1 [Docunent Nanme] DESCRIPTION [Title of the
I nventi on] Methods of producing conposite conpact for
permanent nagnet and producing permanent magnet bl ank
[ Technical Field] [0001] The present invention :
relates to nethods of producing a conposite conpact
for a permanent magnet and producing a pernmanent
magnet bl ank, nore particularly, to nethods of
roduci ng nposi ompact for a pernmanent nagnet
gﬁﬁumﬁpgdﬁépﬁg1a§§$éhéki§bﬁagnet bl ank usi ng
rare-earth netal materials. [Background Art] [0002]
[EbhbenPoRhrl ynVeBEieRdnpl e, permanent magnets have
been used for magnetic fields in sonme of electric
mot oMethodpeefr Pcodunéngt compostite Coopastafuire peA@anent
servonotors, synchronous notors, stepping notors,
mbgushednBCprotiari ngnde ragnehtomags ege Raaikor s) . Wt h!
respect to the pernmanent magnets being used for
[TeekRricalnmeibod)is widely known in which rare-earth
nmetal materials are subjected to plastic working to
[poodyce a pernanent magnet blank and the pernmanent
magnet bl ank is magnetized. For exanple, the nethod

o DAROLEERae;PEATBAE L agteE Rl SR RS W puging
a composite compact for a permanent magnet and producing a
permaﬁent magnet blank, more particularly, to methods of
producing é composite compact me a permanent magnet and
producing a permaﬁent magnet blank using rare-earth metal
materials. |
[Background Art]
[0002]

| Coﬁventionally, for example}rpermanent magnets have
been used for magnetic fields in some of electric motors,
electric generators, etc. (for example, AC servomotors,
synchronous motors, stepping mo£ors, brushed DC motors and
synchronous generators). With;respect to the permanent
magnets being used for these, a method isiwidely known in
which rare-earth metal materials afe subjected to plastic
working to produce a permanent magﬁet blanﬁ and the
permanent magnet blank is magnetizedJ  Foréexample, the

method of producing a permanent magnet blank disclosed in

Patent Document 1 is carried out as described below. A



-2- material containing rare-earth and ferrous netals

and boron is nelted and cool ed rapidly using the
single-roll nethod to obtaiqéeqstrip, the stripis
crushed to obtain a powder having a predetermned
grain dianmeter, and the powder is conpacted by cold
pressi ng, subjected to hot pressing so as to have a
hi gh density and further subjected to plastic working
to produce a cup-shaped nmenber having a predeternmn ned

- merkgFd alalcos tadndmde o ane @ ot lpermhnfat ragy et t a1 aarky boron

Si nce the pernmanent magnet bl ank produced using the
Iisetiedd ede sy lve 1atob weaphiakl yragniatd coleni siotglapyroMhaiethod
it is magnetized as requested, it has a

tohabaetier iastsiteigf, iRl R riysald ensedaldBy i iedWvder
bei ng excellent in magnetic properties. [0003

]
hBatie fo rini Yresie, Rat Pl ety iy 1
Opén@{PSb icati or;:hlilon.wl—lel 9%%4%%%#’53%&%%‘%%5 s

Len Rr.ghi : S e lnvention].
PBERS e Sotdl FESSR M O Rt e d 6 i Tl g g0 =
vent.i.onal r.nanent t bl ank as requested is
B pa%Es U PR S e TP ad Snarest i
de ne%izati n field or used in an environnment in
w\?ﬁﬁﬁgt ngrﬁﬁém@oﬁbicﬁé’d“@l?édeé‘ﬁ“@e%iwwq éferred
to as "exposed to high heat or the like" in this
PHEdEERBILARY, sharagratispatiefie utiesl tte tafe @ permanent magnet

blank}). Since the permanent magnet blank produced using
the method described above has magnetic anisotropy, when it
is magnetized as requested, it has a characteristic of
being usable as a permanent magnet being excellent in
magnetic properties.

[0003]

Patent Document 1l: Japanese Patent Application Laid-
Open Publication No. Hei 9-129463
[Disclosure of the Invention]

[Problem to be solved by the Invention]
[0004]

When a permanent magnet obtained by magnetizing a
conventional permanent magnet blank as requested is exposed
to high heat or subjected to an external demagnetization
field or used in an environment in which these are combined
(hereafter simply referred to as "exposed to high heat or

the like"™ in this description), demagnetization due to the



-3- heat or demagnetization due to the externa
magnetic field or denmagnetization due to the

conbi nati on of these (hereaﬁgff generally referred to
as irreversible demagnetization) occurs in part of

t he permanent magnet in a short period, whereby there
is a problemof deterioration in performnce. Hence,
generally, a counterneasure is taken to prevent
irreversi bl e demagnetization by enhancing the

hedtty iofs idemaaaret vaa t i edwd thetlperentrema raeganet o field
enhance the intrinsic coercive force of a rare- earth
draskethageratarertti sraghet {d drheexaomdd imatal did-de-these

per manent magnet or a Pr-Fe-B pernmanent magnet), the
(tempesitddroy«gfe 1416 ¥ afef @ardd) ©) efe i Srdveddaspased so
that the rare-earth elenents are rich, or part of Fe

deta idistAdtatd) Mddu D 1.PpdMe At He RAUMNE Smagnet in

i ncreased, instead of using stoichionetric

AR Yan ] or, etheﬁ[\éijzmiF$éag'%?xgcfblgrggo?%f@%%en%ieoration

however, thes€ methods’ are
P2 ( 4%1 or Pr.in the rare-earth elenents is .
B o -« h Aok o RERECAIAY 1 & GOBR e TR Se 13
tthe intrinsic coercive force, such as, Dy or Tb )
ei&EFe &t TS TS TEP 1S danagyethzatien ke enhpncing
this description). However, this nmethod has the
e Fekiid sgroosicanrsivrierepad fikalnsrmanente|erane s,
such as Dy and Th, are very expensive, and pernmanent
magné&tos efndvangiep|theatimnsindiat caeapiive fumte igf rd nsdoe-
coercive forces and use these elenents in large
eamthn e sk peirglarentc asdgndtur (et nesple, a Nd-Fe-B
permanent magnet or a Pr-Fe-B permanent magnet), the
composition of the rare-earth elements is increased so that
the rare-earth elements are rich, or part of Fe is
substituted with Co, or the ratio of boron is increased,
instead of using stoichiometric composition (for example,
Nd;FesB or PryFe sB); however, these methods are limited in
effect. Hence, part of Nd or Pr in the rare-earth elements
is substituted with an element that is used to improve the
intrinsic coercive force, such as Dy or Tbh (hereafter
simply referred to as "Dy or the like" in this description).
However, this method has the following problems. More
specifically, the elements, such as Dy and Tb, are very
expensive, and permanent magnets for applications that

require high intrinsic coercive forces and use these

elements in large amounts are high in cost. Furthermore,



-4- although it is certain that the intrinsic coercive
-force is raised using the nethod of substitution with

Dy or Tb, the nethod is defegtive because the

resi dual magnetic flux density becones | ower.

Furthernore, in applications requiring a |arge anount

of magnetic flux, it is inevitable that the anount of

use of magnets thenselves is required to be increased

to conpensate for the | ow residual magnetic fl ux
adéhongy ithdpelpriadd tihag ithea ntgiogs ciqagreiste force is

further increasing the cost of the permanent nmagnets.
rRBsedy ais inghéhienoedase iof tshidsdnouniti cof wileé @B nanedid, the

magnet s causes a probl em of maki ng apparatuses in
- mafthold tilse deffectrrenberBanet $har e dsieu=lom@tdial gy

in size. However, in recent years, requests for
deesiBReBecofe@nabiekeCoMBrtREFRBSENILY 88¥ELeaY¥e8hs

after year, and permanent magnets are required to

rééb&%ﬁﬁgahllhggergﬁBﬁﬁ Soff%%g%%&ﬁ§;?g%$ga99§Qﬁ§ %ﬁéﬁ&table

‘tenmperature an for reduction™ 1n we Sl ze an

tﬁgﬁtthEE§&SunEe5%aﬂ§?to?aﬁﬂgh%t%rsgé§g§£§g§'%g)Qequired to

requested so as not tTo Causé€irre
b%ﬁna%ggtiz tion _even mh%n %sed i n in environnent in
e Fﬁ8§ 5Pe CEXBGEER o AT gt RedOY G Sdfilingl dagnptic
is tgo have reduced anmounts of elenents, such as Dy
TiHE #BNSARY, sbhergby TREVAREREt 41t ReVieives g aksdef
conpact. [0005] An object of the present invention is
fustprsvilnerepsingdshef cpetdofi fifrea peamposinte MeQIEd .
for a permnent
Moreover, the increase in the amount of the permanent
magnets causes a problem of making apparatuses in which the
permanent magnets are incorporated larger in size.
However, in recent years, requests for permanent
magnets become increasingly severe year after year, and
permanent magnets are required to satisfy all the requests
for resistance against high temperature and for reduction
. in weight, size and cost. Hence, permanent magnets are
“increasingly requested so as not to cause irreversible
demagnetization even when used in an environment in which
they are exposed to high heat for example, so as to have
reduced amounts of elements, such as Dy and Tb, and so that
“the magnets themselves are made compact.
[0005]

An object of the present invention is to provide

methods of producing a composite compact for a permanent



-5- magnet and produci ng a permanent magnet bl ank that
can be wused as a permanent nagnet being excellent in
magneti c properties when thnggrnanent magnet bl ank
formed of the conposite conpact is magnetized as a
matter of course and that can be used for along life
period while the magnetic properties of the whole

per manent magnet hardly deteriorate even when the

per manent magnet is used in an environment in which
TS EFa GREt PEOSISHES ife Panmanssft magnelydrlbwlly that can be
af fected, for exanple, even when the pernanent nmagnet
Ugledaiave @ e rmagnestti ziagmetthdehergranerd 1 mgneln hadge t ¢
exposed to high heat. Another object is to provide :

prepkodd esf whead dtien Ppearme@MOsddhaOmIantk f®rmed of the
per manent magnet and produci ng a pernmanent magnet

chinpols i¢apabh@aeht ALOYHaHRE 1% RETIRNEMat TEBONSE &L@f{e and
having a high intrinsic coercive force even when the

tAERURLNObeUsR el £iBY- %rﬂaﬁﬁlﬂfgéiﬂ§§4§§f%¥%§§nthe magnetic

per manent magnet blank is “scarce. S an
PIRRrKIESIol the FERTE, BRS mabert B Py Hitigwiprate
B AL bS5 Rk g 908 % s ommanc
onposjte conpact E for a permanent magnet is forned

W§§C coiibi MRAGSAAE PROBGTALRSy thamest ia%e astysagely

el ement. A _and

affected, for example, even when the permanent magnet
obtained by magnetizing the permanent magnet blank is
exposed to high heat.

Another object is to provide methods of producing a
composite compact for a permanent magnet and producing a
permanent magnet blank capable of providing a permanent
magnet blank having a high intrinsic coercive force even
when the amount of use of Dy or the like in the whole
permanent magnet blank is scarce.

Other objects and advantages will become easily
apparent from the drawings and the following description in
conjunction therewith,

[Effect of the Invention]
[0009]
As described above, in the present invention, since a

composite compact E for a permanent magnet is formed by

combining and integrating a high iHc compact element A and



-6- a high Br conpact el enent B, each being forned of
the above-nentioned magnetic powder, the pernmanent
magnet bl ank F can be used ag a permanent magnet

being excellent in magnetic properties by magneti zing
t he permanent magnet bl ank F based on the

above- nenti oned conposite conpact for a pernmanent
magnet in a way simlar to that of the conventional
nmet hod, [0010] In addition, in the present invention,
ashRgs Bfe corpRsdsicle H@?’ﬁp&)t @ dhorbeingerfamead afagie
is formed by conbining and integrating the high iHc
aberpatensliomsat magnetate ipovidemmedhef e megrett aggmwterblank
Ma being high in intrinsic coercive force in
Fconpabesased bls thedimghddit meymactbalmmnicd ant in
being | ow in residual nagnetic flux density in
MmagHBAL LS poplelrht itelke i ttHﬁ‘ﬂE?Maﬂ%nﬁ”M%éﬂE%
hi gh Br conpact elenent that is forméd of

bMBﬁReF'EaB%Wd%h M%eb%ﬂgﬁémdyhfﬂ%dﬁﬁﬂﬁﬁﬁ}o |ﬁ?aqt for

flux density in conparison wt

eb@?ﬁﬁheﬁt ﬁggng%lﬁg Iow&yw tr%@%#%ﬁc er.ci V. force

In conparl son” wt

n magnet obtalned by nagnet|2|ng the
c&hgeggﬁg Ea &k 8

rmanent magnet bl ank F based on the
nmenti oned conposite conpact for a pernmanent
(EBHE:

is used in an environnent in which the
permanent magnet is subjected to heat or the like,
t he peraddéhtomaghst the phresattedinventiion, since the

composite compact E for a permanent magnet is formed by
combining and integrating the high iHc compact element A
that is formed of a magnetic powder Ma being high in
intrinsic coercive force in comparison with the high Br
compact element B and being low in residual magnetic flux
density in comparison with the high Br compact element B
and the high Br compact element B that is formed of a
magnetic powder Mb being high in residual magnetic flux
density in comparison with the high iHe compact element A
and being low in intrinsic coercive force in comparison
with the high iHc compact element A, when a permanent
magnet obtained by magnetizing the above-mentioned
permanent magnet blank F based on the above-mentioned
composite compact for a permanent magnet is used in an
environment in which the permanent magnet is subjected to

heat or the like, the permanent magnet is characterized in



_7_ that the high |Fb conpact el enent si de of the
permanent nmagnet is hardly subjected to irreversible
demagneti zati on by dlsp05|ng7the hi gh i Hc conpact
el enent side of the permanent’ magnet on the side
affected by high heat or the |I|ike and by using the
per manent magnet. Hence, the permanent magnet is
effective during use in that the whol e pernmnent
magnet hardly deteriorates in nmagnetic properties and
tﬂ?@g'-t tihge tcomppet clandant usiete faf tthd gegmdrhent
period as a pernanent magnet being excellent in

iic hpnoiler tddsiedtl Ho iRtrdvarsnibles demspidiel pdtion
the fact that the permanent magnet, hardly

byeaIsipaisdinig G He) HIRgNEtHS UMPRRIt it DRIDGE the
excel lent in nmagnetic properties, can be used for a

pe@fnlerfte mRRHd A5 1S dided Aveq mggq{ﬁ l'heh at or the

conposite conpact E for a pernanent net or me
c i conp t
lgy"‘éa COE Bay ol ﬁ’gﬂrr"’{adg%et{ ‘%‘ Hegegs) Theni gn
| er.cj v or.ce e hlgh Br..c
o G ot e g et LoRo RS Wb B g I gihole
in residual ma §@:c flux den3|ty, the present

PEATERERIN FESR teFhsesites donpleanat ifoprpperties
per manent magnet that is characterlzed so as to be

aﬁér dhpt $hsj Peragnedti Meahetsidsine e nepeetiozata drorandlife
so-as to be high in residual magnetic flux density.

PpOOed] as a permanent magnet being excellent in magnetic

properties.
[0011]

Furthermore, in spite of the fact that the permanent
magnet, hardly deteriorating in magnetic properties and
being excellent in magnetic properties, can be used for a
long life period as described above, since the composite
compact E for a permanent magnet is formed by combining and
integrating the high iHe¢ compact element A formed of the
magnetic powder Ma being high in intrinsic coercive force
and the high Br compact element B formed of the magnetic
powder Mb being high in residual magnetic flux density, the
present invention can provide the composite compact E for a
permanent magnet that is characterized so as to be hardly
subjected to irreversible demagnetization and so as to be -
high in residual magnetic flux density.

[0012]



-8- Mreover, since the high i H conpact el enent A

formed of the nagnetic powder Ma being high in

intrinsic coercive force naygbe used for part of the
whol e conposite conpact E for a permanent nagnet, the
conposite conpact is characterized in that expensive

Dy or the like should only be used at the part. This
neans that the anount of use of expensive Dy or the

like in the whole conposite conpact E for a permanent
nmagn&loheOVeLar Ed nGghdhepyh igh sHAnPa e felkamentpabl formed
of providing the conposite conpact E for a pernmanent
ofadghet MegineF i glovwider Ma ibesing ddeytciive frrcensic ¢osrcive
cost is obtained. [0013] Still further, in the

foresemiayi teenisieah foav e mhert ot woleMdipd®ite compact E
i nternmedi ate conpact elenents C fornmed of nagnetic

foewde pe ridanfeor: iagnat, e rRdicRing o it Mcpd He is

intrinsic coercive forces of which beconme | ower

chegUerkiralday i1h E%%ﬂﬁé%ﬁaﬂéy$é'g%?%ﬂ?%ngﬁ$¥énﬁﬁéﬁignknly

hi gh i Hc conpact el ene Atot ove- nent1 one

ol GBCBY 2cCRRBACL A oTRAL Byoand Lheur epLdugl mRonet Lee o

ux densities” 0 I ch~ becone

B Ep R L AL BY e 1AbovE. WS GREPIAIGH (spact B
fggggag%rggggggtmggpgkﬁégi;E%sed'betmeen t he hi%P ihf

a t IS » PRy F0VRIEn AL
being high in intrinsic coercive force and the high
eﬁfeé’gnﬁ&@fﬂbélee@énprsvﬁdﬁmd the Chapeegriet icomaudert Mor a
permanent magnet being high in intrinsic coercive force at
low cost is obtained.
[0013]

Still further, in the present invention, even when one
Or two or more intermediate compact elements C formed of
magnetic powders Mc for the intermediate elements, the
intrinsic coercive forces of which become lower
sequentially in the direction from the above-mentioned high
iHe compact element A to the above-mentioned high Br
compact element B, and the residual magnetic flux densities
of which become lower sequentially in the direction from
the above-mentioned high Br compact element B to the above-
mentioned high iHc compact element A, are disposed between
the high iHc compact element A formed of the magnetic

powder Ma being high in intrinsic coercive force and the

high Br compact element B formed of the magnetic powder Mb



-9- being high in residual magnetic flux density, the
anount of use of the above-nentioned expensive Dy or
the like is reduced, mherebysfn econoni c ef f ect
capabl e. of reduci ng the cost “of the conposite conpact
E for a permanent magnet is also obtained. O her

effects of the present invention will becone easily
apparent fromthe follow ng description. [Best Mdes
for carrying out the Invention] [0014] Enbodi ments

badogr ditgd tio ties ishede magnmteing | folnisv déndiety deshor idoeshint of
below referring to the draw ngs. First, technica

et fodfr $hlee@abl’odrieﬂﬂ1e&h&cﬁfattémrfﬁi\tél®y s like is
invention will be described referring to FIGS. 1 to

rbducedG wherehy firdWrddniustdatdhg cﬂaﬂﬂﬂl@%@fredu01ng the
produci ng a permanent magnet bl ank F,” show ng an

vy | hay
CwagggF?ghghpggﬁﬁbﬁgﬁis 5ro§u3%dﬂ§§ séauentléﬁfy Gk is

aﬁg@ %%E %e% powder elenment 2 fornmed of a magnetic
col d preSS|ng hot pressi ng and plastic

morklng rak FIG. 1( deS| naLes an el enent
obt alHEE By TECHE & iy iwils pecome

cavhwy %POt shown) |n the di e of a cold press and by
RSN G ﬁgeﬁﬁgrﬁgpﬂ% Ehsovicerl wing sles eridiel etapt ed to

the inner shape of the <cavity. This is referred to as
[Bﬁétny@ﬂgérf@me@@mwyumg out the Invention]

[0014]

Embodiments according to the present invention will be
described below referring to the drawings.

First, technical matters regarding the practice of the
present invention will be described referring to FIGS. 1 to
12.

FIG. 1 is a figure illustrating a method of producing
a permanent magnet blank F, showing an example in which the
permanent magnet blank F having magnetic anisotropy is
produced by sequentially subjecting a powder element 2
formed of a magnetic powder M to cold pressing, hot
pressing and plastic working.

Numeral 2 in FIG. 1{a) designates an element obtained
by filling the magnetic powder M into a cavity (not shown)
in the die of a cold press and by forming the magnetic
powder M into a shape adapted to the inner shape of the

cavity. This is referred to as the "powder element" in



-10- Cains, Description and Drawings in the present
invention (hereafter referred to as the "present
i nvention"). The magnetic powder Mis produced using a
known nmeans; for exanple, the nagnetic powder is
obtai ned using a nmethod in which nolten netal
obtai ned by nelting a material containing rare-earth
and ferrous netals and boron is jetted out onto a
rotating roll to produce a rapid-quenched flaky
ClpBB&n RIS Loapiadidy Reotiad f |dakythe heserst invention
crushed to a powder having a required grain dianeter.
(Theemigret ire fleowder tM ias usSed "y e agamneairiveentainen of . a
powder that is generally produced by using the above-
ment Theedagake-ieapbivdand M a1y Qi diRied] 1AMy RONAHWAS means;
materials. As the alloy conposition of the nagnetic

£pevegEmMl oY ARhQUAMGHRIRAY oWk Sald ?%ﬂg}i%%&g%‘gg%«f’e daagmgethod

used. For exanple,” Y and’| ant hanoi

1hafR1eRr k1t ER! Aetnil RpRak ie(ajlrkr)g{ gnekllﬂr%émg & %’I?&aequlsa-rlg an

or a mxture of these twd or :
<BE g b d fer %by. Furthernore, Fe, Co, and Ni can
fed %% gyracerEptsn BEIOUS Fgtatsu i ReFdthd Soo
.0£ a nix%ure of these two netals can be adopted
IBFEFEr BBFy ORfReft HEEESdER0y rodd Ry PrREiUSRdéd Begid—quenched
I mprove glastic monkabil[g{ (prevention of cracking).
i@ k¥r AbBonpapdcthigpyapdsi-givgnehed fdlaiky mdtbem is
formed by conpressing the powder elenment 2 using a
cknahpd tol 8 prwdesirnhamdags a regueranplgraiat dicumter.
tenperature and a
The magnetic powder M is used as a generic name of a
powder that is generally produced by using the above-
mentioned rare-earth and ferrous metals and boron as
materials. As the alloy composition of the magnetic powder
M, various compositions satisfying requests are used. For
example, Y and lanthanoid can be adopted as rare-earth
metals; in particular, Nd, Pr, Dy and Tb or a mixture of
these two or more kinds of metals can be adopted preferably.
Furthermore, Fe, Co and Ni can be adopted as ferrous
metals; in particular, Fe and Co or a mixture of these two
metals can be adopted preferably. When necessary, Ga may
be added to improve plastic workability (prevention of
cracking).
Numeral 3 in FIG. 1(b) designates a solid matter

formed by compressing the powder element 2 using a known

cold pressing means (for example, at room temperature and a



face pressure of 200 to 300 MPa) (this is herein

referred to as the "solid elenent”). Nuneral 4 in

FIG 1(c) designates a solid patter formed by

conpressing the solid elenen} 3 using a known hot or

war m pressing neans (for exanple, in Ar atnosphere,

at 700 to 900C and a face pressure of 200 to 300 MPa)

(this is herein referred to as the "high-density

elenment”). Letter Fin FIG 1(d) designates a

£ surgg et Wartie 13 MER)f oftrieics bys hubdectieferred

the high-density elenent 4 to plastic working (for

toxampltde dtscA0@ ted <HGOQE," )i N Nhmeatdogpher €1d0Y 1 (c)

carrying out extrusion) (FIG 1(d) shows a single

- deerigmacrts avagldld Maatte 6Pormethdeasdtmppeass tg the solid

magneti zation 69 of the whole permanent magnet bl ank

el etlen tal3 ¢RAGRIONGIHE I GKRESS) ¢ |

X-direction) tgﬁer eof , ar%ldai{]hcg( per n%eﬁ%ln%r{g% a(n ot
net. i F er manent

R prr AT Re o PR B0 L A e

magnet bl an ove-nentl

[ d i bed .ab -~ A t
SFRESELLE RO M 90506l D500 BT o ae

er panent magnet bl.ank F using a known method. [0015
t x?ﬁlgﬁ"ng%&EWbﬁl&mﬁnﬁﬁgrli ehtey Fo?ntﬁésabé&éu ]

nmenti oned extrusion will be described. FIG 2 shows an
dgRiPOsres @i PerHanend meedetobland thethdd dformed by
produci ng the permanent magnet blank F, and a through
shblectingathgpbrightishe ity aiemeninid droniplasitded wddeing

(for example, at 700 to 900°C, in the atmosphere, by

carrying out extrusion) (FIG. 1(d) shows a single permanent

magnet blank 60). The easy axes of magnetization 69 of the

whole permanent magnet blank F are aligned along the
thickness direction {(the X-~direction) thereof, and the
permanent magnet blank has magnetic anisotropy. For
example, the permanent magnet blank F is formed of the

above-mentioned magnetic powder M as described above. A

- permanent magnet (not shown) is obtained by magnetizing the

- permanent magnet blank F using a known method.
[0015]

Next, an extrusion die that is used for the above-
mentioned extrusion will be described.

FIG. 2 shows an extrusion die that is used for the
method of producing the permanent magnet blank F, and a

through hole 73, a tapered hole 75 and a uniformly sized



t hrough hole 76 are fornmed in series in an extrusion
die 71 nounted in a die holder 70. The high-density
element 4 is extruded to thejpapered hole 75 and the
uniformy sized through hole 76 and fornmed into the
pl at e- shaped per manent nmagnet bl ank F by pressing the
hi gh-density elenent 4 nounted in the through hole 73
using a press punch (not shown). [0016] As

nder standable from FIGS. 8(a) and 8(b), the above-

UBhd St Tuath hened in Jorins Bo ahextmsioghdie 71

densi&y_elenent 4 whose cross-section (extrusion
mgrgsed diectd gh)e gerlstawi Bl aThieo htikyd -elenisisiyorlement 4 is
direction (the direction of arrow 79) is rectangul ar
dxg rfugiered o d-Heortragdred pesrarEhtandones €l afkeitl Payi fed
a rectangul ar pl ate-shaped cross section, the wdth

thiroughe NCI e tHr)E M Wiichind langeindhan dddnanent

thickness (in the X-direction) Ti thereof. I'n other

WS ARl 30 YNIENAMARR A e Ay dlighent 4

extrusion die conprises an en

e . | -
T er hn el TAU RS (e SREST 1S utt oh et

'Sbﬁwﬁforned and a fornmng die 74 which is disposed on
e

Xit side of the entry-side die 72 and in which

[hﬁﬁ ?bove- nmenti oned tapered hole 75 communi cati ng
Cef 1t he through hole 73 is fornmed, and the

above-nentioned uniformy sized -13-
As understandable from FIGS. 8(a) and 8(b), the above-

mentioned extrusion die 71 is formed so that the high-
density element 4 whose cross-section (extrusion cross-
section) perpendicular to the extrusion direction (the
direction of arrow 79) is rectangular is formed to form the
permanent magnet blank F having a rectangular plate-shaped
cross section, the width (in the Y-direction) Wl of which
is longer than the thickness (in the X~-direction) T1
thereof.

In other words, as also understandable from FIG. 2,
the extrusion die 71 comprises an entry-side die 72 in
which the above-mentioned through hole 73 extending in a
predetermined length in the extrusion direction.79 is
formed and a forming die 74 which is disposed on the exit
side of the entry-side die 72 and in which the above-
mentioned tapered hole 75 communicating with the through

hole 73 is formed, and the above-mentioned uniformly sized



t hrough hole 76 comunicating with the tapered hole 75
is fornmed on the exit side 74b of the formng die 74.
[0017] The through hole 73 fegned in the
above-nentioned entry-side die 72 is fornmed into a
rectangl e such that the dinmensions of its
cross-section perpendicular to the extrusion

direction 79 in the X-direction and the Y- direction
Qﬁ;pendicular thereto are nearly equal to the .
Wictighede e dfy aomaugigat Wafvithe Wisovenasad dreke 75 is
hi gh- density elenent 4, respectively, and the
fergieddemsithe edidnevitded 740 mdfurtthed fiqumiirthedichrblgh
hole 73 along its Ilength direction (the Z-direction
[®&lgdndi cul ar to the X- direction and the Y-direction)
while its thickness direction is aligned in the

X- di meet ithroarth hod eWi7d Fordid®ald Ahd SvORRtht Tbide
Y-direction. Furthernore, the uniformy sized through

ehele 58 qef Grired 200 gt Be, e d fﬂ%?aéﬁ}ééﬁéﬁg%%niy%? that the

above-nentioned formng die is forne

d&ﬁ%h%ﬁ%%%abfsq%%ec%%%%lgg%f#§¥13é¥ﬁ€§ épf%fﬁtgtéhe

[

Cross-section perpéndi cular Xtrusion

i.r on 79 in.the ?—dir tign and the Y- djrection
e%lle:rr %%?1‘8?’0 Graecthsret &r“e%i]ﬁugﬁ_ S B ARSI Yof
dt.he gtoss-section (the extrusion cross-section)

PEPHERENc BREPERG1CHE 3&x (thESes® ditfedaadn 7Bk e the
Eernanent magnet blank F that is produced as shown in
tpieknegpepf, apgathies widhd #hiodkides abiovamaheria onedt High-
thereof. -14-
density element 4, respectively, and the high-density
element 4 is mounted into the through hole 73 along its
length direction (the Z-direction perpendicular to the X-
direction and the Y-direction) while its thickness
direction is aligned in the X~direction and its width
direction is aligned in the Y-direction.

Furthermore, the uniformly sized through hole 76
-formed on the exit side of the above-mentioned forming die
74 is formed into a rectangular shape such that the
dimensions of its cross-section perpendicular to the
extrusion direction 79 in the X-direction and the Y-
direction perpendicular thereto are equal to the dimensions
of the cross-section (the extrusion cross-section)
perpendicular to the extrusion direction 79 of the

permanent magnet blank F that is produced as shown in FIG.

8(b), that is, the thickness Tl and the width W1 thereof.



On the other hand, as shown in FIGS. 3 to 6, wth
respect to the tapered hole 75 forned in the above-
mentioned formng die 74, the,entrance 74a thereof at
the tapered hole 75 is forned'into a rectangle (the
dinmension in the X-direction is T and the dinension
inthe Y direction is W such that the dinensions in
the X-direction and the Y-direction are equal to
those in the corresponding directions of the through
hol e On3 thandtthiee: dvanid,siade shtlwrofin tRECS aperies olwitls
formed into a rectangul ar shape (the dinension in the

r¥sghelceC tticonhies tHpeadl e «iTensd0fed Nid hthe above-
Y-direction is W) such that the dinmensions in the X-

méhteehieen fAehithe QXdiTeCtdnn e SRl 740 {H0SE £ rht the

the corresponding di rections of the uniformy sized

tEB%Q%@hhoﬁ@ @57QSlf$fH¥Ht nﬁﬁhﬂﬁﬁgﬁgeC$¢ € dBndfsion

tapere so as to be narr owe Sée

;B SR %&g& 3} 31 n the Y-dJre ti

“lseeF ]:%r;'l:gcnl n3):"51‘ ror‘ﬁnpcm et om Ct?‘?]e eX|t

side. 74 speci fical l e hi gh-densit eIe
A rREsiay 4% Mo SRRt o NP {fection
using the extrusion die 71 is narrowed (flattened) in
apfe thediYrddiesh 1ond arex savddd tion thmsey-i rtdeg i eprresponding
shown in FIG 7, whereby the plate-shaped pernmnent
diggaét obisaif Fmea\hhmgn@lr éctlangid arand ridss epeiclt | e s74b of
formed. In other words, the X-direction is a
tier éepemed holki dls tﬂme:ni@icgl’i-rd:eﬁs:i tneciampilad disape (the
narrowed (flattened) at the tinme of extrusion, and the
d¥meh®ion in the X-direction is T1 and the dimension in the
Y-direction is W1l) such that the dimensions in the X-
direction and the Y-direction are equal to those in the
corresponding directions of the uniformly sized through
hole 76. 1In addition, the tapered hole 75 is tapered so as
to be narrowed in the X-direction (see FIGS. 2(b) and 4)
and expanded in the Y-direction (see FIGS. 2 and 3) from
the entrance 74a to the exit side 74b.

More specifically, the high-density element 4 having a
rectangular cross-section and extruded using the extrusion
die 71 is narrowed (flattened) in the X~direction and
expanded in the Y-direction as shown in FIG. 7, whereby the
plate-shaped permanent magnet blank F having a rectangular
cross section is formed. In other words, the X-direction

is a direction in which the high-density element 4 is

narrowed (flattened) at the time of extrusion, and the Y-



direction is a direction in which the high-density
element 4 is expanded at the tine of extrusion. In
this case, the pernanent nagigt blank F is subjected
to magnetic anisotropy in th -direction, i.e., the
maxi mum conpression direction. [0018] The tapered
hole 75 is set so that the shape of its curved face
is inclined snoothly and so that snooth plastic
wor ki ng can be carried out for the high-density
ddjr@edritond is |an cidiatiiom drheviaboly et e it i ginederestt T@anekbement
74a of the formng die 74 is formed so as to have the
Isdrme ediprersEdoRt s thiose of dbhereorsespardiond st a@egh the
hole 73 and to extend in a predetermned length in
pleltthadendl MSQHéﬂlehnE“Fjﬂé“%uﬁﬁ%ﬁ%%ﬁ'ﬂg‘ﬁﬁgﬂéﬂﬁb

e

bet ween the entrance 74a and the inclin ace i s

anQiRG 0By 8% RN Bk ﬁ@9§.ha¢4é§ha£ﬁm%w]

predet er i ned radi us of curvature so SO

B %E%i5WpH@f¥%€§%% be carried out for the
hi gh- '

ensity element 4. Furthernore, the exit side
{66Hs§f the tapered hole 75 is snoothly continued to
thé aniformy sized through hole 76 so that snooth

plaiéh% morkin%bis carried out for the high- denskéy

el e kapegetopolend 5 epa@t i@ diindinhshoipe 1 its
above-nentioned high- density elenent 4 and the

CHRVEAghakel és7inclhaedapacet gl @nd/Santhathesmooth plastic

uni formy sized through hole 76 of the extrusion -16-
working can be carried out for the high-density element 4.

In addition, the above-mentioned entrance 74a of the
forming die 74 is formed so as to have the same dimensions
as those of the corresponding through hole 73 and to extend
in a predetermined length in the axial direction, and the
connection portion between the entrance 74a and the
inclined face is formed so as to have a curved face having
a predetermined radius of curvature so that smooth plastic
working can be carried out for the high-density element 4.
Furthermore, the exit side 74b of the tapered hole 75 is
smoothly continued to the uniformly sized through hole 76
- s0 that smooth plastic working is carried out for the high-
density element 4.
[0019]

The respective dimensions of the above—mentioned high-
density element 4 and the through hole 73, the tapered hole

75 and the uniformly sized through hole 76 of the extrusion



die 71 in the X-, Y- and Z-directions are set so that
the strain ratio 62/sl1 between the extrusion
direction strain El of the piﬁqanent magnet bl ank F
that is fornmed by extruding e hi gh-density el enent
4 and the strain 62 in the Y- directionis in the
range of 0.2 to 3.5, preferably 0.4 to 1.6. In other
wor ds, when the pl at e-shaped pernmanent rmagnet bl ank F
having the thickness Tl, the wdth WL and the |l ength
qie i/d figy Fde HFomthend ghrderssttions enmntset savimat the
the rectangul ar cross section and having the
stthiedknessib ebhie WiedtdecW ane telxe ruedgnh di res-tdescrdthedn ¢
above, the dinensions of the high-density el enent 4,
cthechet fpreaugineral emathet Nl drapar eshdwlies @it the extruding
uniformy sized through hole 76 in the respective
tHel @G lhoRRe 18 S &1 et it rhataﬁcf‘ecl{eelféfaqr}?rk'zpin the Y-
represented by the followng fornula 1 1s

l4i . 162/ 3 W INGL] /L) =
T a 15 ey B10s (1 Bsior'S T oar AT AL o 4 €0

(formula 1 erel enot es m na
20 tii th [ tig 62/61 within th
2L 8020kn, BYnBE. LbBel Enth' P8, 4R Sha8bqnpke
oBRRE Sk, B W% R RIS et it can

t&iH&) and the maxi mum energy product ((BH) nmax), of
fle 158AEN &t 1dadmeimashiigione dhsy highdesisdrtvaral ement 4

i mproved to |l evel s equival ent or superior to the

hagdnet thepregsanioad.aaf cxoser mamdritomegte thapriody dete by
thiékness T, the width W and the length L as described
above, the dimensions of the high-density element 4, the
through hole 73, the tapefed hole 75 and the uniformly
sized through hole 76 in the respective directions are set
sO that the relationship represented by the following

formula 1 is established.

