10 is a
of wrmpndnt usdidradtiae wfe esinivwt ed rL93d,S a@fd @ he number of AC
reduction in residual flux density due to processing
phadds a permanent magnet. FIG 11 is a graph
illustrative of estimated results of a reduction in

t hengleggly R gne esg%fé tf%ftﬁ%c%rgggxﬁﬁég%n )Esct) J?opic magnetic

per manent gr ap plot

de gnetijzin actors based on, tenperat of t he
ST FngHbL=o GES IR CARRATE OUT THE
II\I\/EI\ITI ON Her ei nafter a preferred enbodi nent of the

pr &dént 8 riviert isthem@tic Fecddswnilpad svn takeai plopg) an axial
Qutline of Enbodinent If a notor is downsized, a _
diresrinement mggabt@baﬁagdaorteyhtm‘dicim:adle\sjh&pearmd permanent
provided to a rotor) used therefor is reduced in
magridtze. This requires a conpact magnetizing head for
magneti zing 8

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 processing of the permanent
magnet.

FIG. 12 is a graph plotting demagnetizing factors based on

temperature of the permanent magnet.

BEST MODE FOR CARRYING OUT 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_magﬁet (having a
cylindrical shépe and provided to a rotor) used therefor is reduced

in size. This requires a compact magnetizing head for magnetizing



the permanent magnet and nmekes is difficult to allow
current to flowin large anounts at the tine of
magneti zation. As a result of suppressing current to
be supplied to the magneti zing head (hereinafter,
referred to as nmagnetizing current) at the tine of
magneti zation, the permanent magnet is hardly
magnetized to its limt of the magnetizing force
the (pelhanegnebsgidét od .makess, id tai sfidifd i1 tdy dd@nt to
out an ability of the magnetic material fully. Anbng

£1oQt DB Bardd atn&ﬁjrﬁ?ssfeatofthlésié'l?\eagfOI'AB%BeE.OLEQEiBMPe.AS a result
not or, or allo

a magnet1 zi ng hea I ng magneti zi ng
current to flow should .be arr ed [nside a s
of SUpPRAbreln KRgTERre et SHPTTEE ok FBS Magnstizang head
the nmagnetic material frominside the sane. |In .
(hengmefbt, LPIRAES DI AR SpBRRRREAZ IREgREETRAL) prErthe time of
under study. Hence, there arises a need to wind thick
magnpehdzak kenwi the npeenanert tnagret riss deerdhe negpedtiizachgo its
head. As a result, the snmaller the size, the thinner

limtheof edd whyeecandihbefsrad | €ful henaigniearival: ibat weenhtge it is
| ead wires. Thus, severer limtations are inposed on

difEheuRINeY A0 ot 88 MHbi 11t Ik nef mhhBeBPOVRaterial fully.
according to this enbodi nent, the thickness of the

O AR o RaRe Hh R s af R nelbRetibeoror,

nagnetlzéﬁlo
ermanent . magnet _even with a snpll . magneti zin
@ mqQS N APERE THF GrEPARS MAGROE hel RIS BP Thay should
gernanent,nagnet is_made thin, the magnet is easily
be qerappeti zRaldaedt 6YLRBIKAGALt PEINPLeCdMRLEMIRRe IN Order to
outside. In order to suppress this, an Sm Co o
magrehhae itie vabae tic mageatied Heerdingli dehiblie samegenén @dglition,
a magnetic 9
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. Asa result, 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 the magnetic

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

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



flux in large anobunts even with the small thickness in
the radial direction and has a | arge coercive force
is adopted. The SmCo magnetic material has an
advant age that demagneti zation due to machining
(phenonenon that the magnetic force weakens due to the
force applied fromthe outside, such as force applied
in machi ning) or denagnetization due to high
flus enperater embdetRoNedn 28t her embllli figi &oned ¢ hien Ringhradial
tenperature) hardly occurs. Further, sone of the Sm Co
dir B! |4 B 18] 5 Ay & ddik i AN SIIORIL IARRYLY: The sm-Co
Thus, there is another advantage that the
net | lan i,s.effec fier e netic, axes, of
mag e(gdgig%biﬂhggﬁ%t?g %% %?F% ea%gaﬁgggm% %?Fé?aélon due to
through the magnetic field orientation, nmaking it
macfﬁdysrw& (&5"@610 £8aLhENREBREREEIF | £ TS Waadigs due to the
amounts even with the small thickness. Besides, the
forahape lkagnieton thet evtaldhasusst apdarapeeppl deflyin mgeining)
as the pernmanent magnet for a notor on account of
or destigngthizghiondespet ed t Bighghtemgnetitire (demagnetization
characteristics. In this enbodi nrent, becauseof the
resl@dg Fdrmz@hdTiQh tlhpdreauirs)t @ aztmyntcelrkhe
magnetic material to be used is small and thus, the

us & ofe Helie %rﬁ BRONSLd C%rgl%eﬁgaheg}fgggr%ﬁ%%ﬁfs have the

pr obl em about e cost. ( talls

. Hereinafter, the preferred enbodi nent .of the presen
an 1 g SR O R T RS Ve g%‘é%fi%%%r? nl%ealnaﬁqherFlaﬁvaftia@eas:hat the
sectional view taken alaong the axial djrection,

whi ch
magNSHovid & HotlSr CAEEGTaANGTERT t e BAdRRS HerXesi@f 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 Sm-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, the requisite 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 the present 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.
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A notor 30 is a mcro dynamic notor of an outer rotor

type used for, for exanple, a hard disc drive or a

magnet o-optic disc drive. The notor 30 is a DC

brushl ess notor driven by using three-phase AC. Al so,

the notor 30 is a mcro notor having the outer

di ameter of about 25 (mm and the thickness of about

5 (nm at maxi num The notor 30 is conposed of a

rot ArmPes i 7N ils A nido0lyRamt cORoZok0b £ SERPOILd N3 type
rotor portion 1, and the Flke The stator portion 2 is

useﬁrﬁgfd f%f“é%%ﬁ%ﬂ%?V|t%a %aa@%@ g&EOe 8p é”ﬁa tgjggklc disc

part provi wi'th a dynami c pressure geneta
nechapism of th ot or rtlon rotatlonal shaf
drl?’Fangihfomé’r?d’r oAtetS e Eorkz%%“hegas Fe FuSBVER PHe using
vity to constitute a dynam c bearing portion 5.
thrV@th@ﬁ% Bperation of the dynam c bearing portion 5,
the rotor portion 1 is pivotally supported to the
st abbsopdd nat2rall tisea ntiiqm vbtpotlaviong theeoubénrdiameter
portion 1 is conposed of the rotational shaft 6, the

of abboat 75 anf) taed | the. tHIekn@dSropUBd N ¥ (rdkeSstd maximum.
convex disc-like shape having a step 8. The

cyl TR hiedly ﬁ@tl‘%rccgrﬁﬁd'?ed?%f'érggﬁ%ﬁlérh@ %Utsgétor portion

circunferenti al portlon of the rotor 7. U- shaped

2 fgpagg %8B€§ééng por |on é§¥a %he §?“{or Cg$§{n9 the

hol e, i n whi he rotati opal shaft
Furiﬁ§;§t§%ggj%%% I}.ono elS provfﬁgé Jith a cavfty 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 end portion 19) are housed in the cavity to constitute a dynamic
bearing portion 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 rotational 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-hole in which the rotational shaft 6 is

11



fitted is forned in the rotational shaft direction at
a central portion in the radial direction. The step 8
is subjected to positioning so as to fit into an
attachnment hold fornmed in the center of the disc-Iike
storage nedium such as the hard disc, and fixed
thereto. In this way, the rotor portion and the hard
disc can be integrally rotated. A pernanent magnet 3

fit©0dd 12 ped@ased ofrrethd nedihe iGHd INHHG 4isRRRG IrS at a central
concentrically attached to the inner circunferentia

porﬁ’cér? gﬁg e tf@ddfﬂtk)ylt%%rgl A rotational magnetic’

ener at e e stator coil 4 arranged at the

st at,or portion 2 gives, the rotar .7 a_torque. er
end Forti%n 80f“stﬁ'gb?%‘f%?‘flo%oalpoﬁgfltonénigs S|gn Eré‘goyiotp into an
into the through-hole of the rotor 7. The rotational .
attaghpeny hghgefomed p denerREAP At B MHfice ldrkesstpeagp medium
a thrust direction is provided on the entire
suclti ag unferlemce, diaqurechd Hel xeshtthalreger.ti on in the axi al
direction of the rotational shaft 6. Regarding the

r ot®f tiohabvaghahte fdtangeo A0 @ndnd Rehalratd d@tan Bbahttegrally

6, a through-hole nmay be fornmed at the center in the
rotd@ghal direction of the rotational shaft flange 10,

and the rotational shaft 6 nay be inserted into the

OIS ARG bRet5 oo £ LB P ke 1 pgrican
shaﬁ%{é??&hg%% ﬁgk%XéR%ggﬁise 'éﬁg%yﬁﬁ %tigggreggr%zn&g%ential
surface of the rotor flame 21. Arotational 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 rotof 7. The rotational shaft flange
10 for generating a dynamic 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 6 andthe rotational shaft flange

10 may be integrally processed.

