-1- [Docunment Nane] DESCRIPTION [Title of the

I nvention] Methods of produciﬂg conposite conpact for
per mmnent nagnet and produci hg permanent nagnet 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

[ pooduenhgName pnpas IGRIMEACt for a per nanent magnet
and producing a permanent magnet bl ank using

[TatBee@rt bhaetabentmbani al s. [ Background Art] [0002]
Conventional ly, for exanple, pernmnent nagnets have

beenM@@ﬁgdgOéfnﬁgﬂgﬁanE'@bﬂﬁobﬁtéoggm l?%Erb%r anent
notors, electric generators, etc. (fo exanpl AC

mE§EYRMDLA ;0 SYDRRT A0OHS IR OLS. ,31eRRLg Mot or s,

ors syncéhrono g8 genérators) . Wt h
o th ermanent magnets bei ng used for

fESREECal A
% 3l Bt f ﬁ is widely known in which rare-earth
materials are subjected to plastic working to
il

ce a permanent magnet blank and the pernanent

magnet bl ank is magnetized. For exanple, the method

of pFedueragent perianeaenmaghetesl dnkneitbobssed producing

Pat ent Docunent 1 is carried out as described bel ow. A
a composite compact for a permanent magnet and producing a
permanent magnet blank, more particularly, to methods of
producing a composite compact for a permanent magnet and
producing a permanent magnet blank using rare-earth metal
materials.

[Background Art]
[0002]

Conventionally, for example, permanent magnets have
been used for magnetic fields in some of electric motors,
electric generators, etc. (for example, AC servomotors,
synchronous metors, stepping motors, brushed DC motors and
synchronous generators). With respect to the permanent
magnets being used for these, a method is widely known in
which rare-earth metal materials are subjected to plastic
working to produce & permanent magnet blank and the
permanent magnet blank is magnetized. For example, the
method of producing a permanent magnet blank disclosed in

Patent Document 1 is carried out as described below. A



_Z material containing rare-earth and ferrous netals
and boron is nelted and cool ed rapidly using the
single-roll nethod to obtainZa strip, the stripis
crushed to obtain a powder having a predeterm ned
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

mh@e@i@@U@@n@a@ﬁ@néhﬁﬁ%gmgﬁﬁQ%ra%@VW%&r@usp&%@%ﬁ%rEh@e%oron
shape (also referred to as a pernmanent magnet bl ank).

i S neecbhe Rar rBACAL Magnah Jlank pft%%“%%tg‘i%' '?:%llt 'Eh%thod

nmet hod descri bed above has mag ne

d
“Rnop kR I OFFEE BRel REUTRLAR. hbel®, ?ﬁaﬁ&ﬁ@lﬁagn&mer
excel |,ent netic properties. [0003]

bei n .
h 8%t Bt SOERRERE il gl inede. FIPERE “AppPratitn noadsr 1o
qun Publ j cati on No. FEI 9-3. 29463 [Di scl osure of the
CPRRBRERBNPY[ PPOBI BHLES 1PE  s6MPIGCHRCt i hefeBtiessing so as
[ 0004] When a permanent nagnet obtai ned by magneti zi ng
ta hevavenbishafepeinanent fughserblsabk casededquestledtis
exposed to high heat or subjected to an externa
woehtgget o zprodncef bekdpethuped memderensvioRMaNt in
whi ch these are conbined (hereafter sinply referred

ptedaserexposedhhpehighsbeakreirrebin@ ol bke's ordinent magnet
description), denagnetization due to the

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 1: 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 (hereafaer 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
hihEever gehkendenBaRelnZ Aol cb¥ nenkareimel enetic field
intrinsic coercive force of the permanent nagnet. To
o8NHBRSENERS ZLRLLINGE GALhGY eofRi 68 Al Jraft8re sl LD
based pernanent nagnet (for exanple, a Nd-Fe-B
(Rermagent mRANel qr 3.0 e B permmnent. mang), he
coimpositiori of thée-“rare-éarth ‘el efrent's 1sincreased so
that the rare-earth elenents are rich, or part of Fe |
SPB2onthErPEitR] Rt o 0P athe OfalTs SEBRIGR gagnet in
i ncreased, . instead of using stoichionetric ) )
acehpdsi PREACOr oMNOXERY dherRdipe 4B oL Lepy fe deferioration
“however, these nethods are [imted in effect. Hence,
1papergprgnee - Prigncehegenesadyt haebenphegsmepgure is
substituted with an elenment that is used to inprove
teken Lot piresentcdeneinwes sfibvlee desagmeas. Zyt iam Hy enhancing
(hereafter sinply referred to as "Dy or the like" in
thbi sndeseeipt corRkrcividoRmele, dfhithaidiathlas hRnet.
followi ng problens. More specifically, the el enents,

suchrasetaded e 308 MEIMc SHRERSIVE £ ARG RAT RNGMe -

magnets for applications that require high intrinsic

oGP P A GHOERERAL L TRIER 18 SRR L d He
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,Fe 4B or PryFeysB); 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 Tb (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 Tk, 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 defetti ve 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

alohcoghensaie tertkhe LpwtreBkbdualriABEBEtbercikéX force is
density, thereby resulting in a vicious circle of

r&yééaeﬁskﬂ?r€ﬁ§iﬁgt58§ egsgueét&BGtEshpﬁﬁﬁﬂtD§H%@e%%; the

Mor eover, the increase in the anount of the pérmanent

" f Ki . N
m%ﬁ?@ﬁt?ﬁé@@%gétﬁvgrﬂghgﬂgg B k@gléegﬁrﬁgggg%ﬁngépx

ermanent nagnets are Incorpora

' LZe ve in recent. years, requests.for.
s R che BN b 4o Pec e THUTRRE oty SaubHedbbans
after,year, . and er manent. magnets are required to
YRAEFYYaf | L RRESr *HOBBESOTT BROPEEI St AREE  aghi ASt IRegHtable
tenperature and for reduction in weight, size and
LRyt thepBeunpep fundat chugpanetar shepaelaasi gl yequired to
requested so as not to cause irreversible
belehagnet sgdt toncevpanshba fsedtha anwemeshdos@ninaighetic
which they are exposed to high heat for exanple, so

fhasttdehaiey, redocedyampsnt 8inh ¢hepent&iosuckias 1By of
and Th, and so that the nagnets thensel ves are nade

FEOIREet in&BOISIng APnebLest 8F the Bé%ﬁﬁﬂ%nkn%%ghk%%.is
to provide nethods of producing a conposite conpact

M PECRe PET PO M crease 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 sc 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 nmagnet being excellent in
magneti c properties when the’pernanent 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

mpgneanent prgaetihg HSedrmAnafteRMMigh@RMBNnkn thalti Gan be
the magnetic properties thereof are adversely

udéfiegted, %é PhaB¥ARPhEgnEYEBWAGN kDG 1RSHIRASN I RANS

obt ai ned by nmagnetizing the pernmanent nmagnet blank is
p§5€8§€9egowﬁéﬂhtﬂga erﬁﬁﬂ%gﬁrmgghg%tﬁl%n&p LR e the

nmet hods of producing a conposite conpact for a

t and _producing a_ permanent mnmagnet

B TR e BRaeSE BPouRaPY 52 e Prmone s tedgiat Chitsrme and
v aying a?high in%rinsii coercive force even when the

foulit? oPSus8eBr “By 6r PRE KiKE PRYIRE WHdlle the magnetic

ermanent magnet bl ank is scarce. Other objects and
PoARaht hgesOiv Fhebebene pasmepenippagert heeMlbvhsleteriorate

drawi ngs and the follow ng description in conjunction
eygerebfnhth¢ BPesoanefitt heghptensi askd [(00@9] eAvironment in

descri bed above, in the present invention, since a
witboposhe ensgnpact Erbperaiper mhaeab fmagreta dve fsenned

by conbining and integrating a high i H conpact
affesead, Ar@pdexample, 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 magnelt is formed by

combining and integrating a high i1Hc compact element A and



-6- a high Br conpact el enent B, each being forned of
the above-nentioned magneti c _powder, the pernmanent
magnet bl ank F can be used a8-a per manent magnet
bei ng excellent in nmagnetic properties by magneti zi ng
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

aneiyndart Q0hPact! Blagdedhti BN, eblht BR iPGe FRHmealdN WENLIHAN,
since the conposite conpact E for a pernmanent magnet

ab@véoﬁgﬁglgMedcﬁﬁah@%E@ 96%db%teg%%tb%an%%nQ'Qﬁg'gg blank

conpact el enent that s forne a magnetic

g h,in f.orce in
P et e ?hégkfﬂ‘aﬂ%é‘& RSk PooRane s Lng in
o sidu |c qux density in
nESh08: 0 CERORPERTEReDHi BROBR CGipe thel SRERENEN afd e
11ﬂg E Er conpact elenent B that is formed of a
'3 23pevdeP MBebePRFeRMGRLIATPEsICoNRL Sgnampact for
flux density in conparison with the high i H conpact
@ dPeremrent BAANBE hy Powevnsimiiliprsite tbetcinfe ther ce
in conparison wth the high i Re conpact el enent A,
Comenn bl gee hamehhodmagnet obt ai ned by nmagneti zing the
above-nenti oned permanent magnet bl ank F based on the
[@bb¥Ee- nmenti oned conposite conpact for a permanent
magnet is used in an environnent in which the

PELBSeeATegoR) L8, S4B BRLAL 0L egkgh, Ukt
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 iBc 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 i H conpact el enent side of the
permanent rmagnet is hardly subjected to irreversible
demagneti zation by di sposi ng7t-he high 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 whole pernmnent

thagnehehanghy i det eoin@hales licheMRIREHC S QPRY L ﬁyﬁi
that the permanent nagnet can be useg for a |§ﬁ§%ﬁ e

mﬁ@hb@diéshér@?&”@ﬁ%@%c@%@n%% qgg%ge%éqgl%quﬁégaqﬁg%%xion

magnetic propérties. [001 rthernore,

hg ; 1 ha he .per ent _magnet, hardly
b%e?é%?%&éb?ngh%ngl gngﬁiccﬁF%ﬁéﬁtF§§m§H& %égqN?f the
Lent in gnetic properties, can be used for a

oS PR mBEP PR R CAeEGred SBsHE0 Sunbe amdest or the
1€ nposite conpact E for a permanent magnet is forned

5§eca i RYnYSaRE thet BELEGPRG L HaJRe§h | Beneerpabe

el ement A forned of the nagnetic powder Ma bei ng high
PERARERAERENBRENEbei i ¢éfRotdee dud inkge ulsiegh nBrt hednpdet whole

element B forned of the magnetic powder M bei ng high
pehmprenduabgnaynebrdllyl detdedsivhyest he rpu@senlc properties

i nvention can provide the conposite conpact E for a

apernhaenthengeehabbat inSgebar aehebeZ0des0 a3 10 B8y 1ife
hardly subjected to irreversible demagneti zati on and

p?g%?%]éQ Bepebhghehd hgghdvabeTRgNELIC hlt deNSliMetic
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 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 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]



-S- Moreover, since the high i Hc 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

I|keMbmebb@rwh@hﬁcéoﬁﬂéshﬁ%hcQﬁ@a@bm%ac&o%l%n%%&“@ﬁ%ﬁkmed
magnet is scarce, whereby an econon1c effect capabl e

@ftﬁéoﬁéghﬁglEhBo%ﬁgﬁoﬁbt%eﬁﬂ g 0% r@ 4 %HQPQ$§§rc1ve

magnet béing high in |ntr|nS| rcive force at
f89§e b OBLa,08Q fkgoégkt g%lkhgfuéPH%N§4§%4%£i§ compact E

resent i nvention n on
ate act el nts C fqornmed of netic
fbgmgeggg FBF FRAEHC el EdPAFEOS & ReofEEPaGTe 15
éntr|n5|c cqercive forces of which becone | ower
aaaem-’WF th thetdereepsaier Panrrhdhgbdvdensiodsednly
gh iHc conpact elenent A to the above-nentioned -
bﬁl@ﬁe@ratcbﬁﬁaﬁﬁrélen%mtsawaem@ thet r thé dempunhgnét ise of
flux densities of which becone | ower sequentially in
expengivecbyonrftbem like abovkenehbilenedmpiogh tBr conpact E
conpact elenent B to the above- nentioned high i Hc

foonpapérehserot mAgnateidi spased, bghweeny bhe ot
conpact elenent A formed of the magnetic powder Ma

eigeedgg bhghoi e bat {3!1:8%&91ﬁeef:ﬁbv%ofn8[3%€it%n% Hg% \A&h'ﬁgk%ar a
npact el enen forméd of the magnetic er
permanent magnet being high in intrinsic coercive force at
low cost is obtained.
[0013]

Still further, in the present invention, even when cne
Oor 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
iHc 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, whereby%an econonic effect
capabl e of reducing 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 followi ng description. [Best Mdes

bEORgCALEMI RE UL LG 1! RYeRkkAD) flb%o%%]nsli@gpd't'ﬁ%“ ahount of

according to the present “i nvention w | ‘descri

uQ@'BE’EEEGEEbUQ ﬁgnkqgngEaQ&%%%s @ %i%lke is

ters regarding theé practi presen
ion mnl be_descri bed referrin 0,
QMSE?G wEerg ’F‘Pgﬁ?gnofﬂllﬁste%faftecﬁg %pﬁ&lﬁo@ 'of":‘:"dtuclng the
g g % Eg ﬁernanent magnet blank F, show ng an )
“8x B GATBASERE CPBPRRReHt IREgReP BIEMEE MRENRE 1S
nagnetlc ani sotropy is produced by sequentially
atyBj ebtphged- powder elenent 2 formed of a magnetic
powder Mto cold pressing, hot pressing and plastic
mork@h@erhﬁﬁéeatsZofnLHEGprb@&htd&aN@mauea arildl erenime

obtained by filling the nagnetic powder Minto a

egaviyyappateshowndn thet Heldbwiel aecdrdppriess and by
form ng the magnetic powder Minto a shape adapted to

[Boet i nogssshapecabrihgg 6aY kthe ThivedtsJgferred to as
the "powder elenent” in

[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. 1l(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 nagnetic 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

ClLeiaki, NDebokhpkeohr QRUC O Wi AR~ HUeNENed o fdrAKY nvent ;
ri bbon and tth rapid-quencﬁggbfﬁaky ri%%&ﬁiﬂs nyention

(eeWshedet-0rarRoVEEr thavisng ya mg I78d 9r3l (it er
wd sag a

The magnetic powder Mis used eneri ¢ nane of

powd t Ls.general ly,produced by using the above-
nent?%ﬁe@gég%g}gaggﬁagﬁdeéFrgﬁgdﬁg%ﬁﬁ§S BorBiy Wi means ;
terials, the all oy conposition of the magnetic

P TRE 0 aF PBUS2BORBGS PGS s A SPyG b daats samethod
.used, For _exanple, Y and |anthanoid can be adopted as
1P a¥eiear PRLIE AR BPE AL Abadnreular neldingr a Dptand alb

or a mxture of these two or nore kinds of netals can
Coatatbphedrprefepabhy andrfieriomsoret afe, aGal dwrddd ican

be adopted as ferrous netals; in particular, Fe and

JChted aunhi shtiveaototheseqt wollnebals garebe adepieduenched
preferably. Wen necessary, Ga may be added to i nprove

fphlagt ttbwon kahdl thys(peevartiencBka ¢nacki R bnNunEr al
3in FIG 1(b) designates a solid matter ™ fornmed by

cEOSREGSELNY bHRaRSWHEL : RLeTBRL o2 1USINg /& knoun - cal d
pressi ng neans (for exanple, at” room t'énperature 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



-11- face pressure of 200 to 300 MPa) (this is herein
referred to as the "solid elenent") Nunmeral 4 in
FIG 1(c) designates a soli~dlmatter forned by
conpressing the solid elenment 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

fetenppéspurbebrepoh kB BLG mbhY) tﬂ@%‘gﬁah%Qean referred
per manent magnet bl ank that is forned by subjecting

Ehgsh d y m 4 t [ r g r
B dEUR et R kel € aekisg 1 (e

oyt u (ELG  A( shows _a_sing
d%%%ﬁaéﬁﬁ T A R TR R L Dt S R
eggﬂ ation 69 %f theh whol e gernanent magnet bl ank
af i gRétd%af oi§ Y ReMOEnPEKHBLYE Hffreéétlpanm(staﬁé (for
X-dlrectlon% t hereof, and the per manent magnet bl ank
S¥EPnRgneti L7 aRFBBEPBEY S FoE 78Ralpl 8001 Re aper Radante
magnet blank F is forned of the above-nentioned
PRegRet e copovder ty 380d¥Ber i Hebiaboseheseipersdrened to as
magnet (not shown) is obtained by magneti zing the
tiper Mabentdemghey blamknE"ysi ngeat &nomwnimerhod. 1 [8P15]
Next, an extrusion die that is used for the above-

da&mﬂ@m@t@@l expeurbaanw hhgherdpsahkbedatFie rdrilewsan
extrusion die that is used for the nethod of

s e@g%ﬁ@atﬁg ReGAROEAS 1F0aeknBhANY ko 80d:2cl By
peréed hol uni f y size

(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 ¥ 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.
[00L15]

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

FIG. 2 sheows an extrusion die that is used for the

method of producing the permanent magnet blank ¥, and a

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



-12- through hole 76 are fornmed in series in an
extrusion die 71 nounted in a die holder 70. The

hi gh-density elenent 4 is exttruded to the t apered
hole 75 and the uniformly sized through hole 76 and
formed into the pl ate-shaped permanent rmagnet bl ank F
by pressing the high-density elenment 4 nounted in the
t hrough hole 73 using a press punch (not shown).

th0046h héseundepstandahlbe fihorekkES. 18(ah @&%r%@ﬁbn die 71
t he above- nentioned extrusion die 71 is forned s

nbiatelihenhhohi cdgRIhkY Qbeneﬁﬂe4h §e§§9§§ Ef@ﬁéﬂ@ 4 is

(extrusion cross- Section) perpend ar to

op.difec ct.iqn, of arr w7
oFEELyeL 3#58 FaBRebh Bopd) Tt REY s Brn BRERE el o
ank, F_hav a r.e ngul ar pl ate sha ed cross

eBL B0 onOT K 1 ek Eparene Ttk FhE: PORT P reP AmRgTanent

I S Iongfr than the thickness (in the X-direction) Ti
mEHBPROP AR Bt REr PREFEINJashEl §édlindersiandaBieactiton

FIG 2, the extrusion die 71 conprises an entry-side
ngpeted in thRi shrenehabove- méntiséned at breggh phvlcd 130t

extending in a predetermned length in the extrusion
skhovettion 79 is fornmed and a fornming die 74 which is

di sposed on the exit side of the entry-side die 72
[@bdein which the above- nentioned tapered hole 75

communi cating with the through hole 73 is formed, and

the aboygqERBtEAARH I HNELBRTRYGEI Z2804) 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-menticned 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



-13- through hole 76 comrunicating with the tapered
hole 75 is forned on the exit side 74b of the form ng
die 74. [0017] The through'hBﬁe 73 formed in the
above-nmentioned 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

tpeppghdh@mbaneth@mmba;@@@iw%am&xheQ%élﬂd@dﬂ@a hole 75 is
thi ckness T and the wi dth of the above-nmenti oned

fﬂkﬂad gﬁ”%héVeﬁh%”@&He 7 4HE3RCRhleV @loYm 1 iad J1Re 7 4

|gh density elenent 4 is nnunted into thhe through
73 along its length direction (the Z-direction
perpéndicular to the X- direction and the Y-direction)
whi | thic Lrectio din the
x--dffPsc?Paﬁ WGRARPLS VPAER-NGR dix B PLCH gidd iaped
he Y-direction, Furthernmore, the uniformy sized
eFﬁFBuﬁﬁdﬁopée732 f£8r kBAMGA {RECeRi Fesitd@ R Biveh that the
above-nentioned formng die 74 is forned into a
diBepahgupapishipecsosh-shat ivhe pedipeensicodarofd tthe
cross-section perpendicular to the extrusion
egfresibondi9echivhe7%- dinr ébki GrddmécttienYandi téet ivon
per pendi cul ar thereto are equal to the di nensions of

dihectioaspsepthanc(lihe eXkidsboRrer 9$3rS8CH@A to the
per pendi cul ar to the extrusion direction 79 of the

tReERReest Tnagaetnbl ankich Whate ic$ePt %%%%@%éﬁ%fQH@MWHL h-
FIG 8(b), that is, the thickness and the w
dtRBEOf e1ement 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 intc 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 bklank F that is produced as shown in FIG.

8{(b), that is, the thickness T1 and the width Wl thereof.



-14- On the other hand, as shown in FIGS. 3 to 6, wth
respect to the tapered hole 75 forned in the above-
mentioned fornming die 74, tkhddentrance 74a thereof at
the tapered hole 75 is fornmed into a rectangle (the
dinmension in the X-direction is T and the dinmension
inthe Y direction is W such that the dinensions in
the X--direction and the Y-direction are equal to

thosg,i P hstﬁﬁfrﬁéﬁepdgggsgggﬁggw ag0f st he through

hole 73, and the exit si the tapered hole Is

régéé@g Lot o8 '&%%%Qg“[qa&es%p%o&%% 1§ @BRsi.en,jn the
-diféction'i's an e di'mensioninthe
Y-direction is W) ,such that the dinensions.in the X
no T eREF T RHT PRt Ed Rec b iGN ChtaaaqEa ito HRGSOL AL the
the corresponding directions of the uniformy sized
CARPBRGNRChRBI 5785 FRrEaEdi EnER, at Fectapered (ibice dimegngion
_tapered so as to be narrowed in the X-direction (see
ir Ese 2(d)rantiay iand expamdied dimemisd oy dity gdyd o
(see FIGS. 2 and 3) from the entrance 74a to the exit
diidet ¥db. idWe spebi theal ke theechisjlordersi thheelXenEmection
4 having a rectangul ar cross-section and extruded

angi tiget hedexteusbanardi eqhill gonahoewed n fdrat tened®sgddhding
the X-direction and expanded in the Y-direction as

ashempibAsFLE tKe WREHLERY hhge Blat @n3hapRd HEHTANRY 74b of

magnet bl ank F having a rectangular cross section is
oA Eagoc ki ALORT (PRt SIS qrpve (one
afRLhoYEd (hahtenedh 2hiihE YOk HE A iod ' ene
Y-direction is W1) 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. In 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 & direction in which the high-density element 4 is

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



15 direction is a direction in which the high-density
element 4 is expanded at the tine of extrusion. In
this case, the permanent naghet blank F is subjected
to magnetic anisotropy in the X-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

dm@@tgwgnca@ he 4§ 3LLik§d 0 fnh &#%H@ sk«  glement

el ement 9. I'n addltlon ove nentlon ent

74 f i.e 7 forned SO have
453§ ggphgggdogénkgg gﬁ%&e%g; % g“@&f?%spgﬁd%ﬁéstﬁ?gﬁghthe

hole 73.and to. e predeterm ned | ength in
SRR S g ST IR Sk v S P L

bet ween t he entrance 74a and the |ncI|ned face is
a’f‘bﬁ\fﬁao% a8 thendveizestiivsd fade rhadiengaxdmun

predeterm ned radi us of curvature so that snooth
Cﬁmﬁ§??élomoﬁkﬁﬁgteaﬁ be carried out for the

h-density elenent 4. Furthernore, the exit side

{@Q%8éf the tapered hole 75 is snoothly continued to

the uniformy sized through hole 76 so that snooth

pl asthe wapkisg hslearti ed ewk for thke hinghsrdersidsy its
el ement 4. [0019) The respective dinensions of the

T hrough hol o 73t A o SERERRg) BT L gPoth plastic
w@fkiﬁ&”EanbéegaEQﬁgﬁgBuQO%%r7§h%fﬂfaiJﬁgﬂgf%fnelement 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
so 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



-16- die 71 in the X-, Y- and Z-directions are set so
that the strain ratio e2/El between the extrusion
direction strain cl of the pErmanent magnet bl ank F
that is fornmed by extruding the high-density el ement
4 and the strain 82 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

dnavrmg ihhehkhixcknegss Bk th&elﬁ@&tl%n\éV and sééﬂ%d fHHD the

LI is formed fromthe hi gh-density el ement 4 having

i h th
oS pe S o LR E L 209, 00K g M -
oFpEH, RSB BRI Ok b 2oy WAL heruang

ni si,zed hrou h hole 76 in the respective
4P, baerohenaivs gftﬂatar{%éheelszhflaéﬁ%l@e pin the v-

n gresented by the follomnn formula 1 is
ghi-P8heéd. 182fke mmg(ev\p/f\/\)o/ 2nEet ALy = preferstd. s 0.4 to
(fornula 1) wherein In denotes | ogarithm natural.
1¢ 602050 Byhertwdngst hehenr ahe paate-8RARGAWDERNANEhE
range represented by the fornmula 1, the magnetic
mpgoper bilesk Subthviag the Iteﬁioctm@ssmgr)ettilﬁa fdidh W1l and
density (Br), the ZH curve's intrinsic coercive force

thieHtrngod LheigaxbrRE LY thll edUel derBI YL eint 4
t he permanent magnet obtained by e€xtrusion’ are

hhﬂEﬁQVﬁﬂeterﬁﬁﬁbﬁl%%ub%%g%n%eg&1%%p%rHQ%QQQ.ét
magneti c properties of a permanent nmagnet pro éaby
thickness T, the width W and the length L as described
above, the dimensions of the high-density element 4, the
through hole 73, the tapered 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.