€2/81 = In(Wl/W)/1n(L1/L)

0.2 to 3.5 ... {(formula 1)
wherein 1ln denotes logarithm natural.
[0020]

By setting the strain ratio &/e; within the range
represented by the formula 1, the magnetic properties, such
- as the residual magnetic flux density (Br), the IH curve's
intrinsic coercive force (iHc) and the maximum energy
product ((BH)max), of the permanent magnet obtéined by
extrusion are improved to levels equivalent or superior to

the magnetic properties of a permanent magnet produced by



upsetting. Mreover, the magnetic properties of the
per manent magnet to be obtained are inproved further
by setting the strain ratio [El to the range of 0.4
to 1.6. Mre specifically, the magnetic anisotropy in
the X- direction is enhanced and hi gh magnetic
properties are obtained by making the strain sl
applied to the permanent rmagnet blank F in the
extrusion direction by plastic working equal to the
upsieditingz | Mormevyrdi tbet magnekéncpropend Liesgdt ithe
properties are inproved to the highest degree by
psetanegtt magstataito et ichtEdned tareal . infhwesvddef stttlaen by
ratio E2/E1 is outside the above-nentioned range, the

seRgnely €hanisteliepyatid ke/ef dor @Gkl @Anlg® loawo.ando 1.6.
hi gh nmagnetic properties are hardly obtained. [0021]

[ Expﬂblr@e@beﬂlf&daqq@;et 't@leaHa%eQ:(lrg aarﬂg&&?pé RSS x-

Nd, 5 mass% of Co, .9 mass% of B, 0.6 nass@bof Ga
F
dm%??.nrnéi‘%'n%ﬂ@égfgg' Q?gsﬁgébaﬁébﬁg%ﬁe R
BEL SRR TR e B ol a%azemg:sézﬁsﬁw

m or | Furtherpore, this netic strip
m@ﬁ&?ﬁeﬁﬁe&ko& A, Cher SR oGl L i h P A F gt h

of 200 mor |ess. A powder elenment 2 formed of 130.8
wgréfnghedwagndo thsowter it wasimonpacYedibgctiohd Hence,
pressing at roomtenperature and a face pressure of
thegmagnetic properties are improved to the highest degree

by setting the strain ratio &/g; to 1. When the strain
ratio e2/e; is outside the above-mentioned range, the
magnetic anisotropy in the X-direction is low, and high
magnetic properties are hardly obtained. |
[0021]

[Experiment 1]

A magnetic alloy containing 29.5 mass% of Nd, 5 mass$%
of Co, 0.2 mass% of B, 0.6 mass% of Ga and the remainder
being substantially Fe was produced by melting and cooled
rapidly using the single-roll method to obtain a magnetic
strip having a thickness of 25 pum and an average crystal
grain diameter of 0.1 pm or less. Furthermore, this
magnetic strip was crushed to obtain a magnetic powder M
having a length of 200 pm or less. A powder element 2
formed of 130.8 g of the magnetic powder M was compacted by

cold pressing at room temperature and a face pressure of



200 MPa to obtain a solid elenment 3 having a thickness
Tof 36 mm a width Wof 19 nmand a length L of 36
nmm  Moreover, hot pressing m@g_carried out in Ar
at nosphere at a tenperature of 800C and a face
pressure of 200 MPa to produce a high-density el ement
4 having a rectangular cross-section and having a
thickness T of 36 mMfmm a width W of 19 nmand a | ength
49 of 25 mm The aver%%F.crystal grain dianeter of the
Qb ds Qptaighents A igheemenin athavihng a2 peichmess T of
ratio of the bulk density to the real density thereof
3fadrg. oy idth Mk et ikfermm and e kérdech Lfofthe mtrain
rati o s2/ 61 was exam ned by changing the strain ratio

MRZ/e@eaf, thve peresanieny wegneir bl @dkodt thatArasthospRere at
by extrusion fromthe high-density el enent 4 having a

af iteaghershape JOGA°C IFhdthefaOrgiSe sAsrS OV OM MPa to

Tables 1 and 2, the above- nentioned high-density

peloarRRt o4 HARS -QvTided éi%;rﬁ@}]é he hmrgysﬁkq%%i%ép

whi ch the through hol'e 73, the tapere .
e sURIfRE Y 25 %gvtll?{go ugh hol,g 76, v r?e f b?gs LN e‘_% width W

as to obtain respective pernmanént nagne

o8 o 38" QPR Tl SRAEY | 27, BUSEPRpIE Bt
whi,ch the strain ratio 82/81 is 0.2, Exanple 3 in

IRATEh LRESEEraRd  thgt id whorden s ity eflenBaind evals i1 pm at
which the strain ratio 62/81 is 0.8, Conparative
tptsnpiaer  fhenrehienefsthai huldt densisy to the real
density thereof was 0.999. 1In Experiment 1, the effect of
the strain ratio &/g was examined by changing the strain
ratio &/g of the permanent magnet blank F that was formed
by extrusion from the high-density element 4 having a fixed
 shape.

[0022]

In other words, as shown in Tables 1 and 2, the above-
mentioned high-density element 4 was extruded using the
extrusion die 71 in which the through hole 73, the tapered
hole 75 and the uniformly sized through hole 76 were
designed so as to obtain respective permanent magnet blanks
F: Example 1Ain which the thickness T1 after extrusion is 8
mm and the strain ratio e;/e; is 0.1, Example 2 in which the
strain ratio e;/e; is 0.2, Example 3 in which the strain

ratio g;/g; is 0.4, Example 4 in which the strain ratio /g

is 0.8, Comparative Example 1 in which the strain ratio



82/E is 1. Exanple 5 in which the strain ratio

1.0,
82/El is 1.6, Exanple 6 in which the strain ratio
82/81 is 2.0, Exanple 7 in whhch the strain ratio
E2/81 is 3.5, and Exanple 8 in” which the strain ratio
82/81 is 4.0. The residual nmagnetic flux density

(Br), the IH curve's intrinsic coercive force (iHc)

and the maxi mum energy product ((BH) max) of each of

per manent magnets obtai ned by magneti zi ng t he obtai ned
epefhimafedt Onagarerpilearik sirF wicicdT diley stratie radsipechise is 1.6,
exanples in the sane conditions were neasured in the
Exangilree @ iion whandh tite restdins et shonn disn JTahl exbmple 7
Furt hernore, Table 2 shows the di nensions of the high-

idensiiich et ih ant 1d1&, bl aigned sperRNenLRNe in
bl anks F according to Exanples 1 to 8 and Conparative

whiamPht@el st 092 Da ke & eHParAtUe oby L hfegggpégeﬁgh}lgtic

el ement 4 and the extrusion die 71 during rusi

" 8 I d G S S, d.
% 3G _ANG rfe.%-{eg r![gl L§ i d %r@%ﬁsﬁ%}%ﬁcﬁ%tﬁorce

processi ng “machi i on,” magn

. @St lLes, Vil awdth of 8 | ength of 8
GRS nd o LER RSy DY el TR Do, drach of
ortions in the width and | ength directions of the
PREPRARER REBRES RS di IRGIRiiae fhe Pbtained
magnetic field of 3.2 MV m were used for the specific
Pﬁﬁgéaﬁéf%eﬁ@gn@ft tHamnggfetdacqnidiper tieeshsf ndwpective
respective permanent magnet bl anks F according to

CERBRpESs in thes same Combdriatisyevdamsasulced in the X-
Furt hernore, the nagnetic -20-

direction, and the results were shown in Table 1.

Furthermore, Table 2 shows the dimensions of the high-

density elements 4 and the obtained permanent magnet blanks

F according to Examples 1 to 8 and Comparative Example 1.
[0023]

The temperature of the high-density element 4 and the
extrusion die 71 during extrusion was 800°C, and an 80-ton
hydraulic press was used as a processing machine.

In addition, magnetic measurement test samples, having
a width of 8 mm, a length of 8 mm and a thickness of 8 mm,
taken from the central portions in the width and length
directions of the permanent magnet blanks F and magnetized
in a magnetic field of 3.2 MA/m, were used for the specific
measurements of the magnetic properties of the respective

permanent magnet blanks F according to Examples 1 to 8 and

Comparative Example 1. Furthermore, the magnetic



properties of the respective magnetic measurenent test
sanpl es havi ng been saturatedly magneti zed by the
above- nentioned magneti zati c_)?ovyere nmeasured using a
BH tracer. Wen the tissue of"the crystal grains of
the magnetic neasurenment test sanple according to
Conparative Exanple 1 was observed, its shape was
flat and nmeasured 0.1 min the X-direction and 0.5m
in the Y-direction on the average. [0024] [Table 1]
REGRE T ¥ | of Beh¢ Heeg1Bi) e HRadhe TidWer KireBent test
Exanple 1 0.1 1,08 1,282 35 Exanple 2 0.2 1 .1 4
slaml s 260v ik drpire Saturdtddly madne®ided ByOthe above-
Exanple4 0.8 1 .4 1 1 .22 392 Conparative Exanplel 1

mdhthiored ragrieZi 2881 bxxam@t e medsPrdd - ddidg £ Sy 40lacer.
Exanple6 2,0 1.20 1 .23 285 Exanple 7 3.5 1.15 1.25

A SRpiah 6 i N s oL
e Snht lt&i;sdﬁn&lgzaégoesrdirpgzt% éozrr%ﬁ J@P\lrg Iga]':ample 1

was observed, its shape was flat and measured 0.1 pm in the

X-direction and 0.5um in the Y-direction on the average.

{00241
[Table 1]
Strsinratio] B iHc (BH)max

T MA/m KJ/m?
Example 1 0.1 1.08 | 128 | 235
Example 2 02 | 114122 | 280
Example 3 04 | 135|121 | 360
Example 4 08 | 141 |122 | 3s2
ComparativeExample]l 1.0 | 1,47 | 122 | 428
Example 5 16 | 144|120 | 401
Example 6 20 | 120|123 | 285
Example 7 3.5 115 125 264
Example 8 40 | 112|128 | 250
comparativetxample2l 1.0 | 1.36 | 1.85 | 372
Example 9 10 | 148 | 121 | 422
Example 10 10 | 143 {122 | 4086

[0025]




H| gh den3|ty eI ement 4 Perrranent rragnet bI ank F e2/Ct
Thi ckness Wdth WlLength L Thi ckness WdthW Length LI
T(m (m) (M) T1 (nm) (Mo %mﬁ Exanple 1 36 19 25
8 21.8 98.1 0.1 Exanple 2 36 19 25 8 24.4 87.5 0,2
Exanple 3 36 19 25 8 29.2 73.2 0.4 Exanple 4 36 19 25
8 37 57.8 0.8 Conparative Examlet 36 19 25 8 40 53,4
1.0 Exanple 5 36 19 25 8 48 44.5 1.6 Exanple 6 36 19
8 52.41.1 2.0 Exanple 7 36 19 25 8 61.2 34.9 3.6
I8 36 19 25 8 63.3 33.8 4.0 Conpar ati ve Exam

| Ve Valii I a Uia Y w n 4000 .4 Q Lnr\ &l Lokl annat 2L .4
er—So—TIT9 =z 4053 =-d—3—0

magnetic po [ohrflopsi tyle kamead 4|TeTEmens ARanet Saark F brie/e:
as |t hose of [mhekna Wi tieWlilieogtad (inxaaedshmatn Wi [Laagtgg) a
madnetic al |l ®Hnd ait nol 268 s of ¥ (. & mabs%

of |Pram31é 1ness® of yg 6 newsy 9f§C0, @ 8% Mege% ol 0.1

sBu -g.Z Iupwogée THeh, b BGuddr & enbrd 4P |83oFili 0.2
el e=BBﬂmpBeé d &6 hi gh-glenisi R el errmt 1 2@ [praedac 390,4
ﬁg‘ﬁ%@% ELANE ML Y DK AT
t he l"er"ﬁentsenej Q@paragive] 8 |40 [s53.4 | 1.0
ExampleS 38 18 25 8 48 445 186
Example 6 | 36 19 25 8 52 41.1 2.0
Example 7| 36 19 26 8 812349 38
Example 8 | 36 19 25 8 63.3 | 338 | 4.0
Cm%z;;‘;fi‘;ez 36 19 25 8 40 653.4 1.0
[0026]

[Experiment 2]

.A magnetic powder M was obtained in the same
conditions as those of the above-mentioned Experiment 1
using a magnetic alloy containing 26.8 mass% of Nd, 0.1
mass®% of Pr, 3.6 mass$ of Dy, 6 mass% of Co, 0.89 mass% of
B, 0.57 mass% of Ga and the remainder being substantially
Fe. Then, a powder element 2, a solid element 3 and a
high~density element 4 were produced sequentially. The
magnetic properties of a permanent magnet blank F formed by
extrusion as in the case of the above-mentioned Comparative
Example 1 s0 as to have a thickness Tl of 8 mm and a strain

ratio e»/e; of 1.0 after extrusion from the produced high-

density element 4 having the same dimensions as those of



Exanple 1 so as to have a thickness T1 of 8 nmand a

strain ratio E2/El1 of 1.0 after extrusion fromthe

produced high- density el emenys4 having the sane

di mrensi ons as those of _22 nparative Exanple 1

were shown as Conparative Exanple 2 in Table 1.

Furthernore, the di nensions of the high- density

el enent 4 and the obtai ned permanent magnet bl ank F

according to Conparative Exanple 2 were shown in Table

Compagind I8 rframgn- < ohdieFonshewe #peCepearattvaeEnagple 2

of measuring the magnetic properties were the sane as

hds e 1 Exparitiwenmore, [ 00R7]dindeaions dl Ghe high-8,

extrusion was taken as an exanple of plastic working

degrs ipryovd ldimentt he et nenendbt ahgeaet pdtmakett Waddnet blank F

magneti c ani sotropy and illustrated. However, as is

scaromiilnyy KT Womid 1R0EISES S SaeN 852 UPSES tiRGwn e Table 2.

rolling are used in addition to the above-nenti oned

T I Alk i&h RIGREIHG WY kg s %é’c\’iﬂ@gmé@ﬁod of

per manent magnet bl ank w th magneti c ani sotropy, and

G RRCESRE I . sel |V S .

necéggggi. Fu?} ernofg}ﬂ?hﬁfﬁggg§f$%%éng¥h%%$%r%$nahose 10
er,manent magnet bl ank F by subjecting the

%gﬁﬁﬁﬁgeﬁﬁbﬁf density elenent-4 to plastic working was

[%ﬁégribed above. However, plastic working simlar to
t dbove- ment i oned pl astic working and ot her known
pl astic working can be applied to other conposite

conpdeEd  EindddGSeall Wia 18t xtrusion was taken as an

example of plastic working for providing the permanent
magnet blank F with magnetic anisotropy and illustrated.
However, as is commonly known, processes such as upsetting
and rolling are used in addition to the above-mentioned
extrusion as plastié working for providing fhe permanent
magnet blank with magnetic anisotropy, and such processes
shou;d only be selectively used as necessary.
Farthermore, in FIGS. 1 to 8, the forming of the
permanent magnet blank F by subjecting the single high-
density element 4 to plastic working was described above.
However, plastic working similar to the above-mentioned
plastic working and other known plastic working can be
applied to other composite compacts E identical with the
above-mentioned high-density element 4, that is, the
composite compacts E shown in FIGS. 13 and 33, and the

permanent magnet blanks F respectively corresponding



above-nenti oned high-density elenent 4, that is, the
conposite conpacts E shown in FIGS. 13 and 33, and the
per mmnent magnet bl anks F resggctively correspondi ng
-23- thereto can be forned 28) Next, FIGS. 9 and
10 w Il be descri bed, shomﬁng exanpl es different from
the high-density elenent 4, the permanent magnet
blank F and the extrusion die 71 showmn in FIGS. 1 to

n the sh pes of the hi gh-density el enent 4 and the
ﬁﬁﬁr F and the shapes of the
through hoIe 73 the tapered hole 75, the uniformy
t hrough hole 76 and the formng die 74 of the
extrusion die. Although the production of the
pl at &esttap@d Gfor farrerdt 10vagiiet HE atdsdr fadn tdifowing
hi gh-density el enent 4 having a rectangular cross

execpiles WS fdaserd Rdrbowe Hieflerddig 4 eférﬁ?éat 14t one
8, the plate-shaped per manent magnet blank

pepRENRAEN magRSReth 1lmnk 607) JHRY é%&xlml ngﬁﬁ%":[ ' Sown in

hi gh- density el ement 4a having a cy pe as
Ffgyn 1i I ) }%33%
t he pﬁa?g ghgﬁeﬁ%kgé éﬁghiéﬁﬁgtgépt éﬁ%}%&}%ﬁ‘ Pt 4
[ e mndth an ength L1 is extr ded
b?o%htghgé PSS MS9RsEd Jﬁ‘gﬁwaﬁ" @ﬁé‘?tg-‘eel 4%1#
avin nme (in the X- direction and
t rSFch?‘Ogﬁ) t7§ tgﬁ" Heardiad B dith the the gy  sized
gh di nS|ons of the through hole, the tapered hole
HBUEH GREF deniaRsithal o hibk o7 4refsthesexthasion die.

Although the production of the plate-shaped permanent
magnet blank F from the high-density element 4 having a
rectangular cross section was described above referring to
FIGS. 1 to 8, the plate-shaped permanent magnet blank F
(permanent magnet blank 60a) may be produced from a high-
density element 4a having a cylindrical shape as shown in
FIGS. 9(a) and 9(b). In other words, when the plate-shaped
permanent magnet blank 60a having a thickness T1l, a width
Wl and a length L1 is extruded from the cylinder-shaped
high-density element 4a having diameters D (in the X-
direction and Y-direction) and the length L (in the Z-
direction), the dimensions of the through hole, the tapered
hole and the uniformly sized through hole are set so that
the strain ratio e/e; = In(W1l/W)/1n(L1l/L) is in the range
of 0.2 to 3.5, preferably 0.4 to 1.6, whereby the working~

effect similar to that described above is obtained.
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the strain ratio s2/el = In(\W/W/In(L1/L) is in the

range of 0.2 to 3.5, preferably 0.4 to 1.6, whereby

the working- effect simlar te4that described above is
obtained. -24- In a formng die 84 for producing the

per manent magnet bl ank 60a shown in FIG 9, as
understandable fromFIG 10, the entrance 84a of the
tapered hole 85 should only be forned into a circul ar
shape_havi ng the sanme diameter as that of the

hi gh-Tderfsi ket geite 424 Eod Predexikgstlie Bapuapent hpagnet
tapered hole 85 and the uniformy sized through hole
Hendnhaflal Hmwyn ben fBEGed?i o endecsbagdéhateshape FIG. 10,
having a dinmension Ti in the X-direction and a

- Wiemsiomadd §84n tde the digpetédnholbegsli sRasiensnbei bg

equal to those of the permanent magnet bl ank 60a.

AQORY] irdtRxperdienild) ShepdBeReih PROPSLhE €81 fhet bR as
per manent magnet blank 60a in the X-direction are

havb i ihka fyH- @sn SR ferdent thE, p&ﬁ&zﬁg%te%;@’f‘@”ﬂde 84b

bl ank bei ng extruded fromthe cylinder-

o1 Shgensic e £ VEIRLLs S 00 0 IR 7 B8 o Ban oo

mm a length L of 22. pro S

AN t.hose in eriment 1 using a nmgnetic
E ALY 1 ol Lol ) tresAne bRt b4 having a
dabovennenbbgned Experinent 1 so that the thickness Ti
af & &0 rldsitgh T F-GARead o data thnersem Fhtin the
8281 is 1.0. Furthernore, Table 3 shows the
Yachersitd e ofthen sl imagie idursihging eemml 40 those of the

permanent magnet blank 60a.
[0029]

[Experiment 3]

The magnetic properties of the permanent magnet blank
60a in the X-direction are shown in Table 1 as Example 9,
the permanent magnet blank being extruded from the
cylinder-shaped high-density element 4a having a diameter D

of 14.5 mm, a length L of 22.5 mm and produced in the same

‘conditions as those in Experiment 1 using a magnetic alloy

having the same composition as that of the above-mentioned
Experiment 1 so that the thickness Tl after extrusion is 3
mm and so that the strain ratio e,/e; is 1.0. Furthermore,
Table 3 shows the dimensions of the high-density element 4a
and the obtained permanent magnet blank 60a according to
Example 9. 1In addition, a magnetic measurement test sample,

having a width of 8 mm, a length of 8 mm and a thickness of



and the obtai ned permanent nmagnet bl ank 60a accordi ng
a magneti c measur enent

to Exanple
test sanpl e,

9. In addition,

havi ng a wi dt h

8 mMmm a length of 8 nm

and a thickness of -25- 3 nm “taken fromthe centra
portions in the wwdth and length directions of the
per manent magnet blank F and nagnetized in a magnetic
field of 3.2 MW m was used for specific nmeasurenents
of the nagnetlc properties of the respective

3 SHtyaferte el brankert sel opdir ngons Exabipd ew Bith aadd
t he measurenments were carried out using a BH tracer.
Heg@R0] dilxhttel@)s H §htldensé tiyaeeetand gde PesDERENF and
magnet bl ank 60a ss/el Dianeter D Length L Thi ckness

nAiggtat \ed engtd) faghed 16 £ 114 ned ﬁ”ff)MZU’mj( s used for
Exanple 9 14.5 22.5 3 28.3 43,8 1,0 [0031] Next, an

eviHie shavutdndilG J4 and gidiserent fé}%é'a?:tf § of the

hi gh- den5|ty el ement 4 and the perrmnen

5 £ th
IFSp%t(%eny {b Irggfv;‘lerrrlilatntn%l(';gl‘é\éﬁil'nd léjf:% perpes 5 djtn%(gn%? Framgle 9

hlgh
| d. As sh | GS. d
E’f( Bc)h, gl%tarsglgcl oneqbce T f%agrmlg]u% t%uq‘ dfsfﬁréé p%r%algn%cer -

[gﬁg%jt bl ank F (permanent nagnet bl ank 60b) havi ng an
-shaped cross section and

[Table 3]
High—dehsity element 4 {Permanent magnet blank 60a €ase:
DiameterD | Length L |Thickness [Width w1] Length '
{(mm}) T1 (mm) | (mm) |L1l {mm)
Example 9 145 225 3 283 { 43.8 1.0
[0031]

Next, an example shown in FIG. 11 and different from
the high-density element 4 and the permanent magnet blank F
shown in FIGS. 1 to 8 in the shapes of the high-density
element 4 and the permanent magnet blank F will be
described.

As shown in FIGS. 1ll(a) and 11(b), extrusion is
carried out to form a permanent magnet blank F (permanent
magnet blank 60b) having an arc-shaped cross section and
having a thickness (in the X-direction) T1, an arc length
(in the Y-direction) W1 on the outer circumferential side,
an arc length (in the Y-direction) W2 on the inner

circumferential side and a length (in the Z-direction) L1




: S

having a thickness (in the X-direction) Ti, an arc
length (in the Y-direction) W on the outer
circunferential side, an arcsgength (in the
Y-direction) W2 on the inner "circunferential side and

a length (in the Z-direction) L1 -26- fromthe

hi gh-density el enent 4b having a rectangul ar cross
section and having a thickness (in the X-direction) T,

:? width (in the Y-direction) Wand a length (in the
zfo%frké%t%g%} densgien ¢hemext rikilbavivg carreetananlar cross
t he di nensi ons of the through hole 73, the tapered
%ﬁﬂQ#QHS%nﬁih&%ﬂmml$0¢hiqkn6$aedlmhth@gx—@nrecﬁﬁonf a
the extrusion die should only be set so that the

witdtdi n(drattile &4 dlrect 1\ W and\2d / 2andin | n{h1¢he %S

in the range of 0.2 to 3.5, preferably 0.4 to 1.6.
dbitdetiurs) seiting, the working-effect simlar to that
descri bed above referring to FIGS. 1 to 8 i s obtained.

The wRANaiHE AR S oPY; digecti &%j Sl ! hﬁm@edfm%;‘l‘?gions of

magnet bl ank 60b shown in FI G |s t he

t@ié’ %@Fﬂéﬁhrpeﬂ'@wfu'ﬂ{e E éféc'deﬁ (8 %%ethe uniformly

Experlnent he” ‘ma net| proper |es

et, bl b are shown in Table 1
SE%kQP nﬁ?ﬁélﬁﬁr ﬁ%%t ?ﬁﬁﬁﬁﬁu?ﬂ%ﬂwg%ﬁﬂ?EP%&@r%%%H be
fron1the hi gh-density el enent 4b having a rectangul ar
%bearr“d”haa\ﬂ MptEio s2/e1 = In(((Wl +

W2)/2)/W)/In{L1l/L) is in the range of 0.2 to 3.5,
preferably 0.4 to 1.6.

With this setting, the working-effect similar to that
described above referring to FIGS. 1 to 8 is obtained. The
magnetic anisotropy direction of the permanent magnet blank
éOb shown in FIG. 11 is the radial direction perpendicular
to its arc.

[0032]

[Experiment 4]

The magnetic properties of the permanent magnet blank
60b are shown in Table 1 as Example 10, the permanent
magnet blank being extruded from the high-density element
4b having a rectangular cross section and having a
thickness T of 24 mm, a width W of 23 mm and a length L of
25 mm and produced in the same conditions as those in
Experiment 1 using a magnetic alloy having the same

composition as that of the above-mentioned Experiment 1 so



thickness T of 24 mMm a width Wof 23 mmand a | ength

L of 25 nm and produced in the sanme conditions as

those in Experinment 1 using_a magnetic alloy having

the sane conposition as that “of the above-nenti oned
Experinment 1 so -27- that the thickness Ti is 8 mMm

the arc length ((W + W)/2 is 40 mmand the radius

Rl of the arc is 40 mmand so that the strain ratio

62/61 is 1.0. Furthernore, Table 4 shows the
Hhaenshenthbeknpes hTHhis denmin: yteeearnt Lebgahd ({Hé + W2) /2
obt ai ned permanent nagnet bl ank 60b according to

Exahlplem 149nd | thaddadion, RA oAgukéi groessulenint ahésko that
sanple, having a width of 8 nmand a Iength of 8 nm

tiakedt £ 0 theiseayepliportgons in the width and
 ength directions of the permanent magnet bl ank 60b,

tri mesh-epPrRxtaBteiy1 d- b SRR €rshgfheR9t Bnends ?ge high~-

the arc portions in the thickness direction so as

e ENERETRpd ) MR e 1o
oy SOl gl HePOOES | RLOBEILY S5, O W

and the neasurenents were carried out using a BH

MG o 3975 T [ SRIBPEE 4] DAV O R gt §h pef nhnamt 2nRd 2

net bl ank 60b element 4 g e2 /el Thickness Wdth
hatth ohi & Kifbs sEaleen Afron eihg hegmeral portions in the

width and length directions of the permanent magnet blank

60b, trimmed approximately 0.5 mm at each of both ends of

-the arc portions in the thickness direction so as to have a

thickness of 7 mm, and magnetized in a magnetic field of
3.2 MA/m, was used for specific measurements of the
magnetic properties of the permanent magnet blank 60b
according to Example 10, and the measurements were carried
out using a BH tracer.

[0033]

[Table 4]

High-density

elément 4 Permanent magnet blank 60b | g2 /e:

Thickness| Width jLengthi thickness|Arc Arc Lengthl Arc
Lengthl|Length Radius
T ()| Wmm) | % Goon) 1T 0m) g S 02 nany] B2 € {3

Example 10| 24 | 23 | 26| 8 444/356143.1] 40 1.0

[0034]

According to the experimental results shown in Table 1,



Radius W (nmW2 (mm) RL (MM ExanplelO0 24 23 25 8

44,4 35.8 43.1 40 1.0 [0034] »fccording to the
experinmental results shown in"Table 1, -28- it is
verified that the magnetic properties are inproved by
setting the strain ratio 82/el in the range of

0. 2<e2/el1=3.5 and further inproved by setting the
strain ratio 82/81 in the range of 0.4<_82/81=1.6. In
Hedi ® ivrrified sthak i fhednagpetic heropegheice preopérpreyed by
are inproved to the highest degree as the strain
geitiineXiad deconesrat Dsest/e; lin Filrd hermyr enf (0 He<e, /6:=3.5
per manent magnet bl anks F according to Conparative
fndnleshdr anfbZovad xagPtesnd tiwe 1Ocadenatdtio g/g in

excellent in external appearance and not required to

e trdiFe b eXeeple, /8RN X Mheb¥a2efBhat 1826h Qbrif8ed that
| eading and trailing ends 1in the Iengfh di rection.

Y eRMRTet ACGHF oS {Os Thee I@?&%éédoiop@ﬁgtﬁﬁﬁﬁeggddegree

eddy-current flaw detection tests, surface a
j Nt c e t .observed., I n qt her rds,
A R S U el SRS St fid  nifrthernore,
er nanent nets havi hi gh magnetjc properties can
& Pper%‘batft%gig BPER ﬁﬁ%‘%%?? AETUS RO t harComparative
excellent. in productivity, yield and production cost.

HEFHES Nesdnd o BRI |70 G a1® kY excellent in

different from the high-density elenent 4 and the
tanRgfands and Mot required to be trimmed except

approximately 2 mm at each of the leading and trailing ends
in the length direction. Moreover, according to the
results of penetrant and eddy-current flaw detection tests,
surface and internal cracks were not observed. In other
words, with the present invention, it is verified that
permanent magnets having high magnetic properties can be
produced by carrying out extrusion that is excellent in
productivity, yield and production cost.
[0035]

Next, an example shown in FIG. 12 and different from
the high-density element 4 and the permanent magnet blank F
shown in FIGS. 1 to 8 in the shapes of the high-density
element 4 and the permanent magnet blank F will be
described.

1. A permanent magnet blank F (permanent magnet blank

60c having a semicylindrical c¢ross section) having a



shown in FIGS. 1 to 8 in the shapes of the

hi gh-density elenment 4 and the permanent nagnet bl ank
Fwll be described. 1. A pehganent magnet bl ank F

(per manent magnet bl ank 60c”Having a semicylindrica
cross section) having a -29- semcylindrical cross
section and having a maxi num thickness (in the
X-direction) Ti, an arc length on the arc side (in

the Y-direction) W,, a width (in the Y-direction) W
smidel istdmight sraes ($ect hen Yam rlection)a avak Bmimengt h

(in the Z-direction) LI shown in FIG 12(b) or a
ierarareyd  (imgited o dike &t {@ey MTENeMn nagh el eddinko®0the arc
having a crescent cross section) having a crescent

LIRS S( i7L AU Oy 2k e DAV Y W1 MBI R | i ok ness €1di F88tion)
X-direction) T1l, an arc length (in the Y-direction)

W@-dﬂ‘ﬂﬂgaéﬁgéﬁqﬂ%r§ﬂ%ée(fﬁt.ﬁg.Y§Hf¥%cfibﬁﬁ(éﬂgngtgfngth

(in the Y-direction on the inner circunferenti

SIS SO 1t 00 Zofl Lect o ey SO Llimanent
B Y P SRRl Sless, seclionand lavigo e

a length (in the Z-direction) L shown in FIG 12(a).
QLEFIRTL CHLRSS (HREWRK MREFIecd aressent taresatsection and
descri bed above referring to FIGS. 1 to 8 is obtained
hawingeta imagkimen diverisiess ofn tthee thrdugcthiodr) 78], the arc
tapered hole 75 and the uniformly sized through hole
Tehagth thie the ritsdiore i Borv)l Wb dihathd heutsér attre@hforential
62/61 = In(((WM +

side, an arc length (in the Y-direction) W2 on the inner

circumferential side and a length (in the Z-direction) L1

shown in FIG. 12(c) may be produced from a high-density

‘element 4c having an oval cross section and having a minor

axls diameter D1, a major axis diameter D2 and a length (in
the Z-direction) L shown in FIG. 12(a).

In this case, the working-effect similar to that
described above referring to FIGS. 1 to 8 is obtained by
setting the dimensions of the through hole 73, the tapered
hole 75 and the uniformly sized through hole 76 of the
extrusion die 71 so that the strain ratio g/e = In(( (Wl +
W2)/2)/D2) /1In(L1/L) is in the range of 0.2 to 3.5,
preferably 0.4 to 1.6.

When the permanent magnet blank 60c having a
semicylindrical cross section or the permanent magnet blank

60d having a crescent cross section is produced from the



W2)/2)/D2)/In(L1/L) is in the range of 0.2 to 3.5,
preferably 0.4 to 1.6. Wien the permanent nagnet bl ank
60c having a sen1cyI|ndr|caI(Fross section or the
per manent magnet blank 60d haV|ng a crescent cross
section is produced fromthe -30- high-density el enent
4c having an oval cross section, the X- and
Y-directions of the high-density el enent 4c are
determ ned by the rel ationship anmong the thickness Ti
high-density dehemeatcirehgvhsy W angdl\\erofst Rection, the
per manent magnet bl anks 60c and 60d to be obtai ned.
XhbardsPedifectlibyps dfiecbeahidghadessihywkilehenhe 4ol aae
axis dianmeter D is oriented in the X-direction and

- débermimg@rbaxtBediranmet@onkRipr kRBhedthe théckness T1 and

Y-direction, and the mnor axis dianeter D is

t@élﬁﬂﬁﬁﬁslmakeeléhgthﬁ?tWQnaﬁﬁdWZtB@ FBEOpedMhfent magnet
dianeter is orientéd in the X-direction. "Since this

bi ﬁgglggghéﬁd goa'gb|8é|¥b§99£b abl e when an oval

ape is fornmed info a rectangular shape, specific

h bl e
exa%ﬁé Pttt Qﬁ“ﬁé?ﬁgﬁeﬁ#ﬁag%gg 35#3%@% il,lnor
a6OC Od Dl D2 iﬂ$gth | Thlcknesg W dth W %t d th
Thin Jf"ﬁ’?r? §F PrmyS(RFyeDES houRrairpeELon and The

Y-direction, ) .
major axis diameter is oriented in the Y-direction, and the

minor axis diameter D1 is oriented in the Y-direction and
the major axis diameter is oriented in the X-direction.
Since this rélationship is similarly abplicable when an
oval shape is formed into a rectangular shape, specific

examples thereof are shown in Table 5.

[0036]
[Table 5]
High-density element 4 Eggﬂelgtnent magnet blank | g,/e,
(1?1}1) (,?fm_ Length L [thickness| widthw1| Length

X-direction|Y~direction| T 1 (o) (m) L1 (mm)

Troecircle | 146 | 145 | 2265 3 283 | 43.8 1.0

Minor axis in
fairegie | 145 | 16 225 3 312 | 438 1.0
Yajgraxisinl 145 | 13 225 3 254 | 438 1.0

2. The cross-section shapes of the preform and the
permanent magnet may be shapes other than those described
in the respective examples. Furthermore, the combinations

of the cross sections of the preform and the permanent




‘”Tfﬁé Ciréfé”14,5 14.5 22.5-3.2-8 3 43, 8 1.07 M nor -

axis in 14.5 16 22.5 3 31.2 43.8 1.0 X-direction

Major axis in X-direction 14..3 13 22.5 3 25.4 43.81

1.0 2. The cross-section shapes of the preform and

the permanent magnet may be shapes ot her than those

described in the respective exanples. Furthernore,

t he conbinations of the cross sections of the preform

and the permanent -31- nagnet may be conbi nations
maghet mAsnbehoewmbohathensr espect thenefbodiemedt shel.