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

12



the rotor 7) is an other-end portion 19 for producing
the dynam c pressure in the radial direction. The

ot her end portion 19 may be fornmed by inserting the
rotational shaft 6 into the rotational shaft flange 10
or formed separately on a |ower end surface of the
rotational shaft flange 10. Al so, the rotationa

flange 10, the rotational shaft 6, and the other end

the PSEd 0 )19 sMBY bendALegs ald it rPaessed. %}:\Q&L‘?cfry@ttﬂeh%ynamic
rotational flange 10 may 't ake various shapes 1Inh

pre§§g£é0pnw@ﬁg i%?%%f’ﬁﬁﬁﬁgﬁgﬁba r honmbus shape and

rapezoi dal =~ ‘sha r portion 2 is conposed
of stator fra 16, .a base 17, an_upper plate 18, .
el Ao BReB o4 PO hdo e 3 iMeY Aot BBBEr Eyatleswﬂgg the
a disc-like nenber having a through-hole for |oosely

rotahisendl ngpate & grdd dhel rehattopaat shagt ceharge i1 tdre formed
radi al direction. The end surface in contact with the

separatdlly ofn tehd amgperenpl atefat8 obnsheé t rbtest ionappdsiitg flange
surface receiving the dynam c pressure generated by

10.the rotational shaft flange 10. The through-hole
formed at the center in the radial direction of the

uppersd! ate }§55§igﬂgﬂegléﬁéé’ 13%} ey ré@éﬂ%oﬁg%%ée& 6, and

decrease the dianeter toward the reservoir
11 and constit

ne DU Ry Hobgh of il B T ey ey

forﬁgggggggi %EEP%%QEQ?L%aﬁOf%gngg 98%£§$S§;£g3various 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 0il 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 into 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



its dianeter toward the reservoir for the oil 11, the
t hrough-hole and the rotational shaft 6 serve to
prevent the oil | eakage by neans of capillary
phenonenon acting on the oil 11 and its surface
tension. The base 17 has a | oose-insertion hole 26 for
housing the other end portion 19, a sleeve 22 form ng
the cylindrical surface facing the outer

its %fa%éfffg a‘égtvhi?h %fr%%eer‘?/fofltIhEOEO&?é e ria'.uSh@r(é tfhlr%'rﬁ%% -hole

step 24 that is formed at the upper end
the sl eeve t he Iate 18, whi

d
and 5% FRERbTanT ) Tkre. s 6ol BB Toh 1Rakatgesy neans

t he sl eeve 22, and the step 24 are forned

of ce&a&éﬁtrw.em%mew FRRERI PRalnke 8L Lokl BRd 1ts surface tension.
| oose-insertion hole 26 is set larger. than an outer
di diee beseflt hes et hersenthportienhtde Afhéarthvaisdimigethe other
end portion 19 is inserted into the | oose-insertion

end lalre 126, 18pn a afipfeaps Rat Bogring $heeeyl eddsuechl tdmtfdde facing
dynam c pressure is produced, wth the oil 11. Al so,

the AL EAPPTORI AR reRR6e 11 Sudehi-aeds b@m&&%ﬁﬂwha@td flange
of the other end portlon 19 and the bottom of the

10, lQI‘?ée 'sptc'% élf)ﬁq Jles 21503%21 S 5 %}ﬁ%r} %Inldf of the sleeve

t
reservolir or i nner di

v, s set Iar t an_the outer dlaneter
22 i BEEE bRaF e et Inkeds 28/ %hsﬁacaerset%e@rratlﬁé/ formed.
outer circunferential surface of the rotational shaft
f | aftsel0-coRft pe Htiedr heilecdff ekbat shesardceanst the step

the sleeve 22 is used as the oil reservoir. An inner
24 afentreredfcarnwerstmiraddy.s set to such a value that 14

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 securedsuchthat 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 oil 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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enabl es the upper plate 18 to be fitted with a
predeterm ned fit tolerance. The upper plate 18 is
fitted to the step 24 and thus wundergoes the
positioning. The through-hole forned in the upper

pl ate 18, the | oose-insertion hole 26, the sleeve 22,
and the step 24 are coaxial with one another on the
axial line. The stator flame 16 is fornmed around the

enald@se the upberspahee 18| eded it WrithaRed BRAPEkmined fit
having fornmed therein an insertion hole for inserting

ase . th Lal dir .on,
el R e PP RREFL Ta Y s E oFehe"Ra e chus
casing.of the hard disc_ drive by screw or ot her
undeF e s POTRE 1P APEr TSt " YRS N SRR dPafbe upper
coils 4 concentrically arranged at reqgular intervals.
platg ¢8p Fhednasesd sanidan hréest i dihagilkereadd, tanel the step
permanent magnet 3. At the tine of rotating the rotor

24 oy tdomxikl whéhsbakoenothielr 4nantiet heipér iinent magnet
3 are not brought into contact with each other. FIG

2 ghewstacdy manine PEESS Woen@eNgrathA e paye fpr mdel Stator
the rotational shaft flange 10 and the other end

flanr%?rl%i 98 19y- &h YO EPE £S5 & P r%td Q@leggqg\/gnz.@nﬁgrtion

or exanple, herring bone groove or generating t

d ' in.t thrust directi i s f.ormed_at. .

o1 YIRS IREHLE: bty WAL celbEgel] Opid ARG Bbion,

. 10. Al'though not ,shown, the_ dynam c pressure ,

The j’gﬁgr"&t' i) H raagv?es 9Ped st e oﬂ%otl'ie‘n e el Cehfe casing of
surface of the rotational shaft flange 15

the hard disc drive by screwing or other such means.

The stator frame 16 has theplural statorcoils 4 concentrically
arranged at regular intervals.

A gap is 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
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10 as well. Wen the rotational shaft flange 10 is
rotated, the dynamc pressure is applied to both end
surfaces of the rotational shaft flange 10 in the
thrust direction by neans of a punping action of the
dynam c pressure generation grooves 20. Then, the
generated dynam c pressure produces a pressure in the
thrust direction between both the end surfaces of the
10 dPty@dional shaft flange 10 and the surface on the
stator side, which faces the surfaces through the oi

are}%g}tﬂre§8yag§o§gfl%¢§¥g(%fgﬂ P #%% %&§a%%e dynamlc

anced e rotatlona
orted iin the thrust directij In thls ma
Presii fndPBreron o180 tRoRaE | Tt ERE S hrlfs(-Hh FERHSRnaL shaft

dynami ¢ pressure generating neans. Dynam c pressure
flarg@]é@atlmohh@rm@%t 104 et 0 pyppepnandt | vueipigh agdon of
grooves tilted in different directions with respect to
the tdynamixd giredisnett igeme rartd chogredvies e
circunferential surface of the other end portion 19,

f orrrgenetate Vﬁ@n@rﬁﬁ@@rﬂﬁqﬁi@%b&é@s'uEreapf@Qu@és a pressure in
di rection. en the rotational shaft 6 pivots, the

the @MB@EE%PJ&%%‘H bé‘éwe?ﬁr}]o t‘%t?}qe @kﬁguéufih;cé)é % rt}ﬁéewgotational

portlon 19 by neans o he punplng actron o

ynam c_pr.essur nerat 4 _and _15. The,
Shatgcener At 12335/ &y &gjrag%y %FE?%F’égen VﬁéCh faces
adi al dlrectlon betmeen t he C|rcunferent|al surface
the Sflrtfﬁgestwé?om theoPtf ont -19THRP IS Y ifire@PPLlied to both the
circunferential surface of the |oose-insertion hole
end ser Hppos pre beRansed  tHroildly therotptionaTisba fti6is 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.

Thegenerateddynamicpressureyieldsapuessureintheradial
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 0oil 11. Then,
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the pressures applied to the circunferential portion
19 are bal anced, whereby the rotational shaft 6 is
supported in the radial direction. In this way, the
ot her end portion 19 serves as radial -direction
pressure generati on neans. The rotor portion 1 can be
rotatably and pivotally supported about the
rotational shaft by the dynam c pressure in the thrust

theﬂké§§bk@§a%%ﬂﬁkﬁgﬁgth@cEQ%uhQE@%hQ@%hpﬁﬂﬁﬁkﬂfi@@ggbgaanced
and the dynam c pressure in the radial direction

whegﬁggrtﬂte'\%? i‘tﬁ]&f J?%HS?ESSG);?I onfﬁﬂ gﬂta%c{’lgg%g}ecg?&igf%ﬂrectlon.