€/, = In(WL/W)/1ln{L1l/L) = 0.2 to 3.5 .. (formula 1}
wherein ln 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 obtained by

extrusion are improved to levels equivalent or superior to

the magnetic properties of a permanent magnet produced by



17- upsetting. Moreover, the magnetic properties of
the pernmanent magnet to be obtained are inproved
further by setting the strail¥ tatio s2/s1 to the
range of 0.4 to I.G More specifically, the nmagnetic
anisotropy in the X- direction is enhanced and hi gh
magnetic properties are obtained by making the strain
E1l applied to the permanent magnet blank F in the

uﬁééﬁh‘%@n %6?&66@9 byn @ R8kh &t 1 WOEKLPEr89HE! oFOrhie
strain a2 in the Y-direction. Hence, the magnetic

pQEfﬂQﬁEB'teﬁlaaﬁgt' R Bgegb‘tgéqug 'a'r%h%\mgg%t &ulher by

sett e“strain ratro e strai'n
above- ioned ra ge

E el is outside the nt th
ﬁ%ﬁ&?i EhEnpkietbpgaraot o br BBEI GARBS. Pt dndo ©-6-
magneti ¢ properties are hardly obtained. [0021]
[Exp@??ﬁeﬁ?ef]l g\ ﬁigﬁet F}E‘eafﬂlagf/lediéﬁ?t 51%5@&3:2@)55 addw x-
Nd, 5 mass%®%6 of Co, 0.9 mass% of B, 0.6 mass% of
dGéeﬁﬁéIOflhelfﬁ ePRil aResd @@dn@l@ﬁb@@gﬂeﬁapl prreewades are
produced by nelting and cooled rapidly using the
ostaghedr byl mathgdthe ebtain a; ragnetéd tstthe bavmagent
a thickness of 25 gmand an average crystal grain

madgaeet blank 6. Inntbe kessushunt RerEd.on s plagnet i C
strip was crushed to obtain a magneti c powder M

wBﬁ}éhHg @qhsmgfte %QZQQrmr el €59 e POVHEELEL SORN! Honce,
forme of the nmagnhetic powder M was

tHQnﬁﬁgh@g1Eygrg?5gtﬁégsgkgglﬁbfa%yatﬁﬁ“%ﬂéﬂﬂg§hégEj&Egree

face pressur

by setting the strain ratio g,/e; to 1. When the strain
ratio €/€ 1s 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, 0.9 mass% of B, 0.6 mass% of Ga and the remainder
being substantially Fe was produced by melting and cocled
rapidly using the single-roll method to obtain a magnetic
strip having a thickness of 25 um and an average crystal
grain diameter of 0.1 um or less. Furthermore, this
magnetic strip was crushed to obtain a magnetic powder M
having a length of 200 um 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



-18- 200 MPa to obtain a solid elenent 3 having a
thickness T of 36 mm a wdth Wof 19 nmand a | ength
L of 36 mMm Mreover, hot pressing was carried out in
Ar atnosphere 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

2000fP25tbi Bbtihe avenade enyslealt gnRivird ametecifess T of
the high-density element 4 was 0.1 mat this tine.

38hem! aki Qiaknt Regkuhls density ot A i@ alor dqNSILY
t her eof was 0.998. in Experinght 1,” the é?fect%gt t he

Méyéeb@rrah})eoﬁzéeg%ip S £%am.ned by o%&aggi'}% :%%gftosstﬁggér% at

ratio c2/e r manent Magnet

f xtrusiae fromthe high-density e nt 4
2 neo B ra ¥ rEehE EREDe. SPosz ot Fatiren it 2008 MPa o
shqwn in TabLes 1 and 2, the above- nentioned
Pﬁ?gH?aeﬁst sPEREAL Y4 ehgTedft Audey ing g Refsangular
extrusion die 71 in which the through hole 73, the
cfaperagcthsnreans Bavinpeaufibtfiekmepssized 3fr augh eholigith W
76 were designed so as to obtain respective permanent
ohnylermbiadks lEngEkafiplbd L5 mmahi Thet heetrbijeknegstil
after extrusion is 8 mmand the strain ratio s2/sl is

gbain ExanpterZofntwai BAghPeenStifdl B Ildldr® e2hak I65 1 wm at
0.2, Exanple 3 in which the strain ratio s2/sl is

tRid, tEKaplEnd e Wi 6h the BhIR Behdtt) 88/ ehe ikgal

0.8, Conparative Exanple 1 in which the"strain ratio
density thereof was 0.999. In Experiment 1, the effect of
the strain ratio g,/e; 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 1 in which the thickness T1 after extrusion is 8
mm and the strain ratio &/g is 0.1, Example 2 in which the
strain ratio e;/e; is 0.2, Example 3 in which the strain
ratio g;/8 is 0.4, Example 4 in which the strain ratio e,/g

is 0.8, Comparative Example 1 in which the strain ratio



19- E2/E1 is 1.0, Exanple 5 in which the strain ratio
s2/cl is 1.6, Exanple 6 in which the strain ratio
E2/El is 2.0, Exanple ) inwhHfch the strain ratio
s2/E1 is 3.5, and Exanple 8 in which the strain ratio
r2/fl is 4.0. The residual magnetic flux density
(Br), the IH curve's intrinsic coercive force (iHc)
and the maxi mum energy product ((BH)nax) of each of

ePRE NBaent o megRghs 1 ebtai pe th*ilﬁhrgﬂ%etsit?a?iﬂeEg% i%b%%a{dgggs 1.6,

per manent magnet bl anks F according to respec

EgXARPLeg LR Eﬂgc a@%ec%%@%fﬁnyégﬁg%ﬁgeaigrgd ing&%ﬁple 7

X- direction, and the resul'ts were s i'n Tgb

cFur gk e, .Tabl.e 2 shows the di sions of the high-
toRbPE) "EhE el 1R FA% Lond bt APnddpeRREnGHErALGNEL 1n
L apks, F according to Exanples 1 to 8 and Conparative
R b het st ERg0o3P ko ot Mupepatiube. OF1e HESHiGH HenssRgtic
_ﬁgengnt 4 and the extrusion die 71 during extrusion
A% 80081 tandBan 86 eodH IWpdvalls ¢ nirdes iwasossed. vas force
processi ng machine. In addition, magnetic neasurenent
(tdst safpFbs, maavmag eaewiogt Iprofdu®tmm (Bdl ) kenxgt b fofea8h of
nm and a thickness of 8 nm taken fromthe centra

pPporenens maghheswotthiaed bengihmediigely ene ebtdigied
per manent magnet bl anks F and nagnetized in a

papgastht khghdtobl3nksMR LBcoMrieMted ther Hh@ective
speci fic neasurenents of the magrietic properties of

oBfpLESPeRt e sRREMBARNY (TRANCLDIARKS G ACC NG Lo
anples 1 to 8 and Conparative anple
aFHELPESADT Snat DReMBERGELE were shown in Table 1.
Furthermore, Table 2 shows the dimensions of the high-
density elements 4 and the obtained permanent magnet blanks
I 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 § 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



-20- properties of the respective magnetic measurenent
test sanples having been saturatedly nagnetized by

t he above- nentioned nagnetiz%@fon wer e measured usi ng
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

pirdpelie 1¥sdiore @O «¥pddie @y a??%tlc{ Q%%%]uﬂeﬁf&{te ddst
Strain ratio Br il-k (BH max / C MA/ m KJ/

SRR e a1 &f%a%aﬁeﬁie e
2 1 201, 1,2
ER TS “%ﬁgﬁ%% PRYTYL PR &an%?af%fefefdf@of
0 3.285 1,15 1.25 2 Ex le 6
pefihe, B0, PR .8 LIS 23 250 Samle,
7.2 Exanple 9 110 1.46 1,21 4 2 2 Exanple 10 1'0
mfaggrfmfﬁtgggst[@@ggﬁe @fcordlng to Comparative Example 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.

(0024]
[Table 1]
Strainratio] B iHc (BHImax

1 MA/m KJ/m?
Example 1 0.1 108 {128 235
Example 2 0.2 1.14 1122 260
Example 3 0.4 135 121 380
Example 4 0.8 1 .41 122 382
Comparative Examplelf 1 .0 1,47 122 428
Example 5 1.6 144 | 120 401
Example 6 2.0 120 1.23 285
Example 7 3.5 1.18% 125 284
Example 8 4.0 112 1128 250
Comparative Example2| | 136 11895 372
Example 9 10 1.46 1 21 422
Example 10 1.0 143 | 122 4086

[0025]



[ Tabl e 2] High-density el ement 4 Permanent magnet

bl ank F C2/ei Thi ckness Vthh WLength L Thi ckness
Wdth WL Length LI T (M) (nﬁ% ftrm) Timm (mm) {mm)
Exanple 1 36 19 25 8 21,8 98.1 0.1 Exanple 2 36 19 25

8 24.4 87.5 02 Exanple 3 36 19 25 8 29,2 73.2 0.4
Exanple 4 36 19 25 8 37 57.8 0.8 Conparative Exam | et
36 19 25 8 40 53.4 1.0 Exanple 538 1925848
[44h3el26 Exanple 6 38 19 25 8 52 41.1 2.0 Exanple 7
36_19 25 8 61.2 34.9 3.5 Example 8 3 6 19 25 8 6:3.3
[38336]4’ O[ E)c(x ﬁ@@ﬁ-’:ﬁén\é@t?@l@ﬁeg§4 PeffAn23A mhafkt EXOH € e

Fﬁ%*ﬁfﬂrﬁ%tﬁ%
obt ai ned in |& %‘fn‘%sa?n‘%l(m orglft??,il Tklé]émtsa Eildthcgﬁ {:E ﬁ%h t

ab nrigrmedExper ||E'| t ST T u:u
coﬁfamn Ldlegi’6 B° ek s gt 550 ﬁass %fdt-8p gg % 0.1
nmesBlemdldy,| @omss%ie (Go,26. 8D mass% af4 4By 7% | 0.2

mapsoaaf ) rarTTd bErTy—S IV

ThEErample =l ETA R T i S WA

hi phzaenst Yy & @nept 149 wgr e2 profluced | 7y8 [The 8

e [Jhkiair&t IPE e i per TarTe T et Ak

" ﬂf‘g;&migl PEe’ °F T T{P52E Sl 534 | 1.0
Example 5| 36 19 25 8 48 445 1.8
Example 6| 386 19 25 8 52 411 2.0
Example 7 38 18 25 8 61.2 34 .9 356
Example 8 38 18 25 8 633 328 4.0
Com%&;g?gi‘;ez 36 19 25 8 40 53 .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 ¢ were produced seguentially. The
magnetic properties of a permanent magnet blank F formed by
extrusion as in the case of the above-mentioned Comparative
Example 1 so as to have a thickness Tl of 8 mm and a strain
ratio &;/8 of 1.0 after extrusion from the produced high-

density element 4 having the same dimensions as those of



extrusion as in the case of the above-nentioned
Conparative Exanple 1 so as o have a thickness Tl of

8 mMmand a strain ratio c2/E#2of 1.0 after extrusion
fromthe produced high- density el enent 4 having the
same di nensions as those of -22- Conparative Exanple 1
were shown as Conparative Exanple 2 in Table 1.
Furthernore, the dinensions of the high- density
Cehhpaent 14caBdatpe colit aicned shenmpreniC omenelt blamkdmnple 2
according to Conparative Exanple 2 were shown in Table

i8. Tabhe extrmsioNe£aneeli ens anflehBeospesicf weﬂﬁtlaﬁd
of measuring the nagnetlc properties wer e the sane as

dkhaseyi B1eRXper M”EHH thel Q)%%%]lnelae)ﬁyte e%lte% V%wtto Srank

ext rusi on was taken as an exa aStI C

aEEBrHEH bn@o{npgrg%r xI u§t e eévek%:l an 5 Wltnaéfai}:éle 2.

nagnetl ani sot ropy ‘an

nown f cesses uch as upsettlng and
T PR Ngtar Bhuca bR aa rih Hs o Slbce MRt R
extrusion gs plasti ¢ working for providing the
MEBP HAMBAL ﬁa@ﬁgpeﬁllgni?rwpﬁﬁtﬁﬁéné’ﬁr@ dhies slanspyas dipse in
such processes should only be selectively used as
Exeeéssapy. IFurthernore, in FIGS. | to B, the formng
of the permanent magnet bl ank F by subjecting t he
[(8PAgle hi gh- density elenment 4 to plastic working was
descri bed above. However, plastic working simlar to
the Hbeve- iRNFIesedl pbasti exwenlking ¢ eham kowh

pl asti ¢ worki ng can be
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 the permanent
magnet blank with magnetic anisotropy, and such processes
should only be selectively used as necessary.
Furthermore, 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 I respectively corresponding



applied to other conposite conpacts E identical with
the above-nentioned high-deda#ty el emrent 4, that is,
the conposite conpacts E shHotwh™in FIGS. 13 and 33,
and the permanent magnet bl anks F respectively
corresponding _23_ thereto can be forned. (0028)
Next, FIGS. 9 and 10 will be described, show ng
exanpl es different fromthe high-density el ement 4,
thheetpecannknt foagret bl ank F and the extrusion die 71
shown in FIGS. 1 to 8 in the shapes of the
(boghRjdensity elenment 4 and the permanent magnet bl ank
F and the shapes of the through hole 73, the tapered
hol ey t ni oLy 4§ r le 7 nd .t he
forni%gtaigfgﬁ'oP %ﬂg é?t?ﬁgﬂo%%d?gggﬁﬁgﬁgﬁg%ﬁﬁﬁgné1
I QF e-shaped,per manent _magnet bl ank
g e Rt v e s SIS A
égctangﬁlar cross._section was described above )
PYefelPithg"e80°E 8820F £o28d the sraresdRRpéd peinaientn in
net bl apk, K F %pernanent magnet bl ank 60a) may be
Fg&%du et f ¥ ot at RRgRlagenrsicty thiee Reah —genvdvivn g lement. 4
%%Iindrical shape as shown in FIGS. 9(a) and 9(b). In
aRf hehe vibe Bsananenmeboepl bilenkhdpedd paenshente smaghethe
bl ank 60a having a thickness Tl, a wdth W and a
themgyh holées7axt thdedapeamit heleyl7isndeheshapedrnly sized
hi gh-density el enent 4a having dianeters D (in the X-
tittoegh i DO1ENT6Yadir etld A)rnand tdies BN H Lndi BxtP8sZon die.
direction), the dinensions of the through hole, the

tapegBhough 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 T1, 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 I (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/¢ = In(WLl/W)/1n(Ll/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.



hol e and the uniformy sized through hole are set so

that the strain ratio s2/s1 = In(LI/W/In(LI/L) is in

the range of 0.2 to 3.5, pré@%?ably 0.4 to 1.6,

wher eby the working- effect simlar to that described
above is obtained. -24- In a formng die 84 for

produci ng the permanent nagnet bl ank 60a shown in FI G

9, as understandable fromFIG 10, the entrance 84a

of tHe hagewrednold 8% isHad bradyivey iy Ronatanta magnet
circul ar shape having the same dianeter as that of

b hexhicgh- stensi iy elenent, 4a antiheRddlsidedddc. 10,
of the tapered hole 85 and the uniformy sized through

thel ent8anghouwld ol ke f QiR ifﬂhﬁe R cﬁﬁ%'cﬂ{l%éoea

shape having a dinension Ti. I1n the X-direction

fgﬁfﬂi@@is Ii?l@ OWa ICQ. r}phut & KY-Sg‘li a::p%c thl a%q%&ﬁ’leﬁd I Sgﬁeng% iiégln > 8 e@i, rn ga 3

equal to those o e ermanent

2 Experiment 3] The magnetjc properties of the
téggékeﬁ%e&dﬁ&“d?ﬁwy MG HE X it | e 84b
ghgﬁn in Table 1 as Exanple 9, the permanent magnet
°bI SHR BEPAGEEX PG d ™ fod (he Wyifardey shigrd through hole
hi gh-density el enent 4a having a dianmeter D of 14.5
8 fmPhauildn ﬁnb@f £z chrhrdied prosdiicew et hehagamehaving a
conditions as those in Experinment 1 using a magnetic
daipaygichalfilng nt i es el icenryidsint izonl as dihainofort B in the
above-nmentioned Experinent 1 so that the thickness Ti

Yaflt eecexbhysitbr S m@énsTOrNbeihd Rfudha: Stade rét ihe
c2/sl is 1.0. Furthernore,

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 T1 after extrusion is 3
mm and so that the strain ratio g/g 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



Tabl e 3 shows the di nensions of the high-density

el ement 4a and the obtai ned permanent magnet bl ank

60a according to Exanple 9.-2h-addition, a magnetic
nmeasur enent test sanple, having a wwdth of 8 mMm a
 ength of 8 mmand a thickness of -25- 3 nmm taken
fromthe central portions in the width and |ength
directions of the permanent magnet bl ank F and
3MRghetihked iffomh MRENQId fd180h.afi he? MViRe MRS S g
for specific nmeasurenents of the magnetic properties
18fotthe g4 IV k e k.E . accardin
PRt e s L L kg S L T

' ; H.t.racer. Q03Q]. [.Tabl £ 3], H.gh-densi t
2ol bt A et Bhd G0 T Aette Boed for
ngth L _Thi ckness Wdth WL Length (nm (mm Ti (nmm

S%%ﬁ?%&f Py Y TEREMSSe OF TS gt o@rpneytges pf the
%0031 . Next, an exanple shown in FIG 11 and
LarPrereNt PREFMANCRE Haghededdiank 4l emmmrdirgnda xanple 9,
per manent magnet blank F shown in FIGS. 1 to 8 in the
a3fapbs BRashschieghs densi toprraleehentt 4isdndy ttheH tracer.
per mmnent magnet blank F will be described. As shown
[PB3F1GS. 11(a) and 11(b), extrusion is carried out to
forma permanent nagnet bl ank F (permanent nagnet
[béiab& 8Qb) having an arc-shaped cross section and

High-~density element 4ipermanent magnet blank 60a ca/e
H
DiameterD | Length L  |Thickness [Width Wl Length
{mm) (mm) TL (o) | {mm) |Li (rm)
Example 9 145 225 3 283 { 438 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. 1l(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) T1l, an 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 length (in the Z-direction) L1




having a thickness (in the X--direction) T1, an arc
length (in the Y-direction) WL on the outer
circunferential side, an artzﬁength (in the
Y-direction) W2 on the inner <circunferential side and
a length (in the Z-direction) LI -26- fromthe

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

faomittieh hiigh -t Y] reacdniay) W andriand eNHde{diyd e cross

Z- direction) L. Wen the extrusion is carried out,

skhe idnens MRS i0fy d he tdhrpugh Qﬂ{ etﬂ@é)%-—%?i%%ﬁ%&l‘g)? T, a

hole 75 and the uniformy sized throu

L he pext Lusih.an i | d.only b et that the

“strai )ri(Hrnaftih% gg/ag'f%gc{llir? )({%A aﬁpcs\f) /ﬁf)rﬁ%)n/ LIS 4
Is range of 0.2 to 3.5, preferably 0.4 to 1.6.

d Fﬁqgﬁpg étting, the working-effect simlar to that

deschhgedégbove referring to FIGS, 1 to 8 is obtained.
The Inétifc CEHISSECpY- iGeedtiiash woft it Hdrpetimmrenitons of
magnet bl ank 60b shown in FIG 11 is the radia
ther EbEPYghpdogendidoultiie tapeinest dvod.e [1032K the uniformly
Experi ment 4] The magnetic properties of the
spepgatibnvughgnetlebl7dniof GOle ane rahowm ididTale@ild asly be
Exanpl e 10, the permanent nagnet bl ank bei ng extruded

sétosvt haahi ghedersitiy, elaeneNt, /4b-hayingya rectangul ar
cross section and having a

W2) /2y /W) /In{L1/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
60b 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 I 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 Experinent 1 using a7magnetic 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 ((WL + W)/2 is 40 mmand the radius

Rl of the arc is 40 mmand so that the strain ratio
teRfaknd Sk therore mda v,

di mensi ons o%nte%! hr[:lghl[pdsgrﬁrg{il't)e!% garrécgt 4 é%ﬁd( %]é tw)/e
:Qbtsq) e b 60b.according to
e £ (e AN, NE0hs 1 st ch it fbsge that

aml.e,_ .havi a w,dth of mmand a length of 8 mMm

tt%a esr?ffarlélmlia&gocé?ﬁ{?lallsp&r i‘ons in the wdth and

| eng Lrections of the permanent magnet blank 60b,
trim dﬁa‘i‘&dﬁ%%ﬁéﬁ}%.% Shaw e figesvienemt Bie high-
the arc portions in the thickness direction so as to
deavd by alsmatiedd ondy the drich imegheatd wexhént anagnet blank
magnetic field of 3.2 MM m was used for specific
cRbasGcorstitg d¢fo tthemmsgrid.i c Ipr epertiies ,of: tagnetic

per manent magnet bl ank 60b according to Exanple 10,
maac uremomEa SWse BN e @168l ed witlth Ust NY iy Bthd 2
tracer. [0033] [Table 4] H gh-density- Hi gh-density

