DESCRI PTI ON PERMANENT MAGNET FOR A MOTOR, MOTOR, AND
MAGNETI ZI NG METHOD TECHNI CAL FI ELD The present
invention relates to a notor, for exanple, a notor
including a rotor provided wth a permanent magnet.
BACKGROUND ART In recent years, conputers have been put
in widespread use in a rapid pace. D sc-1ike storage
medi a such as a hard disc and a nagneto-optic disc are
w del y used for storagepgevgeesrid@ nost of those
conmputers. Those storage nedia are rotated at a high
speed by a small-sized notor provided to a disc drive
and data is read or witten fromand to the nedia. The
or used for the disc drive is designed to generate a
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to act on a permanent magnet provided to a rotor,
thereby rotating. The permanent nagnet is magneti zed
radially (in a radial direction) and inverts
TECART@ktt Fegrpt a predeterm ned pitch along a
circunferential direction. That is, the N pole and the
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. the sanme pitch; the nunber of domains where the sane
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pol es. At present, nost w dely used ones are notors
that excite a stator coil and rotate a pernmanent
magnet having 12 pol es using

BACKGROUND ART

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

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

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

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




t hree- phase AC. Regardi ng the permanent magnet si ze,

the magnet having an outer dianmeter of about 25 (nm

has been dom nantly used. Those pernmanent nagnets are

magneti zed by neans of a large magnetic field

generated by a magnetizing head installed to the inner

or outer circunferential surface of the pernanent

magnet. Lead wire is provided inside the magneti zing
pol@{?d’ which allows a pulsed DC (several tens of

thousands of anperes (A)) to flow therethrough. As

regards a permanent et for, an outer rotor type .
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type notor has a stator coil that is arranged toward
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magnet, which requires high polarization property
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magnet. | n short, the magneti zing head gnd the inne
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arranged face to face. As a result, the polarization
magnperoberfield gerefatrd byia cwadreteiring haad dostefl igse to the

per manent magnet is inproved. In contrast, in the case
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notor, the stator coil is arranged to face the 2 outer
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therethrough.

As regards a permanent magnet for an outer rotor type motor,
the magnetizing head is arranged at an inner circumferential portion
of the permanent magnet to magnetize the magnet. This is because
the outer rotor type motor has a stator coil that is arranged toward
the inner circumferential surface of the permanent magnet, which
requires high polarization 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 1s 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




Most of those permanent nagnets are rare earth magnets.
O the rare earth nagnets, a bonded nagnet fornmed of
an Nd-Fe-B based nmterial as an isotropic magnetic
mat eri al has been used in a great many cases. The term
I sotropic neans that the directions of magnetic force
of the magnetic material extend not in the sane
di recti on but randon1y Magneti zing the materi al
i-el t n t a
T s B MRy & Febin %%@ﬂ* o nﬂe%?“t Bt so the
na% eri al fordfaC|I|tat {% qgldln of th ngg
MAgREFEAEP. PEAdatiRli RT VR A5 Feléhf &Yr&lrﬁgm §8P6%é&| pgrtion
JP 2000-195714 A, an Sm Fe-N bonded magnet has cone
of parwapset mhenetvapimagnatiEﬁptbehaaenbéen taken to
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mangagA8elBzi ng the isotropic magnetic material, can be

obt ai ned by previously aligning the directions of the
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Magnetizing the material yields a magnet.

Also, the term bonded magnet means a magnet cbtained 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 realizeamultipolar
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 the magnetic



system or information appliance. Along with this
tendency, a snall-sized notor for driving a nenory
disc of a storage device wth a size of typical 2.5
inches or smaller has been growing in the market. In
response to the recent application of the small-sized
hard disk to portable devices such as the digital
camera or information appliances, there are demands
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tor a notor used 1n these. Downsi zi ng
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magnet necessitates reduction in size of a magnetizing
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mat eri al cannot be conpletely brought out. It is
thetherkébdbre an object of the present invention to provide
a pernmanent magnet for a notor, which is conpact and
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met hod. DI SCLOSURE OF THE | NVENTI ON The present
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appliances, there are demands for a downsized, energy-saving motor
that realizes a high torque, as a motor used in these.

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

When themagnetizing head 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 magnetization (magnetic
saturation) for the permanent magnet is not always allowed and the
ability inherent in the magnetic material cannot be completely
brought out.

It is therefore an object of the present invention to provide

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




above-nenti oned object, a permanent nmagnet for a notor,
which is disposed in a rotor for the notor and has a
cylindrical shape, including domains that are
magnetized in a radial direction and are arranged at
regular intervals in a circunferential direction,
characterized in that provided that D represents an

i nner dianeter of the permanent nagnet, t represents a
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er of domains, and Mrepresents e nunber of AC
phases for driving the notor, Dis set to 20 (nm or
smaller and t is set to satisfy the relation of t !~
nD) (NM n) . Also, the permanent nmagnet for the notor
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characterized in that the permanent nagnet for the
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Al so, thepresent invention provides a notor including:
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. ortion having a plurality of stator coils excitable
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bearing portion rotatably and pivotally supporting the
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rotational symretric body and the stator coil are
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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 -
n) .

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, the present inventionprovidesamotor including: a rotor
portion including a rotational symmetrical body around which a
cylindrical permanent magnet is arranged, and a rotational shaft
arranged on an axial line of the rotational symmetrical body: a
stator portion having a plurality of stator coils excitable with

AC having M phases, which are each arranged on an inner circumference

or ocuter circumference of the permanent magnet to face the permanent




are magnetized in a radial direction and are arranged
at regular intervals in a circunferential direction;
and provided that D represents an inner diameter of

t he permanent magnet, t represents a thickness in the
radial direction, N represents the nunber of donuins,
and Mrepresents the nunber of AC phases for driving
the notor, Dis set to 20 (nm) or snmaller and t is set
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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
sothat domains that aremagnetizedinaradial directionare arranged
at regular intervals in a circumferential direction, the permanent
magnet being configured so that, provided that D represents an inner
diameter of the permanent magnet, t represents a thickness in the
radial direction, N represents the number of poles, and M represents

the number of AC phases for driving the motor, D is set to 20 (mm)

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




direction in the one-direction nmagnetization step to
domai ns that 1inverse the magnetizing direction at
regular intervals in the radial direction. Al so, the
magneti zi ng nethod according to claim5 of thepresent
invention is characterized in that the pernmanent magnet
is formed of an Sm Co based magnetic material. BRI EF
DESCRI PTION OF THE DRAWNGS FIG | is a sectional view
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portion. FIG 3 schematically shows a section taken
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shape and magnetic poles of a permanent nmagnet. FIG 5

stepSof MEHABREEENnY aBEapeshawenl HaghatOmaeelic® idRd an the one
per mmnent magnet as viewed fromthe axial direction.
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Also, themagnetizingmethodaccordingtoclaim5of the present
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 outer shape and magnetic poles of a permanent
magnet.

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

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



direction of a magnetic field orientation device and a
permanent magnet. FIG 9 shows a magneti zi ng head.

FIG 10 is a graph illustrative of estinmated 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 pernanent magnet.
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CARRYI NG OQUT THE | NVENTI ON Herei nafter, a preferred
&%tbodi nent of the present invention will be described
in detail. (1) Qutline of Enbodinent If a notor is
dowkn$i zédllaquerramﬁtdhﬁ@mnqawbetwgea arcybphdppéalmagnetic
shape and provided to a rotor) used therefor is reduced
matemiasl znd B sartiept rgsi A neyeadiic mgatiazi .ng head for
magneti zi ng 8 the permanent magnet and makes is
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the time of magnetization, the pernanent magnet is
magngdr-dl y magnetized to its linmt of the magnetizing
force (full magnetization) . Thus, it is
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 CUT THE INVENTION
Hereinafter, a preferred embodiment of the present invention
will be described in detail.
(1) OCutline of Embodiment
; If a motor is downsized, a permanent magﬁet (having a
cylindrical shape and provided to a rotor) used therefor is reduced

in size. This requires a compact magnetizing head for magnetizing



difficult to bring out an ability of the magnetic
material fully. Anmong others, in the case of using an
outer rotor type notor, a nagnetizing head for
all owi ng magnetizing current to flow should be
arranged inside a cylindrical magnetic material in
order to nagnetize the magnetic material frominside
the sane. In addition, a nultipolar permanent nagnet
h u ,:Lkh . e ed to
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of pupbsedsongt ke rmegrettizibg suppbhed ko lthghtmagfndthiering head
above, according to this enbodinent, the thickness of
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direction so as to enable full magnetization of t he
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hi gh tenperature (demagnetization
magnetize the magnetic material from inside the same. In addition,

a multipolar permanent magnet has been under study. Hence, there
arises a need to wind thick lead wire with more wire turns inside
the magnetizing head. Asaresult, 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. In order to suppress this, an Sm-Co

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



resulting formthe high tenperature) hardly occurs.
Further, sonme of the Sm Co nmagnetic materials have the
ani sotropic property. Thus, there is another advantage
that the nmagnetization is effected after the magnetic
axes of the overall magnetic material are made coaxi al
t hrough the magnetic field orientation, nmaking it
possi ble to generate the magnetic flux in large
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material to be used is small and thus, the use of the
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the cost. (2) Details of Enbodinment Hereinafter, the
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magnetization is effected after the magnetic axes of the overall
magnetic material are made coaxial through the magnetic field
orientation, making it possible to generate the magnetic flux in
large amounts even with the small thickness.

Besides, the 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, therequisite amount of themagnetic
material to be used is small and thus, the use of the Sm-Co magnetic
material overcomes the problem about the cost.

(2) Details of Embodiment

Hereinafter, the preferred embodiment of the present invention
will be described in detail.