OJlrJ%f)dear?gl gﬁﬁﬁt SP\éggg\?g}%oﬁ asgllfz\g%:ta{r)s()l}a(gla -direction

schenatlcally shows a section of the notor 30 taken
pPreg$ iR Ideratiormmegr .G 1). The notor 30 is a DC
brushl ess motor with the 12 poles and 9 slots. As
shdwe irotolrepbrgioe,l1 the betmrta3GHlas ahbep Sv@evEl Y Zupported
formed concentrically with the rotational shaft 6,

abo@ tt Hd&r cHaalitn 2001s@1a F39blySt BEr aPeedi ar ek i e S| 88N thrust
22. The permanent nagnet 3 is formed concentrically

dlré(\éﬁfbr'i B@neEQE@B' %:'@Ike §B§E'§;1@n§ﬁ sma@_'tvffa lfOra?HE%:{:ﬂgfdynamic

S at or core outer clrcunterentl a sur

nent n s _baonded to
oredf e 3rEF s tad ™t sdet SRS A {F 4He'Bheqignd portion
rotatlonal shaft 6, the permanent nmagnet 3, and the
19 3Nt ¥InAR 3% be integral ly rotated about the

stator core 39. 17
Note that the rotational shaft 6 pivots counterclockwise as

viewed from a direction of 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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The 9 stator cores 39 are forned so as to radially
protrude fromthe sleeve 22. A slot is fornmed between
the adjacent stator cores 39. A winding for
excitation (not shown) is wound around the stator
core 39. The three-phase ACis supplied thereto and
the rotational magnetic field is generated at the
inner circunferential portion of the permanent magnet

3. The Pehmrentoragney Srdas kedisy dedcFag®id L1y protrude
domains in the circunferential direction. Each domai n

froﬂasthé‘sslde%%r '2'%e?hees%‘§ 1%%%&38@1:5@&“& fécient stator

rection from’ or core
21 si de to

2] de,or fromthe rotor, fla
corgs e BAISYE 0E. SHio A0 ForkiH SBOREL  HubE Per Tound the

er mnent rragnet havi ng 12 poI es. In the figure,
stag

RROEREE by N aiftP Shwee RlgRe iF€ Pl esnplgest (thgreate and the

the inner circunferential surface of the pernmnent
rotabgoes 1 Baignetéeachi ebiraisngenfsr sttrrha titthe henér guresuntfflerential
N pole and the S pole alternately appear in the

por€isg ust efleat pekmahs @€ thdgh«amn 3he inner circunferential
surface of the permanent magnet 3. The rotational

%rfm'a%le‘filtgﬁgﬁﬁé‘{ %de¥ f?@l%‘iﬁ%@rm et%r‘l@tlc?%rom% gs in the

therranetlc pol es’formed I n the perman magnet

c1rcr%§£$§rgtjf%i t(li]l]_egC?lCc))Ig her atc ¢ oégagrlﬁ qte%g%ﬁsg?cf;etscg&ged below,

genera e a torque

sha 0Si |ons of the ma netrc pol es of the
mag@%rhaﬁgn%nn%@% 284 R e LA dj G delGpTe 39 side

control the current caused to fl ow 18
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 altcrnately
appear in the circumferential direction on the inner circumferential
surfacc 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 torque
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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in the stator cores 39, nmaking it possible to cause
the permanent nagnet 3 to generate a torque. Next, a
shape and nagnetic material of the permanent nagnet 3
are described. FIG 4 shows an outer shape and
magneti c pole of the permanent magnet 3. FIG 4(a)
shows the permanent nmagnet 3 as viewed from the
rotational shaft direction (arrow 28 of FIG 1) FIG 4

in {h} Shewsr ddie PEDNBASRL nFRINGIosk A5 &/ iteedubE oM s rmanent
direction vertical to the direction of the arrow Z8.

t a ring shape. The permanent
mafle BCCETORRLr 0N B0 B 1 e

pol es and the permanent magnet 3 has

12 di vj ded ti donmj in the ci ti
1, Bt 8 PR A A ST D e maane

the direction fromthe inner circunferential side to

3 atpedsacsibedr cunferential side or fromthe outer
circunferential side to the inner circunferentia
si dBIGTHeshdyacenbutenahepeaned nagrertsiec poleachtbehsrrmanent
in the magnetizing direction. Assum ng that the

magReEnBnergIgmgnet) 3nas theppkemanthe pegHBNERtas MBWEA from
' 3 is divided into 16 domains in the circunferenti a

theHJtRALIHA1 $RaE DB SRYLEBAM G- JTRIBRIH FTEOAR. NSp1d L 41(B) shows
assuned, nore conmmonly, that N poles are enpl oyed,

thel ECRSLERRCRLGTRONE o5 gL S 100 ANSOB ALt v

domai ns, are netized |n the radial direction such
| thetaéfeFFéoﬁdfgggﬁ? FohaY n EEq'are i nverse to each other

in the magnetizing direction. For exanple, in a domain
33, Tha@erma@ensi regmttesdis alr sigehape. 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.

Assuming that the permanent magnet 3has 16poles, the permanent
magnet13isdividedinto]iSdomainsj11thecircumferentiéldirection
to thereby form 16 magnetic domains. It is assumed, more commonly,
that N poles are employed, the permanent magnet 3 is divided into
Ndomains inthecircumferential directionandthe respective domains
aremagnetizedintheradialdirectionsuchthattheadjacéntdomains
are inverse to each other in the magnetizing direction.

For example, in a domain 33, the inner circumferential side
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IS magnetized to serve as the N pole, while the outer
circunferential side is nagnetized to serve as the S
pol e. Meanwhile, in donmains 34 and 35 adjacent to the
domain 33, the inner circunferential side 1is
magnetized to serve as the S pole, while the outer
circunferential side is nagnetized to serve as the N
pol e. Therefore, the N pole and the S pole alternately

1sn@@%%%&z@HQﬂgsekvgehﬁ@ﬁéﬁﬁbéf@nuﬁﬁﬁgﬁﬁﬁi SHELaG cumferentlal

Simlarly, the N pole a ol e alternate

md@%?@a&q!ong%etdh%oogé?&eCéé C’cl’H]ef %r ot.Llﬁglt d elzj%fwg) {%’e 11’1 domains

bet ween~an” i nner Ia

nent net 3 and a th| kness t will be
34 4k 0 HORCSE ERGWRE FRA Sar (e ingeppghet bt pegre-ial side
pitch is represented by 2 (mm, and as shown in FIG
15Hﬁeﬁﬁtlﬁﬁétﬂhﬁérvgﬁﬁhﬁm%ﬁ3RﬁlQh@hlé@ﬂﬂuh@ntenﬁgnemm@ement1al
represented by D (mm (:!'~ 20 (nm the thickness in
side his rrealyrad t digdedta aremfe tdwe tdie OUlparleportion is
represented by t (nmm, and the nunber of poles is
r epriesentsek by hdly Netie shatcHds qut@raaka@%ﬁ along

is set to, with the provision that a circle i§

e e R CaRTSronCial SUFTace aRd e atorhe hoLe and che
s pof St BuPATCHF aoebiin, SLEnrin oot %%F%Sé%ﬁmﬂa Kithial Strtace.

do in of the drawn circle. Note that when an outer
ter %fr%fétb%%%h%npeﬁﬁaﬁ@t ag inhexy ¢ipfetemed of the
|nner dianeter Dis smaller than 20 (nm. Then, the
perngnitrgeipresgidr (thidknesst abMisRedebdesd rabedt he
geonetric formof the permanent magnet 3: 20
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 directién of the circular portion is represented by
t (mm), and the number of poles is represented by N.

Note that themagneticpolepitchPis setto, 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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[ Nurmerical Expression 1] NP=n (D +t) ... (1) Al so,
it is known by those skilled in the art by experience
that, in the case of designing the permanent magnet
for a notor, a ratio between the thickness t and the
pitch Pis set so as to substantially correspond to
t he nunber of AC phases, so the sat is factory notor -
i s obtained, which has |ess | eakage of the magnetic
[Nwhé BXc RN dg b 8bs PLIL of MRRee — B 99 ded,that M represents
t he nunber® of AC phases for driving the notor, the
enpiyic f. | a _corresponds t.a.the follown .
e;rgéi((eés%’l olgcr %nf)mﬂrrkéyitg%l?seExspkrléleseldorl}nzkgf’/?'gE kl\)f Srperience
éZ),Reaning P fromthe above expressions (1) and (2)
thay esift t'7§ (Fa%Fe Off BFFSAPAGIr EN&t POFRIN @XprEadidh {33 @ motor,
[ Nunmerical Expression 3] t :~ nD(NM- n) ... (3) In
a rahio dypiessi ofhe ttinbekrady t sk tist didrader? tilsarsed so as to
value derived fromthe right side of the expression
sub{Bantidilth cerreppesdntted thy nuablerequdl ACY Haged,N so the
the expression (3). Also, variations in design of
sat Yafalesot PmbREr QXIIASSIY (@) i clh8sakls@Wed Mddb AtBe magnetic
tol erance of 15% or less. The range of t in~ the case
f QN Lati i 4 i thi
flu%far?dlé‘n%\@‘h gleE@SrMQH:é. %oélrﬁcéﬂby\@hiaﬁeﬂf%%?%%mg%rg{g%ee number

o or €SS IS represente

or RuBhEREEI Bhi: ST el NSl 00 8] RO CE 15, oo

case where the nunber of poles is 12 and the nunber
to phesfolsoving etpresmidr (4nit and lower linit of P/t
can 21
[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 - m) ..(3)

In the expression, t has only to be not larger than a value
derivedfromtheright 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 - nn) £ t £ 0D/ (0.85 x NM
- 1) ..(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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, be defined as represented by the foll ow ng expression
(5 : [Nunerical Expression 5] 0.75 x M-'"~ P/t :~ 2 X
M... (5) Here, a process of deriving the expression