Al t hough the entrance of the tapered hole 75 in the
réspatchivdi emBdddmeatisbed above referring to FIGS. 2 to

7 is formed so as to have a portion having a shape

i dengical thwhgh that eAtrhheet BEouwgl Raberéd asde 75 in the
extending in a predeterm ned |l ength, the tapered hole

£6emiRY Beel 94MBEscEYERIL BRLvENR @RS nhS 8] F88ELY 2 to 7 is
conneCted to the end of the through hole 73. [0037]
=i 80000 TR 5004010 vl SRapecaia e o
b BREh s EpR R ARl Bn ke T, et BReIRiIRY 8
pggggggimgﬁggrlgngth, the tapered hole 75 may be formed
such that the taper is directly connected to the end of the
through hole 73.
[0037]

Next, embodiments shown in FIGS. 13 to 42 according to
the present invention will be described.
[Embodiment 1]

[0038]

As shown in FIG. 13, in the method of producing a
permanent magnet blank F, a composite compact E for a
permanent magnet is formed by combining and integrating a
high iHc compact element A that is formed of a magnetic
powder being high in intrinsic coercive force in comparison
with a high Br compact element B and being low in residual
magnetic flux density in comparison with the high Br |
compact element B and the high Br compact element B that is
formed of a magnetic powder being high in residual magnetic

flux density in comparison with the high iHc¢ compact

element A and being low in intrinsic coercive force in



per manent magnet is fornmed by conbi ning and

integrating a high iHc conpact elenment Athat is

formed of a magnetic povvder3 eing high in intrinsic

coercive force in conparison W th a high Br conpact

el ement B and being low in residual magnetic flux

density in conparison wiwth the high Br conpact

el enent B and the high Br conpact elenment B that is

fornmed of a magnetic powder being high in residua
compaeisen witk tbashiyhi nHcompapasbneherknthd, hagh itHe

conpact elenment A and being low in intrinsic coercive
alboveemeéntiSdedcooppbbits wohpatberhighsubgeetsdact plastic

el ement A, and the above-nentioned conposite conpact
whrksn§lbiBEL 68yt BePhgsShik6viMBaKNEN hﬁgﬁ@QXCbﬁhﬂgotropy.

provided with magnetic anisotropy. 39] This matter
[hL4) be described in nore detail. FIG. 13 is a figure

for descri bing the nethod of producing the permanent

to NEhig ROk Ly B2 %?ﬁé‘egéé%%'f%séhm mﬂ?s@%fﬂlg(ﬁ@
148 EOIRES e T IRCGr Aaine, tRE AePhad o PRathrTal Ehe

integrated to forma conposite conpact E for a,

PYErdRAPRRt MAGRAEL PLe8RKsE 7 | 35 apsauPBEéRl Y £BOWB EReFIGS.
"conposite conmpact E'" in the present invention), and

13 ) coapbside, conpasemplesissdeperibddt dnpiwhdrchcthe high
working to forma permanent magnet blank F. In the

il ghompect oapanénel 2Anent Ahshhiwhi Brt bemppper element B are

formed individually, and they are combined and integrated
to form a composite compact E for a permanent magnet (this
is also referred to as the "composite compact E" in the

present invention), and the composite compact E is

- subjected to plastic working to form a permanent magnet

blank F.

In the high iHc compact element A shown in the upper
portions of FIGS. 13(a), 13(b) and 13(c), numeral 6
designates a high iHc powder element that is formed by
filling a magnetic powder into the cavity (not shown) in a
cold press. The above-mentioned magnetic powder should
only be produced using a known means in a way similar to
that described earlier for the above-mentioned magnetic
powder M referring to FIG. 1. The material properties of
the magnetic powder should only be those being high in

intrinsic coercive force and being low in residual magnetic



portions of FIGS. 13(a), 13(b) and 13(c), nuneral 6
desi gnates a high i Hc powder elenent that is fornmed by
filling a magnetic powder |ntg the cavity (not shown)
in a cold press. The above- nentloned magneti ¢ powder
should only be produced using a known neans in a way
simlar to that described earlier for the
above-nmentioned nagnetic powder Mreferring to FIG
1. The material properties of the magnetic powder
fhwedendhty be comperbedPngwhihthe magnethei powderciEos
force and being low in residual nmagnetic -33- flux
foamEng ythe kogpaRt soompath é¢hemengnBt | Fqoveteampbs, the
form ng the high Br conpact elenent B. For exanple,
mddreet IRgHeIdEr POVEesd M HSERe | 8bbhe-abeY eonBAt EQPediment 2
Experinment 2 nmay be used, or it may al so be possible

m&%]&§eu§e@39@§ti€ m@?mgféo'ﬁegﬁbgglﬁfg EQ”HQé'S'ﬁB fbtic
e magnetic alloy is changed or the or the %

pdwad ACl gasef 9« e%gﬁﬁesghtﬁ&?e& P Oﬂa{,ﬁgefét h is

respect to ITrevers emagnefi zati on ar e
he esent.inventi
oififfea ¢ ar%h%| 186 0B ePE RS LR LhfEEN, n%f.ﬁeﬁsﬁasﬁd
%%é% The neti c powler Ma has conditions that the
U FRoTRATES Ml HRnEEFReFheb@oF L TE¥CT 8RSt han

the residual magnetic flux density of the high Br
derpgRetieatieme Brage/ shallt nbzent ¢PAbi cetoer clivethe

force thereof is higher than the intrinsic coercive
pegent Livemel dnghtiBeseoppederel erentdlBo Thfemmgdetibcas

powder being used for the high i H conpact el enent A
they"deegndiol d Yypowder Ma"™). The magnetic powder Ma has
conditions that the residual magnetic flux density thereof
is lower than the residual magnetic flux density of the
high Br compact element B and that the intrinsic coercive
force thereof is higher than the intrinsic coercive force
of the high Br compact element B. The magnetic powder
being used for the high iHc compact element A may be wholly
formed of the magnetic powder Ma or may be formed of a
mixture in which the magnetic powder Ma and the magnetic
powder Mb described later are mixed appropriately in the
ranges of the above-mentioned conditions. Numeral 7
designates a high iHc so0lid element formed by pressing the
high iHc powder element using a cold pressing means, and
numeral 8 designates a high iHc high-density element

produced by pressing the high iHc solid element 7 using a

hot or warm pressing means. Known means should only be



formed of the magnetic powder Ma or may be forned of a

m xture in which the nmagnetic powder Ma and the

magnetic powder M describeg,l ater are m xed

appropriately in the ranges™of the above-nenti oned

conditions. Numeral 7 designates a high iHc solid

el ement forned by pressing the high iHc powder

el enent using a cold pressing neans, and nuneral 8

desi gnates a high i Hc hi gh-density el enent produced
ugRd mesthagcehd hgh ¢Fcwaohi Hrepehpat nFansi n§os ekample,

or- warm pressi ng neans. Known neans should only be
th84coldechats ¢hewzuhdpréssing maanspebssildgonkgnbe fieed in

exanple, the cold, hot or warm pressi ng neans shoul d

aoray betmiubef t8 tRavadescHibed taitialr deFyrded to FIG. 1.
earlier referring to FIG 1. [0040] Next, in the high

[egpnpact el ement B shown in the |ower portions of
FIGS. 13(a), 13(b) and 13(c), nuneral 11 designates a

O P N ek TBE R g LA

magnet | ¢ powder
s.. The ti 0£de gg sho Iﬂ§ n#y be

L R o et LAl | ke RBlagtdi FoRal Y Blerzer 12
ddescribed ear]ier_for the above-nentjoned magnetic
TOVWALRT 3 Heh i Bl ROVERE SAemeRE RBREr 8l LPFBREr PYes

of the nmagnetic powder My should only be those being
Eiblng themagnell edeeeder Moréntantheeragifvghinph shown)
_residual magnetic flux density in conparison with the
imsyretid ppeswler THe frergrfadridg nrpwder Rilghshdicl ¢ omplg tbe

el ement A. For
produced using a known means in a way similar to that
described earlier for the above-mentioned magnetic powder M
referring to FIG. 1. The material properties of the
magnetic powder Mb should only be those being low in
intrinsic coercive force and being high in residual
magnetic flux density in comparison with the magnetic
powder Ma for forming the high iHc compact element A. For
example, the magnetic powder M (Br: 1.47 T, iHc: 1.22 MA/m)
used in the above-mentioned Experiment 1 may be used, or it
may also be possible to use a magnetic powder in which the
- composition of the magnetic alloy is changed or the Dy or
the like is added depending on requests with respect to
irreversible demagnetization, large/small size, cost, etc.
In the present invention, these powders are also referred

to as the "magnetic powder Mb"). The magnetic powder being

used for the high Br compact element B may be wholly formed



exanpl e, the magnetic powder M (Br: 1.47 T, iHc: 1.22
MA/ m) used in the above-nentioned Experinent 1 may be
used, or it nmay also be p0§?5QIe to use a magnetic
powder in which the conposition of the magnetic all oy
I's changed or the Dy or the like is added dependi ng
on requests with respect to irreversible
demagneti zation, large/small size, cost, etc. 1In the
resent invention, these powders are also referred to
Ofgsthqﬁ@bwm%lm@énawslqr@o‘n%héﬂb cOpoREr Py ef pgmed
used for the high Br conpact elenent B nay be wholly
off &r Mkt B of vihmechabdve-magnie bhedooedmet iflc aoddehne Mo
or may be fornmed of a mixture in which the nagnetic
. magowsteiic Movwddr tike araogneted oydiesr Mat &1 ¢ Mhxefle ranges of
appropriately in the ranges of the above-nenti oned

tHONHdvifen NBRERl cdrda tesdgpat es a hi gh Br. solid
el ement formed by pressing the high Br powder el enent

dosi Rl 3% e PRER A0EE 5F ko Sledhi ppped
ot e i e e £ B a1 bugEhd, 30k
 PHBERIG Y, H TG b G087 T AR shoh (B ohi9h-

be used in a way simlar to that described earlier
dengsridyt iHEnantriRgoduced oy [erapel it Hraal i gh hssohsd

of the high iHc high-density elenent 8 and the high
elpmeritghldepsing @l koenori8ashopréssing means. As the cold,
hot or warm pressing means, known means should only be
used; for example, cold, hot or warm pressing means should
only be used in a way similar to that described earlier
referring to FIG. 1.
[0041]

The external dimensions of the high iHc high-density
element 8 and the high Br high-density element 13 should
only be dimensions such that a composite compact E having
predetermined external dimensions is formed when the two
elements are combined and integrated. For example, the
high iHc high-density element 8 should only have a
thickness T2 of 18 mm, a width W2 of 19 mm and a length L2
of 25 mm; and the high Br high-density element 13 should
only have a thickness T2 of 18 mm, a width W2 of 19 mm and

a length LZ of 25 mm. Hence, the composite compact E has a

thickness T of 36 mm, a width W of 19 mm and a length L of



only be dinensions such that a conposite conpact E
havi ng predeterm ned external dinensions is forned
when the two elements are cggbined and integrated.
For exanple, the high iHc hi'gh-density el enent 8
should only have a thickness T2 of 18 mm a width W2
of 19 mMmmand a length L2 of 25 mm and the high Br
hi gh-density el enent 13 should only have a thickness
T2 of 18 mMm a width W2 of 19 mmand a length L2 of
2%5mmm  Hence, the conposite conpact E has a thickness
T of 36 m a width Wof 19 mmand a length L of -36-
[@B2n [0042] Next, the high iHc high-density el ement
8 (the high iHc high-density conpact elenent A) and
t he wdgh, Brhdighgh demsi hyge+earsi t3e{éhenbi gh(Bre high
conpact elenent B), produced individually, are
i r 0 Ngh&8Sh$gABr! High-
1IN %!?i(%%#%%@%ﬁ%?ng%gg?g?ewsggﬁlg on yabe held®

d%&ég%ﬁe%i énEo{ € ﬁetﬁﬁéh:ﬁgy8é§§28£selgﬁ§ngog),

separa e un I nNserte INto a
di that.is. d th t-st l asti Ki
o808, A3 PETR L0 el Foko ShEASHBLASH 6 BBBED 5y

held with a robot hand or the like untjl just, before
kRowy BERNF RerIRAN i HEof &Cdi 63 (CFhe cOMDTIRRHRFPaTEate

E in the above- nentioned conbined state can be
shonkgrentyl beihgldrnvithbat taghtkhewAenBanshabr the elements

carrying out integration, such as a known pressing
aneanst fdetzahegi hgepatatadpgnatidbntheky are inserted into a

die that is used for the next-stage plastic working (for
example, the respective elements should only be held with a
robot hand or the like until just before they are inserted
into a die). The composite compact E in the above-
mentioned combined state can be integrated using an
arbitrary known means for carrying out integration, such as
a known pressing means for carrying out integration. In
addition, at this time, the composite compact may also be
formed into such arbitrary external shapes as shown in FIGS.
20 to 22 described later to meet requests.

[0043]

Next, the composite compact E (two-element composite
compact 51} in the combined state shown in FIG. 13(c2) is
subjected to plastic working So as to be provided with
magnetic anisotropy, and the permanent magnet blank F (two-

element permanent magnet blank 61) shown in FIG. 13{(d) is



addition, at this tinme, the conposite conpact may al so
be forned into such arbitrary external shapes as
shown in FIGS. 20 to 22 desggibed | ater to neet
requests. [0043] Next, the~cormposite conpact E
(two-el ement conposite conpact 51) in the conbined
state shown in FIG 13(c2) is subjected to plastic
wor ki ng so as to be provided with nmagnetic
ani sotropy, and the permanent magnet blank F (two-
fetmagnt ey e -mwagnieindd ande fidys st ia wdtkidd(d)
is -37- formed. The above-nentioned various plastic

p¥OELsfs MHOCEESES1 5Bl dseal ¥sbglysedcagopkasli processes;
wor ki ng processes; “for exanple, in a way simlar to

fépaéxﬁﬁﬁféjbf9|§b§%§y5%§3f5£i98 £9a€|§§sc}%58d8above

extrusion shou carried out for formng

TS AP ENS! o8 BhoR7 o BB PSpaRIPIR e, cacriea

enperat ure
rkin its phases rich in rare-earth ements are
o] Fen St aos ehay B oRtLRaBten iRt e Ene
extrusion direction at the tinme of the

cempel ke nepBprat ekt tesheatedntn bhehpbrRaREAt UREgRYt

blank F is used such that one side of the magnetic
Photei¢ sweaskingasibsspeshavihghaihi garenerrhbi elements are

coercive force and such that the other side is used
mebktad satke haveéagatedi ghoneshdoaklgagnetic fl ux

density, for exanple, extrusion should be carried out

in tinex€) recttee éxbeudibpclieactipdi gat eHebyimer o the

79) parallel with the alignnent face 57
above-mentioned extrusion, when the permanent magnet blank
F is used such that one side of the magnetic pole is used
as a side having a high intrinsic coercive force and such
that the other side is used as a side having a high
residual magnetic flux density, for example, extrusion
should be carried out in the direction (the direction
indicated by arrow 79) parallel with the alignment face 57
of the high Br compact element B and the high iHc compact
element A of the above-mentioned composite compact E; and
in the direction of flattening the above-mentioned
composite compact E, the composite compact E should be
flattened (narrowed) in the direction (in the X-direction)
perpendicular to the above-mentioned alignment face 57 so
that the easy axes of magnetization 69 of the permanent

magnet blank F are aligned in the direction (the X-

direction) perpendicular to the above-mentioned alignment



of the high Br conpact elenent B and the high iHc
conpact elenent A of the above-nentioned conposite
conpact E; and in the direcg'on of flattening the
above-nentioned conposite C hﬁact E, the conposite
conpact E should be flattened (narrowed) in the
direction (in the X-direction) perpendicular to the
above-nmentioned alignment face 57 so that the easy
axes of magnetization 69 of the permanent nmagnet
fddeakK7 F are aligned in the direction (the X-
di rection) perpendicular to the above-nentioned

al | gt he3&exti B0l & . cW i fed heuexds 86+ DB aEHHEE, Othe
descri bed above, the object of the present invention

obfde: O i CUMACT i n FLOFES A hé HPﬁﬁtif?@egoﬁﬁaeﬂe

S|de of the magnetic pole and the high Br conpact

eHl éf‘pcﬁ’é’f’ét%%‘cgl nedoﬁéFh?:L&% hsE é}k%‘ @PEEEC pole

nagne |c pole™ 15§
| ar n the ent net
ariy, e e T e RCh el s Coipot bt bhBagdsop "ERE]
hown 15, 16 24, 26, 28, 30 apd 33 tQ
%Pea%tsflg v&ﬁ}% DA+ HP DV et Fredt F oHRad perTitent s
magnet blank F is magnetized and used as a permanent

aRRigrable Helpekamhe ithemeigirt POTRARS L | BagheF ablenkzEdis
in that one side of the magnetic pole can be used as

famgdéehanbipca ghthatréspéctivoecohpesibececmpdcts E

that the other side can be used as a side having a
sHowgh IresFIm DMhgres,) c24) uxedems) t¥0 and 33 to plastic
working.

When the above-mentioned permanent magnet blank ¥ is
magnetized and used as a permanent magnet, the permanent
magnet blank F is characterized in that one side of the
magnetic pole can be used as a side having a high intrinsic
coercive force and that the other side can be used as a
side having a high residual magnetic flux density.

In the permanent magnet blank F shown in FIG. 13(d),
numeral 67 designates the side of the high iHc compact
element A, numeral 68 designates the side of the high Br
compact element B, and numeral ©9 designates the direction
of the easy axes of magnetization 69.

Although the external dimensions of the permanent
magnet blank F are different deéending on the plastic

working carried out for the composite compact E, when

extrusion similar to that for Comparative Example 1 in the



In the pernanent nagnet blank F shown in FIG. 13(d)
numeral 67 designates the side of the high i H conpact
el ement A, nuneral 68 designg%:s the side of the high
Br conpact el enent B, and ndméral 69 designates the
direction of the easy axes of magnetization 69.
Al t hough the external dinensions of the permanent
magnet bl ank F are different depending on the plastic
wor ki ng carried out for the conposite conpact E, when
alexte-usiron aied | Bxpéoindmat I ois Conpaiedi vet ERanpesatpils,
the -39- above-nentioned Experinment 1 is carried out

af@rwiexanghe, camgoshes EbRpeedpEsShhe @oRPACkredT ©f 36 mm,

thickness T of 36 M a width Wof 19 nmand a | ength

a L% og I@ernr@eéﬁ@ngniem%@gnﬁtof’l A6 Kk, h@ﬁeapermanent
thi ckness Ti of mm a wid WL of 40 nm and

ank roduced as ~descri bve

gnet i c, ani sotropy_since the easy axes
%ﬁgt?z%ﬁ? ﬁhégf ¥f %g &H@Pe ar e allgnedh Hence, when
@@g%Pernanent magnet blank F is magnetized, it can be
[ as a permanent magnet being excellent in
magnetic properties. The residual magnetic flux
densTItey Epylayeie peFmeieRt cuegeetihbankr EePrpryFednas
the Dy content rate of the permanent nagnet are shown
descidided fovFerhdermagretichanisbbropnshipcbetheeraslyeaxes
residual magnetic flux density (Br) and the intrinsic
of apdgrianei 0f Len (6¢cypfofhé hehole are aligned. Hence, when

ma N Jt:%n]gfl??as amy, [ 004445 FPe, % %@yeg ﬁgg%ﬁnmt of 40

the permanent magnet blank F is magnetized, it can be used
as a permanent magnet being excellent in magnetic
properties. The residual magnetic flux density {(Br), the
intrinsic coercive force (iHec) and the Dy content rate of
the permanent magnet are shown in Table 6. Furthermore,
the relationship between the residual magnetic flux density
(Br) and the intrinsic coercive force (iHc) of the

permanent magnet is shown in FIG. 14.

[0045]
[Table 6]
Br iHe Dy content
(T) (MA/m) rate(mass¥)
High iHc compact element A side(1st layer) 1.36 | 1.85 35
High Br compact element B side(2nd layer) 147 1.22 0
Permanent magnet 1.425 -— 1.8

[0046]



per manent magnet is shown in FIG 14. [0045] [Table
6] Br No Dy content (T) (N%/n) rate(mass% High No
conpact el ement A side(i st gyer) 1.36 1.85 3.6 High
Br conpact elenent B side(2nd layer) 1.47 1.22 0
Per manent magnet 1.425 - 1.8 [0046] -40- As shown in
Table 6 and FIG 14, the i Hc conpact el enent A side of
t he permanent magnet is very high in intrinsic
coercive force (1.85 MM m since the Dy content rate
i s A6 grasedoirHdhgel e vihemd hel per bnerite nigmetomgact
used in an environnent in which it is exposed to heat,
elmerti Fpasidey @hd s i prgriidisentiomagneaci s evengnhighside
of the permanent nmagnet on the side subjected to the

irefdigtdi Ofcddecineatorddie NBEN QA fm Pr &PEEL | €8 Obyt BSntent

whol e per manent magnet %ardly deteriorate since the

rai LOMAE in Ll SENf AR dgHy H%eg‘ébngég-{égg:t

aracteri zed so as to Be hardl
g eéerai%ﬁe'rﬁvef% e%'Zri“i*@#gu“?frEbé?%%cﬁS%@eéWSQE by
ST ERIEL P BHEILSTLe LT TRROELIE i ot e

t he anDunt of use of Dy in the whole pernmanent magnet
PYIEan e hyadgheth Ahethekdg)eSWriedeed Heo coipaeffect of the

el enent A and the high Br
heat, the magnetic properties of the whole permanent magnet

hardly detericorate since the iHc compact element A side of
the permanent magnet is characterized so as to be hardly
subjected to irreversible demagnetization, whereby the
permanent magnet can be used for a long life period as a
permanent magnet being excellent in magnetic properties.

In addition, as shoﬁn in Table 6, since the amount of
use of Dy in the whole permanent magnet is 1.8 mass% on the
average of the iHc compact element A and the high Br
compact element B, it is characterized in that a permanent
magnet capable of delivering a high intrinsic coerxcive
force described above can be obtained using such a small
amount of the expensive Dy.

As the intrinsic coercive force on the iHc compact
element A side and the intrinsic coercive force bn the high
Br compact element B side of the permanent magnet, 1.85
MA/m and 1.22 MA/m are described as examples, respectively.

However, these are examples in a permanent magnet obtained



conpact elenment B, it is characterized in that a

per manent magnet capabl e of delivering a high
intrinsic coercive force deigribed above can be
obt ai ned using such a smal ™ afount of the expensive
Dy. As the intrinsic coercive force on the i Hc conpact
el ement A side and the intrinsic coercive force on the
high Br conpact el enent B side of the pernanent
magnet, 1.85 MM mand 1.22 MN m are described as

byexemeas z irep paed ipeinanetows@tet tibsek af eskexempl @sFIG.
in a permanent nagnet obtai ned -41- by nagnetizing the

1P&NHMBNERLABANS! shledlk nly, shewN deyuilred ik¥rdnsic coercive
Generally speaking, the required intrinsic coercive

fc{lﬁ(!eeceig %ﬁféx%@@tdegf&g)@@gomﬁ@epm@@eopfuyéeogfthe

permanent magn mmagneti zing t he permanent

magnet_.bl ank F, .t 3
P S e e AL Eh i€ e bpfent dfagnet blank
diq$nsions of the magnet, For_this regsgn, %hg t 1
Ei e PR i B et 3nothi e BReY e gept thy, externa
exanpl e, by changing the, respective_conpositionps o .
magret g 1 pamjet%se L BeRS MR ® O h%hn%@ﬁ% > For this
conpact elenment A side and the high Br conpact
resi smenttiB siner s hecessaeive fooags seeeldapnéyakpl et
of the process of conmbining and integrating the high

foHaecompbe! lef artenigfmandhé heebpebt Bre compasitébpsent the
B, different fromthe process for formng the

m%??@%&&tﬁbﬁ&@P@QﬁaEé@@QMB &R Eh&NidB( afict oonBhcR) ellement
e integrating process, will be described referring

AlQide and the high Br compact element B side as necessary.
[0047]

Next, an example of the process of combining and
integrating the high iHc compact element A and the high Br
compact element B, different from the process for forming
the composite compact E shown in FIGS. 13(a) to 13(c2) in
the integrating process, will be described feferring to
FIGS. 15 and 16,

[Embodiment 2]
[0048]

As sequentially shown in FIGS. 15(a) to 13{(d), an
example is described in which the high iHc compact element
A and the high Br compact element B are formed individually,
they are combined and integrated at the time shown in FIG.

15(b2) to form a composite solid element 10, the composite

solid element 10 is subjected to hot pressing to form a



FIGS. 15 and 16. [Enbodi nent 2] [0048] As
sequentially shown in FIGS. 15(a) to 15(d), an
exanpl e is described in whichaithe high i H conpact
el emrent A and the high Br confpact elenent B are forned
i ndividually, they are conbined and integrated at the
time shown in FIG 15(b2) to forma conposite solid
el enent 10, the conposite solid elenent 10 is
subjected to hot pressing to forma -42- conposite
cogrpaite Ecompaict he, congoshe econppatteEcomphokt Beds further
subjected to plastic working to form a permanent
suBReted bt@nkl &stis w@ekiﬁgpe@tf&gmfagpéeﬁahenthmagnet
present invention, the portions identical or equa
bidweeri n ot her flgures W th respect to functions,
properties, neans or characteristics are designated by

Uhe SRMOUIBLALS: Ae HIO3PEUSEA LReCLDELhLOURGS .30

t he exp unc I ons,
h t t t f
oA 480 %@%ﬁa %+ﬁ:zc§ o SATAICLE. FhoBY, SFLBLRTEC pypures
) FIG nuneral 10 designates a conposite
Wil 5P Sk oBIAF e By REABP A Ao ardeRREGGR Al | ng

the high |Fb SO|Id el ement 7 (the high i H conpact
ch@pirrigtiendracdesytin@Bicdobydtbeefdne BRMELRéShiagh

Br conpact
those used in other figures, and the explanations for the
functions, properties, means or characteristics are
incorporated by reference. Hence, overlapping explanations
are omitted.
[0049]

In FIG. 15(b2), numeral 10 designates a composite
solid element obtained by combining and integrating the
high iHc solid element 7 (the high iHc compact element A)
and the high Br solid element 12 (the high Br compact
element B). This combined state should only be held with a
light force in a way similar to that described referring to
FIG. 13(c2) so that the elements are not detached
{separated) until they are inserted into a die that is used
for the next-stage hot or warm pressing. This composite
solid element 10 is integrated using a hot or warm pressing
means to form a composite compact E (two-element composite

compact 51) shown in FIG. 15(c). Since the composite solid

element 10 is heated to high temperature by hot or warm




el ement B). This conbined state should only be held

wth a light force in a way simlar to that described

referring to FIG 13(c2) so, hat the elenments are not

det ached (separated) until'ﬁ €y are inserted into a

die that is used for the next-stage hot or warm

pressing. This conposite solid elenment 10 is

integrated using a hot or warm pressing means to form

a conposite conpact E (two-el enent conposite conpact
prdds tpwit s Phdsed5(t¢h Shneeréhearonpesenenss| ade melted

el ement 10 is heated to high tenperature by hot or

aﬂ@rmté@ra’@é&&fvﬁb&%ahééuﬁbﬁSe&(ﬂdvﬁh mdaiarsh@sld lonly be
el enents are ted and integrated spontaneously.

u§g5wgér@ﬁ@shégogfdeﬁ$pr§ssﬂﬁ&dm@§n5hef89teﬁémﬂ@é”*hot or

pressing neans; for exanple, war m pressi ng
b y t thati1 £
B SIB SRt i LT | iferdgpiser -
Slt act homm in Flﬁi 1Si S
i) TGS pFACEF & WP RFRELPS FOr G pbr hanent
magnet blank F shown in FIG 15(d). As plastic
I ng, the above-nentioned various plastic working
shoul d only be used. The working-effect simlar to .
t hatN¢xt Enblodli cempodite cobpachel shownt he PéFrahéA€) is
magnet bl ank F (two-el ement conposite conmpact 61)
suts pelticed s peksstibedonbbug. to[ Enbondanprtrmd3hep00Bapnet
Next, in FIG 16, an exanple is described in which the
blank F shown in FIG. 15(d). As plastic working, the
above-mentioned various plastic working should only be used.
The working-effect similar to that in Embodiment 1 is
obtained from the permanent magnet blank F (two-element
composite compact 61) produced as described above.
[Embodiment 31}
[0051]

Next, in FIG. 16, an example is described in which the
magnetic powder Ma and the magnetic powder Mb described
referring to FIG. 13 at the time shown in FIG. 1l6{(a) are
combined and integrated inside a cavity to form a composite
powder element 9, the composite powder element 9 is
subjected to cold pressing and hot pressing to sequentially
form a composite solid element 10 and a composite compact E,
and the composite compact E is further subjected to plastic

working to form a permanent magnet blank F.

[0052]



-magneti c powder Ma and the nmagnetic powder Mo

described referring to FIG 13 at the time shown in
FIG 16(a) are conbined and,integrated inside a

cavity to forma conposite 63mder el enent 9, the
conposite powder elenment 9 is subjected to cold
pressi ng and hot pressing to sequentially forma
conposite solid elenment 10 and a conposite conpact E,
and the conposite conpact E is further subjected to

pl asthe hiv kilg powder ne bepentafeand nbgachiphaBk Powder
[ 0052] -44- The high i Hc powder elenent 6 and the high

elRmPOE] ebesentudidngonséi tohpogit8epenapesel empander
element 9 shown in FIG 16(a) are powder el enents

sﬁ&sm byx@OﬂPes oa NOaré b%{o{rﬁejr' 89ehbhOst BErfadi by ebmBining
die in a parall state |ntegrat|ng the magnetic

veleyy fﬁ?eﬂﬁ# I@?ga NeLLG oPONdgE .My 9Lk el state
lﬁggng{lc eés and tﬁe gnetic mg )
Il ed into, the cavit the d|e he spa
af%ﬁi‘ﬁ%%@%%% Ih%g%%% ol She 3nan5h‘éﬁ aﬁﬁ{‘gﬁlc
Mo shoul d only be partiti é?efor nd usin
%r%‘?t r SRPTHANS ¢ ac%ﬁ‘??g“} iRPY ‘?y‘“agn
FurthernDre the surface of the‘above nentloned L
patirl dibeaeoaf blile@eintenbhe eavhtyi ot bApatde, WEhR spaces
this coating, powder 1lifting is prevented when the
tg ilee i £ pled edi vt thé t Bagnbeicf pbwdagsoMat kednhpgrempgnetic
powders Ma and the magnetic powder Mb. [0053]
powder Mb should only be partitioned beforehand using an
arbitrary partitioning jig inside the cavity. Furthermore,
the surface of the above-mentioned jig should be coated
beforehand with Li stearate. With this coating, powder
lifting is prevented when the jig is pulled out after the
filling of the magnetic powders Ma and the magnetic powder
Mb.
[0053]

Numeral 10 in FIG. 16(b) designates a composite solid
element formed by pressing the composite powder element 9
using a cold pressing means, the element being formed by
combining and integrating the high iHc compact element A
and the high Br compact element B. The composite solid
element 10 is pressed using a hot or warm pressing means to
from a composite compact E (two-element composite compact

51) shown in FIG. 16(c}. Known means should only be used

as the cold, hot or warm pressing means; for example, the



Nuneral 10 in FIG 16(b) designates a conposite solid

el ement forned by pressing the conposite powder

element 9 wusing a cold presgkng means, the el enent

being forned by conbining and integrating the high

i Hc conpact elenment A and the high Br conpact el enent

B. The conposite solid elenent 10 is pressed using a

hot or warm pressing nmeans to froma conposite

compact E (two-el ement conposite conpact 51) shown in
CEIG NBY X ISP FRSHENS HpRRRs ophgub? eBed basuspd 1n a

cold, hot or warm pressing neans; for exanple, the
wayﬂﬁimﬁﬂaﬁ ﬁmnthﬂtvdasmxﬁbsdiagrhﬁansreﬁenrﬂn@ntq BeG. 1.

used in a way simlar to that described earlier

ref gty fi0e FddmpdsiiNexdompaet CONPIOSHE eifoORPACct 1 &E(c) is

shown in FIG 16(c) is subjected to plastic working

stl®) dOF & A Py TRGEIE WBRERBhg B abkrf §h19é\ﬁnéaﬁeﬂ:(3nagnet

16(d). As plastic working, the above- nentlone

bi’é"x{ O Ss (]T)xfrgtiﬂ; #‘Pék'f‘@{ goulL qnl hek a\éﬁom ik ing)S the

|ng ct simlar to that

o ELAE L5 E PR o T Wéffgbﬁoéheg&d gnly be used.

descrlbed a ove Enbodi ment 4 0054 Next
showi Titf eef[ﬁ%cfem%lrﬁéa]ﬁ% \]chl todirent 1 s

dlrectlon of flattening a conposite conpact E at _the
ohtadned Exen sherrermnanent ceagpatt ihh@nk sFpardprelenprh

the alignment face 57 of the conposite conpact E and
comp@eiictt ceprpadi ol hepivodiicedt asnjlesoribhedexbousi on

[Embodiment 4]
[0054]

Next, FIG. 17 showing an example is explained in which
the direction of flattening a composite compact k at the
time of extrusion is a direction that is parallel with the
alignment face 57 of the composite compact E and
perpendicular (in the Y-direction) to the extrusion
direction 79, thereby being different from the direction of
flattening the composite compact E shown in FIG. 13(c2).

The example shown in FIG. 17 is an example for
providing the following matter, an object of the present
invention, that is, an example for providing a method of
producing a permanent magnet blank F in which the easy axes
of magnetization 69 of the permanent magnet blank F are
aligned in the direction parallel with the above-mentioned

alignment face 57 and perpendicular to the extrusion



direction of flattening the conposite conpact E shown
in FIG 13(c2). The exanple_a own in FIG 17 is an
exanple for providing the following matter, an object
of the present invention, that is, an exanple for
providing a nmethod of producing a pernmanent nagnet
blank F in which the easy axes of nmgnetization 69 of
t he permanent magnet blank F are aligned in the
digteectaron’/ baral l el with the above-nentioned alignnent
face 57 and perpendicular to the extrusion -46-
[@F%ction 79. [0055] As sequentially shown in FIGS
17(a) to 17(c), the high iHc conpact elenent A and
t he Ad HediertOigklc sHemenin Brese folapdto 17 (c), the
i ndividually. Next, the high iHc high-density conpact

hRJENBH Ao ah dHonmdh9ha dengi £ e ehegRNEr 8dompact helement

hi gh Br conpact el enment B (high Br high-density

- STl AOTUATLS AE) o8 AR oo

. ( y are conbimed 'integratedlln t
HHED) T Bk el i oiber B Ete te  PrkatLpLran che
GRS SerP ol oSl 1T AL SR s 2l Al 1,
hi gh-density el ement 13 shown in FIG 17§Q) shougd ined
shoy e BRGenk] s arePradieced chapbiidealiynpaet camb
havi ng predeterm ned external dinensions is forned
anheim tdpra ved el mnegne swideh corbeéneiioandinntbgr ¥tddrection)
as shown in FIG. 17{(c2) to produced a composite compact E
(two~element composite compact 51).

The external dimensions of the high iHc high-density
element 8 and the high Br high-density element 13 shown in
FIG. 17(c) should only be dimensions such that a composite
compact E having predetermined external dimensions is
formed when the two elements are combined and integrated.
For example, the high iHc high-density element 8 shoﬁld
only have a thickness T2 of 36 mm, a width W2 of 9.5 mm and
a length L2 of 25 mm; and the high Br high-density element
13 should only have a thickness T2 of 36 mm, a width W2 of
9.5 mm and a length L2 of 25 mm. Hence, the composite
compact E has a thickness T of 36 mm, a2 width W of 19 mm
and a length L of 25 mm.

[0056]

Next, the composite compact E shown in FIG. 17(c2) is

thereby being different fromthe -



For exanple, the high iHc high-density el enent 8
should only have a thickness T2 of 36 mMm a width W
of 9.5 mmand a length L2 of .25 mm and the high Br
hi gh-density el enent 13 shadid only have a thickness
T2 of 36 Mmm a width W2 of 9.5 mmand a |length L2 of
25 mMm Hence, the conposite conpact E has a thickness
T of 36 nm a width Wof 19 mm and a length L of 25
mm [0056] Next, the conposite conpact E shown in
sib{ectadd c2) plas¥ie sobkengedot Hopimaat permanknbgmagnet
forma permanent nmagnet blank F shown in FIG 17(d).

bAsn Pl BSEhEwHOLIKI PYG . t DR (apbovEs EIHd e dey 2K 1 9¢S the
pl astic working shoul d onIy be used. Furthernore,

abﬁwékﬁ%ﬂf@bﬁééev§99$ﬁs Plgggﬁcl%ormﬂﬁg %ﬂdﬂ%ﬁ‘ﬂhly be used.

direction at the tine of the above-nenti oned

ar b G0y lafer | SRELKENEbRoBal b SAGHE 1o RIES B, e

hi gh t B and t
et B 3+ﬁ3f?ﬁé°§a%€‘a E}t‘ﬁeﬁﬁ?‘%ﬁg EE%@BPP@*@&%WE
the djrection of atteni ng (narrow ng)

SNl ARt o%efals%%bent éth%o%ééFtEoﬁa9nSé°§ted by arrow
direction that is parallel with the above-nentioned

7%) ipprehie} acktB7thadapégpeadtclipge b3 plethe high Br
above-menti oned extrusion direction; and the easy axes

cafpacagabémeat i Bnandl the peghunBot comgret bllamenE Anyn the
be oriented in a direction parallel with the -

ambyensRti bp8edcombbgnBntohpaetand paepdidectish bE

t he above-nenti oned
flattening (narrowing) the above-mentioned composite
compact E may be a direction that is parallel with the
above-mentioned alignment face 57 and perpendicular to the
above-mentioned extrusion direction; and the easy axes of
magnetization of the permanent magnet blank F may be
oriented in a direction parallel with the above-mentioned
alignment face and perpendicular to the above-mentioned
extrusion direction.