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

which shows a motor according to this embodiment.
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The notor 30 is conposed of a rotor portion 1, a stator
portion 2 for supporting the rotor portion 1, and the
like. The stator portion 2 is provided with a cavity
charged with an oil 11. Then, a part provided with a
dynam c pressure generating nmechanism of the rotor
portion 1 (rotational shaft flange 10 and other end
portion 19) are housed in the cavity to constitute a
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ivotally supported to the stator portion 2 at the , .
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the rotational shaft 6, the rotor 7, and the |ike. The
drivet or Tper tricdowr7 IGkes a dihvexustibess i ketshapeikawi oy aising
step 8. The cylindrical rotor flame 21 is fornmed at the
thr&steasei gecunferential portion of the rotor 7. A
U shaped space is defined inside the rotor 7, for
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shaft 6 is 11 fitted is formed in_the rotational shaft.

of gpeektfon(BEh) LrEnthal thhekreddh ¢h apRUE ayj grm) at maximum.
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the hard disc can be integrally

The stator portion 2 is provided with a cavity charged with
anoil 11. Then, a part provided with a dynamic pressure generating
mechanism of the rotor portion 1 (rotational shaft flange 10 and
other 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




rotated. A permanent magnet 3 of 12 poles fornmed in the
cylindrical shape is concentrically attached to the
inner circunferential surface of the rotor flame 21. A
rotational nmagnetic field generated by the stator coi
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- hoIe of the rotor 7. The

fit{éH 3f§ %mé&%ﬁwr usefar}g%r et’ljtoorfaolr Oxn%:t%odry aﬁ{na central

pressure in a lon i's prOV|
entire C|rcunference around the central portion in the

por?ﬁﬁ%ﬂln(ﬁn%xﬁqQﬂF%ﬁ ¥HREY A i onal shaft 6. Regarding
the rotational shaft flange 10 and the rotationa
shdilte tep Bhisughb hettedryo @ Siorinedirat stchescent 8itiinto an
the radial direction of the rotational shaft flange

attakdhmentdhbhe foimdd @Aalhe eBatbr& MBYehE dNSEIREdtbPhge medium
t he through-hole and fixed thereto Al ternatively, the

SUCHCgSatﬂwmais&ﬁJlSC@ aﬂg:itﬂder t'__tq'# _shaft flange 10

be 1 ntegrally '‘processe at one end of the
rotatlonal shaft 6 (not attached with 12 the rotor, 7)
|sQﬂ1Q&%@?YeﬁaﬁﬁﬂHQQﬁpﬁﬁﬂ?%?nﬁFgﬁﬁﬁqﬁﬂ%ﬁ%CEQRQﬁQFegrally
pressure in the radial direction. The other end portion
rotat@®dwmy be fornmed by inserting the rotational shaft 6
into the rotational shaft flange 10 or forned

sepapairglan it aalgewer 3e8d $DrHaces of oihed rof athond}lindrical
shaft flange 10.
shape is concentrically attached to the inner circumferential
surface of therotor flame 21. Arotational magnetic fieldgenerated
by the stator coil 4 arranged at the stator portion 2 gives the
rotor 7 a torque.

An upper end portion of the rotational shaft 6 is inserted
into the through-hole of the rotor 7. The rotational shaft flange
10 forgenerating adynamic pressure inathrust 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 intoc the through-hole and fixed thereto.
Alternatively, the rotational shaft 6 andthe rotational shaft flange
10 may be integrally processed.

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

12



Al so, the rotational flange 10, the rotational shaft 6,
and the other end portion 19 may be integrally
processed. Note that the rotational flange 10 nay take
various shapes in section when in use, such as a
rhonbus shape and trapezoi dal shape. The stator
portion 2 is conposed of a stator frane 16, a base 17,
an upper plate 18, the stator coil 4, and the like. The

u ate 18 | havi ng a. .
the R B SR e BT n P roRER et g CPRobFOUa] Bafhe dynamic
shaft 6 at the center in the radial direction. The end

Presgifecky ithe o @kl iireethomi | 11 of the upper plate
18 constitutes an opposing surface receiving the
dyrizrs copiessand pgenepat dd myat heer ebaneandly shakirting the
flange 10. The through-hole fornmed at the center in the

roti@%ﬁﬁﬂl‘%ﬂé%%'é“lnﬂyzﬂh@erH@Q%EoHEthhé§t'flgﬁﬁéﬁﬁb é?‘%ormed

a taper shape so as to decrease I anet er“t owa
reservair, for the 11 an g gnstltute
ak

sepdiid LR oo s ShReUnEARG PhakBbet 6tat fenaf|sheft 5pange

thls way, by form ng the through-hole so as to decrease
10. 13 its dianeter toward the reservoir for the oil 11

the through-hole and the rotational shaft 6 serve to

pr Alent, tthe ebkakeéakajef byngedrs, tofe capkkhianyl shaft 6, and

phenonenon acting on the oil 11 and its surface

the &1 Oendl o Passh 1% hasy &d 098&s fhslew o ole L6 for
housi ng t he other end portlon 1 a sleeve 22 formng

R SR i AL T
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-like 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 intc a taper shape so as to decrease
the diameter toward the reservoir for the oil 11 and constitutes
a capillary seal for preventing leakage of the oil 11.

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

13



10, and a step 24 that is forned at the upper end of
the sleeve 22 and fitted to the upper plate 18, which
are integrally forned. These | oose-insertion hole 26,
the sleeve 22, and the step 24 are forned
concentrically. An inner dianmeter of the

| oose-insertion hole 26 is set larger than an outer

di aneter of the other end portion 19. Wen the other

.. _end rtion 19 .is inserted.into the | ogse-insertion

its pleaBle s BRvaEg i henes (g4 FOrsebtrd Sdehtkhdt igh-hole
dynam c pressure is produced, wth the oil 11. Also,

and éﬁeap@t@pwmb séigddet s riEf Fadr beanvieshet dikl |lewkagendy means
of the other end portion 19 and the bottom of the

of chpodtarpgerdrionendiphet 26gamdts€pies] Bandni o bukeseeu@idsion.
for the oil 11. An inner dianeter of the sleeve 22 is

set:rﬂeatfagsé lt7h]?%§ tagfoggéq%s&@{@a Bb12f 24 t@grrfr%ﬁii&_pehe other

shaft ange space between the ou
circunferential, surface_of the rotational ,shaft f]lange
end Bt T Re 4 GISEYE 2OuHTETH (R CUr RABELERL e e acing

22 is used as the oil reservoir. An inner dianeter of

the (el egt ¢p reanferept itad suckiagevafuehe heetaiemabldwmithd lange
upper plate 1B to be fitted with a predetermned fit

10, talerancsp The thperi Pl HimnekB 4ts thd tiggbdro drite ot ehe?2b leeve
and thus undergoes the positioning. The through-hol e

22 &rf ¥8¢ kR EBetH@R?ﬁpeLplpﬁtaGCelqﬁ,tbﬁiEHoac'Péiir}?‘lf‘égffé)lm)hcﬁoermed.
26, the sleeve 22, and the step 24 are coaxial wth

Oney % ha A LE UL o6 [0E 8 B8 LI A e seer
24 are formed concentrically.

An inner diameter of the loose-insertion hole 26 is set larger
than an outer diameter of the other end portion 19. When the other
end portion 19 is inserted into the loose-insertion hole 26, an
appropriategap issecuredsuchthat thedynamicpressure is produced,
with the o0il 11.

Also, an appropriate space is defined between the lower end
of the other end portion 19 and the bottom of the loose-insertion
hecle 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 0il reservoir.

An inner diameter of the step 24 is set to such a value that

14



flanme 16 is a U shaped nenber having fornmed therein an
insertion hole for inserting the base 17 at the center
in the radial direction. The stator frame 16 is used
to fix the notor 30 to the casing of the hard disc
drive by screwing or other such neans. The stator frane
16 has the plural stator coils 4 concentrically
arranged at regular intervals. A gap is secured between

t-he ator _coil .4, and.the perpanent nmagnet 3. At the .
enar ¥ SR BRpEl RATE el Poror oot 11 o 141 e sraistered it

4 and the pernmanent_ magnet 3 are not brought into
toleggicget WhehureaEhrbaberls H 6 Lot edvise & iy mdeic 24 and thus

pressure generating groove formed in the rotationa

undegiyakts thangesi@iandnthe Dhderhendyipaidontchned idy Ram Gpper
pressure generation groove 20 (for exanple, herring

platRONg, FIROVIRo i rRNA! @l ﬂ%l%h§6dyﬂ?énﬁe%rv%s§§f €l ttl-[bfe step
thrust direction is formed at the upper end sOrface o
t he rotational shaft flange 10. Al thqough _not shown,

24 afﬁecgﬁﬁ&ﬁ#cwﬁF@s?&Feaﬁgﬁgﬁ tPﬁgt&@oégéaqzélp§‘forned in
the lower end surface of the rotational shaft flange 15
10Ths skeptor idame hé Fotfarinegaprenatittie dage 10. i The stator
rotated, the dynamc pressure is applied to both end

flameuilBadesa of - sihepedtmémiosmal hashiadd fdimpahkddim theinsertion
thrust direction by neans of a punping action of the

holed¥HRANG cR%8PW I BREN B @N: 1L 0QKeS r20h thRehd{d e direction.
generated dynam c pressure produces a pressure in

The stator frame 16 is used to fix the motor 30 to the casing of
the hard disc drive by screwing or other such means.