1Bggraned sagl) et aeank: GRb @Jeer@‘mtrgalapc‘ﬁions 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)

giggggﬁﬂflty Permanent magnet blank €0b | g2 /e1

Thichmess'Width Lengthf Thickness|{Are Arc Length Arc

T (um)|W{rm) § L () [T () Iﬁ?.n?n*énh} %ﬂgn?nt:m}; 11 (mm) | Redius

R1 {mm)
Exanple10] 24 | 23 | 25 | 8 44 4|1366143,1| 40 1.0

[0034]

According to the experimental results shown in Table 1,



c

——

ictniess Wdth Length Thicknefl9 Arc Arc Length Ar' G
( Wnm) L (nm Tinmm Length Length Li (mm) Radi us

nn) W2 {m) RL(nmm) Exanp?®10 24 23 25 8 44.4 35.6
43,1 40 1.0 [0034] According to the experinental
results shown in Table 1, -28- it is verified that the
magneti c properties are inproved by setting the
strain ratio c2/el in the range of 0.2<e2/el=3.5 and
ieuritshefe viingieay ethdyy 3RS Nthdthe: Yridvrdadd s/ Supidved by
the range of 0.9< a2/el=1.6. In addition, it is
seetiikiged ihak. » e SRANPLL fo PLOPELL! 85,0318 TR OB, 4,93

the hi'ghest degree as thé strain rafio’s2
G0 N rore, .the permanent magnet. bl anks ,
aFlda?g%Irt &enjrg ltmloélr ItC?owsﬁe'par 2 i tl@(‘gﬁb’&ee_ etlrair{ﬂq?tin% HJ8 in

anples 1 4 0 are all. excellent in external o
tappggpgﬁbgfggh%ﬁ%ﬁ/%EguﬁredI?oa@%ﬁ?%?%neﬁte%%eﬁ?rlfled that
tg&proxi Lel¥12 mm at each of the |eading and trailing

d 82 I0F Hitre TSR 1S &618 oPawissbvier | thee dokadier) tdegree

the results of penetrant and eddy-current flaw
aget-B6t PéFatastrat iosgr faacbeanteisnteosal tor AcksFuethennbre,
observed. In other words, with the present invention,
the psrpenienitedhagat biemkenéhta cragrbigy hay Gyt ghe ive
magneti c properties can be produced by carrying out
Egrtiplisison that 2 :reX@adahgiles Nty adUGieidd @t ent in
and production cost. (0035] Next, an exanple shown in

ekt&rnd2 apdedihRiceBind MM required to be trimmed except

g3
3

—~

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 pblank 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

60¢ having a semicylindrical cross section) having a



the high-density el ement 4 and the pernmanent nagnet
blank F shown in FIGS. 1 to 8 in the shapes of the

hi gh-density el enent 4 and t#%-per manent magnet bl ank
Fwll be described. 1. A permanent nagnet blank F
(permanent magnet bl ank 60c having a sem cylindrica
cross section) having a -29- semcylindrical cross
section and having a nmaxi num thickness (in the

s&mdich@ehiaeAkall @ Alde dt ol i HE 1 G nddd8ufd
the Y-direction) W, a width (in the Y-direction) W

t@@cﬁc{ﬁ%s@t It g!ngl%thes'xd%l thlrb% Yo recti %g)( b])%}%rﬁl | &0 arc

i rection i FI

r.manen net blank F_(permane net m
ﬁ?&f‘ﬁaﬁa‘the”?ggéﬁtec&e&g S o T g 3 SLare tion)
ross ection . and having a ﬁHXIﬁUﬁ]tthkneS
i FBe PERPIBNT & O iy it N G adtetop) d.arr&,ﬁ o]rf)ngth
vm on the outer circunferential side, an arc length
((n thRe ZySdiresdtionn) e shwwheni fiér 1@ tourflereeme rpanent
side and a length (in the Z-direction) L1 shown in
mEpaetiplenkmiy (e ypeodudedidgram dolsingh-dehgiawing a
el ement 4c having an oval cross section and having a

cresoentaxicesd arettdom) havimj of dsscaitamtcdys Reditbn and
a length (in the Z-direction) L showmn in FIG 12(a).

hbRihBi 3 8a%emulhe nARIK g e(fn_fr?Q:theSNndﬁrecttg_drhatT] an arc
descri bed above referring to FI GS. 1 to 8 i s obtained

1?§gt§eéﬁhn§hthJaﬂF@E%l <ﬂf 4¥%f%%?ﬁf%f@htlal
pere hole 75 and the unlfo y sl zed throug
sz@e?fahh%rc 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 minoxr
azls 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 s/g; = In{{(Wl +
W2)/2)/D2)/In{L1l/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



extrusion die 71 so that the strain ratio E2/61 = In((
(W + W2)/2)/D2)/In(Li/L) is in the range of 0.2 to
3.5, preferably 0.4 to |.G 3Wen the permanent magnet
bl ank 60c having a semcylindrical cross section or

t he permanent magnet blank 60d having a crescent
cross section is produced fromthe -30- high-density
el enent 4c having an oval cross section, the X- and

higuhd&aed 1 OnSe Rémdine N ghs dengi Ly §$§ﬂ9ﬁ£0§ﬁic €tion, the

eterm ned by the relationship anong t ness T
a the; w rCel t !
}{pggﬁ%ggﬁ%ﬂﬁgggg?ﬂgb %nﬁ@g %%%x%e€%%t¥%eg%moﬁfa?%e%?e
re specificall here are cases in which the m por
S P s Vel ot Sndide [ithe Sheli TErErBREanGL and
t he |, jor axis. dianeter is oriented in the
the diEct] offrantPR B s hi hbragi & gpaneherPeFnaRent magnet
oriented in the Y-direction and the major axis

Plhdret@lc iandréhted hba eeadeedrection. Since this
relationship is simlarly applicable when an oval
shap®is dfrraetidalby a rleetangu ara séapey epechfilte minor
exanpl es thereof are shown in Table 5. [0036] [Table

axg]s Migmaensidy B eseidndedPer aneat x vagpett bbankneasies
60c 60d DI D2 Length L Thickness Wdth W Length (nmm

nd 300 4 Jiafd®Br (M odiekf®d in the Y-direction, and the

minor axis diameter Dl is oriented in the Y-direction and
the major axis diameter is oriented in the X-direction.
Since this relationship is similarly applicable 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 ggcrrggélent magnet blank | g; ¢
(rﬁ) (ﬁfﬂ) Length LiThickness] Widthwi| Length
¥~ direction] Y- direction] {mm) 71 (mn) {Tam) L1 (mum)
Truecircle | 1458 14585 225 3 283 | 438 1.0
Minor axis in
X-girection 145 18 22595 3 3121438 1.0
Yarams il 145 | 18 225 3 254 | 438

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



X-direction Y-directio Truecircle 14.5 14.5 22,5 3
28,3 43,8 1.0 Mnor axis in 14516 22.5 3 31.2 43,
8, 0 11 X-direction 1 na?br axis in X-direction
14.5 1:3 22.5 3 25.4 43.8 1,6 2. The cross-section
shapes of the preformand the permanent nagnet may be
shapes other than those described in the respective
exanpl es. Furthernore, the conbinations of the cross

et NSy e taaprel Ofdnansk A Pes edesie - St -t Ragnet
may be conbi nations other than those of the

PRt cd hoT e Je o the forming die 74 descri bed
Pave o OTIT AT Het r o aRap o a1 B TR R PRl Sof the

R oA DRt ST L2, BePELET TS
the taper is directly connected to the end of the

famsligiP ot LT 12TH0B 7O et | havwbedi AeplaPehddpnt heal
FIGS. 13 to 42 according to the present invention

Wil [tHeet defSciidethrough hole 73 and extending in a

predetermined length, the tapered hole 75 may be formed

such that the taper is directly connected to the end cof the

through hele 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



[ Enbodi nent 11 [00381 As shown in FIG 13, in the

met hod of producing a permanent nagnet blank F, a
conposite conpact E for a péZmanent magnet is forned
by conbining and integrating a high ilic conpact
element A that is formed of a magnetic powder being
high in intrinsic coercive force in conparison wth a
hi gh Br conpact el ement B and being |low in residual

e fL . . . . hi
cdpelddn Tlibh Olf’:f@g%g}'ti h”le%i'ﬁéﬂﬁ;ﬁé@@ M ddedden 'Qx‘&‘dgihe

conpact elenent B Br conpact el enent

abtcnfaet—éllueg]tifoq{é?dco%p%zﬁ.’;eggc:%niﬁ§@gwe{s bﬂ%%%@@\d %ﬁ Iﬂ;]%stic

resi magneti C y I'h conpar

hi.gh ific conpact . el enent. nd, heing low in__ .
I D S A T DR T 0L 0 A Slon v HE T REoPY -
i.gh i Hc conpact elenent A and the above-nentioned
{ o%dosi te conpact E is subjected to plastic working,
t her eby being provided with magnetic ani sotropy.
[ 003911 sTHias: tremt tvisr L nilpe  diees dleiszed biedl mowepietaet ai 1816, 13
FIG 13 is a figure for describing the nethod of
iprodiiguy the deramiienig negneteth@hko F; pasducing the
sequentially shown in FIGS. 13(a) to 13(d), an
pexairg intagescrb otk i n; Wi chedienti ghl v i eowenpacrics.

el ement A and the high Br conpact elenent B are

1Fenmed indiw dudl | YxaRite theya s & L08R D;Edl%:@féh the high

integrated to forma conposite conpact or a

ﬂﬁ%;np S|Héq%%%%%%§t Lé?%i?%%lﬁfgﬂeﬁfrégﬂpégtaéléﬂgnt 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 I.

In the high iHc compact element A shown in the upper
poertions of FIGS. 13(a), 13(b) and 13{c), numeral ©
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



present invention), and the conposite conpact E is
subjected to plastic working to form a permanent
magnet blank F. In the high33Hc conpact el enment A
shown in the upper portions of FIGS. 13(a), 13(b) and
13(c), nuneral 6 designates a high i Hc powder el enent
that is formed by filling a nagnetic powder into the
cavity (not shown) in a cold press. The

£1200 VR I gne dﬁgﬁﬁt' r
pr ogﬁge%?%ysi nl?lnga nomnédrarqegﬁ\ég?ntkgéqv\a seit?hLmT ?Cp’f%ert%%ri‘
ri hed ear],i for the above- - ti oned nmagnetic,
fo%%\si\Ldgr Q%Ier ef hr %}rg 3 Fﬁ% blerﬁ%netnfrga]'t e??’érl ef){ra 0 gret’i eté? e
of the magnetic powder should only be those being,
TAGNGH 3% PO Wik érfbifglé% fag?%v§"é?Pd1tﬁé?W?g§|W?lrgwlment 2
resi dual magnetic -33- flux density in conparison wth
Magh @ endiffsti @poiderd ¥ gl 53 drarirrp el ahitgh Bie conprgetic
el enent B. Por exanple, the nagnetic powder Mused in
povite ralioy et ithreedExperitiem OF they npegnstell; @kley is
may al so be possible to use a nagnetic powder in
chafmigehl tore ttenyidsidy drheflilte mmgneticasdd ayr idecreased
changed or the Dy or the like is increased or
defeeicaasedn deRpRMY oK esasd s Wd N FRSPeed i De
irreversi ble demagnetization, |arge/small size, cost,
defleGndtl A8 oPF 838y e f IV ENT | these povder's @f &1l so
er eagjélr red to Oas elt he e'}nagnet i%hp%v\der I\/’g") . The
ti. e jfions. t t | du
prERde .121\%%@031&'\@?{%?? h;g&?&%éé AP DAl %]g%éfﬁéa& B as

megnet i _ reo ower  t
threes‘lm%%ﬂetrga npec}xnlrdceg lb&g(“ )d.en$[‘lhtey m%fgnteq:%c 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 solid 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 ke



hi gh Br conpact elenent B and that the intrinsic
coercive force thereof is higher than the intrinsic
coercive force of the high Bf-conpact el enent B. The
magneti c powder being used for the high i Nc conpact
el ement A may be wholly fornmed of the magnetic powder
Ma or may be fornmed of a mxture in which the
magneti ¢ powder Ma and the magnetic powder M

us@%s%rs' bed laher, &R WXekh PRI Al I\cflr&/edr[‘slh@orr@f%le,
of the above-mentioned conditi ons. mer al

th%e%‘oﬂr&lat Sy 0'11 QJ\%! %%Jéldr FIngrm ék%{‘i?ﬁpreggrﬁé%é‘@d in

enent using a
nera 8.,designates_a.t )
2 g %léfﬁ's‘q e OSTOHORED B9t hrBLSFROCERATS §R TIC- 1.
ﬁEF solid elenent 7 using a hot or warm pressing
(0f%¢&ds. Known neans shoul d only be -34- used as the
cold, hot or warm pressing neans; for exanple, the
col dextot ior ther Misredss mpmRass Skgrt ohl Shawn usedthe
in away simlar to that described earlier referring
lowe rFp@rtionyg @EAFIAext]3 {a) t he3 bghamBt Ldhpactnumeral 11
el enent B shown in the |ower portions of FIGS. 13(a),
debi(gmatand 2l High pumRidled el gestgnaies pshfghnd&f by
powder elenent that is formed by filling the nmagnetic

£iRoWeRY M2 Il dthe: GaMlddr (9t $hOWDe d8vet $0(fot shown)
press. The nmagnetic powder M should only be produced

b T8, (194 TR LAY S 10 M onty ve
pﬂ%dM%%Q usfggegrlr] ﬁcﬁégéé fn Th§a$3§f$if£rp£8pgﬂgkes
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 reguests 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



magneti ¢ powder M should only be those being low in
intrinsic coercive force and being high in residua
magnetic flux density in conparison with the magnetic
powder Ma for formng the high il-lc conpact el enent
A. For exanple, the magnetic powder M (Br: 1.47 T,
iHc: 1.22 MM nm) used in the above-nenti oned
Experinment 1 may be used, or it may also be possible

o £t @ hlS & 1R VSRR G HRRWRI g i dt NIl ddie mis PR § '}Qan iq:frmed
the magnetic alloy is changed or the Dy or the lik

ofl § gdded depend)ng.,on I e%(e?ﬁ'} FOPRS A che
i rreversi bl & denmagneti zat Size, COS t
etc n_the sent inve |on thes omders are a
nafbB i el R Rl RE Mg 1 Y B GG o
i ¢ powder being used for the hi gh Br conpact
thg 3@@?{@ “BeRdy BTN tFied - 35- of the
above- nenti oned nmagnetic powder M or nay be forned
of HURiexedr 42 sertioss teive ardgieet B adengnt tfarmed
magneti c powder Ma are m xed appropriately in the
byr grges iof thiee halgbv Smemmtvicene é leowatit i inses Nugrex ato 1@
designates a high Br solid elenent formed by pressing
prebeihiggheBnspowter relmyreit 1Bl dsiingha €0l 4 hpgressik ngigh~
nmeans, and nuneral 13 designates a high Br high-

deﬂ@ﬂ%lyt )él‘éh@ﬁ%ntpx{afd%@&ﬁ%w)bﬁs%%%@gtﬁ@%MIghB:?;rséPJ &d

el ement 12 u5|ng a hot or warm pressing neans. As the

el‘é%ﬁt 130t #\B‘{r ML eéfeﬁgrﬂeg%ﬁ g‘i?tg;"‘%e%%asns i@o%'h% cold,

only e use exanp col marntpress
S uId onl be used.in a wa m. ar
ho eggrw E4GS549 meats; Knbwh Hdard shoulé on y 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.

10041}

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
predeternmined 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 L2 of 25 mm. Hence, the composite compact F has a

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



referring to FIG 1. [0041] The external dinensions
of the high iHc high-density elenent 8 and the high
Br high-density el ement 13 skould only be dimensions
such that a conposite conpact E having predeterm ned
external dinensions is formed when the two elenents
are conbi ned and integrated. For exanple, the high
i Hc hi gh-density el enent 8 should only have a
o5t hickness T2 of 18 nm a width W2 of 19 nm and a
length L2 of 25 mm and the high Br high-density
[O%h% nt 13 should only have a thickness T2 of 18 nm
a wdth W of 19 mmand a length L2 of 25 mm Hence,

t he_conposite_ conpact has thi ckness T .

i GRS of: 60 i ca THERGIPIS g - S3eeitent: thn (Db ch
~ Next, the high iHc high-density elenment 8 (the hi ,
iHcHe dghgt it F%@?ﬁ&cte@“@fﬁnta )A)a%otft%é?%ﬂ%r{ﬂfgﬂugh”

hi gh- density elenment 13 (the high Br conpact el enent
deBpityprdduesd i13di Wikdudligh Br ecqunitheril ememy B

arbitrary known neans as shown in FIG 13(c2). This
proanoiesed retiatietuasHoyl daenlgoniel et dositdn an laghttforee

so that the elenents are not detached (separated)

kndtd =Ry & sHAgeriedridt o R cl) e tipdls ichmisiedd atate
t he next-stage plastic working (for exanple, the

shﬁgﬁgﬁ%l\ﬂﬁ W e s, shoul & oy Berbel o Wk b aché 0b0bment s

or the lTike until just before they are inserted
are not detached (separated) until they 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 alsoc 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) 1ls



into a die) . The conposite conpact E in the above-
menti oned conbi ned state can be integrated using an
arbitrary known neans for ca¥fying out integration,
such as a known pressing neans for carrying out
integration. In addition, at this tine, the conposite
conpact may also be fornmed into such arbitrary
external shapes as shown in FIGS. 20 to 22 descri bed

£ oh AR t@EgeggoQQQHQﬁkionkgoéﬁkloN@XbiaEQQCCQ%EQ%%@G
conpact

Wo- el enment conposite conpact 51) in the

pr%%%%itsi%gsd tate D W 'a% 3 e% 305 gz)(ﬁ twﬁéﬂﬁ‘f#??xé@esses,

& sro

ani sot r qQpy, and the per ent net an
o) EROHE R ridhah T Har e Aot SRR %?cfv‘@a‘éﬁz )

is -37- fornmed. The above- nentloned vari ous Lastl
refeniiing Gy dcésbest stouid BRI DO UsEPE prﬁ yjle carried

wor ki ng processes; for exanple, in a way simlar to
outth&fto dsomiiber wbiowe thefertiugien Hes/ly ree the

extrusion should only be carried out for formng
cogicg Heheamgaatsion dileedded Siodet ¢heteqoapasitre by

conpact E is heated to high tenperature by plastic

pl‘%tkﬂ@gaoﬂ}%ﬁq@,h@t% ph&bed No1ak ereari he eberent slanents are
nmelted and i ntegrated spontaneously. Next, in the

me XS QD ﬂ{&gg}é@éﬁa& Lhehioes pf. the

ove-nenti on extru5| on, when t e per manent magnet

bI d
agkg%t,use%%sr? SPeh, 4 c%gvﬁgfegiﬁﬁ?noétt%e”@%@t b% the

pol a side h rntrinsic

abégg(%égiiégé§ gggrgsfgn, when the permanent magnet blank

I 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



that the other side is used as a side having a high
residual nmagnetic flux density, for exanple, extrusion
shoul d be carried out in the3&8lirection (the direction
i ndi cated by arrow 79) parallel with the alignnent
face 57 of the high Br conpact el enent B and the high
i Hc conpact elenent A of the above-nentioned
conposite conpact E; and in the direction of

fadedtseni ng the above-nentioned conposite conpact E,
the conposite conpact E should be flattened

(nat. [ he directiaon (in. the X-di.nectign
%ﬁ%ﬁ?%&ﬁ %x&rwﬁ%on Carried ,out des rlbeé %b#%ﬁﬁaEﬁﬁ

per pen ar'to e above' nentione al | gnl’ren
so .that the easy axes of magnetization 69 of the
OB An N R AT G e 216 i dt Tt TR on

(the X- direction) perpendicular to the .
elepevd- dedts Givsd tdlangshemt wpg-sidge @B thaypaonefelc pole
extrusion carried out described above, the object of
andhé her ddabt Bnvenmpiesrt "almmdnitgB tike monpacened| enepte A
is positioned on one side of the nagnetic pole and
othlee biigle Bf compacigreltdremolR" SLpastitdioned, ofitilke is

ot her side of the nagnetic pole"” is attained. This is

ap@hRldagall & isdiMalart Ywhehen Hh e rerdraientmdmeset s b aaky F s
Is fornmed by subjecting the respective conposite

fo%ﬁl%@a%tys s d i G skt Ak &ﬂ‘mpg@itgsco%&a@‘i‘g B

3 to plasti'c working. Wién the above-nenti one

sHRELTERe R Jmgnel q@”sz 5% ré?@,”%‘é 260 204 U3egh g Re
per manent nagnet’, e p€r marfen
working.

When the above-mentioned permanent magnet blank F 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),
nuneral 67 designates the side of the high iHe compact
element A, numeral 68 designates the side of the high Br
compact element B, and numeral 69 designates the direction
of the easy axes of magnetization 69.

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



magnet blank F is characterized in that one side of
the nmagnetic pole can be used as a side having a high
intrinsic coercive force afPihat the other side can
be used as a side having a high residual nmagnetic
flux density. In the permanent magnet blank F shown in
FIG 13(d), nuneral 67 designates the side of the

hi gh i Hc conpact elenment A, nuneral 68 designates the
side o

f .the high Br . caonpact, el nt. B,
Gy pRaE ¢ReRe TP PEIRON Tof st e easy s Heft Bl
magneti zation 69. Although the external. dipensions _of
angindEer fRfe RONRATRR FIMONF Braati 41 BPeRF dapendrag 36
on the plastic working carried out for the conposite
a pafphcl Bf Wlemm e dsilemdimill &f 2o it s permanent
Conparative Exanple 1 in the -39- above-nentioned
maBxpér bdantk T hascar rihdd kows s G efarfplms, anddithigh Theof 40
conposite conpact E has a thickness T of 36 mm a
mewadth aWlehgt® mh arfd 58 ldenmgt.h L of 25 mm the
per manent magnet bl ank F has a thickness Ti of 8 mm
[0B4wijdth WL of 40 mmand a length LI of 53.4 nm
[0044) The two--1ayex permanent nmagnet blank F

pr 0%@%@%%}%3?&%@&@%&%%@% CF 354 S EORYas

since the eas of magnetd zation 69 of the whole
e 008 ISP 1504 I PRI a0t 0 P
ofﬁ%i@gj %)é.%?ailtllﬁ%% . iqni!;qiqg;w’cnqjﬁereoepreétéleEQngg? r}FeSrilcdeu,alwhen
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]
[Takle 6]
Br iHe Dy content
(T) (MA/m) rate(massy)
High iHc compact element A side( st layer) 1.36 1.85 36
High Br compact element B side{2nd layer} 1.47 1.22 0
Permanent magnet 1.425 — 1.8

(0046}



intrinsic coercive force (iHc) and the Dy content rate
of the permanent magnet are shown in Table 6.
Furthernore, the relationst{- between the residua
magnetic flux density (Br) and the intrinsic coercive
force (iHc) of the permanent magnet is shown in FIG
14. [0045) [Table 6] Br No Dy content (T) (MA/ M
rate(mass% Hi gh i Hc conpact el enent A side(l st

| aygr,) 8 . Hi COApRac
SruEshehopll 1n0%a818 £HLgl BgeOMMACkr® SHRTlcdhnacy

--- 1. .0046]. -40- As [ le 6 k. :
1ElgntE Sonpact BomEar A ol e "Br ke Tor et Thaet
. is.very high in intrinsic_coercive force (1. VA
LnEFABELPNEOR] CadRt SRECS dle 656 b B s g1 ﬁé}%?ﬁ’ taifen
t he permanent magnet is wused in an environnent in
rafifi éf Pt 6 BeegfoselereehedbenpyhedprspBarig tand9isi-ng S
the i Hc conpact elenent A side of the permanent
usgdgnet aonenké rondersubijrectdeht d it He ebfrargedfta Heeat, by
heat, the magnetic properties of the whol e permanent
digpgrehy hacdhyidet ehieoriaice coimpeett ke dndmic dhpaiote of the
el ement A side of the permanent magnet is
pethahagiehhghd S HeO Hihanldecidbj etk tof fect of the

irreversi ble denmagneti zati on, whereby the pernmanent
hedRINEhH CAR PR 1USed S & 100G 4 iR RATI Y @SriRanent magnet
hardly deteriorate 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 shown 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 coercive
force described above can be obtained using such a small
amount of the expensive Dy.