When the permanent magnet blank F configured as shown
in FIG. 17 (similarly in FIGS. 18 and 19} is magnetized and
used as a permanent magnet, it can be used such that one
side thereof is a side having a high intrinsic coercive
force and such that the other side is a side having a high
residual magnetic flux density,

The working-effect similar to that in Embodiment 1 is

obtained from the permanent magnet blank F (two-element



configured as shown in FIG 17 (simlarly in FIGS. 18
and 19) is magnetized and uggd as a permanent magnet,
it can be used such that one "side thereof is a side
having a high intrinsic coercive force and such that
the other side is a side having a high residua
magnetic flux density, The working-effect simlar to
that in Enbodinment 1 is obtained fromthe pernmnent
camRpEtt | CemPITY t Gb) dbepdinted48s doapbiihbed ebapact 61)
produced as descri bed above. [0057] Next, FIGS. 18
[Ed/ 119 showi ng an exanple are explained in which the
process for conbining and integrating the high iHc

comasitt el EIEn: 18 angd the shohiby sonpampesearateBplsined
different fromthe process for formng the conposite

-ir?gr{f{em{ s NoMbcd & H&S. céﬂlﬁfﬂiﬁ? &ﬂ&lcgﬁtégrébfng the high

grating = process. [Enbodinent 5] [0058] As

RIS 2 RN T o, T B GopRPeE ghprent B s

R BN (i ctor Bhekt - B ar B, ff ConpSsTee

o R T8 RSN, L EiafOFD PEGCALATLRY oot
simlar to that shown in FIG 17(c) at

process.

[Embodiment 5]

[0058]

As sequentially shown in FIGS. 18(a) to 18(d)
illustrating the method of producing a permanent magnet
blank F, the high iHec compact element A and the high Br
compact element B are formed individually, and they are
combined and integrated in the width direction (in the Y-
direction) in a way similar to that shown in FIG. 17(c} at
the time shown in FIG. 18(b2) to form a composite solid
element 10. The above-mentioned composite solid element 10
is a composite solid element obtained by combining and
integrating a high iHc solid element 7 (the high iHc
compact element A} and a high Br solid element 12 (the high
Br compact element B).

The composite solid element 10 is pressed using a hot

or warm pressing means to form a composite compact E (two-

element composite compact 51) shown in FIG. 18{(c). Known



the tlne shomn in FIG. 18(b2) to forn1a conp03|te
solid elenent 10. The above-nenti oned conposite solid
element 10 is a conposite s%hid el ement obtai ned by
conbining and integrating a“High iHc solid elenent 7
(the high iHc conpact element A) and a high Br solid
el emrent 12 (the high Br conpact elenent B). The
conposite solid element 10 is pressed using a hot or
war m pressing neans to forma conposite conpact E
méanwo-skbeb@ndntonpesutedcanpahe bdy showarmnpEe&sing
18(c). Known -49- neans should only be used as the hot

m@En ¥R HdPr €85mPUe, MBABSOHrf RArAXpHRESingokheansWahBuld only
pressi ng neans should only be used in a way simlar

béouéé‘é‘t descphbedipaibieto £REEM BE8Er Bk Garliek0059]

Next , the conposite conpact E shown in FIG 18(c) is

de. & astic working to forma pernanent
r%%g%g%ﬁnganEfé's%bmn in FIG 18(d). As plastic

[Qﬁéging, the above-nentioned various plastic working
d only be used The working-effect simlar to
that_i n Enbodi ment is obtained f on1the ernangqt

magri&t bt ahke FC?‘PRBSeF%nEﬂ{“PaEBnEo§ PUncoRpaet-61
produced as described above. [Enbodi nent 6] [0060]
s gekR@ntp aPlgsshewior K1REGEO EQFQ)atEEIQ@QFnt magnet
illustrating the method of producing a pernanent
bhagkhel shown in FIG. 18(d). As plastic working, the
above-mentioned wvarious plastic working should only be used.
The working-effect similar to that in Embodiment 4 is
obtained from the permanent magnet blank F (two-element
composite compact 61) produced as described above.
[Embodiment 6]
[0060]

As sequentially shown in FIGS. 19(a) to 19({d)
illustrating the method of producing a permanent magnet
blank F, the high iHc compact element A and the high Br
compact element B are combined and integrated at the time
shown in FIG. 19(a) to form a composite powder element 9.

The above-mentioned composite powder element 9 is a
composite powder element formed by combining and
integrating a high iHc powder element 6 (the high iHc
compact element A) and a high Br powder element 11 (the

high Br compact element B) (by filling the two elements

into the cavity of a die). The filling means for the



bl ank F, the high i H conpact el enent A and the high
Br conpact elenent B are conbi ned and integrated at
the tinme shown in FIG 19(a)ksto forma conposite
powder el ement 9. The above-menti oned conposite powder
elenment 9 is a conposite powder el enent fornmed by
conbining and integrating a high i H powder elenent 6
(the high iHc conpact elenent A) and a high Br powder
el enent 11 (the high Br conpact el enent B) (by
pévder nglement ot ekrteht sshonid ohdéychei npedf 1a di wpy
The filling nmeans for the -50- powder elenents 6 and
sidisaoutd oihéy desdstided nrafeayingi ol BLGL olthat
described referring to FIG 16. [0061] Nuneral 10
[ehhewn in FIG 19(b) designates a conposite solid
el ement forned by pressing the conposite powder

e'emﬁﬂﬁe9a951@93ﬁ0&9|ﬁnpffés'99(H?a&é515ﬁh§esoape§hb%s1te
solid elenent 10 is subjected to plastic working

sé@i@ge?eﬂgﬁt°£or$%&?%gtSﬁéégﬂnggggéear§$59&98 b8wher

conce | ar escr

f%bodl to forg% Fernanent Eg t lid
1%?%?9 Fhe® %@S%?ﬁe@?aEFn1 St 8°PH8F1 i MSo1i

Enbodi nent . 4 is ,obtained fromthe permanent magnet

elpmekt FLO t - %ﬂl%ﬁ%fﬁ*@edcﬁﬁpals@%lgowaaanewshfleaacaet or
as described above. [0062] Next, exanples shown in

wFICPro9sing neenelacdpfdenrgnto anCQhGQEtfﬁQWﬂﬂﬁé to that
conposite conpact E and the pernmanent

described earlier in Embodiment 5 to form a permanent

magnet blank F shown in FIG. 19(d).

The working-effect similar to that in Embodiment 4 is
obtained from the permanent magnet blank F (two-element
composite compact 61) produced as described above.

[0062]

Next, examples shown in FIGS. 20, 21 and 22, different
in shape from the composite compact E and the permanent
magnet blank F shown in FIG. 13, will be described.

In FIG. 20, a method of producing a plate-shaped
permanent magnet blank F from a cylinder-shaped composite
compact E is provided. 1In FIG. 21, a method of producing a
permanent magnet blank F having an arc-shaped cross section
from a composite compact E having a rectangular cross
section is provided. In FIG. 22, a method of producing a
permanent magnet blank F having a semicylindrical cross

section shown in FIG. 22(b) from a composite compact E



magnet blank F shown in FIG 13, will be described. In
FIG 20, a nethod of producing a pl ate-shaped
per manent magnet blank F frogya cylinder-shaped
conposite conpact E is provided. In FIG 21, a nethod
of producing a permanent magnet bl ank F having an
ar c-shaped cross section froma conposite conpact E
having a rectangul ar cross section is provided. In
FIG 22, a nethod of producing a pernanent nmagnet
hatramk @ hewa hgerosenseygtionr skavncinsEIGsegtilan $Hown
in FIG 22(b) froma conposite conpact E -51- having
padv D¥ed . Crragsiraeide) shawtliod G p22{w)ing a permanent
provi ded. Furthernore, a nethod of producing a

maXPRSBNE DA k nﬁgﬁsﬁiﬁgaak creBR¥inR0 & e M i Q¥fown in FIG.
section shown in Fl 22(c) from a conposite conpact

25 b Vflfkgnaé‘ ScomfSLE OB BRQWAG OnFba122t8ks
;FEﬁgo I ment g ﬁﬁ?%%%%] %@g externalyﬂ?nen5|ons t he
dia D and t? | e &% L) of the cylinder-shaped
s%% q@@i%%?%%nﬁ%c ﬁ%‘sﬁ% )rn FIG 20(a) should only
sef_in y simlar to that for the
{éﬁkﬁé;Wﬁﬂﬁ?%ﬁgd hi gh-density el ement 4a referring to
t he above-nentioned FIG 9. Furthernore, the
[#@2Pkctive external dinensions of the high iHe
conpact el ement. A and the high Br conpact elenent B
shoullee ot tebea li dbmshohensuchhehdianetenpbsiend the length
conpact E having the predeterm ned externa
Ldi eensh®nsyl snderreldapbéncomposite compact E shown in FIG.
20(a) should only be set in a way similar to that for the
above-mentioned high-density element 4a reférxing to the
above-mentioned FIG. 9.

- Furthermore, the respective external dimensions of the
high iHc compact element A and the high Br compact element
B should only be dimensions such that a composite compact E
having the predetermined external dimensions is formed when
the two elements are combined and integrated. For example,
the dimensions should only be dimensions such that the high
iHc compact element A and the high Br compact element B are
divided into two equal parts at the alignment face 57.

Next, the external dimensions (the thickness T1, the
width W1 and the length L1) of the plate-shaped permanent
magnet blank F shown in FIG. 20(b) should only be set in a

way similar to that for the above-mentioned permanent

magnet blank 60a referring to the above-mentioned FIG. 9.



the two el enments are conbi ned and integrated. For
exanpl e, the dinensions should only be dinensions
such that the high iHc conpaet el ement A and the high
Br conpact element B are divided into two equal parts
at the alignnent face 57. Next, the externa
di nensi ons (the thickness TI, the width W and the
length L1) of the plate-shaped permanent nagnet bl ank
F shown in FIG 20(b) should only be set in a way
si m¥rewn pldskie ovorkenabskeukdnendredepusfidnaft plastic
magnet bl ank 60a referring to the above-nentioned FI G
w@rkirk?-fdnofwrmpimgt e wookpagisbhoabadpantyEbéntisethas
plastic working for form ng the conposite conpact E

péiiand e mPp@hsvneDinRBghefobl aRkmblef ot hex@spheéngt BRould
form ng should only be done by carrying out extrusion

oﬂLI‘y o NAYo1%d nwaéaf,@ ih aéugeésetwsgoﬁa&hl srwagf @&fnhmgr to
FIGS. 9 and f odi nent 8]

4 gl i 18,0 s
Fsbasgghen L) of the comosiic comact E show i n

houl d only be set in a way simlar to
t€$ for the above-nentioned high-density el ement 4b
(¢ ring to the above-nentioned FIG 11. The
respective external dinensions of the high i Hc conpact
el erig¥t A el enecrngh dBrewshpast (EhenbhicRnsgsul(ghe X-
only be dinensions such that a conposite conpact E
diveed higon hel predet eidthedYedipenblion) W and the length (in

the Z-direction) L) of the composite compact E shown in FIG.
21{a) should only be set in a way similar to that for the
above-mentioned high-density element 4b referring to the
above~-mentioned FIG. 11. The respective external
dimensions of the high iHc compact element A and the high
Br compact element B should only be dimensions such that a
composite compact E having the predetermined external
dimensions is formed when the two elements are combined and
integrated. For example, the dimensions should only be
dimensions such that the high iHc¢ compact element A and the
high Br compact element B are divided into two equal parts
at the alignment face 57.

Next, the external dimensions (the thickness (in the
X-direction) T1, the arc length (in the Y-direction) Wl on
the outer circumferential side, an arc length (in the Y-

direction}) W2 on the inner circumferential side and a



di mensions is formed when the two el enents are
conbi ned and integrated. For exanple, the dinensions
shoul d only be dinensions sygh that the high iHc
conpact element A and the hi*gh Br conpact el ement B
are divided into two equal parts at the alignnment
face 57. Next, the external dinensions (the thickness
(inthe X-direction) Ti, the arc length (in the
Y-direction) WL on the outer circunferential side, an
langthenghhthenZtieér¥etdoneécLilpnpfVehenpehwanansr magnet
circunferential side and a -53- length (in the

bZaflkl ECha0Dhgldh abctBRapeaneprest gagnebn bhawk En FIG.
havi ng an arc-shaped cross section shown in FIG

Zg%ﬁp)sﬁBQMBdOHQQYers§€t1hnaawB§YS§mﬁlb§rtbothB@tfEQrthe
above- ment i oned permanent fagnet bl ank 60b

'aﬂ?&grﬁéﬂglggﬁﬁgSgﬁggﬁéﬁ gﬁﬁbgg%eﬂlgk§ 6%% rg@gwglng to the

astic wor e use aspa5|c

wor ki n or farm e conposite conpact E into the
=B Raen lﬂaaﬁeﬁﬁ A F (e & Co10hs): ror

exanpl e, faorm ng shoul d onIy be done by carr in .

Ut BR RSB i VaEGL Y AR LYl GIH eolsPheds Blastic

earlier referring to FIG 11. [Enbodi nent 9% [ 0065]
wilekingt héoext éppmiindi nbhsi oRSMPPRELAI NEPIBRRE dEanéFEP the

01, the major axis diameter D2 and the length (in the
pZrmdhentt meghetr) bdfankhé clemepoFi@. chhflact; Eshoewanhple, the

FIG 22(a) should only be set in a way simlar to
fohRinfoshll@d only be done by carrying out extrusion in a
way similar to that described earlier referring to FIG. 1l.
[Embodiment 9]

[0065]

Next, the external dimensions (the minor axis diameter

D1, the major axis diameter D2 and the length (in the Z-
direction) L) of the composite compact E shown in FIG.
22{a) should only be set in a way similar to that for the
above-mentioned high-density element 4c referring to FIG.
12. The respective external dimensions of the high iHc
compact element A and the high Br compact element B for
forming the composite compact E shown in FIG. 22(a) should
only be dimensions such that a composite compact E having
the predetermined external dimensions is formed when the
two elements are combined and integrated. For example, the

dimensions should only be dimensions such that the high iHc

compact element A and the high Br compact element B are




above-nenti oned high-density elenent 4c referring to
FIG 12. The respective external dinensions of the
high i Hc conpact el enment A 3 d the high Br conpact
elenent B for formng the C ﬁﬁbsite conmpact E shown
in FIG 22(a) should only be dinensions such that a
conposite conpact E having the predetermnm ned external
di nensions is formed when the two elenents are
conbi ned and integrated. For exanple, the dinensions
dshodeéd tnty teodegeasipastsush that alhgnhegh fhice 57.
conpact elenent A and the high Br conpact elenent B
are Thd-egiyrdel dnhentwonequahepaiahd maim te Addegyredn the
face 57. The external dinensions (the maximum
x1dy pkBessn (i 01t henXdid edd o Tin the arqil@ralib()i Wl on
t he Y-dlrectlon) W on the arc side, the wdth (in

che o’ £eaLy O duaBChNe s 81 RO -8L0EENdni N2 on the

In the dlrectlon ) of a pernanen nagnet

in 0S sectlo

Sf—’ﬂ'ﬁ‘% 33te) Sl oieHe Cor FheaZadd Tl g of @

that for the above-nenti er mmnent nma bl an
PEORR SR b (TR Dok o IEPkTDndd %?@lgigln?ﬁécaﬁ oross

external di mensions (the maxi mumthickness (in the
sechiPRcBhONR T EFRE-ard? (@ngfhopild el W- BEr &&t o a way

WL on the outer circunferential side, the arc length
simhlahe ty thaectian)the @batre-Tignisons d ¢ pefreresital magnet

side and the length (in the Z-direction) L1) of the
bpankaéeot refgneingbtankh& hbvvegmancieaednFIGLosg.

section shown in FIG 22(c) should only be set in a

way shal batetRalhaimbabibhe gkeéemaximum thickness (in the
X~-direction) T1l, the arc length (in the Y-direction) Wl on
the outer circumferential side, the arc length (in the Y~
direction) W2 on the inner circumferential side and the
length (in the Z-direction) 1l) of the permanent magnet
blank F having a crescent cross section shown in FIG. 22 (c)
should only be set in a way similar to that for the above-
mentioned permanent magnet blank 60c referring to the
above-mentioned FIG. 12.

Known plastic working should only be used as plastic
working for forming the composite compact E into the
permanent magnet blank F (see FIGS. 22(b) or FIG. 22{c¢))
for example, the forming should only be done by carrying
out extrusion in a way similar to that described earlier

referring to FIG. 11.

[Embodiment 10]



menti oned permanent nagnet bl ank 60c referring to the
above-nentioned FIG 12. Known plastic working should
only be used as plastic mog%%qg for form ng the
conposite conpact E into the "permanent nmagnet blank F
(see FIGS. 22(b) or FIG 22(c)); for exanple, the
form ng should only be done by carrying out extrusion
in awy simlar to that described earlier referring
to FIG 11. [Enbodi nent 10] -55- [0066] Next, when the
[@¥mpbsite compact E shown in FIG 13 is configured,
the m xture ratios of the nmagnetic powder Ma and the
magriegxtc, pdvelertivd denmgs isedcémopatheE hshbwnHin FIG. 13 is
conpact elenment A and the mixture ratios of the
camfipited, povelaniMusadribeosngiethe naydetilhpbatsg Ma
used for the high Br conpact elenent B should only be
aret @i mechdyic rebadéyely boch§agsod/ geer easi Ndghhenc
m xture ratios ‘depending on requests with respéect to

e (él T&%‘@rﬂ"&d {ﬁg%ﬁﬂéﬂ%t%ﬁféﬁg F ERe ma netic

I rrevers e demagnet| zat1 on, arge Sl ze a
PR 17 i RO PR by AR PREPS oAt rar the
ZE %@%ﬁa%@%ﬁﬂ; "B Bedha, pndvi v petpsriged by

adjusted so as to conformto the pernanent magnet to
reyeatieghipsingreasing/decreasing tge mixture ratios
depending on requests with respect to usage (for example,
requests with respect to ilrreversible demagnetization,
large/small size and cost). This means that, for example,
the mixture ratio of the magnetic powder Ma and the
magnetic powder Mb in each of Tables 7, 9, 11, 13, 15 and
17 should only be determined such that the ratioc is
adjusted so as to conform to the permanent magnet to be

requested.

Next, an example in which the ratioc 1s increased or

- decreased relatively will be described. In this example,

when a higher intrinsic coercive force is requested for the
high Br compact element B of a permanent magnet formed by
magnetizing the permanent magnet blank F shown in FIG.
13(d), a method of producing a permanent magnet blank F
capable of meeting the request is provided. The above-
mentioned requested intrinsic coercive force is assumed to

be an intrinsic coercive force under the conditions shown



Next, an exanple in which the ratio is increased or

decreased relatively will be described. In this

exanpl e, when a higher intrigsic coercive force is

requested for the high Br cdnpact elenent B of a

per manent magnet forned by magnetizing the pernmnent

magnet bl ank F shown in FIG 13(d), a nethod of

producing a pernmanent nagnet bl ank F capabl e of

meeting the request is provided. The above- nentioned
inchlest 4 desernbed tabeci ferf exempile, atbaedsyounper the

an intrinsic coercive force under the conditions shown
condition$l G BHidesthébédtkahsicl apeexanpl €orthatisi 4,85

under the <conditions in which the intrinsic coercive
MAOfiCcet i s diSband®V i1 aF @ dhstBBCEhticRheBsi AitBetion of the

t hi ckness direction of the permanent magnet and 1. 22

pdhhanéht anslhgbanggqt 105 2TMA/ﬁn dt Sh angeankkn %%'fy TN and
the distance t between 0 and Ti. an exanpl e of fhe

@é'fl ngf? %ﬁ génglgﬁsgﬁgoE Lg%wgégheleﬁg Fl As an

co act e enen Br co
to this egb g
oSEE1E) 0 100 hETRECLTpRbe, LB oERRTPL e BE T

onI be used Al t hough two ki nds of powders are n1xed
1R CARICE of L e?ﬁ%ts%c%ﬂa F%?ehlangrkPﬁﬂpéﬁtnﬁéﬁ@?PE

powder having a property of iHc = 1.53 MV m may al so
agroPiEparied Blvts usmldodimenat: | foasesannleer tbe voutsee

The conposition of the conponents at this tine is a
rafaloe obd ai mbdkbysaddanfoal Ehowheinofpbienf’s shbuflbeonly be

magnetic powder used in Experinment 2 and the nagnetic
upaddentgedigh tpatinmntol wedéenaby mixed and used for
the second layer, one kind of magnetic powder having a
property of iHc = 1.53 MA/m may also be prepared and used
directly as a matter of course. The composition of the
components at this time is a value obtained by adding all
the components of the magnetic powder used in Experiment 2
and the magnetic powder used in Experiment 1 and then by
dividing the sum by two.

[0067]

[Table 7]



“dividing the sum by t

rati os of the Magnet

respective used in Experinge

wo. [0067] [Table 7] -57-
M xture ratios of the magnetic powder M (9i) Thic
iC pomdsg M Magneti c powder

kness
M

"2 used in Experinment 1

| ayers (%9 High i Hc conpact element A 100 O 50 (1st

| ayer) High Br conpact elenment B 50 50 50 (2nd | ayer)

[0068] The permanent nagnet bl ank F (two-el ement

permanent ~ nmagnet blapk 61) is produced as

S entially shown in 13 to 13 t h,

hi gh 1 conpact el enp ﬁ‘{"‘tﬂemsg’ﬁ% '"ﬁ?"ﬁﬂ E?g cltjfikzgi:e

el enent B med of te-TaterTats Sy | |n |—| u respective

The process s in "Gg"}? g %??&’ %{g‘ ONdygrs (%)
- - VA e E@?PP d

%&H iHE Eorh E@JlérﬁéﬂgAt 0

[l G 13, | 0069]

TabI 8 shows

th Qu&&@b nagnetlc qux d@“S|ty Br), t e
IIIlI F'1ISrc CuUcrolr veE IU |93 5 \I l'l.a) d.IIU llIC hLJ_y L«UIII (SRS al ©
otiieh BpeampastalementeBnet | obt ai ngd by nggneti zsmg t he 50

tmémW§VQ@ per manent pmagnet bl ank Flproduced_as

descri bed above. Furthernore, the graph of FIG 23
shows the relationship

[0068]

The permanent magnet blank F (two-element permanent
magnet blank 61) is produced as sequentially shown in FIGS.
13(a) to 13(d) using the high iHc compact element A and the
high Br compact element B formed of the materials shown in
FIG. 17. The process shown in FIGS. 13(a) to 13(d} should
only be carried out in a way similar to that described
earlier referring to FIG. 13.

[0069]

Table 8 shows the residual magnetic flux density (Br),
the intrinsic coercive force (iHc) and the Dy content rate
of a permanent magnet obtained by mégnetizing the two-layer
permanent magnet blank F produced as described above.
Furthermore, the graph of FIG. 23 shows the relationship
between the residual magnetic flux density (Br) and the
intrinsic coercive force (iHc) of this permanent magnet,.
[0070]

[Table 8]



bet ween the residual magnetic flux density (Br) and
the intrinsic coercive force (iHc) of this pernmanent
magnet. [0070] [ Table 8] -5% Br iHc Dy content (T)
(MMM rate(masSs% High i HC go‘npact el enent A
side(1st layer) 1.36 1.85 3.6 Hi gh Br conpact el enent
B side(2nd layer) 1.415 1.535 1.8 Pernmanent nmagnet
1.3875 - 2.7 [0071] As shown in the above-nentioned

')’21 the intrinsic Pnlfxrr‘i\/a force on

he conpact el ement| A side of thg_ per Dntent

ragnet i s ver 1.85 MA M ncej t cp
fate is 3.6 mass% Fur e, (E? i S 1.“215 T bn tt%ﬁgssm
MM ELonBPdhenE A SRBAL: Een 4 Of gkNe | Perygnent 54
[HigB&BF Torhpanh eleinent® sdei2rd layer)t e hi.gis | HC cosgmct 1.8
EremeEnt A ard—the gt BrTonmpact—etenent—B—tjrereb
FeUrangtdnagrtth  resi dual magneti d-387¥x density. Hencé,
inawy simlar to that described earlier referring
to FIG 13, the magnetic properties of the whole

per mmnent magnet hardly deteriorate, and the

[ &7 bhnent nagnet can be used for a long life period
as a permanent magnet being excellent in magnetic

propes t sBSwnMIeOMes , aBSvEbAWAtLE Bntabluifie t BeaaBDUMG, 23,
of use of Dy

the intrinsic coercive force on the high iHc compact

element A side of the permanent magnet is very high (1.85

MA/mf since the Dy content rate is 3.6 mass$%. Furthermore,

Br is 1.415 T on the high Br compact element B side of the

permanent magnet, and Br in the whole permanent magnet is

1.3875 T on the average in the high iHc compact element A
and the high Br compact element B, thereby having a high
residual magnetic flux density. Hence, in a way similar to
that described earlier referring to FIG. 13, the magnetic
properties of the whole permanent magnet hardly deteriorate,
and the permanent magnet can be used for a long life period
as a permanent magnet being excellent in magnetic
properties.

Moreover, as shown in Table 8, the amount of use of Dy
in the whole permanent magnet is 2.7 mass% on the average
in the high iHc compact element A and the high Br compact
element B; hence, it is characterized in that a permanent

magnet capable of delivering the above-mentioned high



in the whol e permanent magnet is 2.7 mass% on the

average in the high i Hc conpact elenent A and the

hi gh Br conpact el enent B; ggnce is characterized

in that a permanent magnet pabl e of delivering the

above-nentioned high -59- intrinsic coercive force can

be obtained using a scarce anount of expensive Dy.

[ Enbodi nent 11] [0072] Next, an exanple is described

referring to FIG 24, in which an internedi ate conpact
it ehent c Cosrdispofedcbetarehet hbthighdi Heivgnpastarce

el ement A and the high Br conpact elenent B and the

ab Qe 8 axpesdEney, and integrated to forma
conposi te conpact E, the conposite conpact E being

gﬁﬁ&@{ﬁgﬁtfippwthe conposite conpact E shown in FIG
3(c2) in the configuration described above. As

mgntlally shown in FIGS. 24(a) to 24(d), FIG 24
s an exanple in which the high i Hc conpact

eIe nt, A _the Br c act ng _t
ncoF oot %%%LBFZ 67 crien tbsﬁ P3ehagrd to! e, 24, 1n
V|duaI{ are conb g and _integrated to form
ab{S 2 obntdiuedihe? EorPRrbeserangnt & 1 disposid Belieen

(nultlple el enent) conposite conpact 52), and the
thenbbeh t tHe orpERaCE f5emenbj Acaed ttaephagbu BruGPRPAGE

to forma permanent magnet blank F (three-el ement
epememhelt andghbe €lenknBs) arAscehbinednapdGinzagrigfed to

the nethod of producing the permanent magnet blank F
fohe &i gbmpbkitenparpaetempnthd, cotmbeshicghcBmpaatpicbeing

el enent B and the internedi ate conpact
different from the composite compact E shown in FIG. 13(c2)
in the configuration described.above. As sequentially
shown in FIGS. 24(a) to 24(d), FIG. 24 shows an example in
which the high iHc compact element A, the high Br compact
element B and the intermediate compact element C are formed
individually, they are combined and integrated to form a
composite compact E (three-element (multiple-element)
composite compact 52), and the composite compact E 1is
subjected to plastic working to form a permanent magnet
blank F (three-element permanent magnet blank 63).

As shown in FIG. 24, in the method of producing the
permanent magnet blank F, the high iHc compact element A,
the high Br compact element B and the intermediate compact
element C formed of a magnetic powder Mc for the

intermediate element, the above-mentioned intermediate

compact element C being disposed between the high iHc



el ement C formed of a magnetic powder Mc for the
internedi ate el enent, the above-nentioned internediate
conpact el enment C bei ng disp%®ed bet ween the high i Hc
-60- conpact el enent A and THhe "high Br conpact el enent
B, are conbined and integrated to forma conposite
conpact E;, the naterial properties of the nagnetic
powder Mc for the above-nentioned internediate
conpact elenment C are set to properties such that the
comba ¢ se Lerseret CA vendotke héghnBs cbnpectsedumphiaBlyare
in the direction fromthe above- nentioned high iHc

CERMDRE @Al@rrﬁmtecgré@eah@oab@m geabnpheitehtepBet E; the
conpact el enent and such that the residual nmagnetic

méﬁé%éﬂfrﬁfép/e%f@gfeéf' eyl\@rm§§ﬂae%' gbweasnmtch%or the

direction fromthe above-nenfi oned Br conpact

2 SUBAL e Bl Qa6 BRNSs TROL LaRed i n{ﬂ)e}n £CEMRAE! set to

OVE-MEnt ron and
inte rated state o% . osi.te co act 5 &
PHARFEHTES poictar CRabi Bt PEELORAFoF PRFELTBpoPEF8s Dpgomes
also referred to as the "nmagnetic powder M" or the
Loy e deepohRibty MR f bRet ﬁérﬁﬁFéPﬁegFﬁ%th@I 8ReNE™ in
the present invention); furthernore, the above-
memmcpmdlt@lﬁmn%ct@ommp‘acelanestsabrectbé ebopeagentioned
wor ki ng so as to be provided with nmagnetic ani sotropy.
hifl078F ddmpacetékemant | Bbendesarhbetdatknther eedétaiall
referring to FIG 24. The high iHc high-density
n&yeaeid Slhuk défshighbéblbmes lower sequentially in the
direction from the above-mentioned high Br compact element
B to the above-mentioned high iHc compact element A in the
above-mentioned combined and integrated state of the
composite compact E {(the magnetic powder having these
material properties is also referred to as the "magnetic
powder Mc" or the "magnetic powder Mc for the intermediate
element” in the present invention); furthermore, the above-
mentioned composite compact E is subjected to plastic
working so as to be provided with magnetic anisotropy.
[0073]
This matter will be described in more detail referring
to FIG. 24.
The high iHc high-density element 8 in the high iHc
compact element A serving as the first layer and the high

Br high-density element 13 in the high Br compact element B

serving as the third layer in FIG. 24 should be formed



conpact elenment A serving as the first layer and the
high Br high-density elenent 13 in the high Br
conpact elenment B serving az the third layer in FIG
24 should be formed -61- acc #ding to a concept
simlar to that described referring to FIG 13. Next,
as exanples of the nagnetic powders Ma and Mo bei ng
used for the above-nentioned high i Hc conpact el enent
A and high Br conpact elenment B, those having the
actotdirg tataoscandpthétkhdss tat tbetsHewnrihe@abkeéedring
for exanple, should only be used. [0074] [Table 9]
tdM Ki@relzati os of the magnetic powder M (% Thickness
rati os of the Magnetic powder M Magnetic powder M

r esSpeLkt Ve asUSSehrh £l§é<p%'f' B Raynediln ddemhk knd Mb
| ayers (9@ Hi gh i conpact elenent A 100 0 33. 34

bé%é‘%sﬁ%g ok SR PR “Eﬁ%%te SATELAI draple etement

h
el i KRG N ONGR -
ayer

ratios ang thlcﬁ%g§;(¥agié§;s§§$n 1n2%g%&eagﬂ %é§r)éxample,

should only -be used.

[0074]
[Table 9]
Mixture ratios of the magnetic powder M (%) | Thickness
ratios of the
Magnetic powder M | Magnetic powder M rlespect(I;)e
used in Experiment 2 { used in Experiment 1 ayers
High iHc compact element A 100 o 3334
(ist layer) .
Intermediate compact element C
(znd ]ayer) 6667 33.33 3333
High Br compact element B
(3rd layer) 33.33 66.67 3333

[0075]

In the intermediate compact element C serving as the
second layer shown in each of FIGS. 24(a), 24(b) and 24(c),
numeral 16 designates an intermediate powder element formed
by filling the magnetic powder Mc into the cavity (not
shown) of the die of a cold press. The magnetic powder Mc
should only be preoduced using a known method in a.Way
similar to that for the above-mentioned magnetic powder M

described earlier referring to FIG. 1. The material



nuneral- 16 designates an internedi ate powder el enent
formed by filling the nmagnetic powder Mc into the

cavity (not shown) of the dig of a cold press. The
magneti ¢ powder Mc  shoul d ont“y be produced using a

known nethod in a way simlar to that for the
above-nenti oned nagnetic powder M described earlier
referring to FIG 1. The material -62- properties of

the magnetic powder Mc are set to properties having

propeitiensofuche thagnéhici powiasi Bccaeecsgb forpeoperties

becones | ower sequentially in the direction fromthe

héwihg cdledioipast setenensdt Athe iherbhghcBeoeoopast force
element B and such that the residual magnetic flux

bélehad s Y1 OREPNBShOMEL a1 $§AUENEhE! Y rEBtiBR €kbRACEhBNhigh
fromthe high Br conpact™ elenent B to the high iHc

: e [ e a fo.t 0§t
S Raba gt CREMhe 4, 1940 ChfoR i REnBACE ORI LRent B and
net | owder y_be forned.h ] XI t )
STRONETE B0 et gL CL K BefoRRy] fEoomes Lower
appropriate ratjos (b i Xi ng the_anount hat can be
o8& TE 8 LY L8 b8 it aglion "Hapmeshe iR B3 beRBhs
17), or_the conposition of the nmagnetic alloy may be
elepelasRdtortiiechiabedicogompeftoplenpBt nighBt fhe state of
powder Ma and magnetic powder Md. In that case, the
tina gretpes posdeenpct hBusbown| ynsBLEsf 41(h8) . condithermore,
such that the intrinsic coercive force becones |ower
tisequamhéal & ypondeheMdi magt bonfbemadt be highnigHthe magnetic
conpact elenment A to the high Br conpact el enent B and
pSWESr MAahnd hBagest ddabonagretbeifl Hypdepeibyebea@ies (by

| ower
mixing the amounts that can be easily assumed according to
Tables 9, 11, 13, 15 and 17), or the composition of the
magnetic alloy may be increased or decreased for each of
the magnetic powder Ma and magnetic powder Mb. In that
case, the magnetic powder Mc should only satisfy the
conditions such that the intrinsic coercive force becomes
lower sequentially in the direction from the high iHc
compact element A to the high Br compact element B and such
that the residual magnetic flux density becomes lower
sequentially in the direction from the high Br compact
element B to the high iHc compact element A in the state of
the composite compact E. For example, the magnetic powder
Mc shown in above-mentioned Table 9 may also be used.