The stator frame 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

15



the thrust direction between both the end surfaces of
the rotational shaft flange 10 and the surface on the
stator side, which faces the surfaces through the oi
11. The pressures applied to both the end surfaces are
bal anced, whereby the rotational shaft 6 is supported
in the thrust direction. In this way, the other end
portion 19 constitutes thrust-direction dynamc
10 apres g e generating neans. Dynam c pressure generation
S 14 and 15 (upper and | ower oblique grooves
tllted in different directions with respect to the
axiViiendtheckeoay ianal forafdd filanorelli ke uiAterterti &he dynamic
surface of the other end portion 19, for generating a
presdyramic ppedsedetonbathaehadl sumiaees iadfh thdhentidonal shaft
rotati onal shaft 6 pivots, the dynam c pressure is

flangg%n%a&ﬁdtﬁ@%rw@ LRt @A pRoRELRY 4P DHpURANSy Gktion of

e punping action of the dynam c pressure generating

th es 14 and 15 ener at ed d C pressure
€ 3*Q9%ﬂ§c p§P§§§§PegFﬁe€ﬁ lP&dS&POVE gglion bet ween t he

circunferential surface of the other end portion 19
andhefe [hAcyeReFELRd chElNigl PSGEFYER BFOgWEes a pressure in
| oose-insertion hole 26 opposite thereto through the

the phiuif .ditleen,iochbtbt treepn bshr efse eppl swedfdaed b€ the rotational
circunferential portion 19 are bal anced, whereby the

shaﬂﬂnfﬂddggﬂlosﬁﬁﬁf'ﬂﬁé $uTYRRer Lbad tha %@%tb@dbéﬁe, which faces

|rect|on In this way, the other end portlon 19
di
the STEERERR AN G510 | BRSO G- G Gl QRO ene

end wgﬁi{éégpﬁ%gﬁg%pg&s&hoéraék;yo?ﬁé rgggfclongltshaf%yGn?s supported
in the thrust direction. In this way, the other end portion 19
constitutes thrust-direction dynamic pressure generating means.

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

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

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

portion 19 and the inner circumferential surface of the

loose-insertion hole 26 opposite thereto through the oil 11. Then,
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direction generated in the rotational shaft flange 10
and the dynamc pressure in the radial direction
generated in the other end portion 19 as nentioned
above. Note that the rotational shaft 6 pivots
countercl ockwi se as viewed froma direction of an
arrow 28 of the notor 30 (FIG 1). FIG 3
schematically shows a section of the notor 30 taken

long the line A-A (FLG. 1). .The notqgr 30 is a DC
tne B 88RPESE ansti st hhe R Ehmghac T p ik To 2ge paranced,
shown in the figure, the notor 30 has the sleeve 22 .
wheehyrshe torriehtia Lahpytvl ik $Hepobted iardle srgialalizgrfion.

the stator core 39 is arranged around the sleeve 22.
In thies payranérd ovhgreend pertaonetidcescess racatdgialtdirection
the rotational shaft 6 at a given gap fromthe stator

pre$fl®e Ifondhe: WY Gfearid rcunferential surface of the
per manent magnet 3 I's bonded to the inner

cirgunferential surface of the rot flame, 21, The
ot GRS sRaFE TBD T Raoke iy AR Bivdhal {Resupported
rotor flane 21 can be integrally rotated about the

abou; dihey reded izmall phpfd QyS{cgﬁofiyaémég Boegpere ofirelthe ghrust
as to radially protrude fromthe sleeve 22. Aslot is

dirdarimedgbeéneeadtitet ldljratent catdtdraftcoHl esg89.0 #Mmathdidyghamic
for excitation (not shown) is wound around the stator

pre$Al 38 tHbeddV8e4phasei bk dsnstppld ¢d therRthe raBfdtdertion

rotational magnetic field is generated at the inner
19 ggrgggg595gglggovgxwtlon of the pernmanent magnet 3.

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 pecles 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 ocuter
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 permanent magnet 3 has 12 divi ded magnetic domai ns

inthe circunferential direction. Each domain is, as

descri bed bel ow, nagnetized in the radial direction

fromthe stator core 39 side to the rotor flanme 21

side or fromthe rotor flane 21 side to the stator

core 39 side. The 12 domains constitute the pernmnent

nagnet having 12 poles. In the figure, denoted by N

net S P in e inner
ol B e S CEGPPacd BTE L e Y fthdn CRabidtably protrude

each domai n. As shown in the figure, the N pole and the
from thn &lgaver Ratel & shppear Hormese beitmegnf shenadagcent stator

direction on the inner circunferential surface of the
corgerdfaneftwiwgived for dheitatabhofradt whgRal i s fWRind around the

generated by the stator core 39, and the nmagnetic

stafio 8o fOr 18d ifhd W REIIFINAN pt@glrgetmﬁp;slnlt@a aGteradtd I'bnd the
each ot her to cause t he "per manent magnet to generate

g e, rotational The posi t
ror I hat RagRetic porbd ST Bttt HgREC L uperent a1
detected to appropriately control the current caused to
porfig Al ihe tprrmangoy IRt 39, making it possible to
cause the permanent nmagnet 3 to generate a torque.
Nexthe peshapenandagngtet hasnil eiivdlded madee pet rameyiins in the
magnet 3 are described. FIG 4 shows an outer shape

cir@ifr&Baneidc #otecpiot he meHmaneidin Magnels ?deé:dr@béd below,

(a) shows the permanent nagnet 3 as viewed from

magnetlzed in the radial direction from the stator core 39 side
to the rotor flame 21 side or from the rotor flame 21 side to the
stator core 39 side. The 12 domains constitute the permanent magnet
having 12 poles.

In the figure, denoted by N and S are magnetic poles appearing

in the inner circumferential surface of the permanent magnet 3 in

each domain.

As shown in the figure, the N pole and the S pole alternately
appear inthe circumferential directionon the inner circumferential
su;face of the permanent magnet 3.

The rotaticnal 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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the rotational shaft direction (arrow 28 of FIG 1)

FIG 4 (b) shows the permanent nmagnet 3 as viewed from
the direction vertical to the direction of the arrow
28. The permanent nagnet 3 has a ring shape. The

per manent magnet 3 has 12 pol es and the pernmanent
magnet 3 has 12 divided nagnetic donmains in the
circunferential direction. The respective donains are

. neti.zed in the direction.fromt i nner
in PR A G e dtas doachRbnanit ot 1d Birkers: rar mpmeenent
or fromthe outer circunferential side to the inner
mageekcanferennehptsi detomdeeadj acent donmmins are inverse
to each other in the magnetizing direction. Assum ng

t haltetbpe perhapreahdnmaggret 3chast d6i PDIES thiehpepREABACNhagnet
magnet 3 is divided into 16 donains in the
3 agérgggéglggglal direction to thereby form 16 nagnetic
domal ns. I's assuned, nore connonly, that N poles

are |.oye t_.he ent magnet I s_divyide
NdORh7 e ¥1a°‘fﬁeancf>$§ Friliatin PBE T et o ROURdEha e Bermanent
respectlve domai ns aremagneti zed in the radla
mag@et edt i g udh alh&thomse the aesnengsamagnesr é faveiseed from
to each other in the magnetizing direction. For
the exaaplienalnsiea tiosairec833ont (erfawnee o Franfigr.enri@al 4sibdeshows
19 is magnetized to serve as the N pole, while the

the éﬁﬁaﬁéﬁ@% heRt babs ﬂ@l@easfﬂagn@ﬁéZ§9ré@t§@ﬁV@e§§lcal to
t e S pol e. anwhil e, in donains 34 and 35 adj acent

t he, domai npgr circunferential side is
thenagn%??%%% ?g g%?v%rﬁgw %g S pole, while the outer
circunferential side |s magneti zed to serve as the N
pol Bhe prErersné MagRe N ﬁbﬁ‘%aa%b“‘i F&aBepol BhaPeemigesitynagnet

appear al ong
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 l6poles, the permanent
magnet23isdividedjjnxJ16domainsjjlthecircumferentiéldirection
to thereby form 16 magnetic domains. 1t is assumed, more commonly,
that N poles are employed, the permanent magnet 3 is divided into
Ndomains inthe circumferential directionandthe respective domains
aremagnetizedin the radial direction such that the adjacent domains
are inverse to each other in the magnetizing direction.

For example, in a domain 33, the inner circumferential side
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the inner circunferential surface. Simlarly, the N
pole and the S pole alternately appear along the outer
circunferential surface. Next, a relationship between
an inner dianeter D of the permanent nagnet 3 and a
thickness t will be described. As shown in FIG 4 (a) ,
a magnetic pole pitch is represented by P (mm, and as
shown in FIG 4(b), the inner dianmeter of the
: rmanent, .magnet 3 i s represented.by D (mm) (!~ 20 ,
i mBSHTRTERH TREeE e &7 F PhaRer VL E o R Bk g Sind ddne a
. .circular portionis represented by t (mm, and the
S1dg i8R IGriErEs tPsSeBPR ed il Sopole - Noteanthi lehein domains
magnetic pole pitch Pis set to, with the provision
34 ankaBS adjacdre: ts tthawonsd rad3t oclpassinklr ougbuaf8tedt al side
poi nt between the inner circunferential surface and
i ; ' I | a r r Ay -
o hUAEYLE o HRLRE enle oo B KR0St BT R sepam
. ..each domai.n of ,the drawn cirgcle. Note that when an
S1A% kB Hiehasd &0 15 Pertrardift k& 3 is 20 (nm),
the inner dianeter Dis smaller than 20 (nm. Then, the
f ol ThstiafpreepE e N BRle1and & hesbamt s hdd erasse lonappéer along
geonetric formof the permanent magnet 3: 20 [Nunerica
the ExpreessionuhfeNBntinl §Drfate. . .Sin(il)arAlys0,thet Ni sokaad the
by those skilled in the art by experience that, in the

5 po@éS&l@%rﬁﬁ%%ﬁﬂ“%?ﬁe@@eaPSﬁ@aﬂﬁﬁbugﬁgnéiré@%f@r@ﬁﬁ?él sifkface.

rati o between the thickneSs t and the pitch Pi1s set so

ondledie *CO HERA B afd PERYRRE, 6P 1Sk PN v Brot the

has | ess Ieakgge of thenmagnetic ] ,
permanent magnet and a thickness t will be described.