As the intrinsic coercive force on the 1Hc compact
element A side and the intrinsic coercive force on 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



per manent magnet being excellent in magnetic

properties. In addition, as shown in Table 6, since

t he anount of wuse of Dy inrd4the whol e permanent magnet

is 1.8 masso on the average of the iic conpact

el ement A and the high Br conpact elenment B, it is

characterized in that a permanent rmagnet capabl e of

delivering a high intrinsic coercive force described

above can,be ai [.ng apgoald t 40f
SR AR e S T ot

i t nt A d t t
13485 ol G TER LY ROTRE R gt DBy CONDRCL I EREATLR SPAESLTe

of the permanent magnet, 1.85 Nﬂ/n1and 1 22 MA m ar.e
fodescibbed LAsTeRENErESTOiegpEst e Pladfordy e sté1e
are exanples in a permanent nagnet obtained -41-
pewmgnenmzmagnahefperm&geﬁﬁlwa@@eﬁﬂﬂzﬂﬂ@ﬁanﬂﬂiM$QQPQﬂ(§lank
13(d). GCenerally speaking, the required intrinsic
F, CeBEeCirempefraraee sodidfiterent tdependjmig wie tdle tPlacfrnal
use of the pernmanent nmagnet for nagnetizing the

maBaeraRe st cnagnehdblark dimeddieenmerdidineagrotd t Fom, this
the magnitude of the external nmagnetic field, and the

regbgﬂnskﬂﬁs1%&{&%%1@3@@@fcﬂ%¥ ﬂéyé%sréﬁﬁuﬁﬁ dﬁmy be set,

I'ntri'nsic coercive forces should only be set, Tor

I b h t h o
A e L
ma%%g}?fgﬁ p%lweed:e% ggaA Sld and tI]T I(h%t}]Br ¢olp éct eil.ement

of the process of conblnln and
A side 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 referring to
FIGS. 15 and 1e.

{Embodiment 2]
[0048]

As sequentially shown in FIGS. 15(a) to 15(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



integrating the high i H conpact elenment A and the
hi gh Br conpact elenent B, different fromthe process
for form ng the conposite €éfpact E shown in FIGS
13(a) to 13(c2) in the integrating process, wll be
described referring to FIGS. 15 and 16. (Enbodi nent

2] [0048] As sequentially showmn in FIGS. 15(a) to
15(d), an exanple is described in which the high iHc

cogn%e%?ctte %&%{ﬁ%ﬁt Ay a%%%%iﬁ%}n&sf@gpﬁﬁ%ﬁég%nﬁs Brurther

orme vi du are co

integrated at, the tine shown in.FIG_ 15(b2) to for
SEORRSE & % AP G bIETT her ot T Tadar | rSme e
el ement 10 is subjected to hot pressing to forma -42-
dsite conpact E, and the conposite conpact E is
further subjected to plastic working to form a ‘
per rigndmite mEgract iianki qures ihethespeeteve FREeResOn,
in the present invention, the portions identical or
thequalr tienshdsken i ct herr fégualksto wibhdse espeethep figures
functions, properties, neans or characteristics are

widesignaieat b6 thevsammaunerabsrabes | hasenssed in
ot her figures, and the explanations for the

cHaCIHONS ¢ FONREFD | §Sa i SRS Oby CHRE as4RE T SlhESadECas
i ncorporated by reference. Hence, overl apping

tﬁgggEyggd(ﬁﬁ;ofﬂé%(¥qéﬁfgﬁ,[Qgéthe 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



In FIG 15(b2), nuneral 10 designates a conposite
solid el enment obtained by conbining and i ntegrating
the high iHc solid elenment-43¢the high i Hc conpact
element A) and the high Br solid elenent 12 (the high
Br conpact element B) . This conbined state should
only be held with a light force in a way simlar to
that described referring to FIG 13(c2) so that the

oo SLSTRLS 2 Pl R U, (SR N AL DS e

used e nex

hot, or warm pressing. This conposite soli% elgge%? 1%
ands e SRAHGRE Wot Yor WA FEESEn G WSy Pe
forma conposite conpact E (two-el enment conposite
use@simFdc tt IS D osh Wi WaETFIRG eSS el inie fhe oMot 20t or
solid elenent 10 is heated to high tenperature by hot
wagmm \Bereras-i4%s nwreassigtpulid sorphases wieh 1m @ aday edkmhlar to
el enents are nelted and integrated spontaneously.
thiénowe sreans: ¢ ol Id conl e e r s dt @sritie hot or warm
pressi ng neans; for exanple, hot or warm pressing
s should only be used in a way simlar to that
described earlier referring to FIG 1. [0050] Next,

t he \zonposie clfd?sgﬂ%?sfitteE e RLGwd 58 Fi6. 15(c) is

subjectéd to plastic working to forma permanent
= e A LSl 5 S L0 o B ERATLAC neong:
S SOy be s, e porigpaelfect olrlar Lo
aégggfﬁegﬁfggégzééggégéegfggtic working should only be used.

The working-effect similar to that in Embodiment 1 1is

obtained from the permanent magnet blank F (two-element
composite compact 61) produced as described above.
{Embodiment 3]
[0051]

Next, in FIG, 16, an example 1s described in which the
magnetic powder Ma and the magnetic powder Mb described
referring to FIG. 13 at the time shown in FIG. lé{(a) are
combined and integrated inside a cavity to form a composite
powder element 9, the composite powder element 9 is
subjected te 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]



conposite conpact 61) produced as descri bed above.

[ Enbodi nent 3] [0051] Next, in FIG 16, an exanple is
described in which the nmagn&t+c powder Ma and the
magneti c powder My described referring to FIG 13 at
the tinme shown in FIG 16(a) are conbined and
integrated inside a cavity to forma conposite powder
el enent 9, the conposite powder elenment 9 is

subjrect 0 [ t
sequgl(r%t ?\glgth l‘ﬁ?} %&gﬁﬁ%%gl%t}gc :E)gﬁngi etlsh':(:'lms\nt(jfgogranpOWder
SI e co a d the co 03|te $O
el]eglle tl %d,lftla‘lgp gé compo i gp(fw %pe?nfe%mglﬂ Sy
pernanent na net bl ank Fuﬁ$005 -44 T'e %gn? b
sheyRder &liément® & lafds R y jqombining
constituting the conposite pomder elenent 9 shown in

(o E1ligrd) lavte povilera el tenerit s2 &l by %ﬁ%%%gstate)

(by filling into the cavity of a die in a parallel
anst dtnd)egranid dontdgr atdgrethe prewhet i a pond et hdbmagee t he
magneti ¢ powder Md. Wien the nagnetic powders Ma and
pobddie rmaginet Waenpowdemarearie fhidwded s Mao arhe tdevintagraftic
the die, the spaces to be filled with the nmagnetic

poRemdens Mr-and ey megnetive Qovdey d shoulide pntyebgpaces

partitioned beforehand u3|ng an arbitrary

+ PRI idiionin J!E?g dsi év@é{erguﬁié her A0 ge m&&ﬁetlc

surface of t e above-ne tlone J1g should be coated

pOw %r%pbansqﬁouf& L1Jll @rgéftlﬂéﬁe&hﬂ;éfgggﬂéﬂg uE&?M‘Qe&n

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
l1ifting 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 compesite solid
element formed by pressing the composite powder element S
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



lifting is prevented when the jig is pulled out after
the filling of the nmagnetic powders Ma and the
magneti ¢ powder M. (00531“4 nmeral 10 in FIG 16(b)
desi gnates a conposite solid elenment fornmed by
pressing the conposite powder elenent 9 wusing a cold
pressi ng neans, the el enent being fornmed by conbining
and integrating the high ilk conpact elenent A and

cotlleae Ricgh oBr WGP G &l itEMe s B WLAMRASIY esaldall in a
el'ement 10 is pressed u3|ng a hot or warm pressing

wa?%q?hfl%r tlo O'%‘h%tcgg% & £ UMAGLe (E {d M08 FIG. 1.

np05|te conpact Shown |n FIG. 16(c). Known

d only be used ot
i ke e e ﬂm@a% G A Y
rm pressing neans shquld aonly. be used in
sulDifaed 1 tzﬁﬁrstd&ew Tk 1R & TR ﬁ%(a@nef
Next, the conposite conpact E shown in FIG 16(c)
b 1yt ébﬁ@@wmolﬁid@KiCJWb i ng Ao PRGEHRIL ﬁ@Fﬁﬁﬁ@ntthe
magnet blank F shown in FIG 16(d). As plastic
alworekinegt itred abovieuren}otietc vast by pEastid aplki kg used.
shoul d only be used. The working-effect simlar to
t hat The Eokadngertf fedts sioitlamed fotem tihe Hrédrovbinentt 1 is
magnet bl ank F (two--elenent conposite conpact 61)

oHtAHGE T R desC hddedth Aoy enagd &bediment 4w 00bdhent
Next, FIG 17 showi ng an exanple is explained in which

composite compact 61) produced as described above.

[Embodiment 4]

[0054]

Next, FIG. 17 showing an example is explained in which
the direction of flattening a composite compact E 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



the direction of flattening a conposite conpact E at
the time of extrusion is a direction that is paralle
with the alignnent face 574 -t he conposite conpact E
and perpendicular (in the Y-direction) to the
extrusion direction 79, thereby being different from
the direction of flattening the conposite conpact E
shown in FIG 13(c2). The exanple shown in FIG 17 is

diglcexamphe for providing the following matter, an
obj ect of the present invention, that is, an exanple

EO()@rS]providing a nethod of producing a pernanent
magnet blank F in which the easy axes of

magneti zation .69 .of the per t ar
o e e A e oS ST A W e T Al
.above-nentioned _alignment face 57 .and perpendi cul
0138 b SRR o s L OEE I getd e g odBs oAt Sl enent
sequentially shown in FIGS, 17(a) to 17(c), the _high =
B ppe dompect laddivdstuad lahd FRE éﬁeBPlgg‘nﬁél& PSR ty
B are formed individually. Next, the high iHc
cohipgiotdedsingnt Eonfeicth dlfsmanitghr-denghty Hel ¢neht dehsipy the
element B) and the high Br conpact elenent B (high Br
hikjhgBrdensidae telegrmnintl3d (shiwBr mEdiGdav{ L)y antlement 13)

produced individually are conbined and integrated in

sH® Wirdtehy i rectd o H{d E}Dﬁdtﬁzéédjiir&ﬁ%ilﬂﬁalm‘i sShewdonbined
FIG 17(c2) to produced a conposite conpact E

ol S TR SRS SRS ELy Slon Then oxhernsireccion
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¢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 should
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 £ has a thickness T of 36 mm, a width W of 19 mn
and a length L of 25 mm.

[0056]

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



el ement 8 and the high Br high-density elenment 13
shown in FIG 17(c) should only be dinensions such
that a conposite conpact E4iAvi ng predeterm ned
external dinensions is fornmed when the two el ements
are conbined and integrated. For exanple, the high
i Hc high-density elenment 8 should only have a
thickness T2 of 36 nm a width W of 9.5 nmand a

L2 of nd. .
suéﬁ%%té:%td %fS ps%%l}lqgg rq{ltﬁ]gf gf{l?n ckne‘g%r%{kﬁ#g é‘é C‘?m(qat
a W dfh, W of, h ,
SED A %J%pn?&—’a@has&\é; PrPeisaycF &P%GH%% A
width Wof 19 mm and a length L of 25 nm % %
abRELr el OB 06 T D BRI L ES oWk iPE Ehebid7pady P& used.
-47- subjected to plastic working to form a per nanent
maghetr thgraeikcer shidvirkd e Gasy f(ltF)W“Aésin%Et i3, the
wor ki ng, the above-nentioned various plastic working
exshoulidronliydue iugedt Furd helmmoret wind | Keot dengaseoned
shown in FIG 13, the extrusion direction at the tine

exefrudiermboyer nEdaneth @td usiofctfoa thabcitod Kyherrow
direction indicated by arrow 79) parallel with the

?96}' Nt if ape P Al ey ihahe Bfacéomi)a@f €heNBNgh Bar
the high i Hc conpact” elenent A in the

cog{g%t\eet BN ?{lcg% Caq{g)a)sdé A Ae, g@mIIBQSt dL{ 8GLALMA0E the

tening rrow ng) the ove- nent oned conposite
oI B A S A 0t S Rar L8l LA e
ffg%tening {(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
aligmment face and perpendicular to the above-mentioned
extrusion direction.

When the permanent magnet blank F configured as shown
in FPIG. 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



above-nenti oned extrusion direction; and the easy axes
of magnetization of the pernmanent magnet bl ank F may
be oriented in a directionr4farallel with the
above-nentioned alignnment face and perpendicular to

t he above-nentioned extrusion direction. Wen the

per manent magnet bl ank F configured as shown in FIG
17 (simlarly in FIGS. 18 and 19) is nmagnetized and

cof’élﬁggiﬁé BoRBLIRNGNYL PRYRRed LR R iR 2346k .t hat

side thereof is a side having a high intrinsic
{Oﬁggﬁcive force and such that the other side is a side
aving a high residual magnetic flux density, The

wor ki ng- e t sim_lar .to that. in Enbodi t ). ;
obt JPHGd Fram-t e BEEmARerT gHor bIamiiEe ard Sxplained
~ (two-el ement -48- conposite conpact 61) prodyced .
induw8dfrhpédcapaPeess( é@@ﬂcqq&an,ﬂ% @8c T e of %2%%&19*1
an exanple are explained in which the process for ,
iHeorbipiany si¢riemtedr &richd-hehd kg Br i9gRaBsHpfoement B is
el ement A and the high Br conpact elenment Bis
didifefrenentt romo mhtch @ rpreeces < dorf Forima g hecganposia e
conpact E shown in FIGS. 17(a) to 17(c2) in the
complegr at ismwrpriecesss [ Brbedi nent1b{c2) M068jhdsintegrating
sequentially shown in FIGS. 18(a) to 18(d)
prilckdstrating the nmethod of producing a pernmanent

magnet
[{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 iHc 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



bl ank F, the high i Hc conpact el enent A and the high
Br conpact elenent B are forned individually, and
they are conbined and integtted in the width
direction (in the Y- direction) in a way simlar to
that shown in FIG 17(c) at the tinme shown in FIG
18(b2) to forma conposite solid elenent 10. The
above-nenti oned conposite solid element 10 is a

me %'Bé%?%%“ﬁ:%%éhﬁﬁ Sinee“f%’f‘d %? ?mfi}f‘é%f g (tﬁ“e*%‘@i@m&h
A B
m%nga? element ’)el nc%a glj rressosin erll[x eé'ﬁeg]tsl‘é'&xfcﬁ c?nly

He comp e sol

el ement, 10 IS pressed u5|n ho war m pr.essi ng
beraiasl 19 foriva LMokl gfa}?p%as%éﬂ%é ek

conposi te conpact 51) shomn in FIG 18(c). Known -49-
refedirs nghdigt d%thYLbe used as the hot or warm pressing
nmeans; for exanple, hot or warm pressing nmeans shoul d
{09 be used in a way simlar to that described
earlier referring to FIG 1. [0059] Next, the
conpiasitt,e enpanipds Stowvnpad & 84w is FBOb] EEted is
to plastic working to forma pernmanent nmagnet blank F

st dd fd @13 . whskPh@std Cr 9t K NGe ridl€ent magnet

above- nentloned vari ous plastlc wor ki ng shoul d only be

p1Usad-F %ﬁ:al o neref Tegtgp! mian lta%ttlr@twdszﬁiﬁ’ocﬁﬁ@m

4°1's fron1t e per manent nagnet bl ank

MQEﬁpr§lqnent<% Bguéepfggpggtwg%LLBro%ﬂ%%Qda%nly be used.

escri

The working-effect similar to that in Embodiment 4 is
obtained from the permanent magnet blank ¥ (two-element
composite compact ©l) produced as described above.
[Embodiment 6]

[0060]

Ags sequentially shown in FIGS. 19(a} to 19(d)
illustrating the method of producing a permanent magnet
blank ¥, the high iHc compact element A and the high Br
compact element B are combined and integrated at the time
shown in FIG. 1%{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



[ Enbodi nent 61 [0060] As sequentially shown in FIGS.
19(a) to 19(d) illustrating the nethod of producing a
per manent magnet bl ank F, tH@-hi gh i Hc conpact

el enent A and the high Br conpact elenent B are

conmbi ned and integrated at the time shown in FIG
19(a) to forma conposite powder elenent 9. The
above-nmenti oned conposite powder elenent 9 is a

PRSI el £l £ MeNts QLB d, by Q98 £ D01 @4l way
integrating a high i Ho powder elenent 6 (the high

t. el t / ' e | epent 11
qgﬂchtloghter%‘ﬁg]cdoér?pca%t%ec?e%%k%m%%@f]ﬁ(?i nggi he two
%éi nts into the cavity of a die). The filling neans
or ‘the -50 powder elements 6 and 11 should only be
used in a wa simlar to that described referring to .
FI GN“‘iTB‘?ral[ ﬂh%dhelrrhlmﬁ} sholiry i"il]eﬁ‘@afi@%bﬁ‘ composite
desi gnates a conposite solid element fornmed by
sPrigh silpparie fompssite PovEing et kerepempo 8t agPaveés! d
pressing neans; this conposite solid elenent 10 is
elsusirdct®ed:dinglastolod words singi shegns; hobhiercompesite solid
pressing neans according to a concept simlar to that
eldesard bed earduiefedtednhodi et 16 tOr kOie as pegmaneot or
magnet bl ank F shown in FIG 19(d). The worKki ng-effect

wadNd & s dihd hdtand Fhodi imhte @ & ScoRbtat ngdnitom thethat
per manent nagnet bl ank F (two-el enent

described earlier in Embodiment % to form a permanent

magnet blank F shown in FIG. 19(4d).

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, ezxamples 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. In 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



conposi te conpact 61) produced as described above.

[ 0062] Next, exanples shown in FIGS. 20, 21 and 22,
different in shape fromthedkonposite conpact E and
the permanent nmagnet blank F shown in FIG 13, wll
be described. In FIG 20, a nethod of producing a

pl at e- shaped permanent nagnet blank F from a
cyl i nder-shaped conposite conpact E is provided. In

ha'&:rﬁg’g %31 oFaTetthed ofsRIQHCighD vl IRENNENEN? (g nied
F having an arc-shaped cross section froma

pr%gqﬁgﬁ'teFﬁgﬂﬂgf gebag'@?Eﬁogeg%aBQBbﬁﬁlﬁﬁo%spermanent

seCtion i s provi a“met hod of producing

nt, net bl ank F_havin n I -
magps%ﬂ‘aa& oS 1 1R D5 Bfofr ot 0‘9%8%%5 bpl in Frc.
nmpact E -51- having an oval cross, section s '
22#% EFOFap COMROSIVICISPIRRGTY Horforeid £ et b %IFOSS
produci ng a pernmanent magnet blank F having a
segrdovemhogiods $d&. &% GHown in FIG 22(c) froma
conposite conpact E having an oval cross section
[EghowinentF’G 22(a). [Enbodinment 7] (0063] The
external dinensions (the dianmeter D and the length L)
[oofs3tthe cyl i nder-shaped conposite conpact E shown in
FIG 20(a) should only be set in a way simlar to

t hatrhfeOle 12§ n 28D QMR d AN edk Hid gcﬁw@@@éf yp hedetle 4Bength
referring to the above-nmentioned FIG 9.

L) of the cylinder-shaped composite 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 referring 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 Tl, the
width Wl 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.