Numeral 17 in FIG. 24 (b) designates an intermediate solid

element formed by pressing the intermediate powder element



sequentially in the direction fromthe high Br conpact
el emrent B to the high i Hc conpact elenent Ain the
state of the conposite conpggt E. For exanple, the
magnetic powder M shown in above-nenti oned Table 9
may al so be used. Nuneral 17 in FIG 24(b) designates
an internediate solid elenent forned by pressing the
i nt ernmedi ate powder elenent -63- 16 using a cold
pressing neans, and nuneral 18 in FIG 24(c)

1 dess prat scaldi ghe 8s ihg gheadrasi aydehemenalpit8divedIby
pressing the internediate solid elenment 17 using a hot

20(c) Ve 1l Ppri£6Ss Ng NEGNSBr Asifhedenk it yhelepenvaproduced by
pressing neans, known neans should only be used; for

pRXSSIThE, t 188! fntePREJDEL¥WREDY PACESEREnARANSUEhAY! E BBkY or
be used in a way simlar to that described earlier

w%@éﬁéféé‘giﬁg rﬁ%&sl A e apoye-Hmntdongdn pressing

I pt1on; e term "conpact ‘elenent™ 1s a genera
referring. 1o a o%ge | e;rent SOLi or
nefte denertyRereReteO8 i arnEn PR bhec? pFol. SEHpIe, Cota,
form ng a conposite conpact_ fr a ghetic _powder.
ho{,r ThaP AP X heL o r BRans (EhoULanPBAY] PE, UREGNLEr & HAY
intermediate, in the conpact_elenent are words _used_to
sHMEIdRgEP shhahedpBEEE PRl PRBPERFi ESTREBANENESFSF -
others. [0076] The external dinensions of the high
i He T ghhelensbvg-meh bhened 8desheiht §anBr theghedmnSicoppact
el enent 13 and the .internediate high-density el enent
elléneiiot| Ds cal yeberalli tensi pasesuthgt hat aapoedpaskeliement,
conpact E having the
solid element or high-density element obtained in the
process of forming a composite compact from a magnetic
powder. Furthermore, the words, such as high iHc, high Br
and intermediate, in the compact element are words used to
distinguish the material properties from those of others.
[0076]

The external dimensions of the high iHc high-density
element 8, the high Br high-density element 13 and the
intermediate high-density element 18 should only be
dimensions such that a composite compact E having the
predetermined external dimensions is formed when all the
. elements are combined and integrated. For example, the
high iHc high-density element 8, the Br high-density
element 13 and the intermediate high-~density element 18

should only have a thickness T2 of 12 mm, a width W2 of 19

mm and a length L2 of 25 mm. Hence, the composite compact



predet erm ned external dinensions is forned when al
the elenents are conbined and i ntegrated. For
exanple, the high iHc high-%gnsity el enent 8, the Br
hi gh-density elenment 13 and“the internedi ate
hi gh-density elenent 18 should only have a thickness
T2 of 12 mm a width W2 of 19 mmand a length L2 of
25 nm Hence, the conposite conpact -64- E has a
thickness T of 36 mfmm a width Wof 19 mmand a |ength
Elh®d 25tmieki&997T ofNex6, mhheahwyithHs bifghSdensanyg a
el emrent 8 (the high i Hc conpact elenent A), the high

1&gt ah-genss tymel enent 13 (the high Br conpact
elenment B) and the internediate high- density el enent

he internedi ate conpact elenent C), produced
I ndividually, are conbined and integrated as shown in

R I R

el ene COomposi conpac nat ron shou
. only be done_ accordjng conpcept.simlar to that
18 LoMBRGE et SRFhgAl o FRe high PR PREDGPEDSIEY Slement 13
i nvention, such a Eroduct obt ai ned bﬁ@ Qonbinigg and_ ,
(the @R By EARPAGFt FHPRSBBNBACENEl ERBnLEteFIIRELate high-
conpact elements to which letters A and B or letters
deyisigy anteeatr el8séthnedntasmadistebegmpbefe eilement C),

referred to as a conposite conpact E. [0078] Next,
ptdéucodpbsiieidoapagt Ershowmbinell Gnd24ht2griaged as shown

in FIG. 24(c2) to produce the composite compact E (three-
element composite compact 52). This combination should
only be done according to a concept similar to that
described referring to FIG. 13.

In the present invention, such a product obtained by
combining and integrating the multiple compact elements
(the compact elements to which letters A and B or letters A,
B and C are assigned) as described above is referred to as
a composite compact E.

[0078]

Next, the composite compact E shown in FIG. 24(c2) is
subjected to plastic working to form a permanent magnet
blank F (three-element permanent magnet blank 62) shown in
FIG. 24(d). The above-mentioned various plastic working
processes should only be used as plastic working processes.

Although the external dimensions of the permanent

magnet blank F are different depending on the plastic



subjected to plastic working to form a permanent
magnet blank F (three-el enent permanent magnet bl ank
62) shown in FIG 24(d). Tbﬁ above-nentioned vari ous
pl astic working processes s guld only be used as
pl asti c working processes. Although the externa
di nensi ons of the permanent nmagnet blank F are
di fferent depending on the plastic -65- working
carried out for the conposite conpact E, when
wexkingi omrsied| aut t for hbhef oempoapaeacPmpackakpl ¥henjn
the above-nentioned Experinent 1 is carried out for
exxanglen ahai Whentdhehsonposi CemparpadiveEERampae 1 in the
thickness T of 36 mfmm a width Wof 19 nmand a | ength

atho®d -méEnPdnéHeEPeeFanent 1Mmagnekrbkadkobthd@®raexample,
thickness Ti of 8 Mm a width WL of 40 mm and a

an@nPhdy Linef céﬁf)és% L8Rkt -E."(akﬂa)% 0 e dde T of 36 mm,

resi dual nmagnet x density (Br), the intrinsic

2 CORACA VR LETEE fhHENqond) LG Yy COBt 981 ! EncObebitinent

per nanent ~magne ai he magneti zing the t
| ayer rmanent _magnet , bl ank F. .produced as_descri b

nagiet BERIRE Rebadr €. ChhgkBPaRnTor OFI & 5" ghguatind ] of 40
rel ati onship between_ the residual magnetic fl ux

nYeARE Y ERYtAnHLIt RE SPnfr™sic coercive force (iHc)

of the permanent magnet. [0080] [Table 10] Br No Dy
[@OA2ENt (T) (MM ) rate(nmassy

Table 10 shows the residual magnetic flux density (Br),
the intrinsic coercive force (iHc) and the Dy content rate
of the permanent magnet obtained by magnetizing the three-
layer permanent magnet blank F produced as described above.
Furthermore, the graph of FIG. 25 shows the relationship
between the residual magnetic flux density (Br) and the

intrinsic coercive force (iHc) of the permanent magnet.

[0080]
[Table 10]
Br iHe Dy content
(m (MA/m) rate(mass%)
High iHc compact element A side(1st fayer) 1.38 1.85 36
Intermediate compact element C (2nd layer) 1.397 i.64 24
{High Br compact element B side(3rd layer) 1.433 143 1.2
Permanent magnet 1.397 - 2.4
[0081]

As shown in the above-mentioned Table 10 and FIG. 25,



H gh Me conpact elenment A side(l at layer) 1.36 1.85
3.6 Internediate conpact elenent C (2nd | ayer) 1.397
1.64 2.4 High Br conpact el nt B side(3rd |ayer)
1.433 1.43 1.2 |Permanent nmagnet 1.397 -- 2.4 [0081]
As shown in the above-nentioned Table 10 and FIG 25,
-66- the intrinsic coercive force on the high iHc
conpact elenent A side of the permanent magnet is
very high (1.85 MM N since the Dy content rate is
tBe6inbssnskar thermbve, foBrei onl t#83 higbn itiie chingh cBr
conpact elenent B side of the pernmanent magnet, and
eBementt hesyphel efpehaapeniaf@gicmaghetl i39Fetyohiyhe (1.85
average in all the layers, thereby having a high

MARS) dyahcERgRBt DG EbHXed@Nshly. 1HenCE, nalsd .WaFurthermore,
simlar to that described earlier referring to FIG

Bﬂ-3ist§.‘?43§a?”8£i EhBrﬂﬁght BS Qhohie Wighe sRermangat of the

magnet hardly deteriorate, and the permanent nagne
S f a__l.0 i f er'og as per.nmanent .
pEBa e ofigh8hearmint? b TEBnerPloBsTuRARE Rlnet i
oyver shown i n Tabl 1% t he amount  of use. of .
LogoTrteht BRer BopErRBnbR: STdoRbe HeVSLR nbakshY Rging a
average in the three el enents by disposing the
higheFRedfupe meghphec Elemedencibatwebpnthe BRgh VEK
copgact element A and the high Br conpact el enment B;
shHehter to thatcHesaribedzedrilnerhaefzrpéngatentFifagidst the
capabl e of delivering the above-nenti oned high
maghetinsi propertige of the whole permanent magnet hardly
deteriorate, and the permanent magnet can be used for a
long life period as a permanent magnet being excellent in
magnetic properties.
Moreover, as shown in Table 10, the amount of use of
Dy in the whole permanent magnet is 2.4 mass% on the
average in the three elements by disposing the intermediate
compact element C between the high iHc compact element A
and the high Br compact element B; hence, it is
characterized in that a permanent magnet capable of
delivering the above-mentioned high intrinsic coercive
force can be obtained using a scarce amount of expensive Dy.
[0082]
Next, an example is described referring to FIGS. 26 to
32, in which multiple intermediate compact elements C are

disposed between the high iHc compact element A and the

high Br compact element B and the elements are combined and



force can be obtained using a scarce anount of
expensive Dy. [0082] Next, an exanple is descri bed
referring to FIGS. 26 to in which nultiple
i nt er nedi at e conpact elenenf§7C are disposed between
the high i Hc conpact elenent A and the high Br
conpact elenent B and the el enents are conbi ned and
-67- integrated to forma conposite conpact E, the
conposite conpact E being different fromthe
icoeposied tonpact & cohpowiia ErthadB(ER2)tha theposite
configuration described above. FIG 26 shows an
cEedpt 8 | e Mg cdi £ herdmghfidie €R8Pachpo o1 e8EBbmPact he
hi gh Br conpact elenment B and multiple (two- el enent)
sHWer iR diad & ?@ £ligl NS £1 Qhat PEHBescribed above.
i ndi vi dual |y, ey are conbined and Integrated to form
a  CRFPO e a e
Shé sﬁgﬂ?)gﬁ gxgﬁgﬂ%eEh QEQEP %gf,%%%?tﬁﬁf compact

(rmul t7 pl e- el enen
np. sub d to,.the .

A A, FEREATHR B colbRk: na?f‘-slefl&% A ke (Ewo-
net, bl ank F. FIG. 28 shoms an exanple in which the
elrﬁ’gfh‘“r He &BHB£E‘FdléFSnerﬁ°")ﬁPaQ%e ﬁ#@ﬁeértscorﬁ)ac?re formed

,element B and multiple (three-elenent) internediate

indipstta bl wmefbeyC afe £omkaned miid/i dnaepyateleytar dorm a
conmbi ned and integrated to forma conposite conpact E

cqnipassited enerangani t i @ e- elfenentdlengortposi trea ldoinplaete Lement )
54), and the conposite conpact Eis subjected to the

cafymve tentdooect tpl &)i,c wokki Bget ocbaposatepecoBpedt E is
magnet bl ank F (five-el enent permanent magnet

subjected to the above-mentioned plastic working to form a
permanent magnet blank F.

FIG. 28 shows an example in which the high iHc¢ compact
element A, the high Br compact element B and multiple
(three-element) intermediate compact elements C are formed
individually, they are combined and integrated to form a

composite compact E (five-element (multiple-element)

composite compact 54), and the composite compact E is

subjected to the above-mentioned plastic working to form a

permanent magnet blank F (five-element permanent magnet
blank 64}.

FIG. 30 shows an example in which the high iHe¢ compact
element A, the high Br compact element B and multiple
(eight~element) intermediate compact elements C are formed
individually, they are combined and integrated to form a

composite compact E (ten-element (multiple-element)



blank 64). FIG 30 shows an exanple in which the high

i Hc conpact elenent A, the high Br conpact elenent B
and multiple (eight- elenent% i nt er medi ate conpact
el ements C are forned |nd|V|§uaIIy, t hey are conbi ned
and integrated to forma conposite conpact E
(ten-element (nultiple-elenment) -68- conposite conpact
55), and the conposite conpact E is subjected to the
above-nentioned plastic working to forma pernmanent
compoeitdl apkpsctt 2h) el endnthpecompeat tangompackl Bnks
65). Furthernore, FIG 32 is a figure illustrating
stibpectde thythonsboteratetlonedasksasand wbekBngotot fierm a
whol e permanent nagnet increases when the nunber of

péfﬁbhéﬁ@rﬂE%hétebl@@HD?CYtéhEQE@héng Eérmﬁﬁéﬁesﬁﬂgh@t
18 in the ove- nentioned FIG 30 nbodi ment 12]

p19983%5As shown in FIG 26, in the nethod of produci ng
a permanent nagnet bl ank F, the high i Hc conpact

el engn %tﬁ%r h#gg Bgzcﬁgp tf&] QPQH_ ornequﬁg that the

mul ti e |n dla nents

nmultiple ma owder s avin ter

DY GpRb et %F t GRGREAPEEABRe AR BT e eiohe Regnanent

for the internedi ate el enents, the above- nentioned ,
nagRet pl LNERERFABI P8 coRpact NeFBRENt ©IC Heihg intermediate

di sposed between the above-nenti oned high i Hc conpact
compact elements C is increased to 18 in the above~

mentioned FIG. 30.
[Embodiment 12]
[0083]

As shown in FIG. 26, in the method of producing a
permanent magnet blank F, the high iHc compact element A,
the high Br compact element B and the multiple intermediate
compact elements formed of multiple magnetic powders Mc
having material properties different from one another and
being used for the intermediate elements, the above-
mentioned multiple intermediate compact elements C being

disposed between the above-mentioned high iHc compact

element A and the above-mentioned high Br compact element B,

are combined and integrated to form a composite compact E;
the material properties of the respective magnetic powders
Mc for the above-mentioned multiple intermediate compact

elements C are set to properties such that the respective

intrinsic coercive forces become lower sequentially in the



el ement A and the above-nentioned high Br conpact
el emrent B, are conbined and integrated to forma
conposite conpact E; the nagiéial properties of the
respecti ve nagneti c powders for the
above-nentioned nultiple internedi ate conpact
el ements C are set to properties such that the
respective intrinsic coercive forces becone | ower
sequentially in the -69- direction fromthe

d iadsoviei-are ritr com echehi o v eHonewnpered dhbpipniHe Acempade element
above-nenti oned high Br conpact el enent B and such

A tdmttHheaabespaesdnitionesitigh maogretpact | ekerdensi Bi @sd such
become | ower sequentially in the direction fromthe

tROMEre MR et itk By LD Magh e €] €MEDhx BiéRs i b€es become
above-nentioned high iHc conpact elenent Ain the

mrécweserqﬂegﬂtq%cfomlﬂgé a PP N 0F AL R B aaso% the

conpo conpa magnet i ¢ powders havi ng
t
goﬁle%%a helﬁj t(J:LeS? ﬁérﬁerﬁ%sge 5 e’él% r ggo%@—lﬁgn{:tﬂgned

h:lagg)o\’]éintermedla eJeIenq$: "%%hggét ?glﬁﬁﬁF%%?%ﬁ cgubined

pl astic working so as_to be provided with nagnetic
anghjlqHiegREed goete ohi EheeGemposd Te %%mla@%r?béah?n
nore detail referring to FIG 26. The high i Hc

magngt-idesiwde s drening theshonntghiaHcprepaphées are also
el ement A serving as the first layer and the high Br
rekéﬁegch:—&i:bnm?tays eifendhtadidet he thewtiegh Bc" conphbé Biegeatic
powders Mc for the intermediate elements"). Furthermore,
the above-mentioned composite compact E is subjected to
plastic working so as to be provided with magnetic
apisotropy.
[0084]

This matter will be described in more detail referring
to FIG. 26.

The high iHc¢ high-density element 8 in the high iHc
compact element A serving as the first layer and the high
Br high-density element 13 in the high Br compact element B
serving as the fourth layer in FIG. 26 should be formed
according to a concept similar to that described referring
to FIG. 13.

Next, as examples of the magnetic powders M being used

for the above-mentioned high iHc compact element A and high

Br compact element B, those having the mixture ratios and



!

serving as the fourth layer in FIG 26 should be
formed according to a concept simlar to that
described referring to FIG_~-33. Next, as exanples of
t he magnetic powders M being uUsed for the
above-nentioned high i Hc conpact el enent A and high
Br conpact el enent B, those having the m xture ratios
and -70- thickness ratios shown in Table 11, for
exanpl e, should only be used. {0085] [Table 11]

tiM gknees reatbes oshohe kngleble pdwdéerMegxypTRi cRhesdd
rati os of the Magnetic powder M Magnetic powder M

ofibgpeetuyed. used in Experinment 2 used in Experinent 1
| ayers (%9 High i Hc conpact element A 100 0 25 (1st

(d@y®sr) Internedi ate conpact elenment C 75 25 25 (2nd
| ayer) Internedi ate conpact elenent C 50 50 25 (3rd

[fgyfg)lfmgh Br conpact elenent B 25 75 25 (4th |ayer)

0086] xt, the internediate high-density el enents
and 23b of the nultiple I nternmedi ate conpact .
el e C (the Mixture ratios of the magnetic powder M (%) | Thickness
ratios of the
Magnetic powder M Magnietic powder M r!espect(l;se
used in Experiment 2 | used in Experiment 1 ayers
High iHc compact element A
(1st tayer) 100 0 25
Intermediate compact élemant C
(2nd layer) % 25 25
Intermediate compact element C 50 50 25
(3rd layer)
High Br compact element B
{4th layer) 25 15 25

[0086]
Next, the intermediate high-density elements 23a and

23b of the multiple intermediate compact elements C (the

‘intermediate compact element 20a and the intermediate

compact element 20b) in the second and third layers shown

in FIG. 26(c) should only be formed according to a concept
similar to that for the intermediate high-density element
18 described referring to FIG. 24. The material properties
of the respective multiple magnetic powders Mc for the
intermediate elements, having material properties different
from one another and being used for the above-mentioned

multiple intermediate compact elements C, should only be



i nternedi ate conpact el enment 20a and the internedi ate
conpact el enent 20b) in the second and third | ayers
shown in FIG 26(c) should |y be formed according
to a concept similar to that' for the internediate
hi gh-density el ement 18 described referring to FIG
24. The material properties of the respective
mul ti pl e nagnetic powders Mc for the internediate
el enents, having material properties different from
S%ﬁ‘aet@n@rmer‘ameémg tbell the théerabeve- westricenediorces
mul tiple internmedi ate conpact elenents C, should only
béeomd llogetr segpeonpealigsiauchet Haketheohnfrbnsithe above-
coercive forces beconme |ower sequentially in the
néht BehéOmigamibecapyet aeakhiated BbobheHepeoBPAGhtioned
el ement A to the above-nentioned high Br conpact

hBjeMeAt c Bnganst Sé?@méﬂﬁ‘t Bt BRQr sabﬁuehat”eEaetzeglﬁhgzﬁ

densities becone |ower sequentially In direction

ndg:900 § Bec abpv egsfgiggegegbggc§5ngngsggﬁgg§g;&& iR Re

ove- ment 1 one onpact "€
n i.ned anE i nteg d state of

d%ﬁﬁ%ﬁ? ff%ﬂpg% %BOEﬁr?ﬁ% ipedhRuRops, Bofefetofeqment

mul ti gnalchMHerrmybefonmdb m Xxi ng

Bitfe t PYe PoberRE Baght hEChEgHBRFE BoRBERTVA FLﬁ the

approprlate ratios (by m xing the anounts that can be
abaise tenssemed gerbruedgand Tabeesated sBates5ofinthe?),

or the conposition of the nagnetic alloy may be
conmershisedconpadeck easotr florrmacd, dfhé hebomesrme¢ntioned

powder Ma and magnetic powder M. In that case, the
nulEgineEl ¢ anpoveter 8 pbwsbosl dc may be formed by mixing the
magnetic powder Ma and the magnetic powder Mb in
appropriate ratios (by mixing the amounts that can be
easily assumed according to Tables 11, 13, 15 and 17), or
the compeosition of the magnetic alloy may be increased or
decreased for each of the magnetic powder Ma and magnetic
powder Mb. In that case, the magnetic powders Mc should
only satisfy the conditions such that the respective
intrinsic coercive forces become lower sequentially in the
direction from the above-mentioned high iHc compact element
A to the above-mentioned high Br compact element B and such
that the respective residual magnetic flux densities become
lower sequentially in the direction from the above-
mentioned high Br compact element B to the above-mentioned

high iHc compact element A in the state of the composite

compact E. For example, as examples of the respective



only satisfy the conditions such that the respective
intrinsic coercive forces becone | ower sequentially in
the direction fromthe abovgsnenti oned high i Hc
conpact elenent A to the abzgé-nentioned hi gh Br
conpact elenment B and such that the respective
resi dual magnetic flux densities becone | ower
sequentially in the direction fromthe above-
menti oned high Br conpact elenment B to the
mesiEovies Imgrtdponsdi ehigh tihe @oopactert tomwed ultiphe
state of the conposite conpact E. For exanple, as
meRKATl e pRiddihe NEsSpaat sy ehavPng Mehermatt propesties afd
the above-nentioned nmultiple nagnetic powders M,

tﬂlhﬂéﬁssrba\‘ﬂa[&&ehesﬂ'@vﬁ Uie Tabi0s1androt hh£kiess, rehbesd
shown in Table 11, for exanpl e, should only be used

J%F %é%&efosr'ﬂ’? %hfnct, ﬁ%i niotﬁé’uﬂf‘ e Surth
0 e respec erna nsi ons o I gh
15 X hi gh-density elenent 8, the high Br high- denS|ty

ef¥ent 13 and the internediate hi gh-density el enents

and 23b serving as the second and third | ayers

[ in FIG 26(c) should only be dinensions such

that a conposite conpact E having the predeterm ned

ext dlfalr&ARRGHET thex e Frp hedinpenionheat Hhe Rbwbi Hid

and integrated. For exanple, the high iHc
hilghytdateridi  yeletmeerent 8 8, thdeh hjghBdehsph ydehehent elgment 13

and the internediate high-density el enents 23a and
arBlrlsermingrmesdi dthe sbglondensntt  hel eméryer 33shantd d23b

only have a thickness
serving as the second and third layers shown in FIG. 26(c)
should only be dimensions such that a composite compact E
having the predetermined external dimensions is formed when
these are combined and integrated. For example, the high
iHc high-density element 8, the high~density element 13 and
the intermediate high-density elements 23a and 23b serving
as the second and third layers should only have a thickness
T2 of 9 mm, a width W2 of 19 mm and a length L2 of 25 mm.
Hence, the composite compact E has a thickness T of 36 mm,
a width W of 19 mm and a length L of 25 mm.
[0088]

Next, the high iHc high-density element 8 (the high

iHc compact element A), the high Br highfdensity element 13
(the high Br compact element B) and the intermediate high-

density elements 23a and 23b serving as the second and

third layers (the multiple intermediate compact elements C},



T2 of 9 nm a wdth W2 of 19 nmand a length L2 of 25
mm Hence, the conposite conpact E has a thickness T
of 36 M a width Wof 19 and a length L of 25 mm
[0088] Next, the high iHc hi‘gh-density elenent 8 (the
high i Hc conpact elenent A), the high Br high-density
el emrent 13 (the high Br conpact elenent B) and the
i nternmedi ate high- density el ements 23a and 23b
serving as the second and third |layers (the multiple
rdapearinert gt ooohpasd Eléheidsally, -d8e cesipeoddvahg
produced individually, are conbined and integrated as
st gt R4S sRaAie 2)n tI@r oglaice? | heo Corp@sté ech&08Pasdsite
E (four elenent conposite conpact 53). This

 cdERital | oy gha Shond Yo gp donee %&9;%9&99539 a fgoncept

simlar to that described referrin FI'G 13. [0089]

d}ﬁg:t RACh SQX‘@a{‘n |G 26660keht
su Jeé%nﬁl astlcﬁﬁo €. O ?orﬁta er manen § eb
L net Fiégour e er ma t bl ank
% éhg% ?é %ﬁ%rgb% et ﬂeﬁtggng *various
é;gtlc morklng processes should only be used as
[¢ﬁ ti c working processes. Although the externa
di mensi ons of the permanent nagnet blank F are .
di f Naxdnt tdep errinrs oie t¢npieistE cshowr kimgE E@r réefic2) is
out for the conposite conmpact E, when extrusion
swijddtad tt tihlketstfior WConparat ioef &xmnpl getmanetbhemagnet
above-nentioned Experinment 1 is carried out for
blexa® e four-element permanent magnet blank 63) shown in
FIG. 26(d). The above-mentioned various plastic working
processes should only be used as plastic working processes.
Although the external dimensions of the permanent
magnet blank F are different depending on the plastic
working carried out for the composite compact E, when
extrusion similar to that for Comparative Example 1 in the
above-mentioned Experiment 1 is carried out for example,
- and when the composite compact E has a thickness T of 36 mm,
a width W of 19 mm and a length L. of 25 mm, the permanent
magnet blank F has a thickness Tl of 8 mm, a width Wl of 40
mm and a length L1 of 53.4 mm.
[0090]
Table 12 shows the residual magnetic flux density (Br),
the intrinsic coercive force (iHe¢) and the Dy content rate

of the permanent magnet obtained by magnetizing the four-

layer permanent magnet blank F produced as described above.



and when the conposite conpact E has a thickness T of

36 Mm a width Wof 19 mmand a length L of 25 mm

the permanent magnet bl ank_hjhas a thickness T1 of 8

mm a width WL of 40 mmand’'a length L1 of 53.4 nm

[0090] Table 12 shows the residual magnetic fl ux

density (Br), the intrinsic coercive force (iHc) and

the Dy content rate of the permanent magnet obtai ned

by magneti zing the four- |ayer permanent magnet bl ank

astbesgriapdd aboVes. - 24 sFaevpeithsr gselatieonship

graph of FIG 27 shows the relationship between the
batasaualtheagnesidudl unadpresiiiey EBux adehsbiey (B} nghd the

coercive force (iHc) of the permanent magnet. [0091]
idthail £ d Qod¥ciNee Do £oat eilic) (dF ¢ MY PR riahehtassdhet .

H gh Mc conpact elenent A side(1lst layer) 1.36 1.85

[Ghbdr} | ntermediate conpact element C (2nd |ayer) 1.3875

1.6925 2.7 Internedi ate conpact elenent C(3rd | ayer)

[fab“l]eB 1121]535 1.8 High Br conpact elenent B side(4th

ayer) 4425 1.3775 0.9 Permanent nmagnet 1.40125 ---

: 00921 AS ShowT T 1Tt fabove-TrentTomed—Tqote 12
and FI the intrinsic dqoerdwe florcéden thdyhdogient
i HC conpact el € si de df t K€ per|maearim)melgreb(massy)

. a5
{High iHe compact element A side{ist layer) 1.36 1.85 3.6
Intermediate compact element C (2nd layer) 1.3875 1.6925 2.7
Intermediate compact element C(3rd layer) 1415 1535 18
[High Br compact element B side(4th layer) 1.4425 1.3775 09
Permanent magnet 1.40125 ——— 2.25

[0092]

As shown in the above-mentioned Table 12 and FIG. 27,
the intrinsic coercive force on the high iHc compact
element A side of the permanent magnet is very high (1.85
MA/m) since the Dy content rate is 3.6 mass%. Furthermore,
Br is 1.4425 T on the high Br compact element B side of the
permanent magnet, and Br in the whole permanent magnet is
1.40125 T on the average in all the layers, thereby having
a2 high residual magnetic flux density. Hence, in a way
similar to that described earlier referring to FIG. 13, the
magnetic properties of the whole permanent magnet hardly
deteriorate, and the permanent magnet can be used for a

long life period as a permanent magnet being excellent in



MV m since the Dy content rate is 3.6 nmass%
Furthernmore, Br is 1.4425 T on the high Br conpact
el ement B side of the perna nt magnet, and Br in the
whol e per manent magnet is 0125 T on the average in
all the layers, thereby haV| ng a hi gh residual
magnetic flux density. Hence, in away simlar to
that described earlier referring to FIG 13, the
magnetic properties of the whole pernmanent nagnet
ngaretyc geoperbiase, and the pernmanent magnet can be
used for a long life period as a pernmanent magnet
bei Ngoexcedt enbsi shote mglebile @r2Qperiie esmobbteaorferyse of
as shown in Table 12, the anpbunt of use of Dy in the

DWhalre RBENBREOL c TEgNGkansn 2. ZRGMSSYE 8N 2 hE5 aeis¥€on the
In the four elenents by disposing the nmultiple

a&éﬂ\@gé ayie{ ) thit egpgdi %fezﬁé’ﬁ@é‘?tbﬁ %fl%?sto%l@&’e‘:%e%ultlple
the “high i H conpact elenment A dand thée high B

(19‘9%‘2?&“% Lf%enﬁedf&@&e’cdrﬁﬁéa}ef%ﬂ ?n%tnetré Z%d bBekBah tne

capabl

hf‘%?!?ﬁgﬁ@ta'gf#%% Q%Effek’&t dhotht_5he Eh Xlﬁﬁ o Fatt "Erenent

[ Enbodi ment 3]s [[0093] Next, FIG 28 wll be
BUeSEPfHed. 1'5I'hé mcg}}?rfar%temﬂg%efaeh& thhad} efreReFEENthgragnet
h| h i Hc ngact el ement A serving as the first layer
e ofi gﬁ Bvenigh- dehe| tésbcéi%'rmtlmle?% fRebhhj gt rinsic
Br conpact el ement B
coercive force can be obtained using a scarce amount of

expensive Dy.
[Embodiment 13]
[0093]

Next, FIG. 28 will be described.

The high iHc high-density element 8 in the high iHc
compact element A serving as the first layer and the high
Br high-density element 13 in the high Br compact element B
serving as the fifth layer shown in FIG. 28 should be
formed according to a concept similar to that described
referring to FIG. 13. Furthermore, the respective multiple
intermediate high-density elements 33a to 33c in the
intermediate compact elements C (intermediate compact
elements 30a to 30c¢) serving as the second to fourth layers
should be formed according to a concept similar to that
described referring to FIG. 26. For example, as examples

of the magnetic powders M being used for the above-



serving as the fifth layer shown in FIG 28 should be
formed according to a concept simlar to that
described referring to FIG ,43. Furthernore, the
respective nultiple intermedrate high-density
el ements 33a to 33c in the internedi ate conpact
el ements C (internediate conpact elenents 30a to 30c)
serving as the second to fourth |ayers should be
formed according to a concept simlar to that
meddsiomdsb h gt erltd nepnpa dt Glasentod, exbalpl Br egmpact
exanples of the magnetic powders M being used for the
elahare - Gendrenilitinelde highe ted Cotg actmpd etreat erdents gb,
Br conpact element B and nultiple internediate

tHOUD v il £ B Sniatuddose Dy Sigodheim FibI€ I1Rtha$ be
shown in Table 13 may be used. The thickness ratios

ugdq thenhi gh sidde compach &l enthe Aidhea i Whdact element

conpact elenment B and the multiple Tnternediate

. ' ' houl d
YRGB SIEUGuGP dhmoemeis enIAtt: Foyshou!
A . R
powder Mrespective used in Experinent 2 used in
et igrekt D |Ehese ghgwy i RePtonpact feF eREATPA 100
[éﬁﬁﬁ% (1st layer) Internedi ate conpact elenment C 80 20

S

[Table 13]
Mixture ratios of the magnetic powder M (%) | Thickness
ratios of the
Magnetic powder M Magnetic powder M gespect(i;;a
used in Experiment 2 | used in Experiment 1 ayers
High iHc compact element A |
(1st layer) 100 0 20
Intermediate compact element C 20 20 20
{2nd layer)
Intermediate compact element G
(3rd layer) 60 40 20
Intermediate compact element G
(4th layer) 40 60 2
High Br compact element B | ~
(5th layer) ' 20 80 20
[{0095]

The external dimensions of the high iHc high-density
element 8, the high Br high-density element 13 and the
intermediate high~density elements 33a to 33c¢ serving as
the second to fourth layers shown in FIG. 26(c) should only

be dimensions such that a composite compact E (five-element



(2nd layer) Intermedi ate conpact elenment C 60 40 20

(3rd layer) Internedi ate conpact elenment C 40 60 20

(4th layer) Hi gh Sr conpact Ienent B 20 80 20 (5th

| ayer) [0095] The external © i/fensi ons of the hi gh i Hc

hi gh-density elenment 8, the high Br high-density

el emrent 13 and the internediate high-density el enents

33a to 33c serving as the second to fourth | ayers

shown in FIG 26(c) should only be dinensions such
(bt i @l cospasete) coomactite (EoMpaetefent ha¥Ing the

(mul tiple-elenent) conposite conpact 54) having the

p RS @Sed B TH &8 o 03X B B d Eh&BYSbABSikSrbeneBdwnBANthB8&Care
are conbined and integrated; for exanple, the high

céﬁﬁiﬁ%@rhn@eﬂ§ﬁé rgﬁgﬂEnfoﬁ ekbRpBL, htg@ H??ﬁ'&ﬁc high-

el emrent 13 and i nt er nedi at e hi gh-densi fy el enents

SRS e 8 BTl e

S ity dETPRT b S bO e Lrmeat ﬁé‘ehtaﬁh“ﬁ%zgh 4 only
0096] . Next, the high_ iHc high- denS|t% el enent 8 (th

b FHEC EARRCT2 Pt M) EnBLAFGHIEr Ofi Gh- BBnandy 2

el ement 13
length L2 of 25 mm. Hence, the composite compact E has a

thickness T of 36 mm, a width W of 19 mm and a length L of
25 mm.
[0096]

Next, the high iHc¢ high-density element 8 (the high
iHc compact element A), the high Br high-density element 13
(the high Br compact element B) and the intermediate high-
density elements 33a to 33c serving as the second to fourth
layers {the multipie intermediate compact elements C),
respectively produced individually, are combined and
integrated as shown in FIG. 28(c2) to produce the composite
compact E (five-element composite compact 54). This
combination should only be done according to a concept
similar to that described referring to FIG. 13.
[06097]

Next, the composite compact E is subjected to plastic
working to form a permanent magnet blank F (five-element
permanent magnet blank 64) shown in FIG. 28(d). The above-

mentioned various plastic working processes should only be



(the high Br conpact elenment B) and the internedi ate
hi gh- density elenents 33a to 33c serving as the
second to fourth |[|ayers (th% nmul tiple internediate
conpact elements C), respectively produced
i ndividually, are conbined and integrated as shown in
FIG 28(c2) to produce the conposite conpact E
(five-el enent conposite conpact 54). This conbination
shoul d only be done according to a concept simlar to
ugerhtagaakbrs b WerkirgnproeeFses. 13. [0097] Next, the
conposite conpact E is subjected to plastic working
to fArrhaugernementtemyakbt dbhankiénéf ofetbeepennanent
per manent magnet bl ank 64) shown in FIG 28(d). The
madIoe -b Tentit | Dnetk val £ pesent agépenwohli 6§ pPhecpsassic
shoul d only be -78- used as plastic working processes.
wa¥ £ Okl £ hee @X5@F NBb - AL RBNELAPSs Of ot BEMPEERBRCNhen
magnet blank F are different depending on the plastic
| C i t c L.iLe.
R A B AR R e b s R e
e- ti.oned. rinment 1 is carrjied out for
e P T boTr eotbhbats PR nigPacxeRbLe,
thickness T of 36 rm a wdth Wof 19 nmand a | ength
a@ ST The ERROQRF hBnERTP2FhgReNaf AnEMrakaesy T of 36 mm,
thickness Ti_of 8 mMm a width WL of 40 mmand a
a |veidfih W 1o%f1S3m ame 3 0bosythThhpE 2% BRewshehpermanent

resi dual magnetic flux density (Br),
magnet blank F has a thickness Tl of 8 mm, a width Wl of 40

mm and a length L1l of 53.4 mm.
[0098]

Table 14 shows the residual magnetic flux density (Br),
the intrinsic coercive force (iHc) and the Dy content rate
of the permanent magnet obtained by magnetizing the five-
layer permanent magnet blank F produced as described above.

Furthermore, the graph of FIG. 29 shows the relationship
between the residual magnetic flux density (Br) and the
intrinsic coercive force (iHc) of the permanent magnet.
[0099]

[{Table 14]



the intrinsic coercive force (iHc) and the Dy content

rate of the permanent magnet obtained by nmagneti zi ng

the five-

descri bed above.
shows the relationship between the residua
flux density (Br) and the

Furt her nor

(i Hc) of the pernanent magnet.

per manent rrag@e

t blank F produced as
the graph of FIG 29
magneti c
intrinsic coercive force

[0099] [Table 14] -79

_Fa_t_e_(_na -OA Hi nln Ne
onpact nt A side(ist |aler)gl.36 1. 8“5,03 6] Dy content
ntermedi ate C el ement C (219 | ayeqgatmB8? %)
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3 gFact erenent B st de or The PET JEME T TTRgNET ang
eriEgegteenfto| e per manent _rmaghet ' 114047T onlt he? 18
average in all the layers, thereby having a high

resi dual nmagnetic flux density. Hence, in a way

[0100]

U

As shown in the above-mentioned Table 14 and FIG. 29,
the intrinsic coercive force on the high 1iHc compact
element A side of the permanent magnet is very high (1.85
MA/m} since the Dy content rate is 3.6 mass%. Furthermore,
Br 1s 1.448 T on the high Br compact element B_side of the
permanent magnet, and Br in the whole permanent magnet is
1.404 T on the average in all the layers, thereby having a
high residual magnetic flux density. Hence, in a way
similar to that describéd referring to FIG. 13, the
magnetic properties of the whole permanent magnet hardly
deteriorate, and the permanent magnet can be used for a
long life period as a permanent magnet being excellent in
magnetic properties.