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

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

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

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

the geometric form of the permanent magnet 3:
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flux and high performance. Provided that Mrepresents
the nunber of AC phases for driving the notor, the
enpiric formula corresponds to the follow ng
expression (2): [Nunerical Expression 2] P/t = M...
(2) Renmoving P fromthe above expressions (1) and (2)
results in the following relational expression (3):
[Nunerical Expression 3] t I~ riEV(NM-ri) In the

g PLGEE PRors TR | phi B de Tof ot Hetpr esbron (3)

which is represented by the |ne aI|ty sign in the

expHei®i dif (3) knapsoby Voot i dfisl s dastga eft vy wspqmience

the expression (2) are allowed within a tolerance of
thatl5%rmrtHeessaiselThd dasggnahgt the péheacase wigedt ofd Nk motor,

the variations in Mwithin the tol erance of +15% or

a rattss psth&pt egantad byndhe f OAA&VEH&@W&%SH% s§e4t) ‘'so as to
[Nunerlcal Expression 41 nD/ (1.15 X

4 h h
ubqYTr b poree P et ré%@?%ﬂ%”ffﬁfﬂ%&ws%%“@ﬁm@ﬁe@ %0 the

the upper limt and lower Iimt of P/t can 21 be

sat efa Hedl WBOE epAesertaddas, vivkech bREdwisegl exprassef she@signetic
[ Numerical Expression 5] 0.75 x M!~ P/t ~~ 2 x M

flux andhibgér peropmaness Fraleidad ndath® expresends (% number
will be described. FIG 5 is a schematic diagram

of AShONE 89s the at:i‘{rQﬁgClﬁf@m%%o@ndthé @%pﬁ@l@@@%ufg%re%ponds

as viewed in the axial direction. Note t

to the following expression (2):

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

Removing P from the above expressions (1} and (2) results in the
following relaticnal expression (3):

[Numerical Expression 3] t € nD/(NM - m) ..(3)

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

Also, variations in design of values in the expression (2)
are allowed within a tolerance of £15% or less. The range of t in
the case of allowing the variations in M within the tolerance of
*15% or less is represented by the following expression (4):
[Numerical Expression 4] nD/{1.15 x NM - n) € t £ nD/{(0.85 x NM
- o} ..(4)

Further, in the case where the number of poles is 12 and the

number of slots is 9, the upper limit and lower limit of P/t can
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FIG 5 shows a case in which the nunber of AC phases is

3(M=3) by way of exanple. This can be extended to

t he ot her nunmber of phases, for exanple, 5 (M=5). O

those, FIG 5(a) is a schematic diagramillustrative of

an upper limt of the thickness of the pernmanent

magnet. Considering the magnetic flux | eakage between

t he magnetic pole of the pernanent magnet 3 and the
tor.core 39, the t |ckn mt, of the Dermane

ve Jefhiie (£S5 TRt oY AR S Pt PR SR T b

one, pol e and an area of one iron core tooth faC|ng t he
[NumpRy eC 3k riysRr@s g (ShtUr 8 i 15 At ih 4egribti S F I ux

concentration of the permanent nmagnet) The area ratio

i's Heem,esemp&d;cb)sstltef flekri ovwhaggther idddegoi@s) (b( will be

nDY9 slots) = 0.75. This value is given as the |ower
desddimdqof P/t. FIG 5(b) is a schematic diagram

ilTustrative of a design center value of the pernmnent

o7 Chigtr GS SHTINAIG Ae pRABe Pan £PF CO1 6 Ahcde CPF Redd and

p
per magnetic pole. Taking into account the magnetic

the pegmaneakagegnet 3 gsnebevsd prefbeabtiea bairearden.t Note that
PPM=1: 1. FIG 5(c) is a schematic diagram

FIGI 13 ustoved iaveaafe tilne whawér thei nuhbetr tbheAC hpoksessiof3 (M = 3)
t he permanent magnet 3. Considering the limt that does

by wag £ &gEs1 & he Thal0ue, 58 é!?—t‘él?wdedt@@th@"&rhéf H?Jﬁlbé’f othhases,
i ckness is set such that the thickness

for éggﬁgfgg yng@ets% i s substantially equal to the | ength

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 cne 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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one of both ends of the iron core tooth of the stator
core 39 protruding fromeach pole of the pernmanent
magnet 3 (magnetic flux dispersion limt). It is
preferable that the length in the outer circunferentia
direction of the stator core be set |larger than the

| ength of one pole of the permanent magnet by t/2
each. In this case, substantially, P/t =2M This is

I ven as upper Jimt of P/t. Deriving the range of
to ﬁgq§d$1tﬂén£Xbr ssiLn (5) thus obtained results in the
foll ow ng expression (6): [Nunerical Expression 6]
ri BY@ » (M isr i) schematicrdbagoamsiklnptratiye of .th$)lower
As will be described bel ow, downsizing the pernmnent
liminagnetthe dleasondos remduatd Qredmhridie megneid z.ng head
for magnetizing the permanent magnet. Then, this

NeGess it 'eeﬁrrge@Hggﬂi L e?s’ai_ofcl%ﬁgat.%e@ Jﬁﬁ?itt%@eo%g much,

the lead wre used therefor t 1s di

i.ncrease an anpere-tyrn for the magneti zation, with the

the WAL Lithidy Qe HagbtdFI9m5 i et JUEH itdtecnq fhickness
particular, in a region where the inner dianeter of

of thieeppsmansant naEHALL33s sWGtan)liadily kgse]l tevehe length of
[imtations are inposed on the magnetizing current. 23

one bfibathegidnotheiel thecovtabodtiraBt BE St5t2Q d6Hd 39 gl ruding
inner dianeter is 20 (my) or snaller, so nore severe

fronl bAChabb PBS A1t d g??ﬁsgenélrﬁ’é) ndf th (ﬁﬁpggtgcaﬁlﬁx dis‘.ﬁéersion

conventional magnetic material, the ti ness t of 't

Lim 3 TR RADEL e A0l BE1 00, 5 S8 LAGRL a0
dir%é%ﬁéggggp%gngg;ggg ég£§%;3Z% n?;&%egogggnaiﬁgrléggkh of one
pole of the permanent magnet by t/2 each. 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 - m)
. {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. Inparticular, 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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to maintain the magnetic force after the magnetization.
When the thickness of the pernmanent magnet is

i ncreased, the larger nmagnetic force, i.e.,
magnetizing current is necessary upon the

magneti zati on. For these reasons, conventional conpact
per manent magnets (in particular, with inner dianeter
of 20 (mm or smaller) cannot full-nagnetize its

netic mterial eyen netlz |ng maxi mum

In S 080EBP TS GHE SUBRTI SPTo Ehe Sregniton i oneaner A ameter
nmeans that the magnetic ability of the nagnetlc

1s 2fat BMMal oF ssiwkleoms erely srvrightl uttatipws ere imposed.
words, the ability of the nmagnetizing head inposes a
Iirﬂlsﬁj o tenNHheeabi 4§ty ohvdng ipeananeghefengitedDal, the
that end, in this enbodi nent, the permanent nmagnet 3 is
é@ﬁj@sé hi g reppu rtn%r?e!rltoma%lﬂ%tf ghlt@%glbazllahtlgg )é”lgﬁ is set

e magnetlzm current mte

th
tizin ad, int r.adi a rection. Also there .
lar@i%lg”%fgéa*% RFkreds CRdiTatubYi bhe: AOPYP -RARESSSEA (2) in
t he permanent magnet 3 | eads to the nmagnetic force of
ordehd pabrigient aZgepagaenes icwhpchei sfnenkiehe trgndief pateion or
or the ability to keep the magnetic force reduces, but
to niaiing adnbatieneagney et COMESe 4t tSe proll ﬁﬁgnb)iidétm@nan When the
Sm Co magnetic material as the magnetic material. Sone

thléﬁné§§o§mﬂ§9p@§&5%%hg ﬁ%&§k§fﬁéPé§éédaQﬂ§ﬁié98%9nmgnetlc

property unlike any convéntional 1sotropic
forcegnetlc mat e The use of Hﬁe anlsotroglc mat eri al th
can ytef o, aE‘aSEEE%FE:Ea b&"Bw=" necessary upon €
magnetization.

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

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

To that end, in this embodiment, the permanent magnet 3 is
madethinenoughtoallowthefu}lmagnetizationwiththen@gnetizing
current limited by the ability of the magnetizing head, in the radial
directiocn.