Furthernore, the respective external dinensions of the
hi gh i Hc conpact el enment A and the high Br conpact

el enent B should only be di ¥ensi ons such that a
conposite conpact E having the predeterm ned external
di mrensions is formed when the two elenents are

conbi ned and integrated. For exanple, the dinensions
shoul d only be dinensions such that the high iHc

CONRAGkne hamenl Awi¥kitrhe dhegh Brlortommactuy et Bistic

are divided into two equal parts at the alignnent

5 tde SS
wo.@‘i%tg %or'\'%g;. f,{{be tf%ga} t‘%%d?@% eng r@ihscfé té]helﬁ% Ce
pl at e- shape e nt net n o ' I
pef@@ﬁ*)en% algém%nl ;}Paﬁ@c et @Ogr ex""\}\}ﬁ;’all Y m y?%rhﬁggt&?%%ld
he above- ntloned permanent m net blank 60a
orldt G PGS S 152 DGV (ot G 2 593Y Gighihtar to
pl astic morklng shoul d only be used as plastlc morklng

thedr desiciiimed 12 oo siale Corpacic E1¢R o ¥ hend
per manent magnet bl ank F;, for exanple, the form ng
[Egtroglisherdnl®) be done by carrying out extrusion in a
way simlar to that described earlier referring to
[0BlI&3. 9 and 10. [Enbodinment 8] [0064 ] Next, the
external dinensions (the thickness (the X- direction)

T, ths&twW il (Qkrdidectd opnVeand thes | engebnéss (the x-

Z-direction) L) of the conposite conpact E shown in

dl@e@tlfo%]j( &) shauld onl y{ped%cﬁfoﬁ) VRYa 5k ml.h@r 16Qgth (in
or tHe ~above-mentioned high-density el enent”4b

éﬁfﬂ&ffgkéloﬁheL 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

¥~direction) T1l, the arc length (in the Y-direction) Wl on

the outer circumferential side, an arc length (in the Y-

directicn) W2 on the inner circumferential side and a



above-nentioned FIG 11. The respective externa

di mensi ons of the high i Hc conpact elenent A and the
high Sr conpact el enent B shdul d only be di nensions
such that a conposite conpact E having the
predeterm ned external dinensions is fornmed when the
two el enments are conbined and integrated. For
exanpl e, the di mensions should only be dinensions

1 AR e MO GOrman), oF oDt p iRt fonadheb

I’ co e divided into two equal parts
tt [ i t f 57. Next, th X1 . .
o Gt B SRRt dceSTic MR et Bt BB ous 49 PG,

the arc length (in the Y-direction) WL on_ the ou%er
21cic i Eht ot Y PYeseaniarg YangbHE+arhe Yoat for the

direction) W2 on the inner circunferential side and a
ab@EE-angtdn¢d ot heazerlt rieeghoh) PLerkofOPhECheF FaREnt© the

magnet bl ank F having an arc-shaped cross section
alshoywméemt Fhiied 2LEb)1shoul d only be set in a way

simlar to that for the above-nentioned pernmanent

magnaiowt apkaBbcr eferiting éhotibe cabgveserentedned plastic
FIG 11. Known plastic working should only be used as

wd%héﬁh%c £Or KiDg {08 fora NGobh6s cOaPOSbhSagOMPACt ifko  the
into the permanent” magnet bl ank F (see G 21(b));

o ST Epn DAL TG S0 00y oty Rt che
eGERELEDEAOERN! L0y HSTUY b9 EbGrybhy hETRAMRIon 10 o
way similar to that described earlier referring to FIG. 11.
[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



Next, the external. dinmensions (the mnor axis
dianmeter D, the major axis dianeter D2 and the
length (in the Z- direction)54) of the conposite
conpact E shown in FIG 22(a) should only be set in a
way simlar to that for the above-nentioned

hi gh-density elenent 4c referring to FIG 12. The
respective external dinmensions of the high i Hc

JT tlﬁé&% &é o;ﬁé‘&e gh Bie COMPEGhe St €FRAE By,

ormng t site conpact E shown in FIG
22(a1)hShOU|éjrna9{” beenéﬂ& Siens AUEHubARkyd SOMRES I the
conpaé% %?%aV|ng rn1ne ext
nsions, is,forped mhe the ts.are
XA P dT} i BhEared It anth ot Feng SadkErdopls 71 on
should on| be di mensions such that the hi
henpast ‘e}%@rentth@ alddthe Hitghthe c%n%é%?cg}%%ntw% on the

are -54- divided into two equal parts at the alignnent
stpaeglsy. siite ertefthal Idingsi obs thaeZnakragiion) Ll) of a
thickness (in the X-direction) T1, the arc length (in
pdimmnerdi r ecign@t) dlaak Fhévaarinicpi de,seﬂnfecwldndr@bal Cross
the Y-direction) W2 on the straight side and the

sdendh chBwhheirZ- diigectinm) Lihoallda ordef nBaerietmagneta way
bl ank F having a sem cylindrical cross section shown

sifi FAG £22(e)ashayd onby heRetndt Aoy peirfah@ht! Onagnet
that for the above-nentioned pernanent magnet bl ank

h h
e " ELNGELond e SpOUCa UL LAREH FhCy Mo, T
X-dl ectio

F5 #E0uter OFReOREaPanALAr gﬂaaem%etd% Cf?e'e%g% fin the
X(éikééﬁzg;) 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) L1} 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])



direction) W2 on the inner circunferential side and
the length (in the Z--direction) Li) of the pernmanent
magnet bl ank F having a cresent cross section shown
in FIG 22(c) should only be set in a way simlar to
that for the above- nentioned permanent magnet bl ank
60c referring to the above-nentioned FIG 12. Known
pl asti c working should only be used as plastic

[0Wgei ng for formng the conposite conpact E into the
per manent magnet bl ank F (see FIGS. 22(b) or FIG

22( Gt , fﬂene)ﬁwlc%mﬁcgﬁgé)ré&ﬂggaé@%”ﬁ?&m yirbeﬁr‘]ﬁ?.nel:’» is

by carrying out extrudsionin away simlar to tha

ribe rlier ., referring to.F 0
Co%aa U‘ér% -dq[ %%636]m31<fetxlir,e \?haeﬂnlﬁeo%oén}%sﬁ%n%ﬁ% a]gét)&%@{ Ma
S in FIG, 13 is, caonfigured, the m xture ratios,,of
2 AT SR e W A 1 WTRERTS Honedof TR
being used for the high ilic conpact elepent A and |
coppa GF algrentath gndbfthgdhtghet i tat bohwet Whe JpaoprReic
magneti ¢ powder Ma being used for the high Br conpact

pogicerredte Brehddiad mevdne thies devweden éd ying ehaedvepy the
i ncreasi ng/ decreasing the mxture rati os depending on

hirgdq s teompiddt redspentt tH sisaghd (Froly exampéeermivgdesys
Wth respect to irreversible demagneti zati on,

re1arge/esinAliln ol s iang) Castd a s ik St B ansx that, rboios

exanple, the mxture ratio of the magnetic powder Ma
déﬁ%%&ﬂﬁb on requests with respect to usage (for example,
requests with respect to irreversible 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 ratic is
adjusted so as to conform to the permanent magnet to be
requested.

Next, an example in which the ratio is 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-

nentioned requested intrinsic coercive force is assumed to

be an intrinsic coercive force under the conditions shown



magneti ¢ powder Mo in each of Tables 7, 9, 11, 13, 15
and 17 should only be deternined such that the ratio
is adjusted so as to conforffto the permanent magnet
to be requested. Next, an exanple in which the ratio
IS increased or decreased relatively will be
described. In this exanple, when a higher intrinsic
coercive force is requested for the high Br conpact

irflEEnt3 B s @ Resrenand » negRes  4ap 1ed @B{at ”?Qneﬁh&éfgthe
t he permanent magnet blank F shown in FIG ~ 13(d),

cdHﬂJH%bﬁg ﬁH‘MH%%HKk§%f§% ?icn@gg§£19éafg§€% %%o%égs

capable of neetlng t reques rovi déd

oAU 010 SR YR (TP sen o che

condltlons shown {g é#? Fl 34 described | ater for
PESYHTE, MAfHeT S0Under? tHe' ™ cdhdf t FoRsaRFe whi €h The and

|ntr|n5|p coercive force is 1.85 MV mat a distance t
chgmups f ity cinddse divsanen ofbeheceped nandntl. As an

magnet and 1.22 MM mat a distance t of Ti, and

exgirdges 1 itdeamagriet theadidtande e hieg weeed Ofandt e . high

As an exanple of the magnetic powder My bei ng used
iHcorcdntpedt gilendie: compatttied enegit By anGnpher hePbnBht B

conpact elenent B according to this enbodi nent, for

acxailngy dde i Xtdiioa oS ARg émxﬁgm@sstzﬁ@tmpﬁture
shown in Table 7 should onl’y be used. Although

rakc'lw o RIS, R A 6. 48 X8l and, pised 'f‘%lIB tzesﬁgﬁfﬁd?nly be

| ayer, one kind of magnetic powder

ué@h Hﬁlth%ug% %%6 kn%%sakﬁopowéé é)rfgi {%L&“ﬁ%h 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]



directly as a matter of course. The conposition of the
conponents at this tinme is a val ue obtai ned by addi ng
all the conponents of the n®Ehnetic powder used in
Experinment 2 and the magnetic powder used in
Experinment 1 and then by dividing the sum by two.
[0067] [Table 71 -57- Mxture ratios of the magnetic
powder M (96) Thickness ratios of the Magnetic powder
MBghéeti ¢ powder Mrlespective USed 1n Experinment 2

use Experiment 1 || Mixersragi@Oif thd rdendts rooaquatth) | Thickness

el ement 00 0 50 ({lst-layer) High Br conpact| ratiosof the
elenent B 5 50  (|2Migretiy povjded B0 aenétio@opdr Manefitroctys
magnet bl ank F (Twas € esintExpeimsatie htsedimgmetmdot Ak -

?@&,IS roduced™as sequentrarty snofwn 1n FIGS. 13(a)
) Pedieltgettfs hilgh i1 -ked conpatt el endnt A add 50
thgs Yg% Br. _caompact jelenent B fornpd.of. the matedials ..
SHI@VBY dofpack blement B Thie process showp in FIGS. 13(4) tq,
13(2ely lagdapul d  only be carri out ip away simlan to
rhat—dgescribed—eartiter-reterring 10 FI G I3[ 0009]
Tabl e 8 shows the residual magnetic flux density

(Br.),

[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 magnetizing 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)} o©f this permanent magnet.
[0070])

{Table 8]



the intrinsic coercive force (iHc) and the Dy content
rate of a permanent nagnet obtai ned by magneti zi ng
the two-layer pernmanent magh®t bl ank F produced as
descri bed above. Furthernore, the graph of FIG 23
shows the relationship between the residual magnetic
flux density (Br) and the intrinsic coercive force
i Hc) of this permanent magnet. [0070] [ Table 8] -58

' content (T) (MANVm} rate(mag4s%  Hi gh No '
conpact € A side(1l at Ilaye®¥ 1.36 8?@5 ag Dmisgptent
Br conpact el enent ide(2nd i afbr) 1. 4M9/p) 5 repe(gass)
Permament—magnet—it-8875—==—""27 807 —AS—Strowm—Tm
fie Hetssmeactiviemenioh ide(Tive) 8 |and !4 G 23, 18% he
' L nsl L VE.. tthe Jh,gh 1[Hc agt
e XL Yok VW WO B IR
CdrmBbent MALW since the Dy conjtenpsrsatdg i s-3-6 nMass%.y

Furtthermore; Br—is—t—415-Fomr-the—hrgirBr-——conpeact

el ement B side of the permanent magnet, and Br in the

whol e permanent magnet is 1.3875 T on the average in
{ddﬁ% hi gh i Hc conpact elenent A and the high Br

conpact elenent B, thereby having a high residua

magnetic flux.,density., Hence, jn a i,mlar _t :

that et Bed earls ero0er e hbotadriab s i pad FI6. 23,

magnetic properties of the whole pernmanent nagnet
tnﬁﬂwﬂgquQQ%q(”qﬁ%§c1ve force on the high "iHc compact

L0

w
op

[«

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 1.415 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 i1Hc compact element A
and the high Br compact element B, thereby having a high
residual magnetic flux density. BHence, 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 1in 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, 1t is characterized in that a permanent

magnet capable of delivering the above~mentioned high



and the permanent magnet can be used for a long life
period as a permanent magnet being excellent in
magnetic properties. Mreov®; as shown in Table 6,
the anbunt of use of Dy in the whole permanent magnet
is 2.7 mass% on the average in the high i H conpact
el ement A and the high Br conpact elenent B; hence,
it is characterized in that a pernanent magnet

in¢aRakhe of delivverd gt he Ay esymit{Lnad Pk -frce
intrinsic coercive force can be obtained using a

arSGahCe ¢ %no%%gi%% ex ensi ve Dy. [Enbodi nent 11]
mﬁ@@?zf Next,” an examnpl e is described referring to PIG

24, in whi an internedi ate conpact elenent Cis
[E5¢§§B§@ﬂ“béﬁueen the high i Hc conpact el ement A and
the high Br conpact elenent B and the el enents are
{08d#di ned and integrated to forma conposite conpact
F, the conposite conpact F being different fromthe
conpesitte atorgpact 1 showedar el usfepying nte WglG. 24, in
configuration descri bed above. As sequentially shown
whireHF1a@ES. 1 it (m)e die 124 (e G, e Relnasiiows b @kappbedihetween
whi ch the high i H conpact elenment A the high Br

tHeomaM iR eliadd abiidiet | Mt endredhat el gonpactompact
el emrent C are forned individually, they are conbi ned

el At adid Q fQEdREs £OPOShD En£QMPAEL ifitegrated to

(three-element (nmultiple-element) conposite conpact
fé@Q’aE%B%ﬁggiéé”g%ﬁﬁéé%(%ﬂn¥ﬂ% Egﬁﬁosite compact E being
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 iBc¢ compact element B, 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 is
subjected to plastic working to form a permanent magnet
blank F (threé—element permanent magnet blank 03).

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



subjected to plastic working to form a permanent
magnet blank F (three-el enent permanent magnet bl ank
63). As shown in FIG 24, in6fhe nmethod of producing
the permanent magnet blank F, the high il-Ic conpact
el ement A, the high Br conpact elenment B and the

i nternmedi ate conpact elenent C fornmed of a magnetic
powder Mc for the internediate el ement, the

ve- j.oned, internedi.at | e . begin
R R T R D
and the high Br conpact. el enent B, are , conmbi ned an
SR ER (5 ST G OhOSTTE 2 oHpRes o febact B the
material properties of the magnetic powder M for the
magiFielndiiarsdd 9t gl aodhbactoeieneht £oarkhget
to properties such that the intrinsic coercive force
algycoment janest igepemdiadly ¢conphet dekesenronCfabe sk to
above- nentioned high i Hc conpact elenment Ato the
prafpeve-imentdwedhahi ghhdrictonpact c etesrot v8 Hodcsubblcones
that the residual magnetic flux density becones | ower

losequeridualdtyid Ly hier he egtiont {60NFEH® the above-
above-nentioned high Br conpact element B to the

MeRRAErE Ml N1 D Gl 4 COTRREE ¢ CACPBNERA B0t 88ment ioned

above-nenti'oned conbined and Integrated state of the

hi?ggl”%%siﬁfo‘?ngfa% Clededd e 5@@”&%&& QﬁX‘?gEgga%(%deﬁgise

teria rties is also reférréd

"magnet i powder. Mc" or the nmagnetic powder. Mc.fo
magRE g el S L o dHREs L PRET pF BORRELT RYLNC FBrfhe

furthernore, the above- nentijoned conﬁosite conpact _E
dqngﬁﬂﬂqﬁﬁqutpﬁqﬂ%gﬁygymentloned high Br compact element

B to the above-mentloned 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 laver 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



wor king so as to be provided with nmagnetic ani sotropy.

(0073] This matter will be described in nore detai

referring to FIG 24. The hébh i Hc hi gh-density

element B in the high iHc conpact elenent A serving

as the first layer and the high Br high-density

el ement 13 in the high Br conpact elenent B serving

as the third layer in FIG 24 should be forned -61-

Yol te S 4H r t j Ope f ;

e & R o R 1 S S Re e e terring
n%qﬂﬁtﬁgspomders Ma and Mo being used for the

tchbové-rrerftioned high ific conpact elenment A and high

Br compact el enent .B, those having the m xture ratios
and "Itk rBS s CPATPAESs Hdn TP FUINRSGLC | BPVERARpl e and Mb
should only be used. [00741 [Tabhle 9] Mxture ratios

begma M Staghet | ERpodbiey e MEBDITAPEKRESS +Hgt ICORPGC Y 1fd-ement
Magneti c powder M Magnetic powder M respective used

A janExbeghmBat omzeet | alexpati Benttliodaykavipg) tHegmixture
i Hc conpact elenent A 100 0 33.34 (1st |ayer)

raltritoey readi atlei chnpast rekamentsHoW2noh | Ayeis 66. Gor3::Bdple,
33. 33

should only be used.

[0074]
[Table 9]
Mixture ratios of the magnetic powder M (%) | Thickness
ratios of the
Magnetic powder M | Magnetic powder M ﬂespectz;;a
used in Experiment 2 | used in Experiment 1 ayers
High iHc compact element A 100 o 33.34
{1st layer) )
Intermediate compact element C
(2nd layer) 66.67 33.33 33.33
High Br compact element B
(3rd layer) 33.33 66.67 33.33

[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 produced 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



ayer) High Br conpact elenent 8 33.33 66.67 33.33
(3rd layer) [00751 1In the internedi ate conpact

el ement C serving as the se@dnd | ayer shown in each
of FIGS. 24(a), 24(b) and 24(c), nuneral 16

desi gnates an internedi ate powder elenment forned by
filling the magnetic powder M into the cavity (not
shown) of the die of a cold press. The nmagnetic powder

%er&h@g %forﬂwé Be R AdUC geh el Q@ KNOVEE tTBENQeh dk Bt ies

simlar to that for the above-nentioned magnetic

ha%%%‘? chdlgg.%%ré %%jc ea{ﬂé@"tt{{éﬂﬁ%ﬂﬂ%f& égdecicfve Tf]c?rce

roper i es of netic powder Mc are
et to.properties n ons such that t

bt eGP Y S et En i dfs jpian

in the dlrectlon fron1the high iHc cqgggct e enenEIQ
1Ho Gmpatitg B ndhactc dtardm Il B FORRF" t et Ehe B and
residual magnetic flux density becones | ower

sugdyUdvRtt d1ey Has idie dinawns orC ¥ o tden i Gh BRCeRRpatever
el emrent B to the high i Hc conpact elenent Ain the

sestuatrd: igfl Lt hien composi tecicompattore Shevimi¢gin Bt Gropdact
(c2) . Furthernore, the magnetic powder M nmay be

e fedtatBd D)tontidthidre imgnedmsacpoiateMd Antn nelgaestete of
powder Mo in appropriate ratios (by mxing the

£ RIS, 4 shat 6@%{35& eASi h Y ASSHNELG aCLO(ER NG tMirthermore,

Tables 9, 11, 13, 15 and 17), or the conposition of
tl’feegg?]adgfé;ﬁeé | Corld OM B PO NES BASE Do P m L LR E2ERE hQbnetic
powder Ma and magnetic powder Mb in appropriate ratiocs (by
mixing the amounts that can be easily assumed according to
Tables 9, 11, 13, 15 and 17), or the compositiocn 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
seguentially 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



the magnetic powder Ma and magnetic powder Mo. In that
case, the nmagnetic powder M should only satisfy the
condi tions such that the int®3nsic coercive force
beconmes | ower sequentially in the direction fromthe
high i Hc conpact elenent A to the high Br conpact

el ement B and such that the residual magnetic fl ux
density becones |ower sequentially in the direction

14 e highy ?Irﬁggﬂ%t?gﬁtmeaeﬂse,g%g#d Bl dd1e 18 Oftn 1 G

conmpact el enen e stat the conposite
C t..E. _For. exanpl.e, , o o]0 M
241 (%qg%%vsé%?ean S%rie J'Igal-bl%rt gqelngaq?_g&]éeﬁs%lﬁg %\fs'%é?m hﬁ%@?gﬁed by
17 in FI 24(b) desjgnates an internedjate solid
DTSRI 5 Aot BB Lo TPt LSS pRrhot oF
element - 63 16 using a _cold _pressing neans, and |
WEIhETES SIS NG - 28 EPedESiighat e RhivgHTBPressing
hi gh-density el enent produced by pressing the
meanser nedivat enesold sledwhemnly ksiwgeds hber opxampien cold,
pressi ng neans. As the cold, hot or warm pressing
hateans,waamovwresesainsy sieaitd sndyl deonbedoe f osedxanpeeway
cold, hot or warm pressing neans should only be used

siidi ey Sidi |dfsdoiddtedepts i begr earihgrcoefecri ng
to FIG 1. In the above-nentioned description, the

ter My’ GOMaglo v &Mt ond$ de JEPEEAL oh 87 FhECESLRI NdchBact
a powder elenment, solid elenment or high-density

UL PUEEL e LSEEPRAL LOUT! udlr cloment,
ST AT o, OF A e SHHAEY SLBRB 2P b hbrls bshet o
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 i1s 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



di stinguish the material properties fromthose of
others. [0076] The external dinensions of the high

i Hc high-density element 8 64he high Br high-density
el enent 13 and the internediate high-density el enent
18 shoul d only be dinensions such that a conposite
conpact F having the predeterm ned externa
dinensions is formed when all the elenents are

E %%'Eﬁ' 449,304, %%éelgr@f%de 3 Br%ﬁc}gt@f 19188 &K o

denS|ty nment 8 nsity elenent
n ternedi ate hi gh-density el enent 18
1 §ﬁg%1§‘ ﬂfﬁhﬂég% a thickness T2 of 12 mm a width W2
of .19 mmand a length L2 of 25 nm Hence, the
“%%MHOS|te conpact -64- E has a thickness T of 36 nm a
width Wof 19 mmand a |length L of 25 nm %
NextNexthe Higghiigh %ﬁ@ﬁlh@hﬁ@@sﬂe%n%%ﬁm%nh%e(h ghhigh
i Hc conmpact element A), the high Br high-density
ilel emempactt3 e Janhen thiigh, Brh@dma@htB:eHeh@htdBylSéhﬁ ehement 13
i nternmedi ate high- density elenent 18 (the
(dhd eringdimt eagpacte pheaentBC) and ptledutedermediate high-
i ndi vidually, are conbined and integrated as shown in

ddrl Gt P4 Chle it 18 Oduee 1hee SRIPOSEEecER ng@@et eEefibhrees

el enent conposite conpact 52). This co nati on should

|ng t a h
P G0 A8 SPTSQIEPLE TR SORIRERl R SEghckbek shoun

nrﬁﬁﬁﬁ'éﬁ%cfﬁc@ogpPéggggttﬁgt§5ﬁﬁgs?¥e 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 assligned) 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 I' (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



conmbining and integrating the nmultiple conpact

el ements (the conpact elenents to which letters A and

Bor letters A, B and C arebassigned) as descri bed

above is referred to as a conposite conpact E. [00787

Next, the conposite conpact E shown in FIG 24(c2) is

subjected to plastic working to form a permanent

magnet bl ank F (three-el ement permanent magnet bl ank
woldh N WY Ay |E 2 (Re oo SPQY - dRpatONed when

vari ous plastic working processes should only be used

.ast i rKi . h nal ;

oGBS S R SR T I TR B 1 i e

i MENST ons 0 er manen
di ff t, d i ng_on the plastic. :65- -
AL P T A oL e CBibost L1 corpaeee e thnbnt Cexanpie,

extrusion simlar to that for Conparative anple 1
anch@hedp it RSP OTEEE EXPRPRFRNE B4fs acé)(]ﬁcgﬁﬂe&&t T Gf 36 mm,
exanpl e, and when the conposite conpact E has a
a tHicdkndb T I 186 ang a aleindh Wof 49 W ahicaPfengpant
L of 25 mm the permanent nagnet blank F has a
magmicok s KTIF dfas8 amphibckatd T of @0mmpmeawddah WL of 40
length L1 of 53.4 an. [0079] Table 10 shows the
md @Fiduall drmpnetic 5 wa denshty (Br), the intrinsic
coercive force (iHc) and the Dy content rate of the
[oRefgynent nagnet obtained by nagnetizing the three-
| ayer permanent magnet bl ank F produced as descri bed

aboyg,q o F | L@I%tggrﬁhet bes9538R ﬁag’?lle@ic,z%ﬁﬁpvﬁeﬂg‘&y (Bry,

relations

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.
Ffurthermore, 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 layer) 1.36 1.85 36
Intermediate compact element C (2nd layer) 1.397 1.64 24
{High Br compact element B side(3rd layer) 1.433 1.43 1.2
Permanent magnet 1.397 e 24
[00811

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



bet ween the residual magnetic flux density (Br) and
the intrinsic coercive force (ihc) of the permanent
magnet. (0080] [Table 10] BbOMe Dy content (T)
(MMM rate(mass% High i Hc conpact el enent A side(1l
st layer) 1.36 1.85 3.6 Internedi ate conpact el ement
C(2nd layer) 1.397 1.64 2.4 Hi gh Sr conpact el enent
B side(3rd layer) 1.433 1.43 1.2 Pernanent nmagnet

7 o) L, t - i oned
1J$%§%g;ﬁyiﬁﬁfﬁgéggégé fﬁﬁégu ?ﬁﬁr?ﬁ%ﬁggﬁgéggﬂ%ggp

STLE RS B AS Bloh o
PSR e 3%5’@% ”%SS° 2t HF creh Ve & do Far%naeermoref
1fernanent magnet, and Br in the whol e per manent nmagne