Moreover, as shown in Table 14, the amount of use of
Dy in the whole permanent magnet is 2.16 mass% on the

average in the five elements by disposing the multiple



simlar to that described referring to FIG 13, the

magnetic properties of the whol e pernmanent nmagnet

hardly deteriorate, and the gger manent nmagnet can be

used for a long life period as a pernmanent nmagnet

bei ng excellent in nmagnetic properties. Mreover, as

shown in Table 14, the anmount of use of Dy in the

whol e permanent magnet is 2.16 mass% on the average

in the_five elements by disposing the nmultiple -80-

%@ﬁ?eelﬁayék)lpﬁeémﬁeaaaﬁeCQEHﬁegteéeeﬁeﬁesccbﬁewe@enthe

the high iHc conpact elenment A and the high Br :
héghpabc epepeat eBempahicd, antd thechaghcBer Crawaich efsment

a pernmanent magnet capable of delivering the
Babbgpeaenitonedchaghctetrizndi ¢n theatciveeirancentamapaet

obt ai ned using a scarce anount of expensive Dy.

cafabodi genteldlerf 840theNaybreFineont30nwd hib® intrinsic
described. In the description referring to FIG 30,

cé@?ci@éPESEb¥ec8ﬁtEénébtéhﬁ@@ gélhﬁe ng@ceHemeaeaa%&
el ement the high Br conpact elerfent B and

A
e conpact elenments C, serving as the flrst
ek%éﬁég?ﬁ ngers shoul d be descri bed properly;

%#% é %hg Ylems of the third to eighth |ayers are
48 % they are simlar to the external view of

second |l ayer. The high iHc high-density el enent 8
[éﬂg%he hi gh i Hc

Next, FIG. 30 will be described. In the description
referring to FIG. 30, the respective external views of the
high iHc compact element A, the high Br compact element B
and the intermediate compact elements C, serving as the
first to tenth layers, should be described properly:
however, the views of the third to eighth layers are
omitted since they are similar to the external view of the
second layer.

The high iHc high-density element 8 in the high iHc
compact element A serving as the first layer and the high
Br high-density element 13 in the high Br compact element B
serving as the tenth layer shown in FIG. 30 should be
formed according to a concept similar to that described
referring to FIG. 13. Furthermore, the respective multiple
intermediate high-density elements in the intermediate
compact elements C serving as the second to ninth layers

shown in FIG. 30({c) should be formed according to a concept



conpact elenment A serving as the first layer and the
high Br high-density elenent 13 in the high Br
conpact elenment B serving ag,the tenth | ayer shown in
FIG 30 should be forned ac &Fding to a concept
simlar to that described referring to FIG 13.
Furthernore, the respective multiple internediate
hi gh-density elenents in the internediate conpact
elements C serving as the second to ninth | ayers
sshbhari hoFtisat 30¢syrshedl defertongetioa€d6r d2ibg t Boa
concept -81- simlar to that described referring to
ekhipl@p. akoexarpdapl of 8Reemagpkescopovbersngnekitig used
powders M being used for the above-nentioned high i Hc
f68NPREt a8beaBREn onBY hiighei bt epnBdLat e 1eRBRACH,
el ements C and high Br conpact el enent B, such
m@i@ﬂﬁﬂéSiﬁ@@fﬁgd?§%%58§%5§E rélgge?ﬁg EhﬁnH‘%H#?eBr

rati os shown in Table 15, ere € permane

uj d wth the | ti .
cORPREt 1 aRnt BOae el e hehrat e sBEBh A RS pscpngererring
resent. jnvention can be attajned. e ratios of the
e R Mt RER e Plaf Shnfn AL b kBl {Bpi BRRERYGADL o
conpact el enents_C and the high Br conpact elenent B
PeRNER@nt cBRAPBRT t BleBkphcedriBrBdl Wibh! FhBe™AEd®18hown
in Tabl e 15. [0102] [Table 15] -82- M xture ratios of
inkernedhete ccppprier ®lempnThi Ekaessrdangoscothehpresent

invention can be attained. The ratios of the high iHc
compact element A, the multiple intermediate compact

elements C and the high Br compact element B in the

composite compact E should only be those shown in Table 15,

[0102]

[Table 15]



I\/agnet 'i c 'povvder

M Magneti c powder

M respective

used

in Experinent 2 used in Experinent 1 layers (% High

No conpact element A 100 0 1 (1st | ayer)

I nternmedi ate conpact el enent ®€90 10 10 (2nd | ayer)

I nternedi ate conpact elenent C 80 20 10 (3rd |ayer)

I nternmedi ate conpact elenent C 70 30 10 (4th |ayer)

I ntermedi ate conpact elenent C 60 40 10 (5th |ayer)

Internediate conpact elenent C 50 50 10 (6th Iayer)
rmedi ate conpact ¢lenent C 40 60 10 (7t ).

| ntermsgj ate conpact ¢l '@iﬁ'ﬂ'f?t"a@sii’f)”‘?@’a!@“" 98'!4?" Mé )e Thickness

| nt er medi conpact ¢erert-—E—26—89 {Ot-p—tayre at'°s°:ith°

High Br conpatt~gl enenpt MEnets modad |( Vogiet pgvesiel M | TTOREES

[0103] _The extern ugeshia Fensdmertt 2t |hesethindppgriment 1 T

hi rhc,d&:ﬂﬁét%l g+te,(n9nt 8 (the first Ilayer), the high Br

mﬁhﬂ, ns%tyeme ement {13 (th@0tenth |l ayer) &nd the 10

nod At o ]«‘\ n 'r‘\

Intermediate compact element C

(2nd layer) 90 10 10

Intermediate compact element C

(3rd layer) 80 20 10

Intermediate compact element C .

(4th layer) 0 30 10

intermediate compact element C

(5th layer) 60 40 10

Intermediate compact element C

{6th layer) 50 50 10

Intermediate compact element ©

(7th layer) 40 60 HY

Intermediate compact element C

(8th layer) 30 0 10

Intermediate compact element C

(8th layer) 20 80 10

High Br compact element B '

(10th layer) 10 90 10

[0103]

The external dimensions of the high iHc high-density

element 8

element 13 (the tenth layer)

density elements

(the first layer), the high Br high-density
and the intermediate high-

(the second to ninth layers) shown in FIG.

0(c) should only be dimensions such that a composite

compact E (ten-element

55}

(multiple-element)

composite compact

having the predetermined external dimensions is formed

when these are combined and integrated; for example, the




density elenents (the second to ninth |layers) shown in
FIG 30(c) should only be dinensions such that a
conposite conpact E (ten-el nt (nmultiple-elenment)
conposi te conpact 55) havi ng~t he predet er ni ned
external dinmensions is formed when these are conbi ned
and integrated; for exanple, the -83- high iHc
hi gh-density el enent 8, the high-density el enent 13
and the multiple internediate high-density el enments
higheiHgebad-dennihyhelepent) 8shshkedhdghydhaséty element
thickness T2 of 3.6 mm a width W2 of 19 nmand a
13 emyd hthe whllbphen intlenmedithe hogphedeheitcgnpaemebts (the
has a thickness T of 36 Mm a width Wof 19 nmmand a

seéetglhtd 9ineh MAYelO104houlNaXbniyhBakegh theckness T2 of
hi gh-density elenent 8 (the high i Hc conpact el enent

38 . mh €a hi; he Brwdi gh- dengint ¥n8| snﬁahg%ﬁ et B% BisgRmBr

conpact el enent B) and the nmultiple “internediate

ndh &0, densi &yn {;Efg'téoxﬁ QSt”E' B'[agessg}clg%g%?@' At '8¢ 36 mm,

conpact el ene sér

p tlvel pr oduce di ally, are
ﬁ%lned §f f?ﬁ@%g? ggngﬂgmﬂ ﬁ 2$G9m30(c2) to
@Qﬁgﬁ t he conp03|te conpact E (ten-el enent
[ site conpact 55). The above-nenti oned conbi nati on

arrangenent sequence should be in the order of the

firsietl tieme hhiglyetlic highogdpnméky, elhwestnBodtbe high

conpact E shown in FIG 30(c2) is subjected to
ikt asempaciorélemgeno Apy nthepkighnBat highrdensity element 13
{(the high Br compact element B) and the multiple
intermediate high~-density elements (the multiple
intermediate compact elements C) serving as the second to
ninth layers, respectively produced individually, are
combined and integrated as shown in FIG. 30(c2) to produce
the composite compact E (ten-element composite compact 55).

The above-mentioned combination arrangement sequence
should be in the order of the first to tenth layers.
[0105]

Next, the composite compact E shown in FIG. 30(c2) is
subjected to plastic working to form a permanent magnet
blank F (ten-element permanent magnet blank 65} shown in
FIG. 30(d). The above-mentioned various plastic working
processes should only be used as plastic working processes.

[0106]

Table 16 shows the residual magnetic flux density (Br),



bl ank F (ten-el enent pernmanent nagnet bl ank 65) shown

in FIG 30(d). The above-nentioned various plastic

wor ki ng processes should only be used as plastic

wor ki ng processes. [0106] Tébi®e 16 shows the residua

magnetic flux density (Br), -84- the intrinsic

coercive force (iHc) and the Dy content rate of the

per mmnent magnet obtai ned by nmagneti zing the ten-

| ayer permanent magnet bl ank F produced as descri bed
thbovatrifstthecapcevet iergeaghre) BEhG tBd showsntlet rate

relati onship between the residual magnetic fl ux

epBEt Yo bR d i BbELAS
ofepBit YetBhheARUmE BBt Bbfc[hgffgg %?f}fnﬁ'g

gretfioneg thECken-
of the permanent magnet. ] able 16] Br No Dy

li?%%iﬁ%fﬁ&%%ﬁé?@é@*ﬁ%@??éﬁ?§§E%H§%§d§%89§@§%§ibfd7:bove-
R S T e A T e

1,724 2,88 Internediate conpact elenent C (4th | ayer)
bitusan 1the 1 r9SE8uat raphetia: 2%&3&&‘51&%&%&) epst frhe
_Iayer%,1.404 1.598 2.16 |Internedi ate conpact el ement
1Bt RcLayeryreingsferges (iHgh) ofntéenberanacasnpasnet.

element C(7th layer) 1.426 1.472 1.44 Internediate
[ebPphct el ement C(8th layer) 1.437 1.409 1.08

I ntermedi ate conpact elenent C(9th |ayer) 1.448 1.346
[DalfRe Hogh Br conpact elenment B side(10th layer) 1.459

83 0. 36 —
Br iHe Dy content
(m (MA/m) rate(mass¥%)
High iHc compact element A side(lst Iayet.'; 1.360 1.850 360
Intermediate compact element C (2nd layer) 1.31 1.787 324
Intermediate compact element C(3rd layer) 1.382 1.724 288
Intermediate compact element C (4th layer) 1.393 1.661 2.52
Intermediate compact element C(5th layer) 1.404 1.598 2.16
Intermediate compact element C(6th layer) 1415 1.535 1.80
f[ntermediate compact element C(7th layer) 1426 1472 1.44
intermediate compact element C(8th layer) 1.437 1.409 1.08
Intermediate compact element C{9th layer) 1.448 1.346 0.72
High Br compact element B side(10th layer) 1.459 1.283 0.36
Permanent magnet ' 1.4095 — 1.98
[0108]

As shown in the above-mentioned Table 16 and FIG. 31,
the intrinsic coercive force on the high iHc compact
element A side of the permanent magnet is very high (1.85
MA/m} since the Dy content rate is 3.6 mass%. Furthermore,

Br is 1.459 T on the high Br compact element B side of the



Per mmnent magnet 1.4095 - 1.98 [0108] As shown in the
above-nentioned Table 16 and FIG 31, the intrinsic
coercive force on the high i conpact el enent A side
of the pernmanent magnet is ve high (1.85 MV M

~since the Dy content rate is 3.6 mass% Furthernore,

Br is 1.459 T on the high Br conpact el enent B side of

the -85- permanent nagnet, and Br in the whole

permanent magnet is 1.4095 T on the average in al
peRBangpér Bagneérebychdvi Ag &hehivjle Lee pedrainendgmadnet is
flux density. Hence, in a way simlar to that
ldéseni Bednr eher nvegaiye EnGall3thehdayeagnetthereby having a
properties of the whole permanent magnet hardly

hdgherkeiatal aagnbhecpenmanaehsiagnet HéaBepeidsadwher
a long life period as a pernmanent magnet being

semeehkenb 'tHat”E%%tr'l%eBr %%tr'r%g Mar gq¥er 138 thown
in Tabl e 16, the anount of use of -~ Dy in the whole

0.0 e I
nHgh Fgmén??g%% St e AR YO PeriRp R %ﬂ%%%e&”aﬂedly
Ienents bet ween the hi
A§PERIRkaReonahs i B RARen nho R, i, B8 e, for @
it iz,%haracterlzed in that a permanent nagnet capable
18P9 J&FPVBPTAGS A8 abBFETRBRRTOREATRIgRSIAG BFsGed lent in
coercive force can be obtained using a scarce anount
méﬁnéﬁbén§F9EeE$165[0109] Next, FIG 33 will be
described. In the above-
Moreover, as shown in Table 16, the amount of use of

Dy in the whole permanent magnet is 1.98 mass% on the
average in the ten elements by disposing the multiple
intermediate compact elements C between the high iHc
compact element A and the high Br compact element B; hence,
it is characterized in that a permanent magnet capable of
delivering the above-mentioned high intrinsic coercive
force can be obtained using a scarce amount of expensive Dy.
[0109]

Next, FIG. 33 will be described. 1In the above-
mentioned FIGS. 13 and 16, an example is described in which
when the two-element composite compact E is formed, the
high iHc powder element 6 and the high Br powder element 11
being mutually in an individual state as shown in FIG.
13(a) or the high iHc powder element 6 and the high Br
powder element 11 being accommodated in parallel inside a

cavity as shown in FIG. 16{(a) are used selectively.



mentioned FIGS. 13 and 16, an exanple is described in

whi ch when the two-el enent conposite conpact E is

formed, the high iHc pomdegggtenent 6 and the -high Br

powder elenment 11 being nmutually in an individua

state as shown in FIG 13(a) or the high i H powder

el ement 6 and the high Br powder elenent 11 being

accommodated in parallel inside a cavity as shown in

FIG_16(a) are used selectively. -86- FIG 33

i 11 uBtF at 23 hhlextaptesi anwekahppewier whiehenewdare

sel ectively used after the exanples of FIGS. 13 and
ell@uewen areus¢elpteietbpensedoaposit eheospanmplEsi 8f FIGS.

formed. More specifically, a high iHc powder el enent 6
13 hatd i 56 fwiemda ofiul bepTRageBEmenpOBERPOMRL BEEBAPALENE RS

intrinsic coercive force in conparison with a high Br

FPaneEer elenipebl andibel NG Irp%ﬂ n; feshdnad r NeoneiA€ 6
flux density in conpari'son with the high Br powder

£ @r@é‘tfﬁ%detéf B gh, Br, 2o ef{:ﬁhggﬁ% é%éh@?fﬁibﬁ in

ornmed o magnet 1 c” po
. j tic %%g density in conparjson_with_the
R CRRHEHYE thtle 6T SRkl AgRI BREb R RERhnBR
coercive force jn c arison wth the high i H powder
Pfé'ffg%%rﬁl%tle%dlmrﬁ? ﬁ)%lng nt @Y méli a@ﬁl%aﬂemaan@ ft §lux
41 that are forned of the nultiple nmagnetic powders
deps Hel nf ke dbisemavitht thecdiakeBsl pavdes ghgment 11,
mutually different in material properties are
theonbige B rpevdeatel ¢memhi th thet ppsdEormelenénthear e
mutual ly arranged in parallel inside a cavity
magnetic powder Mb being high in residual magnetic flux
density in comparison with the high iHc powder element 6
and being low in intrinsic coercive force in comparison
with the high iHe¢ powder element 6, and multiple
intermediate powder elements 41 that are formed of the
multiple magnetic powders Mc being used for the
intermediate elements and mutually different in material
properties are combined in a state in which the powder
elements are mutually arranged in parallel inside a cavity
S5 and in a state in which the above-mentioned multiple
intermediate powder elements are disposed between the
above-mentioned high iHc powder element 6 and the above-
mentioned high Br powder element 11, and they are
integrated using a pressing means to form a composite

compact E, whereby the composite compact E for a permanent

magnet is produced in which the material properties of the



5 and in a state in which the above-nentioned nultiple
i nternmedi ate powder el enents are di sposed between the
above-nenti oned high i Hc poaggn el enent 6 and the
above- nentioned high Br powder elenment 11, and they
are integrated using a pressing neans to forma
conposite conpact E, whereby the conposite conpact E
for a permanent nagnet is produced in which the

material properties of the 87 respective magnetic
resRRfEr v Gic t e Rpypder pafiei Baedthaupbppeamentioned
i nternmedi ate powder elenents 41 are set to properties
nishickp kehaintdrenedbpeetpoedent el aseént soél cave sébrtes
beconme | ower sequentially in the direction fromthe
pradyee: inentd uwate e g ht hddcr epppativel enenindi tocdbbecive
above- nentioned high Br conpact el enent B and such

fdiheds o Spefdt Veedesh el 1 pegnethe f vXcEepsi EL8/ the
beconme | ower sequentially in the direction fromthe

a&ﬁ%’#ﬁé@&ﬂdﬁ@%%@@ﬂ@rc&%@%teféxﬁé@?{‘tza Bi‘)%flt@ﬁ%bove—

above- ment i oned gh 1Hc conpact el ement
e BT RN e STARU R oG R che
FOEREC I BT HHEY A TUSCET CRORE SEORPECT? OEBABRCEOEeE
exenplified as a nmultiple-elenent conposite conpact
sggtent ifer b idhtthiagheteehben af Bemythe abeyar@entiaged high
t he powder el enents shown in the colum (a) of FIG
Bry@omgagty el ementoll i bustlie oppone-destiopedonigh iHe
compact elemént A in the above-mentioned combined and
integrated state of the composite compact E.
[0110]

This matter will be described further; it has been
described earlier in FIG. 30(c2) that the teﬁ—element
composite compact E exemplified as a multiple-element
composite compact for a peimanent magnet should only be
formed using the powder elements shown in the column (a) of
FIG. 30. However, as obvious from the description
referring to FIGS. 13 and 16, when the composite compact E
is formed, a composite powder element 9 that is formed by
filling the magnetic powders Mc having different properties
and being used for the second to ninth layers into a cavity
in parallel between the magnetic powder Ma and the magnetic

powder Mb should only be selectively used as shown in FIG.

33(a) according to the concept described referring to FIG.



referring to FIGS. 13 and 16, when the conposite
conpact E is forned, a conposite powder elenent 9
that is fornmed by filling LQﬁ;pﬂgnetic powders M
having different properties and being used for the
second to ninth layers into a cavity in parallel
bet ween the nagnetic powder Ma and the nmagnetic
powder Mo should only be selectively used as shown in
FIG_ 33(a) according to the concept described
1eef et e tHiurs, -Bgnensl $ndehighayesea pompeait® powder
desi gnates a conposite powder elenent fornmed by
etentnhi figrméeé bhyghombiinpogdeheehenntiHG, powderhiegenBnt 6,
powder elenment 11 and the multiple internediate
. tipeviliegh eBenpokdedlel batnar e1f anaedhef mtiheipukt ipk@rmediate
magnetic powders M being used for the internediate

p&h@IBN Seddfl s M Ughhy di-bf ebeRbdl BrmMher h@htiple magnetic
properties while the above- nentioned nultiple

pORSEEITAL A1 ROISLaCSIPOhS SheerbaRasedDehrzl LR

above- nent 1 one enent 6
] igh Br,powder elenment 11  nutu &%y i n

T P B 20 B BE 8T nRPECES R8s rd op bhgopbove-

el ement 9 ii frfssed usi ng,a known pressing neans,
MRt BT i Pt egtBl@di R beFBRH ateoRpUSPE e dBREAEE BT e

Nurmeral 10 designates a conposite solid el ement
- d¥ghoaRr gyetvedn nbhg 2havernengianedghigh hHghrpowder

conpact elenment A, the high Br conpact el enent B and
elepeniul ¢ i pp@ tineeabhedeanentdopadt higheBenpsw8ernedement 11

state in which the above-nentioned multiple
mitiEl hediateacohpart iekedenthe Ccaretgi SPOSESl YetymsShsite

the above-nentioned high i Hc conpact el ement A and
pdde BOVEment 9 is pressed using a known pressing means,
thereby integrated to form a composite compact E. Numeral
10 designates a composite solid element formed by combining
and integrating the high iHc compact element A, the high Br
compact element B and the multiple intermediate compact
elements C in a state in which the above-mentioned multiple
intermediate compact elements C are disposed between the
above-mentioned high iHc compact element A and the above-~
mentioned high Br compact element B.
[0111]

According to the production method of combining and

integrating the powder elements shown in the column (a) of
the above-mentioned FIG. 30, the permanent magnet blank F

can be provided at low cost in comparison with the method

shown in FIG. 30. More specifically, in an example in



menti oned high Br conpact elenment B. [0111] According
to the production nmethod of conbining and integrating
t he powder el enments shownilwégmacolunn (a) of the
above-nentioned FIG 30, the ‘Permanent magnet bl ank F
can be provided at | ow cost in conparison with the
met hod shown in FIG 30. Moire specifically, in an
exanpl e in -89- which the respective powder el ements
are formed individually as in the case of FIG 30,
whifhi phe fespeceiumpberder) eprmssitsgaaperatineds are
required; in contrast, in an exanple in which
in@iviphelmpmderiﬁlehenbasaref grcanged mogidele qasrty
as shown in FIG 33, only a few (for exanple, three)

eREMBIENJ20pepabboNEgabBer88¥bh8dartheey G@geathn contrast,
properties of the permanent nagnets obtalne

1%?8ﬂ?ékéhﬁ9ethﬁ QﬁiEﬁnﬁﬂﬁtggg@ebgghgﬁkélgméﬂggnar@

and 30 were the ernore, even when
0 e acts E_are rmed ., usi
“Preroedirhelng, S HR0REY = e BBRR Tacr 5T e T dhgue
t ve ntioned FIGS. 24t the conpgsite
e BB TR R D e Sr Rt pofrno 1 oRanbar GPdbagers The
shoul d only be formed according to a concept simlar
NRgNeHLE PECRPFbi8sSanbyvENByPREBARPAY MAENERENDBEaised by
the internedi ate powder elenments 41, internediate
- magneliziegehhe Bermanent| maghes. b3a@a§ F38hbyn andFIGS. 33

33(c) so as to respond to requests.
and 30 were the same.

Furthermore, even when other multiple composite
compacts E are formed wusing the intermediate powder
elements 16, 21 and 31 shown in the above-mentioned FIGS.
24 to 28, the composite compacts E having the corresponding
number of layers should only be formed according to a
concept similar to that described above by reducing the
numbers of the intermediate powder elements 41,
intermediate solid elements 42, etc. in FIGS. 33(a), 33(b)
and 33(c) so as to respond to requests.

In the examples shown in the above-mentioned FIGS. 13
to 33, the high iHc compact element A, the high Br compact
element B and the intermediate compact elements C
constituting the composite compact E are described so as to
have the same dimensions. However, the size.in each
alignment direction (the size in the thickness direction or

the width direction) should only be increased or decreased



In the exanples shown in the above-nentioned FIGS. 13
to 33, the high i Hc conpact elenent A, the high Br
conpact element B and the igjernedi ate conpact
el ements C constituting the conposite conpact E are
descri bed so as to have the sane dinensions. However,
the size in each alignnent direction (the size in the
t hi ckness direction or the width direction) should
only be increased or decreased -90- appropriately
apRbePEH e by ffeerdiugsent bre| reavessi bpe irreversible
demagneti zati on, requests with respect to size and
demagnet brat ipEnbodinents 18] th[ fadpechlexd, sEk6 a8d wbkk,
be described. As described earlier, FIG 32 is used
eto.illustrate the relationship between the intrinsic
coercive force (iHc) and the residual magnetic fl ux

[EpsdinedBr)iswhen the nunber of the l|ayers of the
i nternedi ate conpact elenments C shown in FIG 30 is

[acypased by 10 layers to 18 layers. The figure for
Enbodi nent 15, that is, the figure corresponding to

FI Erbodi.rent. 14, is.a figure in which the ..
nuﬁ%%}?p’ofﬁ?(gé g?a%rﬁ‘rg %fe { eés"clrﬂie?rdrfed% éﬂaéao c%& carlier,
e ts Cis,increased b 10 fromthe nunper of the
Ffyera 15 1998 S 5EITRRERES CRF GRF LoF SPRBGLR! AEFBRoRs the

,omfted as self-evident. [0113]
intrinsic coercive force (1Hc} and the residual magnetic

flux density (Br) when the number of the layers of the
intermediate compact elements C shown in FIG. 30 is
increased by 10 layers to 18 layers. The figure for
Embodiment 15, that is, the figure corresponding to FIG. 30
for Embodiment 14, is a figure in which the number of the
layers of the intermediate compact elements C is increased
by 10 from the number of the layers in FIG. 30. Hence,
figure representation is omitted as self-evident.

[0113]

The high iHc high-density element in the high iHc
compact element A serving as the first layer and the high
Br high-density element in the high Br compact element B
serving as the 20th layer should be formed according to a
concept similar to that described referring to FIG. 13.
Furthermore, the multiple intermediate high-density
elements of the intermediate compact elements C serving as

the second to 19th layers should be formed according to a



" The high iHc high-density elenent in the high iHc

conpact elenent A serving as the first layer and the
high Br high-density elenqu in the high Br conpact
element B serving as the ZOt& | ayer should be forned
according to a concept simlar to that described
referring to FIG 13. Furthernore, the nultiple
i nternedi ate high-density elenments of the
i nternedi ate conpact elenents C serving as the second
CeRCePE hsimybay thobhat bdeporibadatebediraggt boakFIgl- 26.
concept simlar to that described referring to FIG
FQ@B. examp bx anps eexasp beanpfeshof rehperespechbyaetic powders
magneti ¢ powders M being used for the high iHc
Mcoapagtust@nedt #hethegh8intayemphpteslegeatea¢orpact g-
el ements C and the high Br conpact elenent B
l@f@@rﬂﬁf@rrﬁ@dfﬁ'@é’%?ﬁﬂéc%%léﬁ@ﬁ%sh@V!aHH tlhaehﬁgzét e

rati os shown in Table 17 for exanple may al so
ynt | k ' co t .
e THEREE = REesPaleg, Eb EiBaliAlak Tor BRERE pavine
he high Br .conpact elenment _B_.in the conposite
ufe Mk S8led SiPVRoin FaBlEohanrornHanplelRay S1s0
b%0114$ Table 17] -92- Mxture ratios of the magnetic
OMRRSE - MYCRE ORIk tdss F3ftiss of e hivynbis Copnwet
M Magnetic powder M respective used in Experinent 2
elpmRPt A e imehtinle ajeterpegliate compact elements C and
the high Br compact element B in the composite compact E
should only be those shown in Table 17.
[0114]

[Table 17]



'Hi gh i Hc conpact elenment A side 100 0 5 (1st |ayer)
I ntermedi ate conpact elenent C 85 5 5 (2nd | ayer)

I ntermedi at e conpact el enent. gg 90 10 5 (3rd | ayer)
I nt er nedi at e conpact el enent 85 15 5 (4th layer)
I nternedi ate conpact elenent C 80 20 5 (5th |ayer)
I nternmedi ate conpact elenent C 75 25 5 (6th |ayer)
I nt er medi at e conpact elenent C 70 30 5 (7th Iayer)
| ;R medate—conpact—¢termrent—€—65 5—-8+h— u:kness
lint er iate conpact ¢|Mrwpratics d@efmasr(e@@ deem ﬁlos of the
It er medi at npact ETIRIZRIRE plwder M 30 MagnetdPondar MY ¢ Iréspective
IInt er nedi ate conp =h£hﬁmn‘:txp£m'éﬂ 29Qus&d in Expbitient 8Y Clayers (%)
| HgleiHeghpadteleeapatie ¢l emanlimc 45 55 5 (12th TaYyer)
] 5
| kstleyeddi at e conpact elenent C 40 60 5 (13th |aver)
| jiftespedists cameactelempakc® ¢l enentgsC 35 65 5 & 5
{2nd layer) _
Intermediate compact element G
(3rd layer) ‘ %0 10 5
Intermediate compact element C
{(4th layer) 85 15 S
Intermediate compact element &
(5th layer) 80 20 S
Intermediate compact element C
(6th layer) 5 25 5
lIntermediate compact element C 4
(7th layer) 0 30 5
Intermediate compact element C '
{8th layer) 65 35 °
Intermediate compact element C
{8th layer) 60 40 5
Intermediate compact element C
(10th layer) 5 4 °
Intermediate compact element C
{11th layer) 50 50 5
Intermediate compact element C
{12th layer) 49 95 5
Intermediate compact element C
(13th layer) 40 60 5
Intermediate compact element C
{14th layer) 35 65 5
Intermediate compact slement C ‘
(15th layer) 30 70 5
Intermediate compact element C
(18th layer) 25 s S
Intermediate compact element C
(17th layer) 20 80 5
Intermediate compact element C
(18th Jayer) 15 85 S
Intermediate compact slement G
{18th layer) 10 80 5
High Br compact element B side 5 g5 5
|¢20th layer)

Next, in the method of producing a permanent magnet
blank F using the high iHc compact element A, the 18-layer
intermediate compact elements C and the high Br compact
element B, a 20-layer composite compact E and a permanent

magnet blank F are formed from the high iHc compact element



(14th layer) Internediate conpact elenent C 30 70 5

(15th layer) Internedi ate conpact elenent C 25 75 5
(16th layer) Internedi ate congact elenent C 20 80 5
(17th layer) Internediate conpact elenent C 15 85 5
(18th layer) Internediate conpact elenent C 10 90 5
(19th layer) Hi gh Br conpact elenment B side 5 95 5
(20th layer) Next, in the nmethod of producing a
per manent magnet bl ank F using the high i Hc conpact
Re| Ehent8alayns istenpediatat epnpacat elesspast Cepadehs
C and the high Br conpact elenent B, a 20-Iayer
highpbsi cempanpael eEenndBatpemngdnefit theagaghehblianbokders
are formed fromthe high i Hc conpact el enent -93- A
hanend Sehayeatépiel npedbpéet ¢@sPabbwal eAEMEB1E and thee
hi gh Br conpact elenent B fornmed of the nagnetic

pROVEISsSs PRYFBgFt BRoNBECPhR, BEORSLLEEE shewackB lakketo a
17. The processes thereof should only be carried out

cAREQEE] Q:gmifa'ﬁ_l gogggegﬁgggiéggggg ekaﬁigggeﬁ gg%. 30.

referring to magne
?ﬁgsgéycég%%%¥3$Z?égégkgﬁg%lu%o E%QT%J(¥§¥3Ki€§2 fﬁgrinsic
coercive force (iHc) and the Dy content rate of the
permanent magnet blank F (the 20-element permanent magnet
blank) produced as described above are shown in Table 18.

[0115]

[Table 18]




per manent magnet bl ank F (the 20-el enent pernmanent
magnet bl ank) produced as descri bed above are shown
in Table 18. [0115] [Table bg -94 Br iHc Dy content
(T) (MY rate(mass% Hi gh’Pl’c conpact el enent A
side(1st layer) 1.3600 1.8500 3.6 Internediate
conpact elenent C (2nd |l ayer) 1.3655 1.8185 3.42

I nt er medi at e conpact elenent C(3rd layer) 1.3710

f‘//H-I

4t
CGARACt| py content
(MALSY M dhRinissy)

hith 1 el o1 RRPRSHe@LERRAL O {sbod ay " aggcggg D a8
Int89@Giate. GRPact2ledrint € (Bnddayedi jat 4.36Tp

t 1@8Grent C8#h
er) 4040 1, 5980 o 1
tirmetlists sompest islemag o Gratavero

‘iﬁ%@ﬁﬂsa‘lfeg%%‘? | e

bedB mBadt ARRRAL C BFIEH [0( 11565 | & E[ﬂ?{@g 4150 30
Ir&ymmyia@'wﬁﬂ&tmemasccwﬁmm ieﬂ 9620 atp Oopuct| 288

N P N By Y LT
b AIGRE BhBadt AhRAL OUAIRAL [ 4308 | 3y Clisele 4370 252
etprTepiet cbi@ao: SBEMEOEOaverl 1l oria8%E ot b CZIECL| 234
RO PR B0y | 1 1484 1| 3 D - D8
ﬂ%@%ﬁ% %gn%a&%mﬁ{ cGb&imeh C(4.bd | hyerseed . 4 ?90 1.98
Intermediate compact element. C(11th layer) 1.4150 1.5350 i.80
Intermediate compact element C(12th layer) 1.4205 1.5035 1.62
Inte_nnediaté compact element C(13th layer) 1.4260 1.4720 1.44
Intermediate compact element C(14th layer) | 14315 14405 126
Intermediate compact element C(15th layer) 1.4370 1.4090 1.08
Intermediate compact element C(16th layer) 1.4425 1.3775 0.50
Intermediate compact element C(17th layer) 1.4480 1.3460 0.72
Intermediate compact element C(18th layer) 1.4535 1.3145 0.54
Intermediate compact element C(19th layer) 1.4590 1.2830 0.36
High Br compact element B side(20th layer) | 14645 12515 0.18

Permanent magnet 1.41225 - 1.89

[0116]

In this embodiment, as understandable from Table 18
and FIG. 32, the one side 67 of the permanent Iﬁagnet blank
F (the high iHc compact element side) is high in intrinsic
coercive force (1.85 MA/m). Furthermore, Br is 1.4645 T on

the high Br compact element B side of the permanent magnet,



H gh Br conpact elenment B side(20th layer) 1.4645
1.2515 0.18 Permanent magnet 1.41225 - 1.89 [0116]
I'n this embodi nent, as undergikandabl e from Table 18
and FIG 32, the one side 67°0f the permanent magnet
blank F (the high i Hc conpact elenent side) is high
inintrinsic coercive force (1.85 MA m. Furthernore,
Br is 1.4645 T on the high Br conpact el enent B side

of the permanent magnet, -95- and Br in the whole
argér Rindit Pegnehols permEpeent ohaghet dverhgbli4d all on the
the layers, thereby having a high residual magnetic
aférpgelensi @yl Hemeelagensl atdheradydsavitheda hafgdr rregidual
to FIG 13, the magnetic properties of the whol e

mepPidBnent £ Megnedemed €y y detipdridd at simithihe pes medesdribed
magnet can be used for a long |ife period as a

rdREBNRAt tompgact 1bei nNheXpebhePici ProBERetEs of the whole
properties. Mreover, as shown in Table 18, the anount

p%ané%‘t?f%ﬁf trﬁgeé/né@ L l?%%@%%?t?fﬂeﬁagﬁ% | Snd- ﬁgermanent

average |1 ayers by di sposi

QR LTS LB IRIL R SOISt GBS S60S ‘Bfhancnt

conpact elenent B; hence, it is characterized in that
magd ‘?ﬁﬁ?ﬁe?ﬁ %@%He%%plaw%a%etaa PUEPERGLERe

above-nentioned high intrinsic coercive force can be
obt AHRPRT na shteweeclanbapleol Bexpbasameuny, of use of
[0117] In Enbodinents 10 to 15 descri bed above

Dy efrerthegvh@le permanent magnet is 1.89 mass$% on the

average in the 20 layers by disposing the mﬁltiple
intermediate compact elements C between the high iHc

compact element A and the high Br compact element B; hence,
it is characterized in that a permanent magnet capable of
delivering the above-mentioned high intrinsic coercive

force can be obtained using a scarce amount of expensive Dy.
[0117]

In Embodiments 10 to 15 described above referring to
FIGS. 24 to 33, examples are described in which the high
iHc compact element A, the intermediate compact elements C
and the high Br compact element B are combined and
integrated in the X-direction to form the composite compact
E. However, when the high iHc compact element A, thé
intermediate compact elements C and the high Br compact
element B are combined and integrated to form the composite

compact E, the elements may be combined in the Y-direction



FIGS. 24 to 33, exanples are described in which the
high iHc conpact elenent A the internedi ate conpact
elements C and the high Br_sﬁqpact element B are
conbi ned and integrated in e X-direction to form
the conposite conpact E. However, when the high iHc
conpact elenent A the internedi ate conpact el enents
C and the high Br conpact elenent B are conbi ned and
integrated to formthe conposite conpact E, the

tel doam sthay denposbieecddmpadie ¥- diceetibng- 96 80 concept
formthe conposite conpact E according to a concept

smiiidarts othdvat ddeseibbadre€éeringgtboFEEG 1176¢) .
[0118] Next, the specific nmeasurenents of the

[oEoetic properties of the permanent magnet bl anks F
shown in the above-nentioned FIGS. 13, 23, 24, 26,

28, _z@@xt,32ua@ds§§c§%fc HORGUELRLN RS egsemebﬁgﬁgglt@w

Simlarly as described In Experinment 1, segne

p%ﬁﬁ%ﬁ%%%%m%ft@%ggggrﬂgﬁe tlﬁggégtog%%nﬂg]ﬁngh?wn in the

were takentfromithe centra

ortions_in the wdth and,,length gir tiqgns % th
a %‘F%%’h?l%%ﬁeF% ankd’ F23nd2shdbed2in che tfi BRAedS are

direction until each elenent portion becane a single
cqnprirted 7% ndeperebednelayers are overlaid multiply

so that the thickness becane the same thickness (8

mm) SerikriEkpers ndesciibaddinhBxppranaet lpr sdowests

were used as magnetic neasurenent sanples for
haweigpec i wikdeh eoEng smm ThenlehbehsafpBesmmagdeti radckneas of
8 mm were taken from the central portions in the width and
length directions of the permanent magnet blanks F and
shaved in the thickness direction until each element
portion became a single layer; furthermore, the layers are
overlaid multiply so that the thickness became the same
thickness (8 mm) as in Experiment 1, and the obtained
products were used as magnetic measurement samples for
respective elements. Then, the samples magnetized in a
magnetic field of 3.2 MA/m were used for measurements, and
the residual magnetic flux density and intrinsic coercive
force were measured.