Also, there is a possibility that the reduction in thickness

of the permanent magnet 3 leads to the magnetic force of the permanent
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a sufficient magnetic force even with the snal

t hi ckness, through nagnetic field orientation.
Further, the Sm Co nmagnet has a constant nagnetic
nonment due to a pinning nechani smof the nagnetic
nmonment, and thus is known to involve |ess machining
demagneti zati on and hi gh-tenperature denagnetization
t han the Nd- Fe- B nagnet havi ng no pinning mechani sm-

Thi s, i s _hecayse th Sn}Cb et has magnetj c do
magNa B Biidd 15y “6ERRG BIRTNAEAGTSI 06 G Tl v |G deeep the
hard to nove. The plnnlng site has a size of about
magreeiiar Abreent ediyees omsit( Aplareiieod ent preplonals tinia problem
crystal grain. Even if a process stress or other such
by wXirey nal SRS sesy e appldead dIhereand é ey ryeakial.
a part thereof, no influence is exercised on an

overald &t rycd Uérﬁ—CJ h&a nggg&%iwﬁaftgﬁsﬁgs e%e%%d dMisotropic

f|X|ng the magneti c do e Crys
stal_ pboundary. Thus, Cngnet can exert the
Pronﬂ etk ea%&nef@won %fgtlf%l dniee TR Magrat ﬁcmaterlal-

wal | . Accordingly, even if the stress or other such
The fisece$ tdre aappbitedrtic nhte SimCocamgrietld,oastdescribed below,
tenperature is raised, the magnetic 25 donain wal

a su@ame@bnﬂw@gnéeﬁ@lﬁdm efrehh@i sk riid gmgllesisi tkkesy, trough
demagneti ze the nagnet As mentioned above, even when

magn%‘%ﬁ'd eﬂe%tn) %qﬁ:actré prce such as stress after the

magnet i zat 1 on, Co magnet can keep the magnetic
force S CO 0 the Nd- Fe-B ma net and therefore
| o Pt BRE BTS2 S A et GHOA 6 M ABCEGF RTRRRT due
magnet 3. _
to a plnning mechanism of the magnetic moment, and thus is known
to involve less machining demagnetization and high-temperature
demagnetization than the Nd-Fe-Bmagnet having no pinning mechanism.

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 cn 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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Al so, an SmCo magnetic material has been
conventionally known to be superior, but samarium (Sm
costs high and thus cannot be wused. However, the

per manent magnet 3 has a small inner dianmeter and
smal | thickness in the radial direction, and thus
requires a small anpbunt of samariumto be used. As a
result, the permanent rmagnet 3 can be nanufactured at
a | ow ost Atﬁernanent net such as an Nd-F

o 1R Uy G Ee sy Likely

nagnet can be reduced in size and thickness. However,
to 4¢W#Q9Qﬁ1%ﬁaEﬁﬁ(ﬁﬂQQﬁEuxnn demagneti zati on resulting
fromthe reduction in size and thickness of the

COorpehkhetahefed neNtevetibgheh i iledpwabheme abeut férce such
nagnetizing nmet hod for realizing the nultipolar

§E¥H§§ m%emhﬁﬁeEEngggﬁ Eﬁgf§ﬁa@5ym§?§%%gﬁ%érﬁ%ep the

smal | SI ze per mane ma net 'is a pernanen

m Co na rat her tha n ,
mag ”atlﬁeoffgrﬁ&gﬁét FOnRaPEn bt ad-g58 Regapteonfstionpfore is
combi nati on exanpl es of the nunber of poles of the
mor§ aryrfierab kmgreta Famaigie tin b ofest ithe eatmanmtomamet 3.
30, the nunber of slots of the stator, and the nunber

of PAG|has em-Chafiagid tvi ngat beigdhers Béen kEBnt/Bhgionally known
enbodi ment, the notor 30 is conflgured as an exanpl e

to ﬁéjcéhgélait f h%@@rm nFH@s!?@ %%,5 ngzfrp%lé{%ﬁ’tﬂd%e cannot be
nunber  of slots I's 9, and the nunber phases tor

e RIS, PRE o din S G, e Con L PBUE et

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, thereariseaproblemabout demagnetizationresulting
fromthereductioninsizeandthicknessof the conventional permanent
magnet and a problem about a magnetizing method for realizing the
multipolar magnet.

To solve the problems, preferably used 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 enocough to constitute the motor
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pol es, the nunber of slots, and the nunber of phases
are allowed. A nost frequently used one at present has
a pernmanent magnet of 12 poles, 9 slots, and 3 AC
phases. FIG 7 illustrates a difference in process step
between an isotropic nmagnetic material and ani sotropic
magnetic material. Also, FIG 7 is a schematically
diagramillustrating a process step of the nmagnetic
51ucture of the magnetic material but not necessarily
30, ey BPMREFngE ahl Al T tREgABEFET pHART (e SHPRerupée. AC phases
FIG 7 (a) schematically illustrates a process step of
for ahriwsiotg opie metgreti®. material . The Nd- Fe- B magnetic
material, which has been widely used so far, is an

| sofrf @piie BRBPELhEnFRNETd RlotorTHE IBARRIA] '%d’f%tcﬁ‘ébaén example
i ncl udes atons havi ng magnetic nonents. igning the

sucmgl%%t k:?le gFIﬂéﬁeﬁ{]ti%ﬁlna ne g' r ?tﬂoolrég}r,ﬁlﬁ%% h mber of slots

ible exert orce € 1 so
netic material has randon1nagnet|c nonent s |n the
is %n%a@néhﬁzéamﬁﬁtre?faﬁ\ C RIWFYY hRgREtivAingg theeMREPEr L8l 3. As
(allowi ng the magnetic field to act on the materi al
shoWrr dm tH&s oud sildevetar t hermlyu sl dgub trtest inegmetfi che number of
nonments), a magnet is forned. 27 The | eft-hand side of

poldd Gth& almpehenat sTatsy SNowhd hempdir' 8¢t hRASe 5 b i LN owed.
t he magneti ¢ nonents act in the unnagnetlzed mat eri al .

The, gt CEEQ@eR&l%@sé@%ﬁ@%E g;?'Pé‘?é\ﬁtﬁe aﬂé{%&ﬁe@é’ magnet

the arrows
ts ac random bef ore the magneti zati on. The
or {20 :

e t Eﬂfl%? ehtalARAS5Fa powder form the

FIG. 7 illustrates a difference in process step between an
isotropic magnetic material and anisotropic magnetic material.

Also, FIG. 7 is a schematically diagramillustrating a process
step of’the magnetic structure of the magnetic material but not
necessarily illustrating an actual magnetic physical structure.

FIG. 7{(a) schematically illustrates a process step of an
isotropic magnetic material. The Nd-Fe-Bmagneticmaterial, 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
(allowing 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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material is put into a nold and heated to be sintered,

or heated together with a resin (bond) and subjected

to resin nolding or conpression nolding, thereby

nol di ng the magnet. Next, the unmagnetized nol ded

magnet is machi ned and shaped into a proper outer

size, after which the resultant nagnet is nmagnetized

by a magneti zing device. If machining is carried out

after tﬂg magnet i zati on, the cut ieces are attracted

to} bhefandepefifordt ifga f {#hi SABAMPEsAAELY Shows the
Hence, in general, magnetization is carried out after

dirgwiciems nigy whiGh Thebhagokéneat nomkehysi Atusim attes urveagnetized
ani sotropic magnetic material. The Sm Co based

mat éBHe! | eheberieal iesedoEnt hBi 8a gROOUE RAthen W Ii810ted by
ani sotropi c property. The unnagheti zed nmagnetic

™ ! h . . ,
the TRLAN A ﬁngﬁggégfnSQ EOEESB#S PLORE Sl £ '%?ﬂﬁﬂ%ﬁ act at

constitute regations”of fegi ons {cons

ere netic nonents are aligned in the sane
ran%%heQﬁggﬁ% e MRINSG iRt Ofthe three regi ons where the
magneti ¢ nonents are aligned in the sanme direction are
scdreatniagid i s e aial ot hegenegabhg iare poiwtebedfo2d: the
The magnetic material having the anisotropic property

matdsi KNGWN puito igeekaine1a ShHORSAREACtS BHd 4 BIth MIEN or heated
magneti zed after the magnetic field orientation. The

codfi2E TRATRLACrLUBL OOMET ghiol, T5RAS L LELLANN mosasng ox
comq%%ﬁ%ri:q%c{iﬁgg,n%e tygrrrloalldsinign t rge mqaigrnee%t.i on before

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

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

FIG. 7(b) schematically illustrates the anisotropic magnetic
material. The Sm-Cobasedmagneticmaterial used inthis 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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obtain the nultipolar magnet. The pernmanent magnet is
manuf actured fromthe magnetic material having the
ani sotropic property by the foll owi ng process. First,
t he powdery ani sotropic magnetic material is put into a
predetermned nold (in the case of sintering the sane,
put into the nold in the powder formor together with
a resin upon resin-nolding) and roughly shaped At
this point, the material is npressed by applying a
pr gﬁt&wae%?t Ja%aatetlﬁéﬁsa‘”fn&t%%aﬁlﬁﬁetmpa Cttrt@%tfe:»f tg/known
in the state of being put into the nold and heati ng
Lo gemeratt asitalongTieg metginef i el dwhenimEgnedn zatd af te hkgheragnetic
density through this treatnent, so a nmagnet having a

fielsdt roangerama@eti c force can be prepared. The follomtng
process frontheheat treatment to solidification

perTf Qr mt?g tr&%l{]ef;t{@t %rleeil théH‘cQ{;RBSm eﬂ'&s N%ﬁtrecﬁuonal

t he nagne acts on he” magne erial t
, state of_bein put into the nold, in a glven di rectian
allommenthe nﬁg'ﬁ'et%\ efdfeMoments Ay @‘?@d’llohlst e Mggmetizing the
direction through the magnetic field orientation. At
raw figitetiias, irhensagheteiat ivat dreifalree xaighietts zdegk tiet mM@gnet to
magneti c property. Note that the nmagnetic field

obtadi eMeathiudit iipy 1Re hdlgied .on the magnetic material in
the pomder formin the above process, so the process

ee.n%a%eq{ tymgtgr%:@ 38 mﬂﬁ% arzﬁgﬁ%h' ﬁJrﬁ t%?mg Fﬂdg Etl é‘ida%% rial

|ncIu es a wet process ere the magneti

orientatiaqn is erforned on . the, po magneti c
navifig SR Ao & RIGHGLI &Y the TS o