(5) will be described. FIG 5 is a schematic di agram
showi ng the stator core 39 and the permanent magnet 3
as viewed in the axial direction. Note that FIG 5

shows a case in which the nunber of AC phases is 3(M=

be SefiR¥AVRY PEpLXSIDE &y Jﬁi@n&%lbfoﬁﬁgﬂ%?#zés%ifd}%(sm

ot her nunber of phases, ~ for exanple,

R ) 1S t] | AQr. iJ Lpstrative

[Nu%ggfgﬁlu%%%¥é§$%ﬁ¢ %ﬁ ¢ﬁ2§¥ﬁﬁ%%%g§§95$ H%DEéT nent

magnet. Consi deri ng %hg nagnetic flux | eakage between

t heagnefi EL96IE SofOt hee pe¥ Mdtent Cnegtiiic s iafy the will be

stator core 39, the thickness .limt of the pernmanent
des@gagped. nay correspond to a ratio between an area for

one pole and an area of one iron core tooth facing the

pol EIGcrods a gapEnsdidddbgean soving tregrettorf Eoxe 39 and

concentration of the permanent magnet). The area

the iRiririeht’ @%?ﬁé@nj a8 PYekd® irf Ohb WG diRBct2on. Note that
poles)/( riD9 Slots) = 0. 75. This value is given as

r1cthe d,oues %idgste qf %"i];chZ'tc% RubBlr! §£aaSC %%é%?isf B = 3)

diagramillustrative o sign center

oy e B AL SRANEIIRY e BAaLE ] SERTEbl Elpases,

three tines Per magneti c pole. Taking into account
foriexamRyhet? c!¥1Tx® 1 eakage, it is nearly preferable 22

Of 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.
Switchingthephaseiseffectedthree timespermagneticpole. Taking

into account the magnetic flux leakage, it is nearly preferable
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toneet t : PPM=1: 1. FIG 5(c) is a schematic

diagramillustrative of the lower |imt of the

t hi ckness of the permanent magnet 3. Considering the

limt that does not reduce the torque so much, the

lower limt of the thickness is set such that the

t hi ckness of the permanent magnet 3 is substantially

equal to the length of one of both ends of the iron
to m&EE€ ¢ ootdywf-the stator core 39 protruding from each

pol e of the permanent nmagnet 3 (magnetic fl ux

di si i m_t ! bl g, t hat_ .the | h

in the ou{&gr & Pcé%gﬁég%?aﬁigéﬁﬁc f%thshcolfa%lhvee sotefgt%%‘re lower

._core_be set |arger than the |l ength of one pole of the

Limife  9fan trmgfﬂage%*y 45 Fhea@ermanany fagass, 3-

substantially, P/t =2M This is given as the upper

| i reanspfdeying peeiMiHg thet desgenet neducenthdgorque so much,
expression (5) thus obtained results in the follow ng

the ekpreassiionit{ L fiNuMericdalesExpreesstoutch tbhat2 theNWhickness
n :!'~t :~nD(0.75 x NM- n) ... (6) As will be

of tiRsglkirbedcbe! AgndeVwsi ¥ isil sithe tpanmgneqhaleghethe dength of
| eads to reduction in the magnetizing head for

one g@%%th' &J@o%t&%e PP&FBH?Q%ES‘EEJ@E thggﬁg’togrrgosre 39 grg?:ruding

necessities reduction 1 n thickness, wre turn

lLead- wir sed therefor. Thus, it_is difficult., to
rrof B cns BRI 810 € R B HIFREREmadi g bebBat ot g sbersion
. the result that the ma netizin% current is limted. .
Limyty paltiidpeeierapie F%@g bRe LRRetd imehe Anker gilafEméerential
. of the permanent magnet 3 is 20 (nm) or |ess, severe
diregtiamuafoftbeapbataposete die et Aagaeri thag the rlemgtp®f one

pole of the permanent magnet byt/2each. Inthiscase, substantially,
P/t = 2M. This is given as the upper limit of P/t.

Deriving the range of t from the expression (5) thus obtained
results in the following expression (6):
[Numerical Expression 6] nD/(2 x NM — ) £ t £ nD/(0.75 x NM - )
- (6)

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. 1In particular, in a region
where the inner diameter of the permanent magnet 3 is 20 (mm) or

less, severe limitations are imposed on the magnetizing current.
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In a region where the outer dianeter is 20 (nm , the
i nner dianeter is 20 (nm or snaller, so nore severe
limtations are inposed. Also, with Nd-Fe-B as a
conventional magnetic material, the thickness t of the
per manent magnet in the radial direction is set

| arger than the thickness defined by the above
expression (2) in order to obtain |arger nagnetic

In 4 Qg8 ol igdrd Q%enggggk'&j?grﬁeoféxo s 56 @Ri)N @!h@ J%Itﬂr?er diameter

magnetic force after the nagnetlzatlon

i s %QI SJI(L[HFSg oél'{léﬁe erSrTOanH?Onrte rTSH neerte Ieltsl Z ﬁrgegi}estrj&ée J.énposed

nmagne ‘orce, i e., magh
necessary .upon t he netlzatlon For these reasons,
con%i%ﬁﬂ @Snﬁﬁcﬁ %gﬁhﬁﬁ@ﬂﬁnﬁﬁﬁﬁéﬁsm?GHthC material, the

particular, with inner_dianmeter of 20 (nm) or smaller)
thighknees t o th@r&gﬁmawu magmegner i ttheraeeliiadl deyentién is set
magneti zed using a nmaxi num possi ble current supplied
largert tteamugrettindickg cssade fThed byeahs dlbeate tdvpr@gitiesd ¢(2) in
ability of the magnetic material is not conpletely

ord&F ot b tQiitn lb&g@&hﬁégﬁﬁkgé crbhecabit it yrid ﬁé&%etlzatlon or
magneti zi ng head i nposes limtation on the ability

to ﬁ%ﬁﬁ%ﬁ%fp%%@aﬁﬁgﬁeg§8nfgrchéfégy tggsgaéﬁgggkgg%%n. When the

ment per manent rragnet

. &pou to_allow the fu netization with the ,
i ERIRET 7T i PRUPPERE o THPTR0 By SRECabrT1 ool SFoR nagnetic
nagnet|2|ng head, in the radial direction. Also,
for¢pereli §-a pPEgPBILARLPIt hAULISS L ediiot | BRCEHSIRY ckHBES the
of the permanent magnet 3 |eads to the magnetic force
magegt i #et bat manent 24

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 magnetiiing head imposes
a limitation on the ability of the permanent magnet.

To that end, in this embodiment, the permanent magnet 3 is
madethinenoughtoallowthefu}lmagnetizationwiththemagnetizing
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 the magnetic force of the permanent

24



magnet 3, which is weaker than before or the ability
to keep the magnetic force reduces, but this

enbodi ment overcones this problem by using an Sm Co
magnetic material as the magnetic material. Sone of
the Sm Co magnetic materials exhibit anisotropic
property unlike any conventional isotropic Nd-Fe-B
magnetic material. The use of the anisotropic

magr@t ©f | §ln1Can {1y %leésFﬂSﬁ%éPsg Ibg% ﬁ(’l,’l’ée( Ab Sy} G erl:tﬁeep the

magnetic force even Wi he sma ness, thro

netl c field orientat rther
maoA & oEce S e B e U1 0Ok P RRERGEL S broblem
mechani sm of the magnetic nonment, and thus is known
by Y- TGS AFHEH i 1 (enggn @ 2461 SR OB LC material.
hi gh-tenperature demagnetization than the Nd-Fe-B
madirgte elvi e ndmpfannagnetchanaseridhssexbibetaasd sotropic
the Sm Co nmagnet has a magnetic domain wall pinned by
propesttngual pkeaahpg osivied ta e atlhies wad dp i cSNdvelr -8 Raghe¥eichheerial .
pi nning site has a size of about several ten angstrons

The Rk @Edtlr?é|a$1t1%ot|r@>pﬁ|cuﬁ1§{:ekﬂa§ Sy $tidlldgr 8k HedMebdd below,
a process stress or other such external stresses are

a suf lc'lg‘f{ttrng 5901 L &d %Q&nbwf% ah llt swthrough
&? %FP ure 6¥he

"'uence I exercli sed on an overa ruc

coer siyve rce i s exerted by fixing the magneti c
magQﬁﬁﬁﬁrﬁl%&ﬁﬂoﬁﬁ?qqé§¥ﬂnystal or crystal boundary. Thus,
the Sm Co ma can exert the high coersive force by

n
pi ﬁm%@tmetgﬁgﬁ@t% FeREitnhafed [CoNAtestdnagngt ieveapent due
if the stress or other such forces are applied to the
to aSpios inggRechapd smheft hpenayueel¢ snomdrsed artchéhus is known

magneti c 25
to involve less machining demagnetlzatlon and high-temperature
demagnetization than the Nd-Fe-Bmagnet havingno 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 the stressorother such forcesareapplied

to the Sm-Co magnet, or the temperature is raised, the magnetic
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domain wall cannot nove, resulting in the structure
less likely to denmagnetize the magnet. As nenti oned
above, even when applied with heat or force such as
stress after the magnetization, the Sm Co rmagnet can
keep the magnetic force as conpared to the Nd-Fe-B
magnet and therefore is nore preferable as a raw

material for the pernmanent magnet 3. Al so, anSm Co

domdBYNRLI £ PBLESHE Ahohds Rag oy e i+aRald i Qe ﬂegsbgikely

superior, but samarium (Snm) costs high and thus canno

to &gﬁa¢§g¥gzg*%yﬁyq{%ﬂﬁgga per manent magnet 3 has a smal |
| a 1

nnetr dianet er small thickness in the radia
direction, a thus requires a smgll_ amunt of

n
sarki MGM-LGN5E TRVEE AYSR VRSRIAPP RS BaF hifdit oF force such

magnet 3 can be manufactured at a | ow cost. A
as pleremhafit armdghet MegoRtagashoNd- Fhe BShohdathIngheatan keep the
having wused conventionally for a rotor nagnet can be
magnediucebriae siszeompdred hi € kites Sld-lHewdvaagnebesied atHes@e faore is
probl em about demagneti zation resulting fromthe

moré estiStd bl £ z8 @nd ddtknasss i tHe fomeeriitoRdhnet 3.