257 T O (1S VeFAgeT | FOBPACE L PESRE b §has e%§ the

having a high residual magnetic flux density. Hence,
payRan sy magndt.arand Bhatn deberviebe e}%\@rm@meﬁ’éffé@'ﬁnﬁé is
to FIG 13, the nmgnetic properties of the whole
1.y hdh et Uhﬁu&ﬂeﬂ&g@lyn gkl ether bdperandthaecby having a
per manent magnet can be used for a long life period

hidth arqeeldmieiadrmonet bphnodexset | entidte Taigned ivay
properties. Mreover, as shown in Table 10, the anount

si@fiuse «f 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 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



Dy in the whol e permanent magnet is 2.4 mass%on the
average in the three elenents by disposing the
intermedi ate conpact el emer®7 € between the high i He
conpact elenment A and the high Br conpact el enent B;
hence, it is characterized in that a permanent magnet
capabl e of delivering the above-nenti oned high
intrinsic coercive force can be obtained using a

: RNt Y . ] :
mé%?nm%lece i s%gggga;n} %:3 r gfoesﬁr%gcﬁdﬁ%'l\g%{% 0@6lTl Z?Slte

In
[ Lti.ple §. r iate C act el S

ot B e AR g el B S ey
t he .hi Br .co ct, el enent and the elenents are

NS bied L LPL | Arbgii S B O PTE R {28 above.
compact E, the conposite conpact E being different
f r ofhlhe ZSorfidis e ofpite L € +RhhCR ntRFGR1g8(ddF Gpmpact
the configuration described above. FIG 26 shows an

elex@andl &4 nthvhilchoh hBr heghpate ebapast BehefdenmulAiplige (two-
hi gh Br conpact elenent B and nultiple (two-- el enent)

e liemtegrtiedi ateec coapasteel ementasstC ackehontted C  are  formed
i ndividually, they are conbined and integrated to form

in@diveeRasiv,e epspacireE (bOMinehien®t integrated to form a
(mul tiple-element) conposite conmpact 53), and the

coRYIROTid € copact: E 5 suRigcladdedtt he (nultiple~element)
above-nentioned plastic working to forma pernmanent

oA W™ Saa20 BPLRE AL WhEele e s
sdgj%gﬁgki%x?nghgugbggggmentioned 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 i1Hc 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)



(three-elenment) internedi ate conpact elenents C are
formed individually, they are conbined and integrated
to forma commmtecommd6&(ﬂveeﬂamm
(multiple-element) conposite conpact 54), and the
conposite conpact Eis subjected to the
above-nentioned plastic working to forma pernanent
magnet bl ank F (five-el enent pernanent magnet bl ank

Bblys iFEleGe oj 2R0WS; yan &£ d gi@h ¢ He

“° éksé}ct Cgl ment A Zﬁﬁ@{w onpact Jl‘ﬁrémant asnd

su letc:lt%ldet (%Ih%ht b%lveemren%t Iorxlltee n%I sq; Cﬁ% t fozgn a
enment’s are f'ornmed ual m/me onbi h

Pe?f?fgﬁll e et (e o e(itéarPe:Hj";)SI B C%%i RAFREL

55), and the conposite conpact Eis subjected to the
blakd éStent i oned plastic working to forma permanent

magnet bl ank E (ten-el enent pernmanent magnet bl ank

65) Fupihehooren e FIH.G332i$ sa2 aff fgueeiillugsregtingg that the

that the Dy content rate decreases and the Br of the
Dywhalng: eper neertentde amegned s | arod egisesBwhel the wivaller pefrmanent

the internediate conpact elenments Cis increased to

ath tiheahoses maid ongse Fl GunB0r [ Brbodnegentinkdkmediate
0083] As shown in FIG 26, in the nethod of producing

coglpgl%rn”%ﬁ%d{%gn@ hlsank o e i gh, | HE copaGthe  above-
mentioned FIG. 30.

[Emboediment 12]

[0083]

As shown in FIG. 26, in the method of producing a
permanent magnet blank ¥, 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-
menticned 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



the high Br conpact elenment B and the nultiple
intermedi ate conpact elenents forned of nultiple
magneti c powders M having @t erial properties

di fferent fromone another and being used for the
internedi ate el enents, the above- nentioned nultiple
i nternmedi ate conpact elenents C being disposed

bet ween t he above-nentioned high i Hc conpact el enent

difedRdohhe raRoygaNMaRbiyened nitii G B HaQPacic liRrit Blement
are conbined and integrated to forma conposite

! t _E...t risak. :pko td t ecti e h
» EREE ebpyendBotpRe s h BHORE (Rl (AR B e sue
nedi at e

thégéﬁBFh§€Spﬁg gg S%%@ﬁ%é%quﬁﬁﬁégyéaffﬁxFé%ﬁgfgfgéiﬁghome

i"C” coercive torces
becone | ower sequenti al | - directi.on from

, y..in the -6¢
1oyRE 8BEVENTEARLI INed mqﬁwqﬁﬁ?QRH%héng}éﬂﬁnab9Y§B t he
above-nmentioned high Br conpact el enent B and such
mephaenele higdp8et cpRnessi idmafdgfetic THenehkgEstoned
beconme |ower sequentially in the direction fromthe
higbovéc wenpiactee lengmtBA donpdor alermemed tonghecombined
above-nentioned high iHc conpact elenent Ain the
andbaveegeiaticaned scerimeathe asthpod Bor at@tpsttat® Ofhe he
conposite conpact E (the nmagnetic powders having

mabRR3e TRk POReld 1o R Al SPial efespert 10s agré helso
“magnetic powders Mc™ or the "magnetic powders M for

relfRe et @ redl atg 6 S0 SHUFANEL 'BEe, o THge "magnetic
above-nenti oned conposite conpact E is subjected to

oRiRls fieFot WS LA AR P PL W GEELILH). MNA Frore,

the above~mentioned composite compact E is subjected to

plastic working so as to be provided with magnetic

anisotropy.

(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



(0084] This matter
referring
elenent 8 in the hig

as the first

W ||

i Hc high-density

h
h i Hc t%ﬁpact el enent A servi

| ayer and the high

Br hi gh-density

be described in nore detai
to FIG 26. The hi

ng

element 13 in the high Br conpact elenment B serving
in FIG 26 should be forned
according to a concept simlar to that described

£ hL @h@lfalsN G 2 i@ sFlsBowk3 i Neddh 1 251 EX gt sk Mp tde should

as the fourth |ayer

magneti ¢ powders M b

onﬁbg%e ﬂ%&%P

Fenment

[Obﬁé only be used.
ratlos of t he magnet

[Tep e

Nhgnetlc pomder

ei ng used

npact el enent A and hi gh
those having the mixture ratios and -70-
kness ratios shown in Table 11,

[ 0085]
i ¢ powder

M Nhgnetlc pomder

for the above nent |
Br conpact

for exanpl e,
[Table 11] M xture
M (% Thickness rat

oned

i 0S

M respective

VAN aWal\

Fayers—

DCU I LI} E}\IJC'I 1 Ilt",'IIl SQCU TT1 E}\IJCI I IIBIIL i UU)
oLt compact ol eremd H00s B Aomabd roburat By | Toekrors
I nt er n€chat e conpact jelement C 75 25 25 (2nd | aydmatios of the
I nt er nedi at onpact eheRRt pSRPMOD Manetic powder M | FesPective

used in Experiment 2 | used in Experiment 1 layers (¥)

High iHc compact element A

{(1st layer) 100 0 25
Intermediate compact element C

(2nd layer) 15 25 25
Intermediate compact element G 50 50 05
(3rd tayer)

High Br compact element B

(4th tayer) 25 15 25

[0086]

Next,

23b of the multiple intermediate compact elements C

the intermediate high-density elements 23a and

{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



(3rd layer) High Br conpact elenent B 25 75 25 (4th

| ayer) [0086] Next, the internediate high-density

el ements 23a and 23b of the7dultiple intermediate
conpact elenments C (the internediate conpact el enent
20a and the internedi ate conpact el ement 20b) in the
second and third | ayers shown in FIG 26(c) should
only be formed according to a concept simlar to that

scftorgd herd ﬁ%iggﬁéﬁéhrﬁﬁgﬁdﬁméiIﬂﬁf&ﬁ@f@tco%§cive forces

described referring to FIG 24. The materia
rqt i cilv tiple magpetic
S R e e e e L
t.eria rgperties different from one_another and

refli s P A et e T Fh | bove ent Loned
h.intef{mediate conpact elenments C, should only be -71-

gy Yo it B ratd tHech nkhdhstlee chesedval

forces becone |ower sequentially in the direction
ma6Th itth e labovaen sight ¢ drierkdme hl ower conpaett ehehenin Athe

to the above-nentioned high Br conpact el enent B and
diggeit itdnatf ndie thesiauate -magniedhed fit Ugh dBnstdhpscbesboment

| oner sequentially in the direction fromthe

B abovgraeitidwaneck it indd cofpactc et et BléRehPEA in the
above-nentioned high i Hc conpact elenment Ain the

abARQUerdRNd e & SN Qe dy.and; 4 1L ek dL 805 8L AL e, of L Be
conposite conpact E. Furthernore,; the above-nentioned
coflddile® JRGRI G POURRhMindTR, Rhd U et 24,00
multiple magnetic powders Mc may be formed by mixing the
magnetic powder Ma and the magnetic powder Mb in
appropriate ratios (by mixing the amcunts that can be
easily assumed according to Tables 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 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



magneti ¢ powder Ma and the magnetic powder My in
appropriate ratios (by mxing the anobunts that can be
easi |y assunmed according to lables 11, 13, 15 and 17),
or the conposition of the nagnetic alloy nmay be
i ncreased or decreased for each of the magnetic
powder Ma and magnetic powder Mo. In that case, the
magneti ¢ powders Mc should only satisfy the
maQQQQbﬁ'gQ?g%%%He%hﬁ%1%%%'é%ﬂ%%uﬂéﬁ%idﬂgd'dﬁ%ﬂiple
0 t he

coerciv rces becone wer sequentially in

nedhERH B3, bhe ahone RN aned N aN e CUPAGL and
I

€ "above-nenti o conpact

el ement B and such that .the respective residua
thiEHREERe TPOR I E0SE oe: BRtore LT ot SErfudH al T3P
the direction fromthe above- nentioned @ygh Br
ondgnpic isEfefdf B d AW GV HEHS driedl THith §efourth
conpact elenment Ain the state of the conposite
lagempact E. For exanple, as exanples of the respective
-72- material properties of the above-nentioned
[O®8I7t]i pl e magnetic powders M, those having the
m xture ratios and thickness ratios shown in Table

11, ther rexsaudte.ves kot dlen 0Nl yidhen sisets fof die tayersic
including the first to fourth |layers. [0087] The

h'%%ﬁQﬁ% 116, exteeldial «i napsi h Ofr theghi @ndHey element 13
* igh-deﬁgﬁiy el enent 8, thégﬂ?gh'%r ﬁ?gh-densi%y

LT oAl e nbecsm oty b ghseporty shereoss

séﬁ%?%%lgé @ﬁ% gg%é:d and third layers shown in FIG. 26(¢)

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 high-density 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),



shoul d only be dinensions such that a conposite
conpact E having the predeterm ned externa

di mensions is formed when +iMh&se are conbined and

i ntegrated. For exanple, the high iHc high-density

el enent 8, the high-density elenment 13 and the

i nternmedi ate high-density el enents 23a and 23b serving
as the second and third layers should only have a

rekletkness v Bzgif c%d"ﬁncﬁ.\yﬁcgiaﬂl\y of L & 0B 3k aand

[ength L270 mm  Hence conposite conpact

1n§%%r%ﬁe|@| - Sow-llr-l OJ{“QW%%” Shh q,\%[oc{]ucei_bt a({]oqnpaOSJ_i,e

hi It t th Fb t

co I% £ﬁ neﬂg-}ptdé}({gffﬁ%ﬁlé?@e I Co ﬁlrﬁ%egr
act elenent B) and the |nterned|ate hlgh density

cogiﬂ@éﬁ@ﬁt@nz@éwaﬁai 234 Ys &1 iF a2 G Slgebried dh AT RE
| ayers (the nmultiple internmedi ate conpact elenents C),
simzdarr éopddrity slep qurisdut etk fard gluat | 56 arle3 conbi ned
and integrated as shown in FIG 24(c2) to produce the
[0668posite conpact E (four-el ement conposite conpact
53) This conbination should only be done according to

a ceesept thel Moo it d Rdmlascrd badwef i rFng, tos |G is
13. (00891 Next, the conposite conpact E shown in

sublSctéfl ¢2) ﬁ]%stﬁ@lm}&% O Pl A4St Co WL kiAW 0 A05Mma

pér manent magnet bl ank F {(four-el enent permanent

S LA S AU e B 0B 62 shoun 5o

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 ({(iHc) and the Dy content rate
of the permanent magnet obtained by magnetizing the four-

layer permanent magnet blank F produced as described above.



processes should only be used as plastic working
processes. Although the external dinensions of the
permanent magnet bl ank F ar@different depending on
the plastic working carried out for the conposite
conpact E, when extrusion simlar to that for
Conparative Exanple 1 in the above-nenti oned
Experinent 1 is carried out for exanple, and when the
co t S t kness 3 - ;
o TR oF 7 19 o A Bngt 1L o7 25 %s “fpdre18tionship

n ank r has a hICk ess T1
be@ﬁ%ggt Q%@ g%gﬁﬁ£“§%1an gtﬁgngg% f1 5?1 g&F? " the
: %0090) Tabl e .12 shows t&§1 zgg%g} etlc f 1 ux
+h éﬁ&ustl;‘P CBAF S Vi G i &% E%Eéefti'r kg 9 el

Dy content rate of the pernmanent magnet obtai ned
{Ogglﬁagnet|2|ng the four- layer pernanent magnet bl ank

F produced as descri bed above. -74- Furthernore, the
{TgPaphlafl FIG 27 shows the relationship between the

residual magnetic flux density (Br) and the intrinsic
coertt force (iHc) of the per ent magnet . [8@91%
[ Tabl e 12] cont ent (T) MY 1) °e§ mds °°as:';t)
Hi gh i Hc conpact el @ side( T8t 1 dyeMVi aq P
d|a1 C ["€ren (2nd er) 5
"?g*‘dﬁs &Q'% SIPmEn rr%‘?f’ ? Ye¢ompact {%ﬁ enent. C£3rd |l ave$4
fhtedidtiale Bdfpadt dlement C (2nd layer) 1.3875 1.6925
Intermediate compact element C(3rd layer) 1.415 1.535 18
JHigh Br compact element B side(4th layer) 1.4425 1.3775 0.9
Permanent magnet 1.40125 — 225
[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
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



H gh Br conpact elenment B side(4th |ayer) 1.4425
1.3775 0.9 Pernmanent magnet _1.40125 --- 2.25 [00921
As shown in the above-nentiohed Table 12 and FI G 27,
the intrinsic coercive force on the high i He conpact
el ement A side of the permanent magnet is very high
(1.85 MA/nm since the Dy content rate is 3.6 mass%
Furthernmore, Br is 1.4425 T on the high Br conpact

ma@neiaRt Boyde i@fs the pernmanent magnet, and Br in the
whol e permanent magnet is 1.40125 T on the average in

al | e WAYer Sas t BREGRY ihaw i e a1 b glﬁh'éeseln%{ﬁ'lt of use of

nagnetlc fTUx density. Hence, in a way simlar

h?% Cr%QF e?éé&%%neﬁfe&ﬁéggeEo ﬁiGQ %% %Qgﬁﬁ on the

nagnetlc proper e pernanent magne

har d deterlor nt magnet can

SURLEHY oi e PG T1F e BT Do oY pir ARREAE Srraget TULELple
belng excellent in -75- magnetic propertles Mor eover ,
CHO ~JIRAfT )i nlﬁéﬁlré‘eﬁzatt%ecﬁﬁ@@ﬁtt oPlEBENGE By BetueRy the
mhole per manent magnet is 2.25 mass% on the average

hijgh tiHee fourpetenehereby & spubitire t heghuBti goapact element
(two-1layer) intermnmedi ate conpact el enents C between

B;t heende gh iitHci £ onpack celeerierid Alandhilie &i ghrBanent magnet
conpact elenent B; hence, it is characterized in that

capapAlaTBbBeENt dIBDReE ingaRHY eagbvdehievieiiongd hRigh intrinsic
above-nentioned high intrinsic coercive force can be

cRIAAINEdr USRI @ 1P CRECEIRINE G Oy s i8XPERS I NG ¥e  amount of
expensive Dy.

[Embodiment 13}

[0023]}

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¢c 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-



[ Enbodi nent 13] [0093] Next, FIG 28 will be

descri bed. The high il-lc hi?h-density element 8 in

the high iHc conpact el ement® A serving as the first

| ayer and the high Br high-density elenent 13 in the

hi gh Br conpact elenment B serving as the fifth |ayer

shown in FIG 28 should be fornmed according to a

concept simlar to that described referring to FIG
mehd4ohuat ReuMDrec Wdtp=RePegtdnen A t imlgh Bhtesnprditat e

hi gh-density elenents 33a to 33c in the internediate

c1EREPACE ehamens 161 REAIRAALL LUMAtcr & RIRHS 302

to 30c) serving as the second to fourt’h layers should

be formed accaordi.ng.to cep [ ar
e Araa ST g e mi Se ! il 028 may ve
exanples _of the magnetic p rs,M bei, used for the
usBoverB96: M hEkTESRed hiGR Pl CoBmBAER oF bRt PAC thisgren
Br conpact elenent B and nultiple interned ate
ArcEipabi ol SreMErect HeReHak i d He sikitirePYat i os
shown in Table 13 may be wused. The thickness ratios
ingfermed ipitgh dompasdndanaritenghtin A he eompeii gy compact E
conpact elenment B and the multiple internediate
shoapach gl érenthe @ ighdvhe icorpadsid¢ el tonfactetamshoul d
only be those shown in Table 13, for exanple. (0094)

[ooBahl e 13] Mxture ratios of the magnetic powder M (%
Thi ckness

[Table 13}
Mixture ratios of the magnetic powder M (%) | Thickness
ratios of the
Magnetic powder M Magnetic powder M ’;esDect(';?
used in Experiment 2 | used in Experiment 1 ayers
High iHe compact element A 100 0 20
(1st layer)
Intermediate compact element C 80 20 20
(2nd layer)
Intermediate compact element C 60 40 20
(3rd layer)
Intermediate compact element C
(4th fayer) 40 60 20
High Br compact element B
{5th tayer) 20 80 20

[C095]

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 33¢ serving as
the second to fourth layers shown in FIG. 26(c) should only

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



rati os of the Magnetic powder M Magnetic powder M
respective used in Experinment 2 used in Experinent |
| ayers (% High No conpact €f&aent A 100 0 20 (1st

| ayer) Internedi ate conpact element 0 80 20 20 (2nd

| ayer) Internedi ate conpact element C 80 40 20 (3rd

| ayer) Internedi ate conpact elenent C 40 60 20 (4th

| ayer) Hi gh Br conpact elenment B 20 80 20 (5th |ayer)

r [ [ t [.ah .
RS at el e RE e TRghs o T BL%%%
grent 13 and the .in ernedlate hi gh- densi t ment s
pr% ™58 EPiER G s SIS I8 thd T o O YTy ‘f%ese are
in PIG 26 shoul d onl be di nensi qns, such
copfipes e&ﬁp&wg(r@mact T @R e ”mﬁ% i high-
(nultlple el ement) conposite conpact 54 hav t he
deppddet Shetad St &hfalBdiefisidarss ity f 3dskhe

are conbined and integrated; for exanple t he high
inﬁH@“ﬁﬁgﬁied@dgﬂhﬁaﬂaﬁhﬂﬂekngHEEE§3&Hqﬂﬁdbﬂ@i$W0uld only

el emrent 13 and the internediate high-density el enents
ha¥%2a sandé 18%neskom2d canld. 2 have @ wididkiesso T2 Dfmd . &nd a

mm a width W2 of 19 nmm and a
length L2 of 25 mm. Hence, the composite compact E has a
thickness T of 36 mm, a width W of 1% mm and a length L of
25 nm.
[009¢]

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¢c serving as the second to fourth
layers (the multiple 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.
[0097]
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



length L2 of 25 mm Hence, the conposite conpact E has
a thickness T of 36 nm a wdth Wof 19 mm and a
length L of 25 nm [0096] ~ Next, the high iHc
hi gh-density elenent 8 (the high 1iHc conpact el enent
A), the high Br high-density elenment 13 (the high Br
conpact elenent B) and the internediate high- density
el enents 33a to 33c serving as the second to fourth
uskay afss plke ikt it erdediai e conpact el ements C),
respectively produced individually, are conbined and

| Nt AQkRbeGHAS HEheWt drh Al @ingB(Lidind @ PradlGs tient
conposite”™ conpact E (five-el enent conposité conpact

magfb 180301 C HTRLRAL SN Qg e, daneaeqorang. L o
concept simlar to that described referring to G
- [.0097] . xt,. the osite canpact E is subj.ected
WO F BPadtrE i kiing o HHOF HOR Mehari gt oSk F
five-el enent er manent magnet bl ank 64)_ shown in
CXEFESLIO8( &P?ﬂliﬁépatﬁo\}%latrreﬁﬂﬁ SridPa%RT ol P+ + in the
wor ki ng processes should only be -78- used as plastic
abRyerTeG tproess Sepe ramadugh e asatierthaPudi ke se onep b,
t he permanent nagnet blank F are different depending
angn whige (has tdcenparoirie ngorgpact eld bas fokhiké&nesspdsiofe 36 mm,
conpact E, when extrusion simlar to that for
a Gaapar at iofe 1Bxampleerdl d M driecralbover nentimwnethe permanent

Experiment 1 is carried out for exanple,
magnet blank F has a thickness Tl of 8 mm, a width Wl of 40
mm and a length L1 of 53.4 mm.
[0098]

Table 14 shows the residual magnetic flux density {Br),
the intrinsic coercive force (iHec) 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]



and when the conposite conpact E has a thickness T of
36 M a width Wof 19 mmand a length L of 25 mm
the permanent magnet bl ank- B has a thickness Ti of 8
mm a wdth WL of 40 mmand a length L1 of 53.4 nm
[0098] Table 14 shows the residual magnetic fl ux
density (Br), the intrinsic coercive force (iHc) and
the Dy content rate of the permanent nmagnet obtained

by tizing the five- |laydr permangnt n net
F produce cri bed abovsd. {ther " %ﬁg
of FIG 29 shows t tiorshié betwe Pﬂe

N o L W eI P o
FJQHB@ afladb]oxnng-eleﬁreni U@znmay%.@”t en{ 382( T) ( Wf‘ln) 2.88
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2nd TAyer) 17 382°7T; rne ct
é’?t%"ﬁﬁ’ﬁ‘f’ e(f(°3\°6°"l°§\7?l“§ Ciﬁblfyir? 98 '? | nt Z?f?edl hte 144

r)r 1. 1.U72, Hi
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Perapene ntagnetignet 1. 404 2. 16 [01uum As|{ shown in|the2is
aboveE-TEnt T oned— Tabtre tZd—anmg FrG 29 tThe T NtYTNsSiT

coercive force on the high i Hc conpact

[0100]

As shown in the above-mentioned Table 14 and FIG. 29,
the intrinsic coercive force on the high iHc compact
glement 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 1.448 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, 1in a way
similar to that described 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



el ement A side of the permanent nmagnet is very high
(1.35 MAV/m since the Dy cogﬁent rate is 3.6 nmassa.
Furthernmore, Br is 1.448 T 8n"the high Br conpact

el ement B side of the permanent magnet, and Br in the
whol e permanent magnet is 1.404 T on the average in
all the layers, thereby having a high residua
magnetic flux density. Hence, in a way simlar to

(tithad e dieses i oeth tefesd i age teokpdnt 18l eidiet s nagbetveen the
properties of the whole permanent magnet hardly

hidpt erHOr @i a @ te 1 &ife Per Bt c HRONESH CAR B6nyset £0Ement
a long life period as a permanent magnet bei ng

Bﬁ”ﬁéﬂééﬂ“iﬂrHsrEKH@%&§ePf?@§rfﬁe?ha%@ésgg?ﬁgngﬁgfggﬁﬂet

in Table 14, the anmount of use o

cRSPIRL BOGY:L 3 A8 IO Ay DS BB

I've el enent’s

three-layer) internediate c act el ements C between
Cct(@H%Cl‘Fﬁ g’ﬁyﬁ\% ‘ct® ‘F%h%%‘? B heChFghR @pount of

conpact elenent B; hence, it is characterized in that
eXpPeiEtiighdii- magnet capabl e of delivering the

above-nentioned high intrinsic coercive force can be
[Eottced i tusifly a scarce anount of expensive Dy.