Moreover, the specific measurements of the magnetic

properties of the permanent magnet blanks F shown in the
above-mentioned FIGS. 17 to 19 were conducted as described

below. Segments having a width of 8 mm, a length of 8 mm

and a thickness of 8 mm were taken from the central



magnetic field of 3.2 MMV mwere used for neasurenents,
and the residual magnetic flux density and intrinsic
coercive force were nmeasureg@s Mreover, the specific
nmeasurenents of the nagnetic” properties of the
per manent magnet bl anks F shown in the
above-nentioned FIGS. 17 to 19 were conducted as
descri bed below Segnents having a width of 8 nm a
length of 8 nm and a thickness of 8 mm were taken
Partoianhel i eiite aWido7-apdr iengthi dlraet pdshodntheengt h
directions of the respective elenents of the
rggrewEners ebgmettdl abkshé padmanent msgedetsbiraghkst Fcand
measur enent sanples for respective elenents. Then,

wdiee &l £s megnet i & efkd Hutehi@gbeshgpiées! ﬂorOEespactlve
MA/ m were used for neasurenents, and the residua

elnB@Rld C frhen densd ts)én@ﬂdaé %&dr[@dlczécpefﬁ'é/%ni &&c field
wer e neasure [0119] ~ Next, ‘exanples in whic

r t 0]
o3 WAL TLOBEL 188, O of e SRIDELA PO B ESBEgual
nment interme
neniat &, ergse%"e%t%fagmﬂﬂfrb%ﬂaege?rswer%52?% Hgre
to FIGS. 34 to 41. Wien the predetermined intrinsic
m e force shown in FIG 34 is requested for the
er manent magnet blank F, FIGS. 34 to 41 are used to
1933%Ust rat e design exanples for selecting the materi al

properties of the nmagnetic powders M
Next, examples in which the material properties of the

magnetic powders M being used to form the high iHc compact
element A, the high Br compact element B and the
intermediate compact elements C are selected will be
described referring to FIGS. 34 to 41.

When the predetermined intrinsic coercive force shown
in FIG. 34 is reqguested for the permanent magnet blank F,
"FIGS. 34 to 41 are used to illustrate design examples for
- selecting the material properties of the magnetic powders M
in response to the request so as not to causé irreversible
demagnetization. In the case that a permanent magnet
obtained by magnetizing the permanent magnet blank F is
used, when one face of the permanent magnet is placed in an
environment exposed to high heat or the like and when the
other face is placed in an environment not exposed to such
high heat, the intrinsic coercive force requested for the

permanent magnet has distribution inside the permanent



in response to the request so as not to cause
irreversi ble demagnetization. In the case that a
per manent magnet obtai ned bygmagnetizing the
per manent magnet bl ank F is “used, when one face of
the permanent magnet is placed in an environnent
exposed to high heat or the |ike and when the other
face is placed in an environnent not exposed to such
hi gh heat, the intrinsic coercive force requested for
naet pediedn émanpdgnettitaslidi ot wukeroro§ isheleredieested
per manent -98- nagnet. For exanple, the distribution
ingfrinmic ecpestide foteé nss cdesertbed forthei sase of the
described in the case of the conditions shown in FIG

e i tosres sgtewiid | Dl FYG. t3denatese dgwecif séahog, 11 ddeotes

t hi ckness direction of the permanent nagnet, and
Lo 41 L5 a1 BsS U kie ¥ §Dr&BLibAt BENShE permanent
coercive force is requested to be 1.22 MWmat t = Ti
nafifbt. | Qb ANEad {168 | ¥rd M dBEmdhiSt ANGR1 LnbEhUCEAL Binsic
and Ti. A known neans shoul'd onl'y be used as a neans
0 ai i t ' I NSk C civeg,f est
o YL Rt 8 oS 8 B G P BRI A TR B o
coercive force . be made, slight]y larger at thi
tq [SRATGE MR A o RE i SErRaPnt BEEFEEnoP aaflely. A

factor. Irreversi ble demagnetization does not occur

- kngieh M97ES ihoWst orberks vesedree gnmepesredi eptaiphey the

shaded part) above the inclined line in FIG 34 is
irdppinsics terepeivesperceveegoesteds for tihe todumarest magnet.
direction of the permanent nagnet. [0120]
In addition, the intrinsic coercive force may be made
slightly larger at this time in consideration of a certain
degree of safety factor. Irreversible demagnetization does
not occur when the intrinsic coercive force in the region
(the shaded part) above the inclined line in FIG. 34 is
applied to the respective portions in the thickness
direction of the permanent magnet.
[0120]

Next, such a two-layer permanent magnet blank F as
exemplified in Embodiment 10 will be described referring to
FIG. 35. With respect to the material properties of the
magnetic powders M according to this embodiment, in the
case that the two layers are equally divided in the
thickness direction, irreversible demagnetization does not

occur when the materials are selected such that the first

layer has 1.85 MA/m and the second layer has 1.535 MA/m as



Next, such a two-layer permanent magnet blank F as
exenplified in Enbodinent 10 will be descri bed
referring to FIG 35. Wth_ggspect to the materi al
properties of the magnetic ggmders M according to
this enbodiment, in the case that the two |ayers are
equal ly divided in the thickness direction,
irreversi bl e demagneti zati on does not occur when the
materials are selected such that the first |ayer has
shiowgs WWERGnd33 he second |ayer has 1.535 MV m as -99-
shown in FIG 35. Hence, for the purpose of attaining
t he Henied nsiar tdoerpuseodorcesatisagindethaoiktntss b
the magnetic powders: the magnetic powder M used in
cdaElvdefirdeants iMe tHBODRS | RiNQWIEE bhysREdghBtic
Experinent 1, the nagnetic powder wused in Experinent

pvd¥dd d e et 100% dRdet e &éé§t1n|ﬁ¥§ér1ﬂggtt§eand the

magneti ¢ powder used in Experlnent and magneti c

ﬂﬁ%ﬂﬁ be d
rati o of %%b%fli?%gé g%%%%ﬁ%gFayér %rmégnggic powder
|n th 2Pove ntloned E 7, At
ot D Fd a8 Grednao B bra th i}rst
correspond to the 50 5096p03|t|on shown in FIG
1% r N B MPIHRE SaRoude s ngsedlxinr BXparigent ?ma,nd the
magneti c powder having the magnetic properties and
magnatic paEsdrsr ivred N tRxpeeineghel | shpohdebehmikag in the
the magnetic properties and used in Experinment 1. In
rauimmerfy,5Q e Ffgnbir ctlipe opecondsléPerafidri ekimphd, t he
Dy content rates
shown in the above-mentioned Table 7.

At this time, the magnetic properties of the second
layer correspond to the 50:50% position shown in FIG. 23,
the ratio being the same as the mixture ratio of the
magnetic powder having the magnetic properties and used in
Experiment 2 to the magnetic powder having the magnetic

properties and used in Experiment 1. In summary, the

magnetic properties (Br and iHc) and the Dy content rates

" of the first and second layers are as shown in the above-

mentioned Table 8. In addition, although two kinds of
powders are mixed and used for the second layer, one kind
of magnetic powder having properties of iHc = 1.53 MA/m and
Br = 1.415 T may also be prepared and used directly as a
matter of course. The component composition at this time
is a value obtained by adding all the components of the

magnetic powder used in Experiment 2 and the magnetic



of the first and second | ayers are as shown in the
above- nentioned Table 8. In addition, although two
ki nds of powders are m xed_ _used for the second
| ayer, one kind of nagnetic powder having properties
of iHC = 1.53 MWmand Br = 1.415 T may al so be
prepared and used directly as a matter of course. The
conmponent conposition at this tinme is a value
obt ai ned by adding all the conponents of the magnetic
Poererugg@dinnErrpeiinaeht 122anddthhe higdevidingoghe sum by
powder used in Experinent 1 and then by dividing the
twoum by two. [Enbodi nent 16] [0121] Next, such a
two-| ayer permanent magnet blank F as exenplified in
[Emibodiment 161w || be described referring to FIG 36
showi ng an exanple different fromthat shown in FIG
[@Pz1Wth respect to the material properties of the
magneti ¢ powders M according to this enbodinment, in

the Né)?éaije%H@lﬁ £h€w£ﬁ@#§%e§érﬁéﬁeﬁﬁrﬂé il bﬁfa'ﬁ'ikeF as

first avi ng ntrinsic coércive force IS

t, u .intervals.(at, th .15 pQsition
EENETEE R 1o BRISGENET IO LT RoalrishabbsheRs 2 lhg to
es.pot._ occur when the_ materials are selected such .

F{d‘i’?aﬁ%h%h?wgg PRy EXafiRd €1 985 Fepgivh driP® H &ecthiin in FIG.

| ayer has 1.3775 MW m As exanples of the magnetic
3powdErtd Mesier Uredomateriabovecpent ionedl f fhet

and second | ayers, those having
magnetic powders M according to this embodiment, in the

case that the two layers are formed while the first layer
having a high intrinsic coercive force is extended at
uneven intervals (at the 0.75T1 position) as shown in FIG,
36, irreversible demagnetization does not occur when the
materials are selected such that the first layer has 1.85
MA/m and the second layer has 1.3775 MA/m.

As examples of the magnetic powders M being used for
the above-mentioned first and second layers, those having
the mixture ratios shown in Table 19 should be used. The
magnetic properties (Br and iHc) and the Dy content rates
of the first and second layers according to this embodiment
are shown in Table 20.

[0122]

[Table 19]



the mxture rat| 0S shovvn in Tabl e 19 shoul d be used
The nmagnetic properties (Br and i Hc) and the Dy
content rates of the first second | ayers
according to this enbodi nent fe shown in Table 20.
[0122] [Table 19] -loi Mxture ratios of the magnetic
powder M (% Thickness ratios of the Magnetic powder
M Magneti c powder Mrespective wused in Experi rrent 2

eTemant A side 100 9 ’é« n%é%orof35@%%%g%f@*@a';:::;k::z;e

20] Br No ont ent irédpective
conpact el ement sid tL 3'@ 3 \ni 5 g'g 5 layers (%)

High3H o Gonthaét eldrentiA sidit rmgnet 38062 9> Hoveyer, ..
{@stdavere ef fects are hot obt'al ned fromthe exanpl es

dyso. IThe sumtqgtal Or the argas

|'§ I N |t-||(30. o.an _
AT, LHETEIT SRPEE %t { udi ng spward (the areas of the 2

s)__in ElG..36 is | arder Ln ot her
wor ds,

[0123]

[Table 20]
Br iHo Dy content
(T (MA/m) rate(mass¥)

High iHc compact element A side(1st {ayer) 1.3600 1.8500 36
High Br compact element B side(2nd layer) 1.4425 13775 0.9
Permanent magnet 1.380625 — 2.925

However, the same effects are not obtained from the
examples shown in FIGS. 35 and 36. The sum total of the
areas of the triangles protruding upward (the areas of the
shaded triangles) in FIG. 36 is larger. In other words,
this means that the portion to which an excessive intrinsic
coercive force is granted ie large. When no triangles
protruding downward are formed and when the sum total of
the areas of the triangles protruding upward becomes
smallest, the portion to which an exeessive intrinsic
coercive force is granted becomes smallest, whereby optimum
design is attained. In the case that the distribution of

the intrinsic coercive force changes linearly as shown in



this nmeans that the portion to which an excessive
intrinsic coercive force is granted is |arge. Wen no
triangles protruding domnmg;@zgre formed and when the
sumtotal of the areas of the triangles protruding
upward becones snmallest, the portion to which an
excessive intrinsic coercive force is granted becones
snmal | est, whereby optinmum design is attained. In the
case that the distribution of the_ intrinsic coercive
For cedchhhgbs appemedytasbshephimal- thatFrlpe Baterials are
assuned to be optimal that the nmaterials are selected
selettedasuchethaspbbei vespagbisecaleydirsi ded dividgdakt
intervals, such that the intrinsic coercive force is
eqod] | Bssetvabs | heuckquhaediyal iatandssuchokhaiveoforce is
excessive intrinsic coercive force is granted. For
ndhebes eesMSth Nrefhi Be8as81ubh8ndeshBA 8AAWMNbNekEEssive
35 is assuned to be optiml. However, in the case
iﬁf%ﬁnéf@réb@f@i$é”f%?&éoﬂé %§HﬁggﬁhatF%im%ﬂégigggasons, in
e selecte

intrinsic coercive force cannot ecause
di r ' erq ayai il Lty.Qr [
eiffs dedde BL1BEYQT o sLhfeb! £
e G0 e ORI ChhOupr L, FIP  ahliPngophet’ €8 pe
excessive intrinsi,c cqercive farce i.s obtained even jf
Rt ny UK ditt detf AATMVERT i IV ALS B Fatiens
thus worth attenpting to apply such a division.
syeh Juhat Neke  oRbRah PREBELEAGerOpEEHHACAPLAfigAARNOL be
blank F as exenplified in Enbodinent 11 will be
seflescieddeccaiee rohgdibfeFe@e3in Mathriedpevailabtihéty or
mat eri al properties of the
the like, it is expected that the effect of reducing the
excessive intrinsic coercive force is obtained even if the
layers are divided at uneven intervals, and it is thus
worth attempting to apply such a division.
[0124]

Next, such a three-layer permanent magnet blank F as
exemplified in Embodiment 11 will be described referring to
FIG. 37. With respect to the material properties of the
magnetic powders M according to this embodiment, in the
case that the three layers are equally divided in the
thickness direction, irreversible demagnetization does not
occur when the materials are selected such that the first
layer has 1.85 MA/m, the second layer has 1.64 MA/m and the
third layer has 1.43 MA/m as shown in FIG. 37.

As examples of the magnetic powders M being used for

the above-mentioned first to third layers, those having the



magneti ¢ powders M according to this enbodi nent, in
the case that the three |layers are equally divided in
the thickness direction, irggyersible demagnetization
does not occur when the matéerials are selected such
that the first Jlayer has 1.85 MM m the second | ayer
has 1.64 MA/mand the third layer has 1.43 MA/ m as
shown in FIG 37. As exanples of the magnetic powders
M bei ng used for the above-nentioned first to third
nisyers, rehdee RR9WAginh&able3?® #pxt grempiei shoghewpe msed.
Table 9 for exanple should be used. The nagnetic
Tropea¢gnesi¢Bprapert ey &Bd &aheé Dijcrtoatdnther Byesootent
the first to third layers according to this

r&bbodbethearershows tAifabhayd®s kRE3BHinkexb, thugh a
four-layer permanent magnet blank F as exenplified in

emIbQghERP a2é Whblinbendegehikbeg referring to FIG 38
Wth respect to the material properties of the

[@ﬁgg?tic powders M according to this enbodinent, in
the "case that the four layers are equally divided in

doos" S0 Bealr whGHET RBY A&t BEFAFBoRFomeaN Bt BaLhcH 2o
ofby BEoh' T3 srbeErelEad PRy bbb TSl <

the fourth layer has 1.3775 MA mas shown in FIG 38.
FIG- eXBnplEst bfresiee efagiret tlee poakier 52 M beopgriused ¢6rthe

t he above-nentioned first to fourth |ayers, those
magneéhgc powders M according to this embodiment, in the
case that the four layers are equally divided in the
thickness direction, irreversible demagnetization does not
occur when the materials are selected such that the first
layer has 1.85 MA/m, the second layer has 1.6925 MA/m, the
third layer has 1.535 MA/m and the fourth layer has 1.3775
MA/m as shown in FIG. 38.

As examples of the magnetic powders M being used for
the above-mentioned first to fourth layers, those having
the mixture ratios shown in Table 11 for example should be
used. The magnetic properties (Br and iHe¢) and the Dy
content rates of the first to fourth layers according to
this embodiment are shown in Table 12.

[0126]
Next, such a five-layer permanent magnet blank F as

exemplified in Embodiment 13 will be described referring to

FIG. 39%. With respect to the material properties of the



the m xture ratios shown in Table 11 for exanple
shoul d be used. The magnetic properties (Br and i Hc)
and the Dy content rates of(}he first to fourth
| ayers according to this en%odlnent are shown in
Tabl e 12. [0126] Next, such a five-|ayer permanent
magnet blank F as exenplified in Enbodi nent 13 wil|
be described referring to FIG 39. Wth respect to
the material properties of the -104- magnetic powders
mag nricior dianpens thiacerpdngrere | thhs tgabodiwent haint hbe
five layers are equally d|V|ded in the thickness
calig ddtatonthe rifexerlsdpdes derageagta zhy | divides oot the
occur when the materials are selected such that the

- tHidiglesd ayefed@sorl, 8brMNV @ sihiEe S@enaghéayeathas dod24not
MV m the third layer has 1.598 MA/m the fourth

o&@wrwrt@é t%él%t!\é%mlsar@ré h@eiééé@dl @ﬂ@ﬁ PRSt1tB46first

MAV/ m as shown i n FIG. . As exanpl es of the magnetic
f t
1@?#%$ayers o0y SIS 9108 e
Tabl e 13 f h d Th
R 55 /@hzt%%%%ﬁ%mre 892478
the first to fifth |ayers cor

Rt R XROWRS it TH dUA %)1-‘21??‘”“[\%3& FI€ucAa

ten-| ayer pernmanent magnet blank F as exenplified in
Enbdi nexampleqi of FdaleBegndblicr doadeinsg N obefng used for
Wth respect to the material properties of the

the above-mentioned first to fifth layers, those having the

mixture ratios shown in Table 13 for example should be used.
The magnetic properties (Br and iHc) and the Dy content
rates of the first to fifth layers according to this
embodiment are shown in Table 14.

[0127]

Next, such a ten-layer permanent magnet blank F as
exemplified in Embodiment 14 will be described referring to
FIG. 40. With respect to the material properties of the
magnetic powders M according to this embodiment, in the
case that the ten layers are equally divided in the
thickness direction, irreversible demagnetization does not
occur when the materials are selected such that the first
to tenth layers have intrinsic coercive forces as shown in
FIG. 40 and the above-mentiocned Table 16.

As examples of the magnetic powders M being used for

the above-mentioned first to tenth layers, those having the



magneti ¢ powders M according to this enbodi nent, in

the case that the ten |ayers are equally divided in

the thickness direction, irjgyersible demagnetization

does not occur when the materials are sel ected such

that the first to tenth layers have intrinsic

coercive forces as showmn in FIG 40 and the

above-nmentioned Table 16. As exanpl es of the magnetic

fo ers M heing used for the above mentioned first to
nEXENERe | &pdies t%%@ habi nghe hebovssmemtiomes (Bapbe 15 for

shown in the above-nentioned Table 15 for exanple
exypRl e shouded. bahusgdgnet The pragavettiies pBppenties H(Br and

and the Dy content rates of the first to tenth |ayers
ikekoaudngheo Dyhicordrdyddi reeds aoE shewfirstTald ecdth layers

[0128] Next, such a 20-layer pernmanent magnet blank F
a@sor@xeqpts f tieds | emdodenenardSsnbvh ba daptei hed

referring to FIG 41. Wth respect to the materi al
[propprties of the magnetic powders M according to

this enbodinent, in the case that the 20 | ayers are

equayd y; di é/wx;da | oL P8yl NEKREASHE! hEGhELb1ank P as

irreversible denagnet oes no occur

| ect ed t h he .f t, to 2Qth .
*P?fﬁe% b RireehEeatert: bl cbeegessithginreacaring to
G. 41 the above nentloned Taple 18. As exanples
NRiMAL R fRFOPEHeies of the

above nentloned flrst to 20th layers, those having the
M3FHR ke PRHIDES MARCIFIiRG BPovRisearbedénemap| énlthe
for
case that the 20 layers are equally divided in the

thickness direction, irreversible demagnetization does not
occur when the materials are selected such that the first
" to 20th layers have intrinsic coercive forces as shown in
FIG. 41 and the above-mentioned Table 18.

As examples of the magnetic powders M being used for
the above-mentioned first to 20th layers, those having the
mixture ratios shown in the above-mentioned Table 17 for
exanple should be used. The magnetic properties (Br and
iHc) and the Dy content rates of the first to 20th layers
according to this embodiment are shown in Table 18.

[0129]
[Experiment 5]

Next, permanent magnets were produced so as to have

the same magnetic properties at room temperature using

Comparative Example 1 (the single-layer permanent magnet



exanpl e shoul d be used. The magnetic properties (Br
and iHc) and the Dy content rates of the first to
20th layers according to thké enbodi mrent are shown in
Tabl e 18. [0129] [ Experinen %I Next, permanent
magnets were produced so as to have the sanme nmagnetic
properties at roomtenperature using Conparative
Exanple 1 (the single-layer permnent magnet - 106-
bl ank F forned of the 100% magneti c powder M used in
bIeper nemtmed , o Conlpar b0 Yem&gaapie Boytbe Hingké-Layer
per manent magnet blank F forned of the 100% rmagnetic

Expectiaten M 1is,e o dnp &xXPe1 Vet amdp 1 e EPDOghEeBindOe~1ayer
Enbodi ment 16 (the two-layer permanent nmagnet bl ank

péﬁmad%ﬁﬁ“ﬂ%?ﬁgtjﬁiéﬁPeF f@fﬁ@dléfetheiﬁgﬁeﬁé H@Ef@tpowder

bl ank F) diment 12 (the four-Ilayer pernanen
M @&é@tirpl%@mﬁ@{j adfnbhiferof! ¥
peranent - P 1 % ﬁ¥ﬁént 16 (the
nt net r nbod t 15
P S RIS Bt bl Fatihb (2R
t.“ork' -effects obtained en the Eernanent ggets
RES% e PTIRAIRN S IRINSE dhl#eht F bniTRRpdERen et & (the
summari zed in Table 21. Mre specifically, the
Tyt RAGHEIeTH aranet banlagF by tBilkairenti 13f (ghe
mm a width WL of 40 mmand a length LI of 53.5 mm
figree lottea e mnaxemr dridedy Laokebey , Embddihese b4 e(the
magnetized directly, the residual magnetic flux
tedeisiier (RBromeoferfomparedt el &xanp) eadd i Bnbb@bnane 1hatthe
20-layer permanent magnet blank F), and the working-effects
obtained when the permanent magnets were placed in the same
high~heat environment were summarized in Table 21.

More specifically, the permanent magnet blanks F
having a thickness Tl of 8 mm, a width Wl of 40 mm and a
length L1 of 53.5 mm are obtained as exenmplified; however,
if these are magnetized directly, the residual magnetic
- flux density (Br) of Comparative Example 1 is high and that
- of Comparative Example 2 is low, for example; hence, they
are different in the amount of magnetic flux (flux value:
weber (Wb) used as the unit) of the whole magnet, thereby
being not the same in the magnetic properties. Generally,
the weight (length) of the magnet is adjusted to align
these. Hence, the permanent magnet blanks were ground in

the length direction on the basis of Comparative Example 2

having the smallest Br such that the flux values of the



of Conparative Exanple 2 is Iow, for exanple; hence,
they are different in the anount of magnetic fl ux
(flux value: weber (W) use AS the unit) of the
whol e nagnet, thereby being got the sane in the
magnetic properties. Generally, the weight (Iength)
of the nmagnet is adjusted to align these. Hence, the
per mmnent magnet bl anks were ground in the |ength
direction on the basis of Conparative Exanple 2
npzvehpzedepenmihest Begsaeth hhue the fbugr values ofhe
the -107- magneti zed permanent magnets have the sane
lemdtles dheé weébghthsoandinedghtsthbhtatnmd aket Bhewhi te
are shown in Table 21. In addition, since the Dy
TEONE €21 . I AreSa BRI BSn, U8SEEd btk oy | d@isedber MBYNL r&f a5
use of Dy per permanent magnet is as shown in Table

dederfodd UXa PRLEE, WaReUSRTuRP BBASHECGE! BY pe&ugémy%gt
f ux e

specifically, the anount of the nagnetic™f btain

mé%r?é% {Qeagogﬁg‘;,j{,agndir%%eggg at the time when a
per manent ~ naghet Was placed in a coil and the
per net was regnved from
S

n & na ! thg coi | %$
congt ant U8 JRetF haddtsBiCest P nBeafER ThtRe V2 PHdi HiPTe
was, carried out little by little under cooling so
SRt LRI vt eb i@l aPPYBLeOf sthst MagBeEdFediux obtained from
Demagneti zation, grinding, remagnetization and fl ux
the petenebslréhbheraere peptheetinat whenhe peunanehtes
were aligned with the flux value of Conparative
médaap | wa 2 Pladcdér iomre, cohe andetvbespbkmanent magnet was
demagneti zation state of the permanent nagnet exposed
rémote@hf heat th€ agsel W BenkBant speed was used as the
flux value. Grinding was carried out little by little
under cooling so that the internal tissue is not destroyed.
Demagnetization, grinding, remagnetization and flux wvalue
measurement were repeated until the flux values were
aligned with the flux value of Comparative Example 2
Furthermore, the irreversible demagnetization state of
the permanent magnet exposed to high heat, caused owing to
heat, was observed. More specifically, two copper blocks,
each having a structure capable of adjusting temperature
and passing cooling water and also capable of heating using
an electric heater and having a ground face capable of
maintaining a constant temperature in the range of room
temperature to approximately 300°C, were prepared, and the

ground faces were disposed so as to be opposed to each

other. A permanent magnet was held for one hour between



heat, was observed. Mre specifically, two copper
bl ocks, each having a structure capabl e of adjusting
tenperature and passing coghb?g wat er and al so
capabl e of heating using an electric heater and
havi ng a ground face capable of maintaining a
constant tenperature in the range of room tenperature
to approxi mately 300C, were prepared, and the ground
faces were di sposed so as to be opposed to each
tiengroundpérpifent khgnénigkacss directdga Heueh that the
bet ween -108- the ground faces in the thickness
gapyedt faacfsyekiet madet hentgesumd thatke wengtimdee faces of
contact with the |l engthw se faces of the permanent
thagpetmhnegnhgmagnett haWingf ad@inhamd blfe 401 enghd the
obt ai ned after grinding). Since the volune of the

1engprr obteckevasreutf Geliaatihy)l.argefcst hene thatumd thethe
per manent magnet, |ocal tenperature distribution was

cdg%é’}: Yol88Rerakedur ?3@&?8}4%&& 22 RRFTREAUPLEMES  the

edded in the contact seCtion”just under the copper

p@h@&ﬁeﬁ g@agfgagh; psgaiggggggrggpggc gﬁgt&%u@g%%a%e b&rdly

contro enperature was
Iptained., Still further heat conductive grease was
TE R ERaT NG 1 et TosatpiF (e FEapdied inBhe
conduction to the permanent nagnet. The tenperature of
COMEAChpPRFHPRCRUBR HRECFoRSt ERPEEEL RLECk §ddfasaget the
at_65C, and the tenperature on the high-tenperature
cephEngaaker apd1b8e haathsr weseupgbatraddednser that a
into the permanent magnet, and the tenperature
pdestti burfanei hempergdhiickneas dadethiardwasSekhhi fediher,
and
heat conductive grease was used on the ground faces to
facilitate heat conduction to the permanent magnet.

The temperature of the copper block on the low-
temperature side was set at 65°C, and the temperature on
the high-temperature side was set at 155°C. A thermocouple
was inserted into the permanent magnet, and the temperature
distribution in the thickness direction was examined, and
it was verified that the temperature changed linearly from
the high-temperature side to the low-temperature side.
Since a temperature gap was generated on the contact faces,
the surface temperature of the permanent magnet was 70°C at
the contact face on the low~temperature side and 150°C at
the contact face on the high-temperature side.

A high~heat environmental test was conducted using the

above-mentioned method while temperature distribution was



it was verified that the tenperature changed linearly

from the high-tenperature side to the |owtenperature

side. Since a tenperature g was generated on the

contact faces, the surface perature of the

per manent magnet was 70C at the contact face on the

| ow-tenperature side and 150C at the contact face on

the hi gh-tenperature side. A high-heat environnental

test was conducted using the above-nentioned nethod
geatid ¥ at ek npes hder eheli sérnboénbnmagset 109ndgeher peedanent

i nsi de the permanent nmagnet, and the pernmanent nagnet

magse it ey eckericoaal bet vk elife t i€ g OPREr cbbpeksbandks and
allowed to slowy cool to roomtenperature. Then, the

alldhed iad U1 ¥@By | H5b1 NMBSSHESH Hémﬁgraeﬁrél WeHBH elihe flux
the value obtalined by dividing the flux val ue Wit h

f
Vil ‘%%%#‘2%#??%%%%5? Py EnE BB EndeBE PEfe! Po1ue
I I f
ob?%eniﬂf? oaal ala%‘ﬁmg“ﬁsx'vg?atr&ﬁﬁ%stﬁ e flugvalue of
d di f i bl e
CHiEAYS i rg SEPEES, fha bl EHohehE: savirpaesntal
1.0 |nd|cates that irreversi ble demagneti zati on has
Lot inhrvedin afrPlhelVal GEans ndisialyerva it dawers 1f

_that the degree of irreversible demagnetization is
iegprs lolgolemagnat ezl ¢on ¢heuBs, ofthéheahvgneds used as
according to Conparative Exanple 1 is high, the
ameimgidx andies tthgnethe€adegbee r edut edevandibbe anmount
of use of Dy is zero; however,
demagnetization. The value in Table 21 being closer to 1.0
indicates that irreversible demagnetization has not
occurred, and the value being smaller indicates that the
degree of irreversible demagnetization is large.
[0130]

As a result, the Br of the magnet according to
Comparative Example 1 is high, the weight of the magnet can
be reduced, and the amount of use of Dy is zero; however,
if the magnet is exposed to a high-heat environment, it is
demagnetized significantly, and its initial magnetic
properties cannot be maintained. The Br of the magnet
according to Comparative Example 2 is low, and both the
weight and the amount of use of Dy of the magnet are large
although irreversible demagnetization does not occur,

whereby the magnet is most expensive in cost. Even when

the magnets according to Embodiments 10 to 16 are exposed



if the magnet is exposed to a high-heat environnment,
it is denmagnetized significantly, and its initia
magnetic properties cannot_kggnai ntai ned. The Br of
the magnet according to Conparative Exanple 2 is | ow,
and both the weight and the anount of use of Dy of
the magnet are large although irreversible
demagneti zati on does not occur, whereby the nagnet is
nost_ expensive in cost. Even when the magnets i _
t@c@ohagﬁghﬁétEﬁﬁﬁarﬁﬁmﬁgtlbaVéngetgm@eéﬂﬁggédd}fﬁ@lb@tlonr
a hi gh-heat environnent having tenperature
idreverbiblendemagnetéesibbe demagneti paciuon dBesthermore,
occur. Furthernmore, as the nunber of |ayers is
asatiger nulbebecdnksybirghés aadgetheBraprebmes ghighamrd and
t he anobunt of use of Dy becone.lower. However, as the

thenbegnet wayghs hfdl ah8ehmohhBBo&ndseebionl, B@bome lower.
produci ng a conp05|te conmpact are increased,

HARMdI N0a s NER@T $h S ﬁg %Jgérgung éeEaVEEﬁ shayl d

only be” det er m ne IS O eqUeste cost

e ARG PELE écorgélﬁg hgﬁﬂgggf£e EBT§Q¥OC%28a%é%%eased,

magnet's ment s
nent. magnets_being e eIIent ghetic

r DR L ahAL A SASEr f dite peH O br I Rerhy Bagald

for along life period under a high- heat environment.
0@%&t%%rﬁ%g%rménﬁéeOPhEhﬁaeﬁ§@§ aécbhai rgargsted cost and

Enbodi ments 10 to 16 can al so be reduced in length in
peohparaRen oft bhehwagaghet Hroanyli ogseo Conpaagnéve

Exanple 2, the volune of an apparatus in which the
apeonaimegt topBmebdiments 10 to 16 are permanent magnets

being excellent in magnetic properties and have an effect
capable of being used for a long life period under a high-
heat environment.

Furthermore, since the magnets according to
Embodiments 10 to 16 can also be reduced in length in
comparison with the magnet according to Comparative Example
2, the volume of an apparatus in which the éermanent magnet
is built in can be reduced by that amount, this being a
merit to be written additionally.

Fase of measurement, ease of application of a leoad to
the permanent magnet and the irreversible demagnetization
state of the permanent magnet placed in an environment
exposed to high heat were examined as described above, and
similar working-effects were obtained even when magnetic

field distribution was provided by applying an external



Is built in can be reduced by that anmount, this being
a nerit to be witten additionally. Ease of
nmeasur enent, ease of applicaL' n of aload to the
per manent magnet and the irT rsi bl e demagneti zati on
state of the permanent nmagnet placed in an environnent
exposed to high heat were exam ned as descri bed above,
and simlar working-effects were obtained even when
magnetic field distribution was provided by applying
demagxeei nibhg -£141d denegaepermagehtehdghett Ard even when
per manent magnet and even when the pernmanent nmagnet
£ WL Sp S1midth & BN eRaGh &'t eXPOSeUmt Dt anBbgbiyheaposadi tongehigh-
and an external demagnetizing field environnment. The

héé%réﬁ@iﬁoﬁ@@ﬁ@laﬁufgﬁcsxgéﬁﬁélbaémaﬁnetfgyﬁgtfgei@r
t he magnet shoul d be obtained fromt tenperature

fféflrgé'ﬁﬁ on T"]'féd tr[ﬁ":rlr@y génc:?e%é F‘* &{c‘?é‘sdfé’trlbut on

stributron, be carrie
t t f to_th t t 0131
r%’#la%%%e%%%? °§2@$ﬁ%ﬂ%? “ehatid Bhi BFRI RS kr
te P t T t t,
t%l?aeesatﬁ%%ﬁ&f?yrfﬁ fiheind P shaonehar Lo 1BFag3tey
Dy After grinding, After ( (9) _(mass% (9)
d%@%&h‘éﬂ?@tlw Hrghdaehgn shopidnaphysbe carried out so

as to conform to the distribution.