per mmnent nagnet and a probl em about a nagneti zi ng

metog, f ?ﬁ Sheel xé%dg%a%ﬁ@maggkléf‘ﬂla@bé@gP?{ﬂsr?a;z[g(ij&%i/fy known

t he problens, pr y used as the sm

er manent magnet is a .per nt net, nade of an

to é%n?ﬁp?ﬁﬁﬁﬁﬁ%%ﬁ%rﬁﬁ%ﬁﬁ%%mr efxgﬁgh%%ﬁhNépﬁ%ﬁgus cannot be
magnetic material. FIG 6 is a table listing | .

used oniA¥giedn é?ﬁn@?&a%@? He2 Hiftber Dasf ap%ﬂ‘%gl ofingfediameter
per manent nmagnet 3 enough to constitute the notor 26

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, there ariseaproblemabout demagnetizationresulting
fromthe reductioninsizeandthicknessof the conventional 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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30, the nunber of slots of the stator, and the nunber
of AC phases for driving the notor 30. In this
enbodi ment, the notor 30 is configured as an exanple
such that the permanent magnet 3 has 12 poles, the
nunber of slots is 9, and the nunber of AC phases for
driving the notor is 3. As shown in FIG 6, however,
vari ous conbi nati ons of the nunber of poles, the
30, QHﬂp%ﬁ ?ersbgt§ O@QQH¥Qﬁen§€Q€5r9nn&PQ% nﬁﬁge§|$9 phases
nDst requent used one at present has a pernmanen
£ q&g of. 12 oles 9 slots, and 3 AC phases. FIG 7
oL h%i?%t%%edm 9% et%nce in process step between an
i sotropic magnetic material and_anj sotropic nmagnetic
nat €t iDL eppegingnty the oxodcBBnks iceafiigudiesgpamn example
illustrating a process step of the magnetic structure
suclhfthate timegpermgnent erdgriethut haet 12 medlessathkynumber of slots
illustrating an actual magnetic physical structure.
is ¥ Gnd’ tha) neebemrabfcat Iphddddstamices vanpr eessosbepiof3. as
an isotropic magnetic material. The Nd-Fe-B nagnetic

shoW®t &4 1 Bt G . Wi Choydiasr be\%i’&lﬂﬁld/or&&%&%rfsarof '1§hear1‘1umber of

I sotropic nmagneti c materi al he magnetic nmateri al
cl.yde a magnet i S ni n
polég th{de sbu%%%gﬁt% ¥i8?ﬁ@ aq'pc? ‘éh ?iglgﬁétgnof @llage? agr e_‘Llowed.
pOSSIb|e to exer t he etlc force. The isotro

magh&sE ﬁﬁ?@P?ﬁF KatS§hRYE? ey FRE AefeRtRELT %femagnet
unmagneti zed material, and by magnetizing the materia
of 12Ipol®Hg ? heloeynand ¥ kG Phaseft on the mater al

fromthe outside to thereby align the nagnetic
nonBhEs)7 id lvegrretteiss af difffdrefZe in process step between an

isotropic magnetic material and anisotropic magnetic material.

Also, FIG. 7is 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 the magneticmoments 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
(g¢llowing 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 left-hand side of FIG 7(a) schematically shows
the directions in which the nagnetic nonents act in
the unnagnetized material. The directions.of the
magneti ¢ nonents are denoted by the arrows. As shown
in the figure, the magnetic nonents act at random
before the magneti zation. The magnetic material is
generally in a pomder forn1 the material is put into

\Z?ﬁlxéj f@gthﬁ%{s 8;18 fs’lErEGer e’fj&a Or Qﬁgﬁgglcéfgﬁt h}exows the

aresin subjected to resin no

ressi on .nol di ther t he magnet.
i R g het T 2Lt 51 BEE REOHEToTS™ hacHT ekl ST Sgadetized
into a proper outer size, after which the resultant
matepyhbt i€ gagretiong pY bheuimete i agnesitee.ang denoted by
machining is carried out after the magnetization, the
the caxroys ecés ahewat inathedfigutde tegmetgneaeice moneattisngct at
a finished product. Hence, in general, nmagnetization
randSmCiesfo sl the mddreit imaehiigi.ng. FIG 7 (D) _
schematically illustrates the anisotropic. magnetic

mﬂt'ﬁ{é dhagridie; S0 Pased; Mé‘ﬁéf&li‘?tfﬁ'é' gUéggriTEorm; the

this enbodlnent shows the anisotroplc property

el i zed net [ i,ng .t he .ani sot
mat SETEOM L SR, h%lﬁaéﬁda%‘a?ﬁeg%ﬁ% PRt dor heated
constituents mhere netic noments are aligned in,
togé?ﬁ?%é%% |?e P, ( g?ﬁean@i@HPéecFﬁ% tAr é8StBgingheing or
where the netic nDnents are aligned in the sane
ComRﬁ¢%ﬁﬁQQan# QﬂﬂuﬁhﬁﬁQﬂMI%PLﬂﬂEth@ﬁdH@@meﬁ .r egi ons
are omtted. 28
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
pieces areattractedtothemagnet, deterioratinga finished product.
Hence, in general, magnetization is carried out after machining.

FIG. 7(b) schematically illustrates the anisotropic magnetic
material. The Sm~-Cobasedmagneticmaterial used in this embodiment
shows the anisotropic 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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The magnetic material having the anisotropic property
is known to generate a strong magnetic field when
magneti zed after the magnetic field orientation. The
term magnetic field orientation nmeans directiona

al i gnnent of the magnetic nonents by previously
magnetizing the raw materials in one direction before
magneti zi ng the magnet to obtain the nultipolar

magne , et | nyf r from.t he
gt g B PR R TR e BT B bHE S s known
the follow n rocess. _First, the powdery ani sotyopic ,
to IRAGFALT & TR MITRL Juf P he YhgnRREs e R o e fRAnet ic
. the case of sintering the sane, put into the nold in
fielqeoprert BY-m or together with a resin upon
resi n-nol di ng) and roughly shaped. At this point, the
matBrd alceirs mampeessed iwldappkyengabipnessiares odirectional
about 7 tons, for exanple, to the material in the
aligimdrer ff RN Gnayte dil endnter I @@ vHeRIRImabR®tizing the

material. The magnetic material can attain higher

raw 9e0&£951 4 hnough (i s ddieal ﬁores%a n'gggrﬁi_ﬁgh%\ﬁien&a%net to

stronger magnetic Torce ca € prepare

fol [.awi n rocess fromthe heat treatnent to
Obt%ﬁ)iéh?iékéﬁ%ﬁéiﬁﬁsqﬁﬁqgﬁ”ned wth the material put

intgo the nold. Next, the na%petic field acts on the ,

magit P PRR YT BRINAT LRSS USe i Ry irirapRebicRaterial

nmold, in a given direction and the nagnetic nonents
havigre e gmdddtratie sampatitvedni dhet Feddgh inke prregresi.c

field orientation. At this tinme, the magnetic

matkErst, ekbidpude npakibott rd®ic 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 treatment tosolidification
is performed with the material put into 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
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magneti c property. Note that the nmagnetic field
orientation is perfornmed on the nmagnetic material in
the powder formin the above process, so the process
is called a dry process. The nagnetic field
orientation includes a wet process where the magnetic
field orientation is perfornmed on the powdery
magnetic nmaterial imersed in a liquid in addition

r et an AC magnetic field etc. are applied
mag%%?%éi r%ﬁ%ﬁ?i'c mat eri al havi ng undergone the

ma tic field orientatian t her eby . denagnetize the
nagggfh?haEéﬂﬁﬁH@ﬁnf§ﬁfb%lﬁga Weep tHe fhgRepfELormed on the
mat erial from being magnetized while mai ntaining the
magifdgriefieé erdpee i ndr ke ReWe Hf e ipaghet dleovatmrdcsss, so the
This is because the N pole and the S pole are forned
prodesg he saddedi redriyoprbeésse the derpgrdid fdkildnprientation
while af ter the demagnetization, the N pole and the S

inclpales af evel IPNgesk s alihé BOJOR: WRhhBe PBENEBEDENGE BRtation is
magnetic force direction. Subsequently, the materi al

per fcrnPiRC e %%w@%%@ 5%%3%@%%% g?gréﬁgsEﬁhgggghngpféeéiquid

sintering to be solidi I'hg the unmagné

in RRLTARENG Tagnet. Following this, the solidified

magnetic naterial is taken out of the nold. Then, the
resultant i s machi ned and shaped into a proper outer
i JEXt7 0PN oA

X PP ofe dMAHN Sl dtliSAst P6R - WRER 2P ttozithg magnetic

devi ce. The unmagneti zed per manent nmagnet shows no
matefrgel? 1 py opeergotget he maghetdentipmied pzaehoatinakimghereby

it possible to avoid such a trouble that the cut
demggnetdgecatbeanatact ed . dubéemgyridiel recivmicag k8@p the magnetic
material frombeing magnetized while maintaining the magnetic force
direction of the magnetic material. This is because the N pole and
theSpoleare formedinthe samedirectionbeforethedemagnetization,
while after thedemagnetization, theNpoleandthe Spolearearranged
at random while maintaining the magnetic force direction.