[ Enbodi nent 14] [0101] Next, FIG 30 will be
[Cdexick i bed. In the description referring to FIG 30,

the respective external views of the high iHc conpact

el ementt Artdie 30 g B $OMpastr BbEAENtIB 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



and the internmedi ate conpact elenents C, serving as

the first to tenth |ayers, should be described

properly; however, the viewdlof the third to eighth

| ayers are omtted since they are simlar to the

external view of the second |layer. The high iHc

hi gh-density elenent 8 in the high i Hc conpact

el ement A serving as the first layer and the high Br
sifdighrdensidns el rmmivi vedi | e e MPh Breeonpagt  elggment

B serving as the tenth [ayer shown in FIG 30 should
f.or Eg%?g ' E%‘%pg i t
e)%gﬂéjclreﬁbg%d re r]%léqngjgt gu% ; Jl—éur}5%%1"%edl’r?érrliﬁ)g?gyj k?%eng used
- respective multiple |nternmediate high-densit
g S e e sl e skt ehee e
rving .as the second to ninth |ayers _sho [ F%(i
g O e AT SR T e S G P g BE
simlar to that described referring to FIG 26. For
CERR &lapendy dhplsacivfeeRe ey gt el pdaglersed sefagring
used for the above-nentioned high i Hc conpact el enent
toa thanminiplte inaterareditaten conpadtlel Erenvise Clandthé gh
Br conmpact el ement B, such elenents should be used
pemafasraningadrett e aniXtlreguiatpes whownthe mabt £p16,
wher eby the permanent nagnet bl ank F equi pped with
irthen@d bt eongdal nedind e £ Pasto LB S the present
according to the present invention can be attained.
ink@ @ Q&rPibd e 4 gled He preommact £l amie /hic%ﬁ‘eiﬂc
multiple internedi ate conpact elenents C and the high

co%{paccoe%ﬁceﬁneqterﬁe,mth% irﬂhf{]fple intermediate compact
elements C and the high Br compact element B in the
composite compact E should only be those sheown in Table 15.
[0102]

[Table 15}



conposite conpact E should only be those shown in

Tabl e 15. [0102] [Table 15] -82 M xture ratios of the
magnetic powder M (% Thickn83s ratios of the

Magneti c powder M Magnetic powder M respective used

in Experinment 2 used in Experinent 1 |ayers (% Hi gh

No conpact elenent A 100 O 10 (1st |ayer)

I ntermedi ate conpact elenent C 90 10 10 (2nd | ayer)

rermedratre-conpact—gtement=—€-80-20-10—(3rd—tayer)
I nt di at e conpact gplMaERratios 60thdagidtic fobidar ME)elr JThickness
I nter medi~af e conpact plenent C 60 40 10 (5th | aygyrptios of the
I nt er redi at B~eQnpact bl MRt fon@d VB0 MikneliBidhabray ef yospeotive
| nt er medi ate co t_ plemmnkxpbriviit 80 uEEY in ExdeRimbiylef )1avers ()
W conpact—grement—C-80—74—16—¢8th—tayer)
€ 2)

(ﬁgaygﬁﬂP geddiifact El enentigf 20 89 10 (Q h |ayer) 19
Intermediate compact element C

(2nd layer) %0 10 10
Intermediate compact element C

{3rd layer) 80 20 10
Intermediate compact slement C

(4th layer) 10 30 10
Intermediate compact element ©

(5th layer) 60 40 10
Intermediate compact element C

(6th layer} 50 §0 10
Intermediate compact element C

(7th layer) 40 60 10
Intermediate compact element C

(8th layer) 30 0 10
Intermediate compact element C

(8th layer) 20 80 10
High Br compact element B

(10th fayer) i0 90 10

[0103)

The external dimensions of the high iHc¢ high-density

element 8

element 13 (the tenth layer)

density elements

30{c) should only be dimensions such that a composite

compact E (ten-element

55)

{(the second to ninth layers)

(multiple-element)

{the first layer), the high Br high-density

when these are combined and integrated; for example,

and the intermediate high-

shown in FIG.

composite compact

having the predetermined external dimensions is formed

the




H gh Br conpact elenment 8 10 90 10 (10th | ayer)
[0103) The external dinensiogops of the high i He

hi gh-density elenment 8 (thes$rrst | ayer), the high Br
hi gh-density elenment 13 (the tenth |layer) and the

i nternedi ate high- density elenments (the second to
ninth layers) shown in FIG 30(c) should only be

di mensi ons such that a conposite conpact E

highenHel enem-donditdipleraianed ) Cunosii-adatagte 1 &dnt

havi ng the predeterm ned external dinensions is forned

13M0eR Lhes & ans BT ned-angd 44U agf M &fhnd Of y CXPIR S s (the
the 83 high i Hc high-density elenent 8, the

se%ognhlgi: %nﬂitt[%hell%ggemss) gst%%ogﬁdd t&ﬁm%}éﬂ(? %ﬁ:}%@%%% aff of

ensity ele seco ni nt

oul d onl.y, ha a thickness T2 o 3..6 i dth W2

3.3 i At o e it P D158 A S o2 i 28 .

conposite conpact E has a thickness T of 36 nm a
HeRiCl h W0 FCOIP airh téh F PR atigth hadfa 2@%%%%&”81&)01? 36 mm,

Next, the high Ac high-density elenent 8 (the high
a Whsltdotpadt 18 eme@ndd)a ke gh ®F BP ghindensity

el ement 13 (the high Br conpact elenent B) and the
[Om@4tli pl e intermedi ate high-density el enents (the

multiple internediate conpact elenents C) serving as

t he NgeagNd HeO hiRjmtiid ayegis-déespegté vehynprodyced nigh

i ndividually, are conbined and integrated as shown in
1He GomdH@2)e I HORICE the high Br high-density 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(c2Z) 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),



the conposite conpact E (ten-el enent conposite conpact

55). The above-nenti oned conbi nati on arrangenent

sequence should be in the oB#ler of the first to tenth

| ayers. [0105] Next, the conposite conpact E shown in

FIG 30(c2) is subjected to plastic working to form a

per manent magnet bl ank F (ten-el enent pernmanent

magnet bl ank 65) shown in FIG 30(d). The

}Qgﬂ%q 1§ s CESSES,
th%ﬁgﬁﬁ: onJﬁpgggﬁﬁgah§?§ﬁﬁ%§t%%§%%?§¥%gg%?g%gsses. ¢ rate
106]_ _Tabhl e 16 _shg t he resi dual nagneti c. u N

ol e LG R  A t PRe TR T

and the content rate of the rmanent negnet
L agiRraiREd B Ha NS iyt ahe i oSt 5 perdementoed above.

magnet bl ank F produced as descri bed above. ) .
Frgthiservsice, thite dgdddh of HIG 31 SHovs thfe relationship

rel ati onship between the residual magnetic flux
bedeiesn ychBriesinthia henagmttiast bueoders Viey f OBk dndHehe

of the permanent magnet. [0107] [Table 16] Sr Me Dy
intontreniic {oBriM¥ orad e(1ss %W thghpdnawepachagnet .

el ement A side(lst layer) 1.360 1.850 3.60
[odimt7er nedi ate conpact element C (2nd |ayer) 1.371 1.787

3.24 Internedi ate conpact elenment C(3rd |ayer) 1,382

rrkpi2d %88 Intermediate conpact elenment C (4th layer)
1.393 1.661 2.52

Br iHe Dy content

(M (MA/m} rate(Mmassk)
High iHe compact element A side(1st layer) 1.360 1.850 3.60
Intermediate compact element C (2nd layer) 1.3 1.787 3.24
Intermediate compact element C(3rd layer) 1.382 1.724 2,88
Intermediate compact element G (4th layer) 1.393 1.861 252
Intermediate compact element G(5th layer) 1.404 1.598 2.16
Intermediate compact element C(6th layer) 1415 1.535 1.80
Intermediate compact element C{7th layer) 1.426 1472 1.44
Intermediate compact element C(8th layer) 1.437 1.409 1.08
Intermediate compact element C(8th layer) 1.448 1.346 0.72
High Br compact etement B side(10th layer) 1.459 1.283 0.38
Permanent magnet 1.4085 e 1.98

[0108]

As shown in the above-mentioned Table 16 and FIG. 31,
the intrinsic coercive force on the high iHc compact
glement 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



I nternmedi ate conpact el enent C(5th |ayer) 1.404 1.598
2.16 Internedi ate conpact elenment C(6th |ayer) 1.415
1.535 1.80 Internediate coﬁégct el enent C(7th | ayer)
1.426 1.472 1.44 Internedi ate conpact el enent C(8th
| ayer) 1.437 1,409 1.08 Internediate conpact el enent
C(9th layer) 1.448 1.346 0.72 H gh Br conpact el enent
B side(10th layer) 1.459 1.283 0.36 Permanent magnet
pderd2mnt -madnd8, 40408F AS shewhbdhetpermanent magnet is
above-nentioned Table 16 and FIG 31, the intrinsic
1 ivesf ofee Ofethge hi ghal Hor RONDAGErs £l EABRELA BhUEng a
of the permanent maghet is very high (1.85 MA

AN, DY ROMEN o | 81 Oy Gerds Or PRSSHn AT LNPIATESy

is 1.45 e high Br conpact elenment B side of

1 -.. 85 permanent net nd Br ip.t whol.e
SO Anen: ThbheroT e I8 o5e P e shh e EoLb s Aol T nthP
the |l ayers, thereby having a _high residual magnetic
MR Horet 55T LheE a0t | hha WR9 S sPRFRaRCUD FARREC hatdly
described referring to FIG 13, the magnetic
defrdpkd¥3tess odnd hehanptenpeerhnBAtnahighal hargppd for a
deteriorate, and the permanent nagnet can be used for
leng | bhie | péripdranda ase ampeentnvagnabghetnpeengellent in
excellent in magnetic properties. Mreover, as shown
nagndiabt epddpetheeanount of use of Dy in the whole
per manent magnet is 1.98 mass% on the average in the

ten b esend s, bys digpesi N8 tAB18UL K] pLRe hRbeRREdifalRe of
conpact elenents C between the high iHc
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. In the above-
rentioned 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.



conpact el ement A and the high Br conpact el enment B;
hence, it is characterized gn that a permanent nagnet
capable of delivering the a ®ve- nent i oned hi gh
intrinsic coercive force can be obtained using a
scarce anount of expensive Dy. [0109] Next, FIG 33
wi |l be described. In the above- nentioned FIGS. 13
and 16, an exanple is described in which when the

t wo-rRiRMS B icoRpRAsideLoastadpis forwRikh thesddt gh
I Hc powder elenent 6 and the high Br powder elenent 11

e]%é%&é“ﬂﬂ@'éé&édh%l;ﬂqlé’écﬂ%%téf al e aSx SOV | O Fhfss
13(a) or the high i Hc "powder el ement 6 and the high Br

130%‘Pféer16‘3'ﬁ{é‘?ﬁtat %{'uib:%sggl% aeclce‘?[(@?%aé%gqé%"u?@é%é ct E is

I nside a cavi y as are

e DGt SBreTEare idve Soradht Ji R it 6

xanples of FIGS. 13 and 16 when a nultiple-el enent
h@&rﬁ&s Meshedc tthe i aner i R ORR B %é&@%%am/h an
high i Hc powder element 6 that is formed of the
1%@%31% QORI M st g thi gmpar 1 $ e rv bl ca clokglei Be
force in conmparison with a high Br powder elenment 11
poante rbei imgnalrdw 1iln aresilshialg magnetn crédiduadensgtytia flux
conparison with the high Br powder elenent 11, the

deltisght yvBrirp @uitgya el ssre il thl diathigh foF neew@ér t 8Bement 11,
magneti ¢ powder M being high in residual nagnetic

tHel W gHiensigobddt campanisom Wil the hbahelHss pouder
element 6 and being lowin intrinsic coercive force
madhé%yHﬁﬂaﬁHE} 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 iHc 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
5 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



with the high i H powder elenent 6, and nultiple
imeﬂmdmuepmmereummnsﬁlthm are fornmed of the
mul ti pl e nagneti ¢ powders M8 eéi ng used for the
internedi ate el enents and nutually different in
material properties are conbined in a state in which
the powder elenents are nutually arranged in paralle
inside a cavity 5 and in a state in which the

reapewve-iventicgmed il lddwled s iMd efdedited eapovdlese red esmad s
are di sposed between the above-nentioned high iHc

mup@Wiak eherditef sard JRRiAabAesndRY | pned-Ji ah Br,

powder el ement 11, and they are integrated using a

pxP @5%1iRG RS hQf AB afe%gj@péwee 3 FORAct - Fc?aﬁjcg{&@y

e conposite conpact E for a pernmahent” mnagne

[ ch t teri.al ti f_the -87-
oo P o maghEt ik P i Sheves e fdhe
Y RN a F Okt Aeh E Pesde VRS H o e et ea v

forces becone | ower sequentially in the direction from
nephd Onglovd She B GeEwpatgIe amedorpaatd ebugierith et tighe he

above- nentioned high Br conpact el enent B and such
rephactiie nesdpeetli wegnediiduai lurmgiests it fdanbatomse t leser

becone | ower sequentially in the direction fromthe

segheneimditi dmedhk g rBre iconmaaim el rerio B tgerithtoned high
above-nentioned high iHc conpact elenent Ain the

Brakewgaikn el @feh c Mt athanthoddltR @i Stk Stiai g ofud he
conposite conpact E. [0110]

compact element 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 ten-element
composite compact E exemplified as a multiple-element
composite compact for a permanent 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 F
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.



This matter will be described further; it has been
described earlier in FIG 30%&2) that the ten-el enent
conposite conpact F exenplifPed as a nmultipl e-el enent
conposite conpact for a pernanent magnet should only
be forned using the powder el enents shown in the
colum (a) of FIG 30. However, as obvious fromthe
description referring to FIGS. 13 and 16, when the

laonpiasithe cogpaet Runiesaormeds iarea3osl tmpmdale powder
element 9 that is formed by filling the magnetic

o IROWHRY SE MR P Shid £,81 8Nt L 1 OPEER | B3¢ FORLOL! BBeMeRE &,

for the second to ninth Iayers into a cavity in

f s t h .
tjﬁiéﬁé}? 3p3;$ﬁer ﬁ%ﬁa ou d on ﬁgggﬁ%e ectl l%yfﬁg%ﬁm%%late
3( accord ng t e_.concept . .
A TR gt 3*% ‘H‘?a Sgutd 1o TR IR atp enaometic
nu raI 9 .desi osjte powder el enment
%ﬁ&? e PovRie? t @1 @heRen S and
the hlgh Br pomder elenent 11 and the nultiple
nytivedrlie gl idfe reidndier 3 tepeins macpemties evhblerthefabove-
t he nultlple magneti ¢ powders M being used for the
mejritigmestinatle gt leeint e amekl i ang uadbgedi ¢ienenmtsi are
material properties while the above- nentioned

dimpldsigqal édtemediats poywasnel eneatisi gk eindi spesed
bet ween t he above-nenti oned hi gh i Hc powder elenment 6

el rthe aya-He s eRedndh 8o R Pevgier s el ﬁ@i@ﬁ‘érlélement 11

mutual 'y in paraIIeI i nside the cavity 5.

muEAHAS) tig, Ao eftaﬁ fxf% he pLoEes sus'msaé%m@g

pressi‘ng in egra o forma
pomo%fe%e%wcfs %rel\slys[re?cri al!lSlI’lg 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 iHe compact element A and the above-
mentioned high Br compact element B.

f0L11]

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



10 designates a conposite solid elenment forned by
conbining and integrating tge hi gh i Hc conpact

el enent A, the high Br conp et~ el ement B and the
multiple internedi ate conpact elenents Cin a state
in which the above-nentioned nultiple internediate
conpact elenents C are di sposed between the
above-nentioned high i Hc conpact el enent A and the

whalbety echavend § et Y gholRie £08P&6En €5 egeat £BrméQ111]
According to the production nethod of conbining and

indteghading ddeipoyelercglenspt syghown ig,ihe,col uppy
(a) of the above-nentioned FIG 30, the perhanent

AP, DL e e BEBYL 000 e | ANGBRL My gontrast,

conparison wt

“corparison 1] Shoun TnFFG “30

PRt b I TR el ol fRnrufauarey as
in the,case of FIG 30, multiple (for_ exanple,_ 21)

AnFRIGE LT3 OTRVEE S FBGERPER: 1P NFEGnt sAst OhLindaRew

exanple in which nultiple powder el enents are

(LT atP 1 hsi Her e L anF €55 By shp@ha L hoFs GRre3reaniyed. The
few (for exanple, three) pressing operations are

mEEyRi redrder t egnef | theriopendnest ohaghet pechaaened by
magnet s obtai ned by nagnetizing the permanent magnet

may rartkisz g v parid Gt 3dageet BlaMksert BRoSAMEN FIGS. 33
Furt hernore, even when other nultiple conposite

ar@DMRcisrd e da54ed using the internedi ate powder

elements 16, 21 and 31 shown in the above-nentioned

Fle%urthermore, even when other multiple conposite
compacts E are formed using 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



24 to 28, the conposite conpacts E having the
correspondi ng nunber of Iay&@s shoul d only be forned
according to a concept simtar to that described
above by reducing the nunbers of the internediate
powder elenments 41, internediate solid elenents 42,
etc, in FIGS. 33(a), 33(b) and 33(c) so as to respond
to requests. In the exanples shown in the

apphope-ineriliyorepdrddsg bh e 3dqide Meh i Heeorpaste
el ement A, the high Br conpact elenent B and the

demtgﬂe'fﬁcﬂa&ti%rﬁorﬁé%ges%serﬁrﬂrﬁ& Ittd N they cost,
composi te conpact are described so as to have the
et$ane di nensions. However, the size in each alignnent

direction (the size in the thickness direction or the

WM I rectdi.on) should only be increased or decreased
{Eﬁ%%¥ﬂg%%¥bgf$ately dependi ng on the request for

[0 r&gversible demagneti zati on, requests with respect
td4di ze and cost, etc. [Enbodinment 15] [0112] Next,
FIG 32 will be described. As described earlier, FIG
32Nextysdd G-o 39 |wkt¥ dpe €pecrabadi onbhi gepetibed tdeglier,
intrinsic coercive force (iHc) and the residua
Flagrét il udadk tdensiltust(rBre vien tdietmniumbsripfbétecen the
| ayers of the internediate conpact elenents C shown
intwiklsGe Iearivendeeased ) lGdayitHs tas Idud RyRignetic
The figure for Enbodiment 15, that is, the figure
£1e6r cesRandi NBHO whldd 3 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



for Enbodinent 14, is a figure in which the nunber of
the layers of the internediate conpact elenents Cis
increased by 10 fromthe mifber of the | ayers in FIG
30. Hence, figure representation is omtted as
self-evident. [0113) The high iHc high-density
el ement in the high iHc conpact el enent A serving as
the first layer and the high Br high-density el ement
conteigte shindh aBr teommast RlREHed rSedM N aso ties 2084,
| ayer should be formed according to a concept simlar
eSCl.d ferri N = r
Polr0 bl 13eS Gl l%%n{ﬁ)g(?%r dfjg:l'geﬁ_lgées%selact]t}ve M%Mf@ Sowders

the multiple inter Iate hi el enents of
i nter | ate conpact .|l enents C servin the ..
1 PR ST TAFerl hdia Ba T e Sy drngtte 18

-91- .concept, simlar to that described referring to
Lo DGO G GSIEDAR SRS of M el pbcdh vir
magneti ¢ powders M being used for the high iHc ‘
CORPRSAc e leMemdnt® Acadrslingr YayiErbeditesiedt at et konpaeaving
el emrents C and the high Br conpact elenent B
thgcodpdivyg tretEmisodihmem x5 Tathlos el haldngezamel e maur@lso
rati os shown in Table 17 for exanple may al so be
beused.d .M¥eowerart heheakz@s oef ofthe hal ¢ ghHG leoneagiact
el ement A, the multiple internedi ate conpact el enents
eiCmand 2t herki ¢ni1Br eMmasic wiei®Me Bdfbd e epsmesttec and
conpact E should only be those shown in Table 17.

theOthdh Hrlalkh®abi3 element B in the composite compact E
should only be those shown in Table 17.
[0114]

[Table 17]



-92- Mxture ratios of the nagnetic powder M (%

Thi ckness ratios of the l\/agnixl c powder M Magnetic
powder M respective used ind perinment 2 used in
Experinment 1 layers (% High iHc conpact el enent A
side 100 0 5 (tat la er) Internediate conpact el enent
C95 55 (2nd layer) Internedi ate conpact elenent C
10 5 .(3rd layver) |nternediate. conpact. elenment C 85

g;5 oo h4t h fa ellr )nt LPt e MIRA adids ocmmegatt.c%s&em{%)c %@‘:“Sﬁie
1 i y spective
T ;:m;drci ei%f;ehFA swdl j@éﬁ"ﬁ%,%ﬁ?' el e
@ity €1 ) nter medijate coWBact ellenent Q: 60 40 5 5
Iiefhelide SémpattidleRbdtdl @l € TONpa ftenment C 590 49 S
Q@tyedayer) | nter medi at e cgﬁpact ¢l ement®C 50 50 5 °
Intermediate compact element G 10 5
{3rd layer)

i:tf}r}':;::gte compact element C 85 15 5
Eg::r;:;:l:gte compact element G 80 20 5
ég:ﬁrr;::f)ate compact alement © 75 95 5
il(r;i;;rrlgsgsta compact eiement G 70 30 5
zgtﬁr?;;:gte compact element C 65 5 5
I(gtﬁr?ssg:gte compact element G 50 10 5
ir;m:g;it)e compact element G 55 45 5
ir;iﬁr}:r;aeggt;e compact slement C 50 50 5
I(r;tzet;\n';:::art}e compact element C 45 55 5
ir;;im:::;e compact element C 40 60 5
}r;ietrg‘r;::::‘t)e compact element G 35 85 5
Er;tsetr;r;:gfrge compact element G 30 70 5
?;taim::;it}e compact element G 25 75 5
i?gi::r::;d'ﬁ;e compact element G 20 80 5
f(r;%i;‘mlggfse compact element G 15 85 5
é?gim:‘f:;e compact element C 10 a0 5
Iilé%izhﬁ‘i;::rr;apact element B side 5 95 5