First, the powdery anisotropic 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 beingput into themold, inagivendirectionand 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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in addition thereto. Next, an AC magnetic field etc.
are applied to the nagnetic material having undergone
the magnetic field orientation to thereby denagnetize
the material. Demagnetization can keep the nmagnetic
material from being magneti zed whil e maintaining
themagnetic force direction of the magnetic material.
This is because the N pole and the S pole are forned
in.the sane dlrectlon before the denagnetlzatlon

magnghilice PXPPEL tYhe denmgnetization, the N pole and the S
pole are arranged at random while maintaining the
mafeéei chéoridee diageetiionf iSlbsegimsrmitdtyiort he patEormédian the
subj ected to heat treatnment and resin-nolding or

magneititenhfgrigl ben sohé didudts Rikeihnghthgoovamanatdzeds the
per manent magnet. FO||OMAng this, the solidified

procgggnﬁg'e Tﬁéﬁré % ke%L outTh Tr#JH%HE% %1éEde% 18P%atlon

resul tant i s nac shape pr oper &8t

size, followed b qﬁetlzatlon with a magneti zi ng

inclygdgscé Wethd STRSERY b}é‘?n‘ﬁﬁ%ﬁ?th‘agﬁé?lgh%&eﬁéatlon is
magneti c property due to the demagnetization, making

per formpds sinbltet poadeiry sacmed icr oalikee iatthatmehreedutin a liquid
pi eces are attracted during the machining. 30 Upon

in af@ntfiaat theratbhe per manent magnet 3, the Sm Co based
magnetic material is put into a nold and roughly shaped

%Q% o] I 7. ft

th% the nagnetrhﬁqlepgﬂgéflg%ta%Fgﬁ§%%11§§éﬁ%§gl ﬁagnetlc
. di rectign such that N poles_and. S pole

mat o3t AL AN GBS er LIUga9AE h Dt £ OZARBLSTion To thereby

respectively, for exanple.
demagnetize the material. Demagnetization can keep the magnetic

material frombeing magnetized while maintaining the magnetic force
direction of the magnetic material. This is because the N pole and
theSpoleare formedinthe samedirectionbefore thedemagnetization,
while after thedemagnetization, theNpoleandthe Spole are arranged
at random while maintaining the magnetic force direction.

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

Following this, the solidified magnetic material 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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Next, the material is demagneti zed so as not to show
the magnetic property and then subjected to heat
treatment and resin nolding or sintering to thereby
nold the material into a ring shape. Then, the materi al
i s machi ned and shaped into a proper outer size,
foll owed by magneti zati on by the magneti zing device to
have a predeterm ned nunber of poles. Subsequently, an
expl anation will be given of how to magnetize the
peﬁﬂﬁﬁ%ﬁﬁaqﬁﬁﬁﬁQHPEHQFF@? BeSPRERRL BAPNGT showsh¢ hen—Co based
section of the permanent magnet 3 andthenagnetic field

ma gt entre ti onl ale visc guitn intte axinaldl ané déugt y shapddess shown
magnetic field orientation device is conposed of a

on t¢y 1B@EFBAhd $188 £OFEGALT (@) MBdgnedd GiGichCUhe Hfgnétic field
power supply device 42, and the |ike. A gap is defined

: t:he el r. f ' core nd

ori ik G e ERELeBPI 6 815 L PEat HER S gt Mg and
ge inserted into the gap. A winding 43 is wound around

S POSRSIATEN EBRRIAG 02 ARPET AGiFand 61 Pl Fed gy rERPESHH vely,
be supplied fromthe power supply device 42 31 to the

for vixeipge 43. If a current is allowed to flowin the
wi nding 43, a magnetic force line develops in the iron

conr40 endmhbermanetddgnadiidiGiidd $9as R0 §A8w the magnetic
magnetic field generated in the gap between the

proﬁ%ﬁtérﬁj Cﬂ.}{%{gigubﬁoeca:'% té?Je Herao{] tcz%raecm%lnts%rn\éfsretSQn ImrﬁJlding

gnetize 't permanent maghet 31 n oné direction.

t his , the magnetic fjeld orientatiaon device should
or qﬁpteg¥p% to the éky mol& the material into a ring ;ﬁape.

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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downsi zed along with the reduction in size of the
per manent magnet 3. In accordance with this, it is
difficult to supply a large anobunt of current to the
wi ndi ng 43. However, the permanent nmagnet 3 is not
thick on account of being limted in the thickness t
and thus can be magnetized up to nagnetic saturation
or near to magnetic saturation with less current. FlIG
a) schematically shows the section taken along the
to t,ise gindipged @i r ekl itorusrenfel §taLiteve@ tof fipy inthe winding
magneti zi ng head 46. The magneti zi ng head 46 has a
43, gylagnaéitiicaf o stmpeénantkiaicipndes tha ireh ceketdd dbd thetmynetic
axial line direction on its circunference. Cores 49

cird@i#f fgor.nedhat, r@%“n%rgn'e%tl%f Yaksd eRe PHDET N the gap between
correspondlng to the nunber of poles of the pernanent

e TREG g%, D 10 SARRLRST bl OB ETEL ShAh 3 B

head 46. Lead mnres 47 are wound in the slots 48. hbte
the RANANEH @297 %E)3 heonedd MFFe A7 is wound in the
slot 48 by two wire turns each, but in general, 1to 4
wi rley thissway e tEnphagedt iEl G e B¢ ) r isohtertaitarc delry cehomsuld be
the magneti zing head 46 as viewed 32 fromthe direction

dowr{%fl e aabh@Wv Bt Bf t Hd Ge @i®ionASnSHOME din thEepéhgé‘ﬁént magnet
t e Iead wire 47 is dlsposed |n a neandering form

3. & &é)(ﬁt?l‘ tlal 0% %ﬂ’lt ﬁsuﬁﬁe mg;gsgtamount

rec y supp mnre

oles excited by the aq%acent core 49 are inversed. ,
of current to the winding 4 However, the permanent magnet 3 1is

not thick on account of being limited in the thickness t and thus
can be magnetized up to magnetic saturation or near to magnetic
saturation with less current.

FIG. 9(a) schematically shows the section taken along the 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 regular intervals in a number corresponding
to the number of poles of the permanent magnet 3, which are separated
from each other across the slots 48 on the circumference of the
magnetizing head 46.

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

FIG. 9(b) schematically shows themagnetizing head 46 asviewed
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If the permanent magnet 3 having undergone the magnetic
field orientation is disposed around the magneti zi ng
head 46 and the DC <current is directly supplied to the
|l ead wire 47, the permanent nmagnet 3 is magnetized to
t he desired nunber of poles by the magnetic field
generated by the core 49. The magnetizing head 46 is
thus configured. Hence, when the pernmanent magnet 3
reduces,its size and increases the nunber of poles,

fropneheeddtipFeiar af shpgcarievt Rerhght®i z? hy) head 46 is
thinned, making it dif f icult to allow a |arge anount
of &sirskeownt dnfthew tdere nthéohes@dryitded T hi skdkessosed in a
of the permanent magnet 3 of this enbodinent is

meahd8tigd Pbthi ArauRsedes ecpioedlor ange. The per manent
magnet 3 can be magnetized up to magnetic saturation or

nea [ G S rati ' ss._curren Al so

he 9b e e Rt ol e B kB Rar i FEP bapigat ied o
tﬂg%gennanent na%net 3 to stably generate the magnetic

theg WS i4dire hPPyTRYRATTE RPLLS Hxdddess by thgl pdjacent core
within the range defined by the expression (3). FIG 10

49 azealgvapkedl | ustrative of estimated results of a
reduction in magnetic characteristic (characteristic

r egef dihegpS2ma 66 €ludlgridtus iansid vhddvgohe tﬁ{@ﬁﬁg%le@gc field
of the permanent magnet for a nptor made of Nd2Fel4dB

ori%%n%bé‘gi&l‘i"fse' Jf%%%gi E?gﬂﬁhi £ §%§ﬁizﬁp§ 116%'5%0%'6@% dihe DC

as an Sm ased magneti c erials by variou
curexgeriments. that, SnCol 7 i s an anj sotropic

het? cdhbe et 5téles Gihose Fhe alrdd i thi 4 megietRgrmanent

materi al .
magnet 3 is magnetized to the desired number of poles 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,
makingitdifficult toallowa large amount of current to flowtherein.

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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FIG 10 is a graph in which a horizontal axis
represents a thickness in a radial direction of the
per mmnent magnet and a vertical axis represents a
decreasing rate of the residual flux density in % As
shown in the figure, in the case of the thickness not
small er than about 2 (nm, there is no particular
di fference between the pernanent nagnet made of
Nd2Fel 4B and t he pernanent magnet nmade of SnRCol 7 or
ressapas L HoedRRS 1ty (¢he das @ IoCastd nohipék hRSsPBEMANneni) magnet
or smaller, the permanent magnet nade of Nd2Fel4B
forabmeptdry mdder eAdet? Relel F esi doalid-Fd 4K bdeses] tggnehéc material
residual flux density is decreased by about 10% wth
and 192 dAITCkRE $hcefs abaHtsr-ddBhseGhd t@&lﬁét@?ﬂgl %‘ﬁﬁ@arlous
when t he permanent magnet nade of SnRCo or SnmCoS
‘ [ al nost no reduction is caused |n t he reS|dua
eXP%Piﬂgﬁenéity Ina region where the thickness is 0. 5
( or smaller it is presuned that the permanent
na"gr%%;e £8P HEN25t0 19D SN P t H i BRg e WhgMetegial and SmCo5
mat eri al decreases its residual flux density, while
is aheipet nopent magqgeetcfoztedial. S2Col 7 as t he
ani sotropic magnetic material does not reduce its

resiogial 16 1 iux Aesidhy i n34nkcamst H§§§28ﬁ¥:hﬂaf§xﬁgsr?éb‘fé&ents a
in the region mhere t he thickness 2 (nMm

thléﬂﬁé%?ﬁhi%P%dpgiﬁE@%%El%RQH?Ehgg%% e?é%%‘%%:%ﬁéﬁlYertlcal

erial i's superior
an Ne- Fe-B based magnet | c naterlal i.n residual
axlg Irﬁfr&éﬁéﬁtﬁa qeﬁreﬁ’a?ﬁr}gcﬁﬁ’é? ok hae g hEnt %Hérf&nfrﬁa‘bbé in %.
of an anisotropic Sm Co based mnmagnetic material is
esthyrahedntis ekedligurechim 4beerd st p€.the thickness not smaller

- than about 2 (mm), there is no particular difference between the
permanent magnet made of NdZ2Fel4B and the permanent magnet made
of Sm2Col7 or SmCob.