Subsequently, 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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Upon manufacturing the pernmanent magnet 3, the Sm Co
based nmagnetic material is put into a nold and
roughly shaped as shown on the left-hand side of FIG
7 (c) , after which the magnetic field orientationis
effected in a given direction such that N poles and S
pol es are arranged on an inner side and an outer side,
respectively, for exanple. Next, the material is

de t 0 [ r ORer
and eﬁﬁsu f%%%ggjggkﬁéapgggég%ﬁgn@ggﬁgﬁr%%ﬁﬁ“%o d%%bbased
or,sintering ta thereby nold t material intqQ a rjn

maofshe BATEEEL e BirhaP. Fomhnt b Abd Sl Khaebache shown
a proper outer size, followed by magnetization by the

on thghefitziagideideet §1Favé (Chr Gt shichethauiassietdfc field
pol es. Subsequently, an explanation will be given of

ori¢pvetiomiugnefifzetethion pegimrandi regnieen Sudd Gha8 N poles and
schematically shows the section of the pernmanent

S polregnate adranded be MmNt e ifdech i ahi RiHe & 0fe f@isgRcitAvely,
the axial line direction. The 'nmagnetic field

for Mit&P AL i on device is conposed of a cylindrical iron
core 41, a magnetic circuit 40, a power supply device

42, d he Like., A i s defined bet n the er .
pet 5 e’r@% agﬁgl?rl&r?q%egmraé;ne AN ?ﬂ%nﬁggﬁeﬁq%wgggmagnetlc

circuit 40, and the perpmanent magnet 3 can be , ,
PLORGSef 3 i T t%lg%%e R ﬁ’(ﬁaﬁgg%§ait§‘e\%uﬁ&dalr&§ﬁ6‘ BRlding

iron core 41. A large anount of pulsed current can be
or HHRATIEH froharepowerl s uhs yaderiied 42t31a 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 to magnetize
the permanent magnet 3.

FIG. 8 schematically shows the section of the permanent magnet
3andthemagneticfieldorientationdeviceintheaxial 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.

A gap is 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

of pulsed current can be supplied from the power supply device 42
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to the winding 43. If a current is allowed to flowin
the winding 43, a magnetic force |line develops in the
iron core 40 and the magnetic <circuit 40. Then, the
magnetic field generated in the gap between the
magnetic circuit 40 and the iron core 41 serves to
magneti ze the permanent magnet 3 in one direction. In
this way, the nagnetic field orientation device should

to gﬁ% d¥%@¥ﬁgzﬁg fpgicP%h coré:%fgégﬁghk{ﬁﬁéﬁef? FQ@ w1nd1ng

per manent
dlfflcult | arge ampunt, of current to th
43/ GinRATT Jst% é‘red§‘f?e1%’e?ﬁ%r¥é’rﬁl¥%ﬁ%tfe§ Gand Rbe magnetic

thlck on account of being Iimted in the thickness t

cirgpit t4fus Than, behempestzed fip ldogemeretea ivatbeagamivetween
or near to magnetic saturation with |ess current.

the Fh&@ynék {@)c ischenatdoc ahky tabowsohheosect i age ke Alm@RGetize
the axial line direction of the structure of the

the MBGAGAH AN Un 4%. i Thghdregineddwidyg, head 46 has a
cylindrical shape and includes plural slots 48 in the

axi ﬁ# tlh'lgewg el{:ﬁé ﬁ%gggtiiEsff%Iﬁ%gleé'n% on 8@5§§e4§1ould be

are torned regu infervals ina
corre er _of po|es er manent

dowZH LSRR n%&ﬁhgﬁéh?@% lﬂ%}ﬁ%&%ﬁtﬁﬂﬁé IAn s magnet

the slots 48 on the C|rcunference of the magneti zing
3. HEaRcaerdRed wiithesh by atel vBaRd icH 1EHe snppPsy #81ange @mount
that in FIG 9(a), the lead wire 47 is wound in the
of @lpers tigy theaowwhdenyg rhs Beasverbuthenpgenanaht dadreet 3 is
4 wire turns are enployed. FIG 9(b) schematically
not sttovesk tome apagnati zf nge hread 46 tasd inewed BRickness t and thus
can be magnetized up to magnetic saturation or near to magnetic
saturation with less current.

FIG. 9(a) schematically shows the section takenalongthe axial
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 reqular 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 themagnetizing head 46 as viewed
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fromthe direction of the arrow B of FIG 9(a). As
shown in the figure, the lead wire 47 is disposed in a
nmeandering formaround the core 49. For that reason,
when a DC current is directly supplied to the |ead
wire 47, the magnetic poles excited by the adjacent
core 49 are inversed. |If the permanent nagnet 3
havi ng undergone the magnetic field oriengatLonDké
[ S - e g i.zing. he 46, and t he
froguﬁﬁgnggngg?§g0§Fyt@%p%f%%@ ?oofhgﬂ?éé%aﬁ%Te 43, t he
ernmanent  magnet 3_i s magnetized to fhe desjred, _
ﬁun‘garsg?wﬂoiugst%?/ fh%u?r%'gn&l? c:lee‘ﬁ‘cigl Yt Yehbrit i gRpesed in a
the core 49. The nmagnetizing head 46 is thus :
meapgRfigdr éarmHpEeend whie® €PEe $%r manent nagnet 3
reduces its size and increases the nunber of poles,
t heFpeadhak reeatsondi syhesed D6 thereagnesi dirgechbakwfplied to
is thinned, nmaking it difficult to allow a |arge

theab®adtw Dfe CUr,r €At h@ghet DY ddet Lidkcib@eRBOr théNedjacent core
thickness t of the permanent magnet 3 of this

49 grBodjpepL s limted within a predeternined range.
The permanent magnet 3 can be magnetized up to
maghet,j,c turation or near_ ta_pnagnetic saturation . ,
wi e 18EsPEenPaR e Mt Fine (g BRIt haoemels Mpgishic field
.magnetic material enables the permanent magnet 3 to
OrlngBHyongJe%éPétP@Stel%aﬁaaﬂetFlaef%%e%mlmq:i { 6eqR@ the DC
if the thickness t falls within the range defined by
curffet expreésseohl ¥ 3juPEi@d 1o i they kgahwind ust,r dtheveeafmanent
estimated results of a reduction in magnetic
magphiriats ewrigsteitd zedhte abkete stiead neghedidayp33es by the magnetic

field generated by the core 49,

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,
makingitdifficulttoallowa large amount of current to flow therein.

However, the thickness t of the permanent magnet 3 of this
embodiment 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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residual flux density) due to processing of the
per manent magnet for a notor nade of Nd2Fel4B as an
Nd- Fe- B based magnetic material and Snm2Col7 and SnCo5
as an Sm Co based nagnetic nmaterial, by various
experinments. Note that SnRCol 7 is an ani sotropic _
magnetic material and SmCo5 is an isotropic magnetic
material. FIG 10 is a graph in which a horizonta
r S t di irection
resgéhﬁle?ﬁ%%e% §l AueegQa%%OF%Fcaﬁ% 83.EH?e%?5@%%?%td“agnet

decr aS|n rat residual flux density in % As .
torsh JiH #F dﬁ%ﬁ ht‘%? PRe?R i TR} heser| Brprekipgraterial

snaller than about 2 ( , there is no particular
anddin3&rleherd SeCaders ﬁﬁegm% Fafedmasm@tdlc maer bil, by various

Nd2Fel4B and the pernmanent nagnet made of SnRCol7 or
expSmbosSntslowever, in the case of the thickness of 2 (nm

or smaller, the per manent magnet nade of Nd2Fel4B

abruptétthQﬁﬁa§£B7i@@n@%@dﬁﬁﬁo ifd g rekenisd hidt e+ D81 and Smcos
residual flux density is decreased by about 10% wth

is Bhelggt95$§§Sm96n@@98tm§té9?ai On the other hand,

even when the permanent magnet nade of SnQCbI?d or ]

S I s, & hi nned,__al nmost eduction | aused in the

Cest B0 e ke PR P bRoaRER Thes tebresents a

.thickness is 0. .5 (m) or smaller, it is presuned
tthEBFSF & HERTRAL AL TREGRED FoF hr@esmanrnssagneinand a vertical

I sotropic magnetic material decreases its residua
axig|ngpré@esitsya dagiidas imer pee mehthe nesgreta lf 6t uediesfsity in %.

Sn2Col7 as the anisotropic magnetic material does not

r eds ehiows ireshedudlgudeyxidehsidase 38 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 Sm2Col7 or SmCob5.

However, in the case of the thickness of 2 (mm) or smaller,
the permanent magnet made of Nd2Fel4B abruptly decreases the residual
flux density; the residual flux density is decreased by about 10%
with the thickness of about 1 (mm).