[0131]
[Table 21]
™ iiﬁizit?jﬂfﬁnfn? oy |amoue| i feine zate
magnet aftermagnet after] content| of use (.X1-)
grinding  lgrinding rate of Dy |After grinding, %E;gfheat
{mm) (2) (mass%) | (g) (demagnetizationo ot omentall
remagnetization {exposur
GO 314700  49.40 1209 0 0.00 1.0 063
e 1e511.3600]  53.40 130.7 36 | 47 10 10
Eubodimenti13875| 5234 | - 1281 2.7 346 1.0 10
Enbodinent|13806| 5260 1288 293 | 377 1.0 1.0
Embodiment|13970|  51.99 1273 24 305 1.0 10
Embodinent!q4013|  51.83 1269 225 | 285 1.0 10
Embodinent||4040| 51.73 1266 216 | 274 10 | 10
Embodlmenti14005| 51.52 126.1 198 | 250 10 10
Embodiment)y 4123}  51.42 1253 188 | 238 1.0 1.0

1: The ratio based on the flux value before high-heat environmental
exposure of a comparative example 2



remagneti zati on exposur conparative Exanple 114700
49.40 120.9°0 0.00 1.0 0.63 conparative Exanple 2

1. 3600 53.40 130.7 3.6 4.71_%1 _1.0 Enbodinent 10
1.3875 52.34 128.1 2.7 3.46 1.0 1.0 Enbodi nent 1.3806
52.60 128.8 2.93 3.77 1.0 1.0 Enbodi nent 1.3970 51.99
127.3 2.4 3.05 1.0 1.0 Enbodi nent 1.4013 51.83 126.9
2.25 2.85 1.0 1.0 Enbodinent 1.4040 51.73 126.6 2.16
2.74 1.0 1.0 Enbodinent 1.4095 51.52 126.1 1.98 2.50
[Bmipodimenenbdli ment 1.4123 51.42 125.9 1.89 2.38 1.0
1.0 X1: The ratio based on the flux val ue before
[B13h] heat environmental exposure of a conparative
exanple 2 12- -1 [Enbodinment 17] [0132] Next, an

exanpet) sals hexdnp e Whs CEhohie €aNPRSEhetheoopapbskEte
shown in FIG 42 is different fromthe conposite

cEMPRSE L E Essb@Nih NFEE G 413{ 62} FRobhat ePEmNtHB Ebkposite
conpact elenent A or one high Br conpact elenent Bis

c%ﬁé?%% ENsidh &2 pibe 959825FEnCQHBECBnglﬁgsﬂtiﬁcaggmpact

element A or one high Br compact element B is added.

In FIG. 42, the high 1Hc compact element A and the
high Br compact element B are formed using a means similar
to that described referring to FIG. 17, whereby a
configuration is attained such that functions, properties,
characteristics, etc. similar to those of them are obtained.

Next, A2 shown in FIG. .42(a) designates a high iHc
compact element provided symmetrically with the high iHc
compact element A as shown in the figure. The composition
of the high iHc compact element A2 should only be made
similar to that of the high iHc compact element A.

Next, the means of forming the composite compact E
formed of the high iHc compact element A, the high Br
compact element B and the high iHc compact element A2 shown
in FIG. 42(a) should only be used according to a concept
similar to that of the means of forming the composite
compact E obtained by combining and integrating three
layers as described referring to FIG. 24. Furthermore, the
composite compact E is subjected to plastic working to form

a permanent magnet blank F. As plastic working, the above-



hi gh Br conpact elenent B are fornmed using a neans

simlar to that described referring to FIG 17,
whereby a configuration is_gtigined such t hat
functions, properties, char eristics, etc. simlar
to those of them are obtai ned. Next, A2 shown in FIG
42(a) designates a high iHc conpact el enent provided
symetrically with the high i Hc conpact el enment A as
shown in the figure. The conposition of the high iHc
mephpanedevanbous Aplahbutdwonkynpeshadéd shiiyl be tsed.
that of the high i Hc conpact elenent A Next, the
[0kaBs of form ng the conposite conpact E forned of
the high i H conpact elenent A, the high Br conpact

el eneakt B aywd BRewhi 0t i Hog.onmpagh) el @geidnéleShnhigh Br
in FIG 42(a) should only be used according to a

cERPLER o 1RinEAAT g&%v&ﬁ%‘d ."ég@ﬁ@t?@éﬁ%}gf &PEﬁn;j%et hBigh Br

conposite conpacCt E obtain by co ing an

F‘Flé? ag| ree e as._d ri ef erti ng C o
c 854EEE%?#Ee§n5F%ﬁ¥Q%%H %%ngggiﬁgiggﬁ%acﬁﬁ%;i%éﬁbOSltlon

upj ected, tg plastic working,to form .a permanent , .
oFrmphE P EPAnRE FeBRb 2 A Bl eTeRbr Bin LA HU6 58 1aipilar to

nmenti oned various plastic working should only be used.
thatizaf Resthigh BroGampact elemelp) Bdesi gnates a high

Br conpact el enent provided symetrically with the

hi ghTiBe neanpaet Ebening Bhascempepite chepdrguFefoThed of

conposition of the high Br conpact el enent B2 shoul d
thal yige Brncdmpato elémendfBj hehbi phgBr idonpampact element

el ement B.
A and the high Br compact element B2 shown in FIG. 42 (b)
should only be used according to a concept similar to that
of the means of forming the composite compact E obtained by
combining and integrating three layers as described
referring to FIG. 24. Furthermore, the composite compact E
is subjected to plastic working to form a permanent magnet
blank F. As plastic working, the above-mentioned various
plastic working should only be used,

[0134]

Next, the necessity of the various types of permanent
magnet blanks F and the like formed of multiple layers
shown in FIG. 42 are as described below.

When a permanent magnet actually built in a magnet
circuit is considered, the intrinsic coercive force

distribution inside the permanent magnet is not simply high

on one side and low on the other side, but the intrinsic



The neans of form ng the conposite conpact E fornmed of
the high Br conpact elenent B, the high i Hc conpact

el enent A and the high Br c act elenment B2 shown in
FIG 42(b) should only be u 3 Taccording to a concept
simlar to that of the neans of formng the conposite
conpact E obtained by conbining and integrating three
| ayers as described referring to FIG 24.

Furthernore, the conposite conpact E is subjected to

cpeastive WorkengiserfiBugianpesngaeatranagnabreblodmpificated.
As plastic working, the above-nentioned vari ous

Fakaékhﬁ?m@rkbﬁﬁcéhgﬂ|ngﬁkﬁlgem%%%@ 10434k iNeXotH he
necessity of the various types of permanent magnet
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are ‘as de er mnent
bui.lt i.n_ a m circ

g % actuall , [
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5 ide t he ggrnanent na%net is.,not sinply %ﬁ% on_one
aBEJ&OYNEY| SREoRSPREASt R Ftépa‘elsbGPntsHéleirﬁtdr jogder to

-114- coercive force distribution is generally nore
cephprichPelhisFdpeextipl-e 42dphde ahnepdditiennotsr apgther

used in both forward and reverse rotation directions,
nagpatier airpunki chontvhesedyr i asipetceenciive whdrde the

hi gh at both end portions and |ow at the centra
iportheiici soceansvderfedcenier detr e boahlf ehd perthichs and

(see FIG 42(a)). In addition, in another magnetic
he€hhCHtt theoB¥aESalY po2tRaht 86N pbRsWhileh (R FIG. 42(b)).

Even in these cases, with the method according to this

embodiment, without using a permanent magnet being
difficult to produce and high in cost, containing a large
amount of expensive Dy or the like and having a high
intrinsic coercive force and a high residual magnetic flux
density, it is possible to provide a permanent magnet being
easy to produce and low in cost and containing a scarce
amount of Dy or the like. In other words, this can be
attained by appropriately disposing a member having a high
intrinsic coercive force and a low residual magnetic flux
density (for example, a member formed of the magnetic
powder M used in the above-mentioned Experiment 2) and a
member having a low intrinsic coercive force and a high
residual magnetic flux density (for example, a member

formed of the magnetic powder M used in the above-mentioned

Experiment 1) so as to conform to the intrinsic coercive



intrinsic coercive force is low at both end portions

and high at the central portion is possible (see FIG
42(b)). Even in these cases, méth t he net hod according

to this enbodi nent, w thoul ing a permanent nagnet
being difficult to produce and high in cost,

containing a | arge anount of expensive Dy or the |like
and having a high intrinsic coercive force and a high
residual nmagnetic flux density, it is possible to
fprowi désarppurdnant Tagneitberngof easybén pisdasétand and
low in cost and containing a scarce anount of Dy or

thBenlihker bR 0kReEsWehdaldt BhiyCcae Beteattidicted by
appropriately di sposing a menmber having a high

chE LhBsheisqe 5@ t8ef BhGEn2RALA AW 8isPUan dTRETRIAC

[ux density (for exanple, a nmenber forned of the

nagng&bc #Eg%?eggghgsgg ega&ﬁﬁeaggvg %ﬁ%%'oﬁ%§er structure

Experlnen I"OW i nt TN
rcive force, and reS|duaI neti_c flux
ERRUF LS PoPSgRanprELng 1o RBBT o Gr FAHr e Hagiinrsie
powder M_used in the above-nentigned Experlnent 1),
09§rF6V€oﬁP6Fﬁ1PBdtﬁehﬁﬁprPﬁ§Fén€é€r€P@§01ff5 OFEFtén-the

distribution. The pattern of nenber disposition and
Yrderaghben 8p Rayspscohdara &al {hse igsrdngiigedaarcive
consi deration of the bal ance between cost and effect.
fterGe d26ppsshans anséxdanphe pkraahnkendemagyert stsadctfiore an
featuring a high intrinsic coercive force, a | ow
elatticngi Rot6@er CE¥ecé 04 CRa 8818l hhghihgt i NSGR residual
coercive force in the Y-direction so as to conformto
mbhRet DEN FNELC JeAREEWRan be used at the lower intrinsic
coercive force portion, the whole permanent magnet can have
a residual magnetic flux density higher than that of a
permanent magnet formed of a single member having a high
intrinsic coercive force., Furthermore, although one layer
is used in the X-direction in this example, if the
intrinsic coercive force distribution in this direction is
also large, by further increasing the number of the layers
to two or three in the X-direction, it is possible to
obtain a permanent magnet comprising portions having
intrinsic coercive forces conforming to the required
intrinsic coercive force distribution, scarcely having
wastefully high intrinsic coercive forces, and having high
residual magnetic flux densities. At the same time, the

amount of use of Dy or the like is reduced in comparison

with the permanent magnet formed of only a single member



force disposition i'nside the permanent nmagnet used for
an electric notor. Since a material having a high
resi-dual magnetic fl ux densi can be used at the
| ower intrinsic coercive fofte portion, the whole
per manent magnet can have a residual magnetic fl ux
density higher than that of a pernmanent magnet forned
of a single nenber having a high intrinsic coercive
force. Furthernore, although one layer is used in the
hawihgesthbghi int hissbxaopkecitvé £heceintrinsic
coercive force distribution in this direction is also
| ar geor byx&mip 1 BT 1 £ NEREASh PO hBEcNUBBLEi p& EBeckayhr $he
to two or three in the X-direction, it is possible to
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Intrinsic coerclive es con mng to the require
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wast e rrnsic coercive r1orce avi

hj gh_ _residual. magpetjc {l densities, At_the sane
st} fated pRRCERRE “BThbecBoh Char BEREL! ket 5ol
in copparison_ wWith the permanent magnet fornped of
sy W siHgt e3trehbetxtended. apdyipgdaani ghspheFtagncmethod
_coercive force. For exanple, if the intrinsic coercive
in grkekclhnthdeintrmsici deersiveqfiesced regbeshiedhén a
than that on the rear side in FIG 42(c), the
thneet+dsnensbensl vegréph cesdsbatidgbthestheeindisuecbercive
that A>A', B>B' and B2>B2'. The concept shown in FIG

fSbce s €xicntess amed UsedrASaBe SELEELEQNiIABERREe HAmensions
which the intrinsic coercive forces requested in a

and materials are selected such that the portions (volumes

in three dimensions) having excessive intrinsic coercive

forces are minimized, whereby the residual magnetic flux

density Br can be raised and the amounts of use of the

magnet and Dy or the like can be reduced without causing

irreversible demagnetization.

[Brief Description of the Drawings]

[0135]

FIG. 1 is a schematic view illustrating a method of
producing a permanent magnet blank;

FIG. 2{a) is a vertical sectional front view
illustrating an extrusion die being used for extrusion
serving as plastic working, and FIG. 2(b) is a wvertical
sectional side view illustrating the extrusion die;

FIG. 3 is an enlarged vertical sectional front view

illustrating a forming die in the extrusion die;



t hree-di nensi onal graph indicating the intrinsic
coercive force, thickness and width are plotted in
t hree di nensions and nateri?iz are sel ected such that
the portions (volunmes in threeé dinmensions) having
excessive intrinsic coercive forces are m nim zed,
wher eby the residual magnetic flux density Br can be
rai sed and the anounts of use of the magnet and Dy or
the like can be reduced wi thout causing irreversible
denmaghét i 2atsoan pBilhefeBeveritpthdnsettibealr swidegyjiew
[0135] FIG 1 is a schematic viewillustrating a
imetbedaefingpthducorgiagpatipaiant hengretusliank dikl;G
2(a) is a vertical sectional front view illustrating
an exfgussonsdhephghngiuged1fasrenting @he FOWiIAG dSe in
pl astic working, and FIG 2(b) is a vertical

§ECLI . 5l.dg+ EeM/iIIustrating the extrusion die;
tF?G?kggﬁélgh gﬁ%arged vertical sectional front view

illu ; ating. a formng die int ext igon.die;--3117- .
G T30 s Bt PR er (i ¢h HIRebEbRAENG] doe ] Epiitie aie
,iI%#stra ing,the formng die in the extrusion die;
1R EreseRETrYSAPandiféw i [l ustrating the formng die in
the extrusion die; FIG 6 is a bottomview .
i | | uBEPat ¥ n§St Re SEBEMRRE CdPETSPRCLAY CeNilels Hdd Ugiteat ing
FIG 7 is a schematic perspective view illustrating
the state of plastic working in which a permanent magnet
blank is extruded from a high-density element using the
extrusion die at the time of extrusion;

FIG. 8 is a view illustrating plastic working in FIGS.
l(c) and 1(d), FIG. 8{a) is a schematic perspective view
showing a high-density element, and FIG. 8(b) is a
schematic perspective view showing a permanent magnet blank
produced by subiecting the high-density element to
extrusion;

FIG. 9 is a schematic perspective view illustrating
examples different from the high-density element and the
permanent magnet blank F shown in FIGS. 1 to 8;

FIG. 10 is a schematic plan view illustrating an
example different from the forming die in the extrusion die
shown in FIGS. 2 to 6;

FIG. 11 is a schematic perspective view illustrating

examples different from the high-density element and the

permanent magnet blank F shown in FIGS. 1 to 8;



the state of plastic working in which a pernmanent

magnet bl ank is extruded froma high-density el enent
using the extrusion die at T time of extrusion;

FIG 8 is a view iIIustratihg grastic working in FIGS
1(c) and 1(d), FIG 8(a) is a schematic perspective
view showing a high-density elenent, and FIG 8(b) is

a schematic perspective view show ng a per manent

magnet bl ank produced by subjecting the high-density

el eneng.t 02 ext auschBinathiE pBrkpeatsobenabiwCillustrating
perspective viewillustrating exanples different from

ekgﬁphéghdﬂfﬁékbxteE%ﬁﬁnthenH15HEdee§&H§n@mbm@aﬁn@hd the
bl ank F shown in GS. 1to 107is a schematic

t I ff t of. th
P Rrtetare oY, %ﬁESE?FﬁgPSﬁKZEE ?Iﬁb LRSS 2 to

h
.||utf¢a FgToeaanpretotrer SFeh: LHLURTERE tRogR- BERBOE OF
ment and the permanent nagnet bl ank E shown in
P?—‘P C1R9t 3 BETHRBeRFGnagpefsPiaBindiiiPi e ﬁ@@&ﬁeé’ﬁr\‘}’@mnt

V|eM/|IIustrat|ng exanpl es different fromthe
mpgPAt dehdnkyiel ement and the permanent nagnet blank F
shown in FIGS. 1 to 8 FIG 13 is a schematic view
i | luBi®atildg asmet hgdaph shcodug nghea perdreriemshiggneetveen
bl ank (two-el enent pernmanent rmagnet bl ank); FIG 14
the &eghiailalshawgmgridernakatdemsiuyw bRiweand the intrinsic
coercive force (iHc) of a permanent magnet obtained by
magnetizing the permanent magnet blank according to
Embodiment 1;

FIG. 15 is a schematic view illustrating a process
different from the process for the composite compact E
shown in FIGS. 13(a) to 13{cZ);

FIG. 16 1s a schematic view illustrating a process
different from the process for the composite compact E
shown in FIGS. 13(a) to 13(c2);

FIG. 17 is a schematic view illustrating an example
different from the composite compact E shown 1in FIG. 13(c2)
in the direction in which a high iHc compact element and a
high Br compact element are combined and in the flattening
direction in‘plastic woxrking;

FIG. 18 1is a schematic view illustrating a process

different from the process for the composite compact E

shown in FIGS. 17(a) to 17(c2):



the residual magnetic flux density (Br) and the

intrinsic coercive force (iHc) of a permanent magnet

obt ai ned by magnetizing the Fy[nanent magnet bl ank

according to Enbodi nent 1, L G 15 is a schematic

view illustrating a process different fromthe

process for the conposite conpact E shown in FIGS

13(a) to 13(c2); FIG 16 is a schematic view

illustrating a process different fromthe process for

t he EbaposPt &scenpabenatichvhavi hliussratldpg) at process

13(c2); FIG 17 is a schematic view illustrating an
dekfepéet fOrbmetkat pfooasshforonhestbmposipactofipskbwe

in FIG 13(c2) in the direction in which a high iHc
skowpath eieseni7aay 8o higb2By conpact el enent are

conbined and in the flattening direction in plastic

wor king; BlG id8al &che OBl hEr ¥bEM L L& USLIEA | M1 @strating

process different fromthe process for the conposite

: I ny Fl GR.. L7 ( 0 (C2mma s =
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S a schemati c vl ew ustrating a

I, f e he_proce for the conmposi c act E
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pers ectiv% view il lustrating exangles different_in )
shap@nﬁro%tt&?c%nﬁ&ﬁqm§§kﬁnﬁ@¥sﬁ? %hﬂetﬁéﬁﬁu¥%$ﬁﬁﬁratlng
magnet blank F shown in FIG 13; FIG 21 is a
exeRehesi difdespadt i e whaps | fremr &hiengcomposite compact E

and the permanent magnet blank F shown in FIG. 13;

FIG. 22 is a schematic perspective view illustrating
examples different in shape from the composite compact E
and the permanent magnet blank F shown in FIG. 13;

FIG. 23 1s a graph showing the relationship between
the residual magnetic flux density (Br) and_the intrinsic
coercive force (iHc) of a permanent magnet obtained by
magnetizing the permanent magnet blank according to
Embodiment 10;

FIG. 24 is a schematic view illustrating a method of
producing a permanent magnet blank (three-element permanent
magnet blank);

FIG. 25 is a graph showing the relationship between
the residual magnetic flux density (Br) and the intrinsic
coercive force (iHc) of a permanent magnet obtained by
magnetizing the permanent magnet blank according to

Embodiment 11;



exanples different in shape fromthe conposite conpact

E and the permanent nagnet blank F shown in FIG 13;

FIG 22 is a schematic persprgé[ve view illustrating

exanpl es different in shape om t he conposite conpact

E and the permanent magnet blank F shown in FIG 13;

FIG 23 is a graph showing the rel ationship between

the residual magnetic flux density (Br) and the

intrinsic coercive force (iHc) of a pernmanent magnet

obt aFFed By isagheschemgtihe i@wrahbhtsteambng bkamethod of

according to Enbodinent 10; FIG 24 is a schematic
proéucihg ust petvmagem tratdmoe of blpn&dudicuy -& Jgeterenepd rmanent

magnet bl ank (three-el enent permanent magnet bl ank);
méhfet 25148k p; gr aph showi ng the rel ationship between

the residual magnetic flux density (Br) and the

i ntripgi ¢ 27c0eL Chvesfance shbhahqof t e PEETRREBL PRGN e tween
obtai ned by magnetizing the permanent magnet bl ank

c L 0 [ 1. - -, F 26_J;S . s
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magnet obtai ned by nagnetizing the pernmanent nagnet

Eppagimertotding to

FIG. 28 is a schematic view illustrating a method of
producing a permanent magnet blank (five-element permanent
magnet blank):;

FIG. 29 is a graph showing the relationship between
the residual magnetic flux density (Br) and the intrinsic
coercive force (iHc) of a permanent magnet obtained by
magnetizing the permanent magnet blank according to
Embodiment 13;

FIG. 30 is a schematic view 1llustrating a method of
producing a permanent magnet blank (ten-element permanent
magnet blank):;

FIG. 31 is a graph showing the relationship between
the residual magnetic flux density (Br) and the intrinsic
coercive force (iH¢) of a permanent magnet obtained by
magnetizing the permanent magnet blank according to
Embodiment 14;

FIG. 32 is a graph showing the relationship between



Enbodi mrent 12; FIG 28 is a schematic view
illustrating a nethod of producing a permanent nagnet
bl ank (five-el enent permaneng,y magnet blank); FIG 29
is a graph showing the relationship between the
resi dual magnetic flux density (Br) and the intrinsic
coercive force (iHc) of a permanent magnet obtai ned by
magneti zi ng the permanent nmagnet bl ank according to
Enbodi ment _13; FIG 30 is a schematic view ) L
the| yesideahgnadnet hedfonx gepaiEyndBa) perfahbAt IREgGABELIC
bl ank (ten-el emrent permanent nagnet blank); FIG 31
cosraiyge apbresbowiiig) t b€ aeparinanshipmbenatenbtaliped by
resi dual magnetic flux density (Br) and the intrinsic
mnEzgescl venfothe pebtoanehtampenganshankagbetebbinganned by
magneti zi ng the permanent magnet bl ank according to

p&RadIEhadAet FbGanRBY hecargiaghtshembbaihbat 15;
rel ati onship between - 121 the residual magnetic flux

densgiy, (BB) i%”dat{??e%”tiﬁilﬁh%itgag%%%’ G CefQhSfe (HClhich a

a permanent magnet obfai ne magneti zihg the

of

R R SR 1 6 EpeB rent aptef oL EEEREATBORE pompact
LSRN AR L A pE Ty S mStHRE o RpEF el ThfenCoTGhgeg and
~high Br conpact elenment are conbi ned and

integrated at the time when the elements are powder
elements, FIG. 33(A) is a wview illustrating a method of
forming a permanent magnet blank by combining multiple
powder elements being mutually different in material
properties, and FIG. 33(B) is an end view taken along line
S-S5 in (a) of FIG. 33(A):

FIG. 34 1is a graph illustrating an example for
selecting the material properties of the magnetic powder M
and showing the intrinsic coercive force distributicn
requested in the thickness direction;

FIG. 35 is a graph illustrating an example (two-layer)
for selecting the material properties of the magnetic
powder M;

FIG. 36 is a graph illustrating an example (two-layer)
for selecting the material properties of the magnetic
powder M;

FIG. 37 is a graph 4illustrating an example (three-

layer) for selecting the material properties of the



integrated at the tinme when the el enents are powder
el ements, FIG 33(A) is a viewillustrating a nethod
of formng a permanent magngys bl ank by conbi ni ng
mul tiple powder elenents being nutually different in
material properties, and FIG 33(B) is an end view
taken along line S-Sin (a) of FIG 33(A); FIG 34 is
a graph illustrating an exanple for selecting the
material properties of the magnetic powder M and
n3EBREhg PRECEAt Minsi c coercive force distribution
requested in the thickness direction; FIG 35 is a
gr apRI&H| u38 r dits ng apraxbnplelystweatiayer pn f grample  (four-
selecting the material properties of the magnetic
lappedlpr KorFl Geldrtiing gtlaeh mhbustisadt i pgoperedaypl eof the
(two-layer) for selecting the material properties of
néfBetR@Npbiveerpmwder M FIG 37 is a graph _
illustrating an exanple (three- |ayer) for selecting
the ppgerigl iBrQF’?EEEﬁSﬁL?ﬁu%%aﬂﬁé' aHBQQQEnPQePQ‘ﬂ%—
M FIG 38 is a graph illustrating an exanple (four-
) r %b g e Lal _pr .Les of e
B e ks S e e i o
exanEle éfive- ayer) for selecting the materi al
MAIBBEF i BEWHPTt Mé magnetic powder M 7

FIG. 40 is a graph illustrating an example (ten-layer)
for selecting the material properties of the magnetic
powder M;

FIG. 41 is a graph illustrating an example (20-layer)
for selecting the material properties of the magnetic
powder M; and
FIG. 42 1is a schematic view illustrating an example

different from the composite compact E shown in FIG. 13(c2).



FIG 40 is a graph illustrating an exanple (ten-I|ayer)
for selecting the material properties of the nmagnetic
powder M FIG 41 is a graph illustrating an exanpl e
(20-layer) for selecting the material properties of
the magnetic powder M and FIG 42 is a schematic
view illustrating an exanpl-e23di fferent fromthe
conposite conpact E shown in FIG 13(c2). -123-
%Docunent Name] CLAIMS 1. A nethod of producing a
SHBSQFtQaE@%paC?L%BM a permanent magnet by conbi ning
and integrating: a high i Ho conpact elenent that is
for fred %f Mgtheslgnefi @IEEWEdNder ngINRFFLte | APFPASEC for a
coercive force in conparison with a high Br conpact
peghement aadnedi iy |cowbiim ingesindudn trggradeting :f | ux
density in conparison with said high Br conpact
el eaehtigand Heaicdmiplaght Bl egermpachael drefortieal dfs a
formed of a magnetic powder being high in residua

mafBgReti poliiex pRamsi Y ghn 16OARAMISeN MR $ad Hoghte in
i Hc compact el ement and being lowin intrinsic

coRP8r¢E%E ﬁ@%ﬁea'%1%%”@%rb%%ﬁadW'%ﬁéH@d% RGN Yeh% g 10w in
conpact elenent. 2.” A net hod of produ0|ng a conpgél

reg%ggg?;?%ahe%l p%ﬁ%@hﬁ%&sq%% %U?%@hg%l%gd gﬁﬁ%&igh
nﬁgniemen%omder bei ng hlgh |n intrinsic coercive

Bry 8?8‘8‘3‘

said high Br compact element that is formed of a
magnetic powder being high in residual magnetic flux
density in comparison with said high iHc compact element
and being low in intrinsic coercive force in comparison

with said high iHc compact element.

2. A method of producing a composite compact for a
permanent magnet by combining and integrating:

a high iHc compact element that is formed of a
magnetic powder being high in intrinsic coercive force in
comparison with a high Br compact element and being low in
residual magnetic flux density in comparison with said high
Br compact element,

said high Br compact element that is formed of a
magnetic powder being high 1in residual magnetic flux
density in comparison with said high iHc compact element

and being low in intrinsic coercive force in comparison




conparison with a high Br conpact el ement and being

lowin residual magnetic flux density in conparison

with said high Br conpact elenent, said high Br

conpact elenment that is forned of a magnetic powder

being high in residual magnetic flux density in

conpari son with said high i-H24conpact el enent and

being low in intrinsic coercive force in conparison

.- 124- with sai, act el enent, and an
Wltﬁtéﬁﬁggkéﬁz H%n@ﬁ@ 8Fﬂed“¥ﬁ a magnetic

powder used for sal d internmedi ate elenent, in a state

in W cH e e neanBRet coheRentel BasRed of a magnetic

di sposed between said high i Hc conpact el enment and
powigied usiegh tBr serihpacihtelraweiirtenedregientnat eri al

properties of said magnetic powder used for said

i nt énmedi st oipaghiehemeritd iimttdamebihi eedompalct element

integrated state of said conposite conpact are set to
isprpgyddees Isdtoiedhasaideni hr iRS CHQRIGI VE1dMEE and said

becones | ower sequentially in the direction fromsaid

hl@hgl@rl HenparRach en@n@MeRhel-@igai d high Br conpact
el ement and such that the residual magnetic fl ux

dengy ttlérg‘égio el o5 SEAUENY 'da'rLé{?ﬁé‘twgp%%d%‘%it 'ljg&d for

from sai r conpact elenment to sai
el . 3. A method,of d it
2 mpatt FBECA- For FAREE  maghatehy coibi AP nBoLred and

inte ratlng: . ,
integrated tate of sald composite compact are set to

properties such that

the intrinsic coercive force becomes lower
sequentially in the direction from said high iHc compact
element to said high Br compact element and such that

the residual magnetic flux density becomes lower
sequentiélly in the direction from said high Br compact

element to said high iHc compact element.

3. A method of producing a composite compact for a
permanent magnet by combining and integrating:

a high iHc compact element that is formed of a
magnetic powder being high in intrinsic coercive force in
comparison with a high Br compact element and being low in
residual magnetic flux density in comparison with said high
Br compact element,

said high Br compact element that is formed of a



a high iHc conpact elenent that is fornmed of a
magneti ¢ powder being high in intrinsic coercive force
in conparison with a high Br conpact el ement and
being lLow in residual magnetic flux density in
conparison with said high Br conpact elenent, said
hi gh Br conpact el enment thati25s fornmed of a -125
magneti ¢ powder being high in residual magnetic flux
density in conparison with said high jHc conpact
nagRgtaf  PRARo] RG0S it Gtht rithsi teebeiet vetreprebipn flux
conpari son wth said high i H conpact el enent, and
depgitivpl i | APBPABESENe Ehpashldl drert sifler manpfct element
mul tiple magnetic powders used for said internediate
and| dpems diot diff eremtimitwaklopricnvent fBored in comparison
properties, in a state in which said nultiple
wikht enddhate dcHopachpaeteririzenar, e atidsposed bet ween
said high i H conpact el enent and said high Br

conpactiplemenintaeiEidtd hecoRsReEt | va i@l alformed  of
properties of said respective nmagnetic powders used

mufl @8 psai d aynidiRle ipdeioBdi atgeqcompact & freniStlyediate
the conbined and integrated state of said conmposite
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Intrinsic coercive forces b
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respective residual nagnetic flux densities becone
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and said high Br compact element, wherein

the respective material properties of said respective
magnetic powders used for said multiple intermediate
compact elements in the combined and integrated state of
said composite compact are set to properties such that

the respective intrinsic coercive forces become lower
sequentially in the direction from said high iHc compact
element to said high Br compact element and such that

the respective residual magnetic flux densities become
lower sequentially in the direction from said high Br

compact element to said high iHc compact element.

4. A method of producing a composite compact for a
permanent magnet by combining:
a high iHc powder element that is formed of a magnetic

powder being high in intrinsic coercive force in comparison



conpact elenment to said high iHc conpact elenment. 4. A
met hod of producing a conposite conpact for a

per mmnent magnet by conbi ning: a high i Hc powder
element that is formed of a magnetic powder being
high in intrinsic coercive force in conparison -126-
with a high Br powder el enment2and being |l ow in

residual rmagnetic flux density in conparison with

id hi powder el enment, said high Br powder
Wlé?le %ﬂn%r FOVASTMEd SFEE A ering pewtem b Tigiual

high in residual magnetic flux density in conparison
magnefy 1Saifd i Glenishit Ypdwdsomplagisen aridh Iseiiny Hioh iBr

intrinsic coercive force in conparison with said high
poiwde rpedesengl,enent and nul tiple internedi ate powder

el ements fornmed of nultiple mgnetic powders used for
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mat eri al properties, in a state in which said powder

maghemert S ieled I dRged Mg}ﬁ”ﬂnlnr@ﬁ&ﬁéﬂ hAshdeia rfilux
cavity and, in a state in which said nultiple

deh%ﬁ%&”ﬁ%’%&@@%@%gﬂ' #iﬁﬂ“ggfﬁeﬂ @'§m9ﬁ§g%3§£m§fagent and

said high i HC powder el enent sald
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ssing neans or msali COﬁpOSI e Cco
Saﬁgeheig Eﬂe mat r&al % Eirtles of said respective
c TFoRGEFS TuES &85 multiple internediate
pom%ﬁ&tggigeg%termedlate powder elements formed of
multiple magnetic powders used for said intermediate
elements and different mutually in material properties,
in a state in which said powder elements are arranged
mutually in parallel inside a cavity and,
in a state in which said multiple intermediate powder
elements are disposed between said high iHc powder element
and said high Br powder element, and
by integrating said powder elements using pressing
means to form said composite compact, wherein
the material properties of said respective magnetic
powders used for said multiple intermediate powder elements
are set to properties in the combined and integrated state
of said compact element such that
the respective intrinsic coercive forces become lower

sequentially in the direction from said high iHc compact

element to said high Br compact element and such that



are set to properties in the conbined and integrated
state of said conpact elenent such that the
respective intrinsic coercive forces becone | ower
sequentially in the direction fromsaid high iHc
conpact elenent to said high Br conpact el enment and
such that -127- the residuall2vagnetic flux densities
become | ower sequentially in the direction fromsaid
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ank.b conbining and integrating: a_ high iHc
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belng high in intrinsic coercive force in conparison
cl@MeRtatAi §A1Er héghpaEe ePBRBRE &A@mSaitng | ow in

resi dual magnetic flux density in conparison with said

high Br conpact el enent and said high Br conpact

element that is formed of a nmagnetic powder being
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with said high iHc conpact elenent and being lowin

combihingi andoenceyeatonge in conparison wth said high
i Hc conpact elenment to forma conposite conpact, and

by suRigeting sahdaceMPPshLArCRARACE st @o%égt 'bg a .
wor ki ng to provi de magneti c ani sotropy, sald plastic
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n‘p05| e conpact nto per manent nmagne
comparison with a high Br compact element and being low in
residual magnetic flux density in comparison with said high
Br compact element and

said high Br compact element that is formed of a
magnetic powder being high in residual magnetic flux
density in comparison with said high iHc compact element
and being low in intrinsic coercive force in comparison
with said high iHc compact element to form a composite
compact, and

by subjecting said composite compact to plastic
working to provide magnetic anisotropy,

said plastic working being extrusion that is used to
extrude said composite compact into a permanent magnet
biank having a predetermined shape, wherein

an extrusion direction at a time of said extrusion is

parallel with an alignment face of said high Br compact

element and said high iHc compact element of said composite
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bl ank havi ng a predeterm ned shape, wherein an

extrusion direction at a tine of said extrusion is

parallel with an alignnent face of said high Br

conpact elenent and said high i Hc conpact el enment of

said conposite -128- conpact, a direction of

flattening said conposite cdml8act is perpendicular to

said alignnent face, and easy axes of nmgnetization of

sai d, permanent magnet blank are oriented in said
COBPP&ETi on perpendicular to said alignment face. 6. A

nmet hod , of producing_a pernmanent magnet bl ank by _
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that is formed of a magnetic powder being high in
pPerpepPhsHé agodrcisgd df gldenmentcdmpgani 08 with a high Br

conpact el enent and being low in residual nagnetic

fl ugadgnsites i wiconpamesomiwiem od dshigh peBmagenachagnet

el enent and sai d high Br conpact elenent that is
blaakmadeoform emmgheinh cspovden reeitAgnhipgirdandiesildal to said

magnetic flux density in conparison with said high

ali femeampactegl enent and being low in intrinsic
coercive force in conparison wth said high iHc

conpact elenment to forma conposite conpact, and by
subj ecting said conposite conpact to plastic working

to 8(0%?%%iﬁ%@ehkcﬁ¥§dﬂg¥ﬁ¥”% permanent magnet blank by
combining and integrating:

a high iHc compact element that is formed of a
magnetic powder being high in intrinsic coercive force in
comparison with a high Br compact element and being low in
residual magnetic flux density in comparison with said high
Br compact element and

said high Bxr compact element that 1is formed of a
magnetic powder being high in residual magnetic flux
density in comparison with said high iHc compact element
and being low in intrinsic coercive force in comparison
with said high 1Hc compact element to form a composite
compact, and

by subjecting said composite compact to plastic
working to provide magnetic anisotropy,

sald plastic working being extrusion that is used to
extrude said composite compact into a permanent magnet

blank having a predetermined shape, wherein



said plastic working being extrusion that is used to
extrude said conposite conpact into a pernmnent magnet
bl ank havi ng a predeterm ned shape, wherein 129- an
extrusion direction at a tine of said extrusion is
parallel with an alignnent face of said high Br
conpact elenent and said higl9pi Hc conpact el enent of
said conposite conpact, a direction of flattening

sai d conposite conpact is parallel with said . '
al i @ﬁ’hﬁ%l?ue?dé’“aﬁdrp?&tﬁéﬁﬁia&ulaartltﬂt? s Pakskigisivnion is

direction, and easy axes of magnetization of said
P et thagieta L sirasia tarfe asr icdhtssdid nhisgh Buli ceepd on
parallel with said alignnent face and in said
e ldimeadt iconl perdpeidigdulidic towmgaict ebdmarsi onf daBttdamposite
compact,

a direction of flattening said composite compact is
parallel with said alignment face and perpendicular to said
extrusion direction, and

easy axes of magnetization of said permanent magnet
blank are oriented in said direction parallel with said

alignment face and in said direction perpendicular to said

extrusion direction.