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).

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

magnetic material does not reduce its residual flux density.
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FIG 11 is a graph illustrative of estimated results of
a reduction in magnetic characteristic (maxi num energy
product) due to processing of the permanent magnet for
a notor made of Nd2Fel 4B as an Nd- Fe-B based nagnetic
material and Sn2Col 7 and SnCo5 as an Sm Co based
magnetic material, by various experinents. FIG 11 is a
graph in which a horizontal axis represents a
thickness in a radial direction of the permanent magnet
and” 2PV EPEFEAS L IBGLE T kP bEetn D& NgeRa BB Haerattéleoﬁhlckness
the energy product in % As shown in the f igure, in

is 3 hemdase emailhert htb&nessmaments medrest mialian odbaut SB-Co based
(m , there is no particular difference between the

mag@@fﬂ@ﬁﬁﬁ&ef&ﬁﬂ“ﬂs'Eﬁgﬁﬁﬂbﬂ“@%FQhéBpéﬁﬁahBﬁtpﬁégﬁ@@nﬁade of an

magnet made of SnP 7 or SnCo5. However, in"the case
~pf_4h t
e o e B RGSFe s bt 1) tieerausbo SRS SRRy 1n

uct he energ product i s decreased by about 3096
par ‘% Fhet W%Rfﬁ%% N Mgt Made i an @anisd s fando based
evenwhen t he pernmanent nagnet made of SnmRCol 7 or SnCo5
magret tdimaeel i al nbste stol matkt tt@re:dce aus ethd m ¢ ther eneirgy

35 product. In a region where the thickness is 0.5 (mm)

or mr@l ler,isid dSagh esunest thatvd her ReJBNatd Baelts of a
formed of SnCo5 as an isotropic magnetic materi al

redﬁ%%&ﬂ%?% Smnégeﬁgsr%%%%%gggfl ¥%”dﬂ%xfﬁﬁ% Q%r%ggﬁé%oduct) due

magnet e ani'sotropic
mat eri al does _not reduce its enera%éproduct From t hese

Lo PEYGSTRLEY PEsHI® PLETMPRSY MEGnEh r MA& T ApdRneEdld2Fel4B

as an Nd-Fe-B based magnetic material and Sm2Col7 and SmCo5 as an
Sm-Co based magnetic material, by various experiments.

FIG. 11 is a graph in which a horizontal axis represents a
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 Nd2Feld4B and the permanent magnet made
of Sm2Ccl7 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).

Ontheotherhand, evenwhen the permanent magnet made of Sm2Col7

or SmCo5 is thinned, almost no reduction is caused in the energy
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is 2 (m) or smaller, the permanent magnet nmade of an
Sm Co based nmgnetic material is superior to the
per mmnent magnet nmade of an Ne-Fe-B based magnetic
material in energy product. In particular, the
per manent magnet nmade of an ani sotropic Sm Co based
magnetic material is estimated to excel in
characteristic. When manufacturing a pernmanent nagnet
for a nptor, in general, the magnetic material is
PTofighet i Yo 16936 alR=a=pkh frelHet Kifihets O -Pol(lBhedr bymaller,
polishing or cutting process to shape the pernanent
it agpeeshped dhptopde eetrewnsinze maAmedndenstegoc f ramidheas an
above considerations, inthiscase, using the SmCo

isobasgdc pesgRaeDE MBOBLIal HEBcPAEEESUl 8BS, ehdy RN SOIEOP] Cuhile
Sm Co based permanent nagnet is nore preferable than

' -Fe-B | t_ L0 e _region .
the IR o oAl B STREeT” T ek Tap P ophihdher c
snaILer. FIG 12 is a graph plotting demagneti zi ng
mat¢otdordosF PRk IHRPARNERT PRYTEY RMERUGE- Nd2Fel 4B and
‘t he permanent nmagnet made of SnRCol 7 based on
t enpeoratbeee A iapparcene st ko FhGhelPegidrewhere the thickness
demagneti zing factor is about several %uptoabout 100

is 1 Q@m)i Brbendllbe, PEhEBpeRha MBPD alfgndOWRRY 0f38ni maCo based
region where the tenperature is equal to or higher than

mag ic(ﬁéaeriéfehPQﬁHﬁﬂﬁngéﬁggﬁg%ig@%gaﬁgnguﬁgghggﬂgade of an

abr upt y_ I ncreases Its | act or'

R RTINS R
t hepermanent magnet nmade of SnRCol 7 is kept at about

the JpRpreansn atmadsindrezt of* @p anAsohsaAPiontl-Gddvased eagnetic
Sm Co based pernmanent nagnet is

material is estimated to excel in characteristic.

When manufacturing a permanent magnet for a motor, in general,
the magnetic material is magnetized to obtain a permanent magnet,
followed by polishing or cutting process to shape the permanent
magnet into a proper ocuter size. As understood from the above
considerations, inthis case, 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 athicknessof 2 (mm) or smaller.

FIG. 12 is a graph plotting demagnetizing factors of the
permanent magnet made of NdZ2Feld4B and the permanent magnet made
of Sm2Ccl7 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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expected to involve a smaller change in magnetic
characteristic due to heat than the Nd-Fe-B based
per manent magnet. The expl anati on has been made so far
with reference to FIGS. 10 to 12 by using Nd2Fel 4B as
the magnetic material. However, simlar results can be
obt ai ned by using a magnetic material simlar thereto,
such as (NdDy) 2Fel 4B. Thi s enbodi ment as descri bed
. above can provide (1) apermanent mmgnet for a notor,
in g oneqloptgierand q IR RGN AingIetlhse g% héeBeri bean 100
below (1) It is possible to provide a pernanent nmagnet
(°C)f,otha peteanedt posest maaler ofAMdDFel MR MAEBE linehydieAges its
domai ns that are magnetized in a radial direction
demagh&f i pRggetd edr igldd iar benhahkeeRzechang @4 Hedore at around
magneti zing directions, and are arranged at regul ar
i,ptervals in circunferential djrectian,
200 (e e et T B At FREPRAE (HIE PeFahient £ L iGgABEOF @ frdisRgEmanent
of an ani sotropic Sm Co based magnetic material having
magpegyadelpfcim2ephpd swkeRt ot @brart dParesterr agfapougdmoo (°C) .
or snaller. Also, it is possible to provide a
perhaneahtiagadt above,a tiot o¥m-37 whsel iperdiasposednagnet 1is
a rotor of the notor, has a cylindrical shape, and is
exp8BEEd Of o alnaP1 661t & 0phsl B8t ConHagedi Negnghé €1 MBEREF@dteristic
i ncluding donmins that are nmaghetized in a radia
dued!fcﬁeﬁééQ”tﬁérReEhé’HﬁS?IﬂéQB b €L4 g&%ﬁ@ﬁé&t Oflagaye
alTgned magnetizing directions, and areé arr%nged at
reqular intervals in a circunferential direction
chat2e R LARR 541 RAE PREVIRARE SRaf 2D Yot &&dfrsngs to FIGS.

i nner di aneter
10tol2byusingNd2FeldBas themagneticmaterial. However, similar

results canbe obtainedby 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 a radial direction after magnetic field orientation, have aligned
magnetizing directions, and are arranged at regular intervals in
a circumferential direction, characterized in that the permanent
magnet i1s 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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of the permanent magnet for the notor, t represents a
thickness in the radial direction, N represents the
nunber of domains, and Mrepresents the nunber of AC
phases for driving the notor, Dis set to 20 (nm or
smaller and t is set to satisfy the relation of t <-
NDY(NM - n). (2) It is possible to provide a notor
including: a rotor portion including a rotationa
.synmretr.i cal body around which a cylindrical _permanent
Whlﬁ‘ég‘r%ldl%’oﬁ’rerdah@é?d I9h@TaCF dihist rﬂaﬁﬁrfrslw t2 §¥AaRgEdcan shape,
an axial line of the rotational symmetrical body; a
and gisquaste pbeniaori s tavipig Smlabaked paghestiatmart exdidls including
excitable with AC having M phases, which are each

domal fiangesit Cﬂ'k@ﬂnd%;l‘l'@iliéd ayberaneg10fitBet PEHNBRAESE magnetic
magnet to face t er mnent nagnet and a bearing

flePQrE)’r?QnE?{:fﬁﬁbl vgnglgé%f&% % ngﬁélgﬂi&l?%s and are

rotation af t I 'On

rot ati onal I C bo and the stator_coil are
Arrappednfti & IEE%ﬂ%Qﬁ?EN 1ghafadt érismnfisrand@l (gierection,
per manent magnet is made of an ani sotropi ¢ Sm Co based
chapaghericeddtrethat pavvihded thayl Dndeprasestmpe whhhrahiameter
outer diameter of 20 (mm or smaller and includes

of tiogupasmiheht arhe@gxﬁ@’gnﬁét z€le iMoo F At abefhhd £G4 O A B¥kness
38 magnetic field orientation, have aligned magneti zing

in ﬁjﬁéeﬁ'} s, dlt%ilck Y & r%%g%%)eﬂk s’ ‘Eﬁ%l gﬁmkg}:eéfacji&né{hg and

C|rcu erenti diTecti on
manuf act ur.i.n er nan net for notor  using an
it Fhac

M Tt et opi Had % £& ﬁﬁFePFéf’lﬁav‘F'ﬁ% mOtor, D is

cylindrical shape with an outer dianmeter of 20 (mm) or

set syml4lr(mm) cRrar ateelPEedn@yt iicisedi g asavbbfyngheteplation of
charging the nagnetic

t £ nob/{NM - m).