Ontheotherhand, evenwhen the permanent magnet made of Sm2Co17
or SmCob5 is thinned, almost no reduction is caused in the residual
fluxdensity. 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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Fromthese estimated results, in the region where the
thickness is 2 (nmm) or smaller, the permanent nagnet
made of an Sm Co based nmgnetic nmaterial is superior
to the permanent nagnet made of an Ne-Fe-B based
magnetic material in residual flux density. In
particul ar, the permanent magnet nade of an

ani sotropi c SmCo based nagnetic material is

estﬁﬁ@$%ﬂ E%é?%%ﬂaﬂ?ﬂfggﬁf§ge %H(%ﬁigéaw%%re%nethlckness

grap ustrative o estlmate res

s 4rOMCtr AT 1TED  pf bedeur kg O rine i MRAEND InaBra Co based

for a notor nmade of Nd2Fel4B as an Nd- Fe-B based
magpgphet TRt et 2k ikl SURPrSPICHIO7 thRdPSEBECAS BAJNSMGse of an
based nagnetic nmaterial, by various experinents. FIG
Ne—EQ—BsbasgdaWRQW$UM®(mauﬁﬂmmﬁzbntaéshdmalré@nes@&hsiay. In
thickness in a radial direction of the permnent
parthgneir Anthedp¥ehiheat marlet HLPE @FCHh 2rd SRTRAY B8-Co based
rate of the energy product in % As shown in the

magxflégijé ematé‘rii‘? f@s@s@fméi@d thl ckness | gpfcl'ﬁilﬂéteé'rlstﬂ@

about nn), there is no particular ference

bet n per nade 2FeI4B and the

per%@ﬁén{ nagﬁ%t&%gﬁg e ﬁ%ﬁ@fﬁ é%%ﬁgl Sadhrelts of a
n_the case of the thlckness of nn) or snaller

red%‘él%%ﬁpaﬁléﬁpeﬁagn%%aﬁ%%ewS%Cz#@f&emam §PEFgY product) due
decreases the energy product; the energy product is

to RRAGEESIEW by Bhe e 3OMEH t Raghet for ckAesoromadpouf NU2FeldB
(m). on the other hand,. even when the permanent

as am@l@therf@deasfedSm@@m&ﬁlc onatSaOohl iand Bm2ged;7 ahdo&hCe® as an
reduction is caused in the energy 35

Sm-Co based magnetic material, by various experiments.

FIG. 11 is a graph in which a horizontal axis represents a
thickness inaradial direction of the permanent magnet and a vertical
axis 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 Sm2Col7 or SmCo5.

However, in the case of the thickness of 2 (mm) or smaller,
the permanent magnet made of Nd2Fel4B abruptly decreases the energy
product; the energy product is decreased by about 30% with the
thickness of about 1 (mm).

Ontheother hand, evenwhen the permanent magnet made of Sm2Co17

or SmCo5 is thinned, almost no reduction is caused in the energy
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product. In a region where the thickness is 0. 5 (mm

or smaller, it is presuned that the pernanent nmagnet

formed of SnCo5 as an isotropic magnetic materi al

decreases its energy product, while the permanent

magnet formed of SnR2Co 17 as the anisotropic magnetic

mat eri al does not reduce its energy product. From

these estimated results, in the region where the
proﬁﬂb‘ﬁkneﬁ? a g%g%g(nnm)egé t?’ﬂ@lélﬁrckr{ékes R& %ger@hnga@f]eémaller,

made of an Sm base magneti c material 'I's superior
.. to the permanen net nade of an_ Ne-Fe-B base
1t G REErDT A SrPyl TP ERAPGySBRoBRERet foRARES 08 4mCoS as an
. the permanent magnet made of an ani sotropic Sm Co .
1SOBEeBYCHRABEF eC HateFial #RCEITomt s toes@elPyqfuct, while

characteristic. Wien manuf acturing a pernanent nmagnet
thefpgramentomagingtgénened of SheCragnes ithenanespttopsc magnetic

magneti zed to obtain a permanent nagnet, followed by
matpolbshdogsonotutédige pt o€ esise t@y Shapeudthe per manent

Jragnet into a proper outer size. As understood from

t hep abRV @ e seUN 9RIAId POSu11d), LRISCASE orMwhE8e tRE thickness
Sm Co based permanent magnet, in particular, the

s SNiSEtrapi g g? rﬂ? net s [€

s D e s RS e A PR fagr e sm-co pased
na?net in the region where th% per manent magnet has_a

MAgRRFERABRECHEAD (RS SHaltCeFReFPEIM3BERE BagRehHnade of an
E%otting demagneti zing factors of the pernmanent .

Ne-haghdta shtiBaeneRd 2 reaus nld 1nhenged ynpresiucivagnbl pesfe cular,
of SmR2Col7 based on tenperature. As apparent fromFIG

the Ipermdrenie meagrett ziavyp fodctor anssaboopicsevelal¥bagd tagnetic
about 100 ('C) in both the permanent magnets. However,

mat86ial is estimated to excel in characteristic.

When manufacturing a permanent magnet for amotor, 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, inthiscase, using the Sm~Co based 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 a thicknessof 2 (mm) or smaller.

FIG. 12 is a graph plotting demagnetizing factors of the
permanent magnet made of Nd2Feld4B and the permanent magnet made
of Sm2Col7 based on temperature.

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

several % up toabout 100 (°C) inboth the permanent magnets. However,
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in a region where the tenperature is equal to or
hi gher than 100 (OC) , the pernmanent magnet nade of
Nd2Fel 4B abruptly increases its denagnetizing factor
and i s demagnetized by 80% or nore at around 200 (QOC)
On the ot her hand, the demagnetizing factor of the
per manent magnet nade of SnRCol 7 i s kept at about 20%
even at around 200 ('C . As nentioned above, the
in §"}Q$ ;B§Gﬂﬁﬁ%% TGl § 5 %g%%%t%g 52 ﬁfvﬁé tifan 100
er c an ein etic characteristi dué hea
° t han t he Nd- Fe B based per manent
(*Clex HPEnBEFBANRAS Wﬁ&ﬁ?qn&ﬁéesﬁff¥92@ﬁ£%?|@9ﬁ%ﬂ§ﬂdel?6reases its
FIGS. 10 to 12 by using Nd2Fel 4B as the nagnetlc
dempgnekialng Hoawher angi dis| demagpeshiegdcan 4 ot @PAedabyaround
usi ng a magnetic naterlal simlar thereto, such as
200((RdPy) 2redddBot i hatah) ot aidtia gise tlesind bedt abov¥e heade rmanent
provide (1) a permanent magnet for a notor, (2) a

magﬁ@%Ql'iadé“&‘iit éﬁ)c@lmg;nﬁte?%'aﬂga%h%ogogsevé}fi‘ﬁ%raﬁ%d 200 (°C).
bel ow. (1) is possible to provide a pernmanent

| nc{ﬂgt mgplrt énEHt %‘bov@' Sp&?eedsmﬂc@ 59%851_ %feﬂngﬁgmat Qr{a'gnet is

udi ng donmai ns that are magneti ze
f L d t at
G b HRERET P o gt 86t GRAI e M STt agteristic
intervals in _a circunferential direction,

re
duecﬁg g@?ErFE%’a FhethdrFend %%?%n%%ma%%él‘a%e"fm med
of an ani sotropic Sm Co based nmagnetic materi al
havihg sxrhanatdrdre bk sshege médeh senfautwitlirgrerencef to FIGS.
20 (m) or smaller. Also, it is possible to provide a
10 teel rap et nopgitie fAR aa theh@gne¥Acmaterial. However, similar

results can be obtained by 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
disposedinarotorofthemotor, includingdomains that aremagnetized
in aradial 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,
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which is disposed in a rotor of the notor, has a
cylindrical shape, and is nmade of an ani sotropic

Sm Co based magnetic material, including donmains that
are magnetized in a radial direction after magnetic
field orientation, have aligned magneti zi ng
directions, and are arranged at regular intervals in
a circunferenti al direction characterized in that

whleﬁoi’é Qﬁ% o@%td Pn %n&% }nB‘ESE dlllgsmsat llr%lrgcal shape,
e iadas &

per manen ghet rép resen e
th k th dial directi N represents _t
andd e ?aa'cﬁ%%?grrogw ém%ﬁ?%% RRgnEhe CARHS 20 s Luding

phases for driving the notor, Dis set to 20 (mm or
doméﬁrﬁﬁl BRahmire magnediizes dat psrpdiné deractbenoifter magnetic
nD (NM- n) . (2) It is possible to provide a notor,
fiejldchudengataonpt baveoatigned i madnel hoimg rateddtonals, and are
symetrical body around which a cylindrical permanent

arramgsat aits myduEARgedi sl va IOt i anali rehiadfle rdmitaRgedQection,

an axial line of the rotational synnetrlcal body a
cha®hatgki EQlfitlrQ%alﬂaﬁ‘ifé‘@léﬂl‘ecﬁ’|1:'~l‘{ja%I b Ye 9F §é C?Ilullﬁr diameter
excitable with aving M phases, are eac

rﬁ f th
or S BH AL HETRE, L PR s
. ) bI d tall t t
i PEELIEB PR, o, Ll sl SURROLCLNG LR oring, ane

rotational symetric body and the stator coil are
M repreesREs ctho BadtebidfeAC phasast Eprzddivihng hehe ndtwr, D is

permanent magnet is made of an anisotropic Sm Co
setbagetl ngrebirc smaf éeirabndlaviing set ¢yl sadis€al tisdapelation of

with an outer dianeter of 20 (nm) or smaller and
t <inbfyses-doyains that are magnetized in a radia

direction after 38

(2) Itispossibletoprovideamotor, 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 apluralityof 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 inthat: 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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magnetic field orientation, have aligned magneti zi ng
directions, and are arranged at regular intervals in
a circunferential direction. (3) A nmethod of
manuf acturing a permanent magnet for a notor using an
ani sotropi ¢ Sm Co based magnetic material having a
cylindrical shape with an outer dianeter of 20 (mm or
smal ler, characterized by including a nolding step of
F gi | ri d.to
waofiRE58 Pl 1A NSt TRCGH 211 LILE RolRLEL 10t tons,
step of pe etICerJd orientation qon_the
andﬁaegaeﬁraﬁﬁggﬁi% Ce R A7 T ety G Aig c2e85 164 direct ion.
demagneti zing the magnetic material havi ng undergone
t hel gﬁgﬁwé@fﬁ@@ﬂu @f rangifiasitugtiinena peFeanent awarmit ferep motor
of subjecting the demagnetized nmagnetic material to
usihegatarn r eat sentop oc sShi-diof ybd 4wl maggetitdtc metterdiall, Raving a
machi ni ng step of machining the heat-treated nmagnetic
cylimiertal sR4Se aviyh i dwrdeadr s vd bR EUeE) or smaller,
di anmeter of 20 (nm) or snmaller; and a magneti zi ng

cha]%ss@engaw&héwséagea %cﬂa' %fgg%?%grgghglrmé deQnetic

have a predeternlne unber o
tion so tha % havi al i gnet

mat%f%%gtﬁghsgngﬁe o m ﬁgigﬁg %ﬁmgﬂ?ﬁf@ féiWﬁg%egleleld

, cunferential_directian. Also t he npol di ng, step of
ori EREFEITG SHED g eIt O TaRE: PAPSERLS Taohil 1R Fos4pn on the

the material may include: a conpression step of
moldadrpraget i hensin G base dlenamet iz ing ertien dftdemagnetizing

nmol d and conpressing the material; and a heating step
theofm&gnﬁti@;tﬂatanmmﬂre@aednqagnedécgonatetmaJ magreetic field

state of being charged into the nold. 39 | NDUSTRI AL
ori&¥bht (OB} ld h¥at 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
magneticmaterial 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

amoldtomoldthematerialmay include: a compression stepof 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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The af orementi oned enbodi nent of the present invention
can produce the followng effects. (1) The Sm Co
based magnetic material is used, whereby a notor
characteristic stable against a change over tine and
tenperature change. (2) The magnet is nade

mul ti polar, whereby it is possible to reduce nmagnetic
vibrations (pure tone), which are of particular note

INDﬁgT%ﬁﬁdep@ﬂ1 éﬁﬁfﬁY (3) Based on the expression (3)

e nmultipolar notor magnetic circuit can be
ned 4) The nmagnetiz n urrent is allowed t

ro ﬁ?# H?ﬂﬁﬁﬁﬂqg ﬁ%oﬁé n°% FgﬁéﬁﬁﬁﬁQ;r%ﬂﬁﬁpQﬁmlcan

current amount, whereby a Jrg for the magneti zing
profiace elonfateeinG akfsAte life, resulting in a

stable quality after magnetizing the magnet. (5) The

maghet The Srerdeo trabedpu gret whwatbyigbdgi ngeds whedebgda motor

The above description is centered on one enbodi nent of
chathetept esentstiablentdgaiinstiowe¥Rangehevor eseid driy erbhiptrature

is not limted to the above-nentioned enbodi nent but
cha@gd OWs various nodifications wthin the scope of

appended claims. For exanple, the aforenentioned not or

t e ot ere the r ot, orti ol
Losﬁ{}ﬁeoﬂg %Et%\% d% lrlzlaryngﬁﬁe i a‘%her bp%ﬁ % poSS1L rble to
this j.s not |ntended to limt the type of

redrﬁﬁ ? 198k B AR RO ot GRS pOMd dftiThéd Groparticular

ype notor can be used. 40 In the case of using the
nOt‘? n%fert}r%t%ﬁfn‘%fylffe TREDE-, the stator

(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 invention. However, the present invention is not limited
to the above-mentioned embodiment but allows various modifications
within the scope of appended claims.

Forexample,theaforementionedmotorBOjjsoftheouterrotor
type where the rotor portion is positioned 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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portion is positioned on an outer circunference of the
rotor portion having the permanent nagnet fi xed
thereto, with the result that the plural stator coils
are arranged at regular intervals to surround the
per manent magnet. According to the present invention,
t he conpact, higher-performnce notor can be
"provided. 41 CLAIMS 1. A permanent magnet for a notor,
whi frlf' e @'a%%og?duéfn& t[}fg Qn cforro?"tla‘?: ggggrm@@gr,haéqea stator
cylindrical shape, conprising domains that are

ort'® n%tsi Zoesdi’é{]o & %diaal otclutr leCCtj! ocnd {]arve %l Iogr{%?e ortio

p nagneti%|ng 1 FeSti ons: “ahd e ™ éﬂﬁéd t e@%?%fp n
intervals in a circunferential direction

havipGr et RPN RN ViR HRHS TS r aprtds dtes rggult that
i nner dianeter of the permanent nagnet for the notor,

the plugpleyaitor aolit hiackrsmriged Ak negdilalr iditectd lonfo Nurround
represents the nunmber of domains, and Mrepresents

the tpermamdrer mdgrA&E phases for driving the notor, Dis
: set to 20 (nm or smaller and t is set to satisfy the

relgéeomif tts- nle (NMeesBht 2.inkh@iAQnTanefte compact,
magnet for the notor according to claiml,

: [ j ' er gnet for the
hlg}?r%?o@%%#%aﬁ?rce%%%{@ané%ﬁ}b%o F[)Egd;gg}er?[t}gneti c material.
3. A notor conprising: a rotor portion including a

rotational symmetrical body around which a
cylindrical permanent magnet is arranged, and a

rot ati onal

41



shaft arranged on an axial |line of the rotationa
symmetrical body; a stator portion having a plurality
of stator coils excitable wth AC having M phases,
whi ch are each arranged on an inner circunference or
outer circunference of the permanent magnet to face
t he permanent nagnet; and 42 a bearing portion
rotatably and pivotally supporting the rotationa
shaft to the stator portiepAiﬁsthat the rotationa
symmetric body and the stator coil are concentric to
each other, <characterized in that: the pernanent
magnet includes domains that are nagnetized in a
radi al direction, have aligned nagnetizing directions,
1. and® @semageningeanat Feg@ BPtPKY e¥VBER i dasposed in a rotor
circunferential direction; and provided that D
for rdyr meéntrsama hamercyll amdt bra bfshape ,peompréat ng kgeiins that
t represents a thickness in the radial direction, N
are reggesentsd itheanuaherlotiidesniBg, aRdeManepheSEMagnetizing
t he nunber of AC phases for driving the notor, Dis
; ; 20 S d i's 0 ' he .
R T L R T g L o
. claim 3, characterized in that the permanent magnet
Clrégﬁ%%ﬁ?ﬁﬁf%;ié%f%ﬁﬁ%ﬂ?”based magnetic material. 5. A
magneti zi ng nmet hod for magneti zing a cylindrical ,
per Lttt i s &F A3 e ?Fthé‘lt L ePRE SRBLSr a8p inner
that domains that are nagnetized in a radial.
diangteictbntandedbienant ghedneagheri thagmodprecti orprasents a
arranged at regular intervals in a circunferentia
thidinress i nnhetreel ipdrdiaresnt 1 oregl ek plreiseq tearfd guteslr §6 domains,
that, provided
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 £ oD/ (NM - m).

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

3. A motor comprising:

a rotorportion includinga 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
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that D represents an inner dianmeter of the pernmanent

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 (mM or smaller and t is set to
satisfy the relation of t < nD(NM- n), 43 the

net hod bei ng characterized by conprising: a

one-direction nmagnetiza te netizing t he. .
perm O gRer T oh St aPPelt T BR ORI R P hatphifsing the
di rection; and a pol e nagnetization step

rotaamat ZFhgtt hEopépﬁar?éﬁt Fadttidmgriet F](%)%H FRet petational

one direction in the one-direction nmagnetization step
s ymet dotrdianly tangt tihevetssorheocivhgarei edmeenti riectticoragh other,

regular intervals in the radial direction. 6. The
charagnet i zédgi mmedtheck according to claimb5, characteri zed

in that the permanent nmagnet is fornmed of an Sm Co

basgt pegheheat MBYEEt Anc1ddes domains that are magnetized in
a radial direction, have aligned magnetizing directions, and are
arranged at regular intervals in a circumferential diréction; and

provided that D represents an inner diameter of the permanent

magnet, t representsathicknessintheradial direction, Nrepresents
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).
4, The ﬁotor according to claim 3, characterized in that the
permanent magnet is formed of an Sm-Co based magnetic material.
5. 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 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 - 1),
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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 regular
intervals in the radial direction.

6. The magnetizing method according to claim 5, characterized

in that the permanent magnet is formed of an Sm-Co based magnetic

material.
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