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

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

includes domains that are magnetized in a radial direction after
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material into a nold to nold the nagnetic material; a
magnetic field orientation step of perform ng magnetic
field orientation on the nolded magnetic material; a
demagneti zing step of demagneti zing the magnetic
mat eri al havi ng undergone the nmagnetic field
orientation; a heat treatnent step of subjecting the
demagneti zed nagnetic material to heat treatnent to
solidify the magnetic mmterial; a machining step of
magnRRicht i ifgtd Iﬁ’élﬁéétattlpé‘at Ea"ﬁa@%é%“%d “P?é:iféer‘ila?}lri%tdér&‘:tlonsf
cylindrical shape with an outer dianeter of 20 (m) or
and gpaldreranganc tar eggbet initegvsilep rod chagnefezenginhelirection.
machi ned magnetic material to have a predeterm ned

NUNEEN ROhe PROE ST Radufd@itadlr indl & 85d rh & 1Adn c@OFBE NS motor
havi ng al i gned magneti zi ng dlrectlons are arranged at

usu{[qﬁg%ar {‘éoe&%’?p t | Bndc§] rb;slq rrﬁﬁg gi negld exddl Aﬂua? ing a

of "chargin gne rc materi

anmol d to nold the material may include: a conpreSS|on
cyliRn Al cHaRrf i th i SHi&F tr?EFgr?eft i<V e o] smaller,

into a nold and conpressing the naterial; and a
chartmettenigad &y dfichedtngg teédéogpsesged mhgngting the magnetic

material in a state of being charged into the nold. 39

matéﬂ[MSIthALa ABRUI CABLLHTYhd i gale@ i eneat & o1eT; eMbegheenE field

of the present i nvention can produce the foll ow ng

orle\%#zaetg tor pggggg ?;ﬁg?glg%?&'bf gf&%f@énﬁe&%ﬁ?%n the

stabl e agal nst a C_
molcﬁeégrénegéﬁnqeqﬁgﬁr%étee ¥4 a’te%e e(n?qhgg’lneg:gﬁl 2 es-q]eg) rc]:l%tmalgsnetlzlng
the magnetic material having undergone the magnetic field
orientation; a heat treatment step of subjecting the demagnetized
magnetic material to heat treatment to solidify the magnetic
material; a machining step of machining the heat-treated magnetic
material into a cylindrical shape with an outer diameter of 20 (mm)
or smaller; and a magnetizing step of magnetizing the machined
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
amoldtomoldthematerial may include: a compression stepof charging
the Sm-Co based magnetic material into a meld and compressing the
material; and a heating step of heating the compressed magnetic

material in a state of being charged into the mold.
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reduce magnetic vibrations (pure tone), which are of
particular note in the dynamc notor. (3) Based on the
expression (3) , the nultipolar notor nagnetic circuit
can be designed. (4) The magnetizing current is allowed
to flowin the nmagnetizing head in a reasonabl e range
of current anmount, whereby a jig for the magneti zing
head el ongates its service life, resulting in a stable

lity after magnetizing the magnet. (5) The magnet is
IND#%ﬁh;%hnékékﬂ%ﬁgf%&%ﬁeby cogging is reduced. The above
description is centered on one enbodi nent of the
pr é8enta fionemaritdrenddowewedimené pfetkatprevent | omvérstion can
not limted to the above-nentioned enbodi nent but

prodilde®vshe afd DUSwImgidffadtions within the scope of
appended cl ai ns. For exanple, the aforenentioned notor

30 | the Y t. or_,porti
20 |8, Phe L RE L e PR LOB16) 10 SOl r RV PT moror
However, this is not intended to limt the type of
cha RGeSt (ko S9gsT o GPENERAORAL | MRS G0 JrenmRpgeture
not or can be used. 40 In the case of using the inner
chargst.or type notor, the stator portion is positioned on
an outer circunference of the rotor portion having the

perfmnent nagnet fd xedet Relel ol Wkl wiidieaesy istPedsible to
the plural stator coils are arranged at regul ar

reduldt {10 Suraund s t&ﬁu%er%nt JIRE: %Cf)r;ﬁjgrr{:%cular
to the present invention,” the conpdct,
notehiiq‘hecrﬁepec[y;nogmniacncmeotrgort.or can be provided.

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

(4) The magnetizing current 1is 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.

{3) Themagnet ismademulitipolar, 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.

For example, the aforementioned motor 30 is of the outer rotor
type where the rotor portion is positioned cutwardly from the stator

portion. However, this is not intended to limit the type of motors

to the ocuter rotor type and an inner rotor type motor can be used.
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41 CLAIMS 1. A permanent magnet for a notor, which is

di sposed in a rotor for the notor and has a

cylindrical shape, conprising domains that are

magnetized in a radial direction, have aligned

magnetiz.ing directions, and are arranged at regul ar

intervals in a circunferential direction

characterized in that provided that D represents an

in di anet er of t he permanent magnet for the not

D ESeRESCaOL (HF LRAGTE (M YHTe IPaiTal VP IBCE Pbn, L ‘stator

represents the nunber of dommins, and Mrepresents the
portigibes rsfs IAG Pirses afrbfﬁu@ler\mrig:qu@m@ of the soker paytion

20 (m) or smaller and t is set to satisfy the relation
haviafg ttHe HY dMdvlenth)maghetThE el M@t dmenieh ftiere theult that

notor according to claiml, characterized in that the

the Efﬁggf%%tatmflé gEet%}erag:ﬁ;tle aJc %elg%rl%‘%dln@érﬂ‘lss%%rround

magneti c materi conprising: aro

th portion includi a rotational symmetrical body around
© B THROE Yy IMaflScal per manent magnet is arranged, and a
rotational shaft arranged on an axial |line of the

r otfetdogishinsynhet ritdel  bpdgsent st atrorengaian,on ha®i ngompact,

plurality of stator coils excitable wth AC having M
highheges, f aitamseac car angadwiniean | nner

ci rcunference or outer circunference of the pernanent

magnet to face the permanent magnet; and 42
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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
per manent magnet includes domains that are magneti zed
in a radial direction, have aligned magneti zi ng
directions, and are arranged at regular intervals in a
circunferential direction; and provided that D
represents an inner di ametbRINE t he per manent magnet,

t represents a thickness in the radial direction, N
represents the nunber of domains, and Mrepresents the
nunber of AC phases for driving the nmotor, Dis set to

1. Zoﬂggkmghe%%eSﬁe@%f al ﬁo§§§* \L}?lél@tﬂsstd)isbgged in a rotor

rela nof t ~ nby . The not or accordlng to

aim cha terize he permanent m i S
tor %bmag’gr B33 %%ﬂjerbé‘%cg% Sthépr?at &Pi'RF 151563 itaing that
magneti zi ng method for magnetizing a cylindrical
are geadngferie nh@n@tfaﬁéﬁeséérﬁétaoﬂotSﬁvﬁo@lﬂﬁéeﬁnﬂ@@n§&121ng
that domains that are magnetized in a radial direction
direutd drave adndnesreragaetazged direetgobsrar énaetanged in a
at regular intervals in a circunferential direction,

Clrédﬁféygﬂgygyndfggﬁggoﬁmlng configured so that, provided
that D represents an |nner di anet er of the pernanent

di %glgr’acterﬁez%r S%nt a% Qlkn tha pOl gdre%len S an inner

ion represen er
represents the nunber of AC hases for drivin the
diamgjiedy O FRe sRerPINODT (ARt EfAI FBR BRACL.i & Iepregents a
satlsfy the relation of t < nD/(NM- n), 43
thickness inthe radial 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 - ).
2. The permanent magnet for the motor acceording 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:
arotor portionincluding a rotational symmetrical body around
which a cylindrical permanent magnet is arranged, and a rotational
shaft arranged on an axial line of the rotational symmetrical body:
a stator portion having a plurality of stator coils excitable
with AC having M phases, which are each arranged on an inner
circumference or outer circumference of the permanent magnet to

face the permanent magnet; and
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t he nmet hod being characterized by conprising: a

one-direction magneti zati on step of magnetizing the

per manent magnet in one direction which is the radia

direction; and a pol e magneti zation step of magneti zi ng

t he permanent magnet nmagnetized in the one direction

in the one-direction nmagnetization step to donains

that inverse the nagnetizing direction at regul ar

intervals in the radial direction. 6. The_nagneti zing

lnHQMﬂﬁ%ﬁkRﬁcﬁ?@ﬁ%?ﬁcF%Pﬁ?BblEhQFQCPéWPEéélYlﬁUPESFtﬂHQ the

per manent magnet is fornmed of an Sm Co based magnetic
rotataterdlal sh#fit to the stator portion so that the rotational

symmetric body and the stator coil are concentric to each other,
characterized in that:

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

provided that D represents an inner diameter of the permanent
magnet, t representsathicknessintheradialdirection, 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 motor 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 - m),
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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 magnetizatiocon
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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