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



(11th layer) Internediate conpact elenent C g5 55 5
(12th leer) Internediate co ct elenment C 40 50 5
(13th la er) Internedi ate cohmpact elenent C 35 65 5
(14th layer) Internediate conpact elenent C 30 70 5
(15th layer) Internedi ate conpact aenment C 25 75 5
(féth la er) Internedi ate conpact elenent C 2D 80 5
(17th a er) Internedi ate conpact elenent C 15 85 5
A,g 18ieh 1sayier)ed nirafdrediat o € afmasdctel n@amdn€s 10 984 5the

19th la er} High Br conpact element B side 5 95 5

hig0EY |Rrffac Netemddt tH18: BP0 ¢ 1L QRCA DG @ powders
per manent “magnet bl ank 1: using the high i H conpact

o ST B e R AL, opagty ) Ty
ooSOIRSSL S SO 6, 0, 3 PENENL IRONEE BLaloo o

the 18-1ayer internmediate conpact elenments C and the
CORGH tBr° tt 2Nt F okl oL eRel paghet FEG. 30.

powder s _
The residual magnetic flux density (Br), the intrinsic

B

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]



having the material properties shown in Table 17. The
processes thereof should onlg be carried out according
to a concept similar to tha¥t described referring to
FIG 30. The residual magnetic flux density (Br), the
intrinsic coercive force (iHc) and the Dy content
rate of the permanent magnet bl ank F (the 20-el enent
per manent nmagnet bl ank) produced as described above

ar wn in Table 18. 1011%1 [ Table 181, 94 r ycorl%ént
cont ent m rate(mas$% %
el enent A side(ist 1. $600° 8500@%”“’ "ﬂte(mass%)

I rneer IIBUI dal e LUled(,[ el clrTelll yer
ﬁafs*rssofgpaaze’e'r‘mte‘r sigal] sk fayer orirpai:i’ %& éﬁbBr d | ay®f)
el I e S QLT (2 mygSTOAC Bl C

mteeufmdhﬁte B(rﬁdaht blay«mt)c(akd%&@ 1. 723002. §8 1I'8it0er nedi at24
AR o e A N
ﬂnta@ﬁ&&at@ é,@,pacl aLaﬁéJ{%‘éﬁtﬁﬁa%eﬁorma‘ﬁbsz@ ereny 7648t N | ayggy)

n nrrm I
T

Inmagsat&céﬁwat oGO (@ lsﬁrer)l nt el A&k atle d6H%%act 270

l“Fﬁ'@P%ﬂFﬁf‘f fé“’&&'ﬁ‘ﬂ%{&i tC(Eéwgt c(l 1330y, fé\ﬁﬁ?"’l. 450 %52
E E : Efgi | t oth
ﬂwte’it?‘é at@u&gpacl Bb& Mﬁtﬂ egorpaquﬁ_ enen ‘f.ﬁ%ﬁlct 2.34

e:ltememﬁte@érﬁ&chelhay:&rcxgtm 124260 {1. 4308 1.!441.5B8%k er pedi &atfe
conpact~etrement-C(i4tirayer) 143154 4%%3651' A

Intermediate compact element C(10th layer 1.4095 1.98
Intermediate compact element G(11th layer) 1.4150 1.5350 1.80
Intermediate compact element C(12th layer) 1.4205 1.5035 1.62
Intermediate compact element C(13th layer) 1.4260 14720 1.44
Intermediate compact element C(14th layer) 1.4315 1.4405 1.26
Intermediate compact element C(15th layer) 1.4370 1.4090 1.08
Intermediate compact element C(16th layer) 1.4425 1.3775 (.90

iintermediate 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) 1.4645 1.2515 0.18

Permanent magnet 141225 - 1.89

[0116]

In this embodiment, as understandable from Table 18
and FIG. 32, the one side 67 of the permanent magnet 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 c¢f the permanent magnet,



I nternedi ate conpact el enent C(15th | ayer) 1.4370
1.4090 1.0B Internediate coppact elenent C(1 6th

| ayer) 1.4425 1.3775 0.90 1¥Rernedi ate conpact
element 00 7th layer) 1.4480 1.3460 0.72 Internedi ate
conpact elenment C(18th |ayer) 1.4535 1.3145 0.54

I nternmedi ate conpact elenent C(1 9th layer) 1.4590
1.2830 0.36 Hi gh Br conpact elenment B side(20th

ankiayer ) 14. 4645 Jh@bd 5p8rk8neRer mengidc magnet, 41245225 on the
1.89 [0116] In this enbodi nment, as understandabl e

aveh@BTabh e;18 and lFaly%rs,g:,Z’ thBeeBDe 1ivd P 7a Ohikhe residual

per manent magnet bl ank (the high ifc conpact
j [ i.gh in i i.nsic r.Gi f.Qrc ;
ne PRI r o o, BENCE 1. SAISEIGY fhe Rgt Ped
canpact e nt .B side of the permanent. nmagnet
el IR 5 THTt nbSahgrE PRSI MRt es 1081358 fhole
on the average in al] the |ayers, thereby haying a
PERTGR eS| dRANetma ity f IABEHSREate . Hack, WS IBgTRpnent
as described referring to FIG 13, the nmagnetic
magingdertdesbef udtsl whot ea pedimanéhfenmpiaochaddl § permanent
deteriorate, and the permanent nmagnet can be used for
magriedndpdiirfee eperdidteras im pergraieid pregeet idei ng
excel lent in magnetic properties. Mreover, as shown

in Tk, tdhe amumntiofrases ofs, Dyhé natden wher euse of
per manent magnet is 1.89 mass% on the average in the

Dy2Q r aYRS S;HYL diPosd ihd headib ti pher , 80t grABEI 8hethe

conpact el enents C between the high i Hc conpact
avRl IR A AN Ao LU afs By, CoRBGE: £5 ePRE nBi « hEES,
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
PIGS. 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
BE. However, when the high 1Hc¢ compact element A, the
intermediate compact elements € 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



it 1s characterized in that a pernmanent magnet capabl e
of delivering the above-nentioned high intrinsic
coercive force can be obtainB@-using a scarce anount
of expensive Dy. [0117] In Enbodinents 10 to 15
descri bed above referring to FIGS. 24 to 33, exanples
are described in which the high iHc conpact el enent

A, the intermedi ate conpact elenments C and the high

toBr reeRPagic el-eipYs B Ar eoperbicnes andoddihRAr abedy i Rkoncept
the X-direction to formthé conposite conpact E.

; er,, t I 4 | ele t e
Sllnﬁg%ﬁg |§?§HE5#%%%#ggréﬁé%§§ﬁgﬁ%%dt%h%ﬁﬁigﬁvéép'
{OﬁﬁgﬁaCt el ement B are conbined and integrated to form

t

conposite conpact E, the elenents may be conbi ned
in the Y-direction -96- to formthe conposite conpact

E af&&tdi hda FreTohicefied B7RMeRt T ©F nate Je’er e bed

referring to FIG 17(c). [0118] Next, the specific
Preesdii@tems tdfe R mapie: iragpelopetanks Bfshpen in the

per manent magnet bl anks F shown in the
abalyeveemntdroe P T9365.13,3,223,224,286, 228, 380, 332andd33 are

33 are conducted as described below. Simlarly as
cotielsertichedhd nidxperbe®iedow segnents  having a w dth of

8 mMmm a length of 8 nmmand a thickness of 8 mm were

t akennfinemithes Cedd@ti e t1 ONSxhdr 1 HEnW Ht hs@Bent s

| ength directions of the permanent nagnet bl anks F and
ha®AEd W dde ST EkNESS; HLLGHA 00 UPthh £AGNaCLETERbess of
8 mm were taken from the central portions in the width and
length directions ¢f 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.

Mcoreover, 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



portion becane a single layer; furthernore, the |ayers
are overlaid nultiply so that the thickness becane
the sane thickness (8 m 2247 tn Experinent 1, and the
obtai ned products were used as magneti c neasurenment
sanples for respective elenents. Then, the sanples
magnetized in a magnetic field of 3.2 MA m were used
for neasurenents, and the residual magnetic flux

podenshky 1 aN@ NNt R GrRPEGIMe e W £ Jreasi ed.
Mor eover, the specific neasurenents of t he magnetic

re@%@@%%&%ﬁ%l%@g%&%ngﬁﬁEﬁ%% 17 to 19 Wer e con3%g$€dﬁg§nd
weflgSgLRted ggr%%vgtgg U S ana AN o B am o e

HESS o wer e

e SR 97 @5&%{31 O, L L L1

per manent mnagnet blanks F and were used as magnetic
OfnéaguPﬂMEW%wS@éﬂ flor Mefrattqnant o ahchthe wdual
the sanpl es nagnetized in a magnetic field of 3.2
naynetige £d uss denfsait ymeasurieriernitss L ambatel vesiaiued were
magnetic flux density and intrinsic coercive force
neasneedneasured. [0119] Next, exanples in which the
materi al properties of the nmagnetic powders M being
[oused to formthe high i Hc conpact elenent A, the high
Br conpact elenent B and the internediate conpact

el efeRkS €xar1%8! 861 641 WY |t1Re 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 requested 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 reguest 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 reguested for the

permanent magnet has distribution inside the permanent



described referring to FIGS. 34 to 41. Wen the
predeterm ned intrinsic coergjve force shown in FIG
34 is requested for the per ent magnet bl ank F

FIGS. 34 to 41 are used to illustrate design exanpl es
for selecting the material properties of the magnetic
powders M in response to the request so as not to
cause irreversible demagnetization. In the case that

madnpel. Mpept cABGPEE, ehtabnedrbyuBgnebifzithg tReuested
per manent magnet bl ank F is used, when one face of

inkhe nRELMRRRAL iRRINRI, des iRl aRAT-J}H AN 18NMid WHRN6F the
exposed to high heat or the |ike and when the other

cohiég_ﬁ iigl)zl PlAGEd 11 3 Envifongent %%% <PH3eY gfé g L&f%glrote 5

at, the intrinsic coercive forcé requ
t he. pernmanent _magnet, has distribution inside the
thECASRARET 98, ChSagdC S AU GO K dr 'St (BRI
of the requested  intrinsic coercive forceis L
magagdri BEE CROCHE 10Rse adte S URShdi T i TR Hoh M Eesic
34. More specifically, t denotes the distance in the
cophcéRRe SO rdEr é6t irGEVSHS el terkmanem? Miaghett fard T1 and
conditions are assuned in which the intrinsic
tocobroiee fioree liys ireqies tddds tandoe 1. 1220w m @tand =TT A
and to change linearly in the distance t between 0

knamd hkand JHQWA RBARS SNaldal o Va hesalse o ASoc ABANSg the
of obtaining the intrinsic coercive force requested

int@hnkhe RSN Mgt reqhdsaddi FHeN b dritahied®l Gragnet.
coercive force may be nade” slightly larger at this

LIRSS A e, el st
slightly larger at this time in consideration of a certain
degree of safety factor. Irreversible demagnetization does
not cccur 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.

f0120]

Next, such a two~laver 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 lJayers 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%5 MA/m and the second layer has 1.535 MA/m as



not occur when the intrinsic coercive force in the
region (the shaded part) above the inclined line in
FIG 34 is applied to the'T%%pective portions in the
thi ckness direction of the permanent magnet. [0120]
Next, such a two-layer permanent magnet blank F as
exenplified in Enbodinent 10 will be descri bed
referring to FIG 35. Wth respect to the materi al
shpapent iFgs .of3sthe nmagneti c powders M according to
this enbodiment, in the case that the two |ayers are

equﬁ%hﬁegiFB@GQh%nﬁdﬁ%ogéﬂd%1¥%¥éﬂﬂfﬁﬁnﬂﬁghintrinsic

irreversi bl e demagnetization does not ~ occur when the

i_al r l. S t.hat , t he: f.ir st r . has
oG R aes The Cedoiia Ty i oub e o6
shown in, FIG 35. Hence,, K for_ the pur e of, attainin i
PoRRE TRl s e SR EE ey bt TR i SR Tk Rl Uf0 the
the magnetic powders: the magnetic powder M used in
MABREELCMPRNIZ rafd 456! Ipadidts o videlr MR dpgRptic powder
Experinent 1, the nmagnetic powder wused in Experinent

usgds houEdpiss lneed 20GYchdid tite Uiedtl00yeey dml fhest
magneti ¢ powder used in Experinment 2 and the nagnetic

lapewdernasetiel mabxparicrenrivdershesd he Dxpedinent he and the
ratio of 50 to 50% for the second | ayer for exanple,

mag@$e t3ROWRdwide rt e cabave IRt ionat: Tabdeould Abe thiged in the

time, the magnetic properties of the second | ayer
ra€Qbl @3Pend tl0 she % 0% RRsIdAOM SHOWNEb P EXGnp2S; as
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 nmixed 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

1s a value obtained by adding all the components of the

magnetic powder used in Experiment 2 and the magnetic



the ratio being the sane as the m xture ratio of the
magneti ¢ powder having the gﬁﬁgetic properties and
used in Experinment 2 to th igneti ¢ powder havi ng
the magnetic properties and used in Experinment 1. In
summary, the magnetic properties (Br and ii-Ilc) and
the Dy content rates of the first and second | ayers
are as shown in the above- nentioned Table 8. In
poadigixt inased ald g itrven tki Inds dft hqoviske r $1-ai @i mg xelde amaie by
used for the second |layer, one kind of nmagnetic
tweowder having properties of iH = 1.53 MW m and Br =
1.415 T may al so be prepared and used directly as a

[ R GQYr se. The conponent conposition at this
time 1s a value obtained by adding all the conponents

[0%&1;he magneti ¢ powder used in Experinent 2 and the
magneti ¢ -100- powder used in Experinent 1 and then by

dividing the sumby two. [Enbodi nment 1§% [0 21%

Nex PSR IPUER - MR/t Y56k TG Tl R Erk R RsE 25

exemplified in Enbodinent 10 will be descri bed ,
exegpdifiigg! tig BmRedigwthoWll iyt Bh kK apprer #pefereherring to

fromthat shown in FIG 35. Wth respect to the ‘
Flfat 616 athgrioperan esxofplbedififnsent fowtderthay shown in FIG.

according to this enbodinent, in the case that the
35t.wonl ajere sgeetl aoretommiate tikd fdratiedtaykery ohavharg a

high intrinsic coercive force is extended at uneven
malgiet MAlgowddrd he &:dSddi Restdi on) sasmsbawnehs, FEG 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 0.757T1 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 iHec) and the Dy content rates
of the first and second layers according to this embodiment
are shown in Table 20.

[0122]

[Table 19]



36, irreversible demagneti zati on does not occur when
the materials are selected such that the first |ayer
has 1.85 MV m and the secoerdll-ayer has 1.3775 MV m
As exanpl es of the magnetic powders M being used for
t he above-nentioned first and second | ayers, these
having the m xture ratios shown in Table 19 shoul d be
used. The magnetic properties (Br and i Hc) and the Dy
tent rates of thel first and second | ayers .
accorging to this enbloMixsntationpfthe pagnatic ppwierdfl @) 4o Thickness

[0122] le 19] - [6d—M-xt-tre—atos—oi—the ratios of the
magnetic po M (99| Meierskineswder Mag | Magneffc rolyder M '}asyiisct(‘;?
Magnet i c_powder et & Eyporrent 3] eedde Bxqetment dded

dfin Experinent 1 layers (% Hiigh
}ﬁ@g‘%i‘{mg g'.r?rtweﬁuné“ﬁ3 si de 1€ 0 75 |(1st I&yer) Hijgh 75

a.odnmr.act al nt D rdao. 26 7L . 2F L20d . l.avior L.Ad1221]
TETra

eofpact—ereneht SAECA T AR A Al veh-t-ary-ef~t-8 423
ﬁr&bhw@@e@nent\@sw content ,5(7) (MN M rate(nmassy) o5
ddayemio conpact el enment A sige(lst lfayer) 1.3600
1.8500 3.6 H gh Br conpact elenent B side(2nd Tayer)
1.4425 1.3775 0.9

[0123]
[Table 20}
Br iHo Dy content
(m (MA/m) rate(massy)
High iHc compact element A side(Ist layer) 1.3600 1.8500 386
High Br compact element B side(2nd layer) 1.4425 13715 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 ié 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 excessive 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




Per mmnent magnet 1.380625 - 2.925 However, the sane
effects are not obtained fromthe exanples shown in
FIGS. 35 and 36. The sum tctdi2of the areas of the
triangles protruding upward (the areas of the shaded
triangles) in FIG 36 is larger. In other words, this
nmeans that the portion to which an excessive intrinsic
coercive force is granted is large. Wen no triangles
FI@.ot¥ydiing idowsmintk @re figg nask andl whent thige sttdotals are
of the areas of the triangles protrudi ng upward
sNRGARS s RIHRS! e LYdA0Nyd O WU €8 2P eXLESSI Y Cat
intrinsic coercive force is granted becomes snul | est,

e%{\ﬂﬁr 3@%6%&1@'1”18‘.{:{(?15'1, 4 St tainedy o4 0 éggrqff\?g Fhate is
he distribution o the intrinsic coercive force
-h s linearly as sho in -102- FIG, 34, it is .
Dol ded T e e TR THAVTHES ri T arE Eat eruiseeeive
. such that the respective |layers are divided at equal .
TS SO G HRTThet § T3 MsRe: cdériciie Foreasans, in
not | ess than the required value and such that no
thdgc eggiare thandasian Fveitile FBFce3 sigramened Fop be
t hese reasons, in this case, the design shown in FIG
op3gniad. .asHowetletre ba topt icesle. thawevdrerd muehd icdsations
that there are limtations such that the optinal

suicht rihasi & heoeypddives i ofricier ediet cher o e efd ece besause be
of difference in material availability or the |ike,

sdlledteEXRechad tdataihe: el{ect;: O nieducindatflability or
excessive intrinsic coercive force is obtained even !¥

crdhe iy ahis A Ml des! MatNNENEPLEL VB Sredldih Lhe

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 ag
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 lavers 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



worth attenpting to apply such a division. [0124]
Next, such a three--layer permanent nagnet blank F as
exenplified in Enbodi nent 10841 be descri bed
referring to FIG 37. Wth respect to the materi al
properties of the magnetic powders Maccording to
this enbodinent, in the case that the three |ayers
are equally divided in the thickness direction,

milfthpnee st g demmeanetd zadp oo sloesy r&tamm%h&@w bBeused.
materials are selected such that the first |ayer has

T%eSQaWe@lé Eﬁcﬁ%@ﬂ%é apEr J"rﬁi b4 J\A@{ ghé"% the tent

third ayer 43 MA/ m a own ‘i n

I md b h
e %\r}g-f-e?rcen |o i £ rgﬂf af%’?sl’ yy%‘?érg%%uggg h \r/| %tg ©

- 103 n1xture rati os sho in Table 9 for exanple
“&W&ﬂ“l?rk}e Yo PO et ThalgHet ¢ CVYST operties (Br and i Hc)
and the Dy content rates of the first to third | ayers
rding to this enbodi nent are shown in Table 10.
[0125] Next, such a four-layer permanent nagnet bl ank
F adlexaxergpidlf ieedidur-Bnioli nestnaditenk [hadpretelstanbell as
referring to FIG 38. Wth respect to the nmateri al
expngheriiess jof Berdimgnetiz powlers dMacchbdingeferring to
this enbodinent, in the case that the four |ayers are

reguad.y di'l‘t‘.hd%slp%cttth N kRRSS 1A T @3tdy¥kties of the
irreversi ble demagnetizati on does not occur when the

méa?{ead"@lpﬁwﬁfeer§% e&é@@r&ﬂ?& thatnibefbEdiment, 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 iH¢) 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



| ayer has 1.85 MA/m the second |ayer has 1.6925 MAN m
the third layer has 1.535 MA mand the fourth | ayer
has 1.3775 MA m as shown ird0#-G 30. As exanpl es of
the magnetic powders M being used for the
above-nentioned first to fourth | ayers, those having
the m xture ratios shown in Table 11 for exanple
shoul d be wused. The nagnetic properties (Br and i Hc)

madfidtlike JMaGntetic JAES Pt d Renifd r&libd @ikeon f hin the
I"ayers according to this enbodinent are shown in

| 41012 [ ve5 |
cakabhg s %%ﬁég}hgééﬁ%ﬁ%gg]éthﬁ’ QVEL s DT TRNENL

magnet ed 1 n Enbodi nent 13 w |

erBR 0035 RSl 046 Fisle ndTA £208L A o

ri ghetic powders

according to this enhodinent, in th case that the_,
00 A or e GALEI 15 Ah 1 SRAF TS O AR Debhe CELst
direction, irreversible demagnetizati on does not
layeduhaghen &hdiiniering segaidelasted atich- (hatMhAg, the
first layer has 1.85 MM m the second | ayer has 1.724
thijircmlaviesr has rld 3%6) 6A fras ths a8 uwrim laver floast h. 472 MA/m
| ayer has 1.472 MW m and the fifth layer has 1.346
arlVimea s isfuwi dyeFIas 30,346 Mxanpd esslobwh hen nBEffiet B8.
powders M bei ng used for the above-nentioned first to

fifih |ayensied hoge diyi Raghdeic Moxlidee s at | pei8jOWBed for
in Tabl e 13 for exanple should be used. The magnetic

e QRN Sfed B pLEdc D0 EDRLRY 1600LEN! LHALA ing the
the first to fifth layers according to this

mixture ratios shown in Table 13 for example should be used.
The magnetic properties (Br and iHe¢) 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-mentioned Table 16.

As examples of the magnetic powders M being used for

the above-mentioned first to tenth layers, those having the



enbodi nent are shown in Table 14. [0127] Next, such a
ten-1 ayer permanent nagnet QIgnk Fas exenplified in
Enbodi ment 14 will be descrifed referring to FIG 40.
Wth respect to the material properties of the
magneti ¢ powders M according to this enbodinment, in
the case that the ten |ayers are equally divided in
the thickness direction, irreversible denmagnetization
micdesenotat Desusholen ihe that esbals-acet Sehedt @ddechls for
that the first to tenth layers have intrinsic
exRaRIe VEndQIEeHaASuSEYWN iThe Fﬂ%né@iangﬁr@&rties (Br and
above-nmentioned Table 16. As exanpl es of the magnetic

i HRQWAgYF %&erﬁgﬁHﬁEQﬂEo&at%%ecQPOWEé”FDLéQHEQ flehth UQvyers

tenth layers,” those having the 105- mxture ratios
i.n.the,ahove- t | oned. Tab %é r e

ac%%%ﬁ 5m£§xh§§§% fﬁgﬁﬁgéﬁ% |%”§$6%§? |e%§(%$§%%g?éikb)
[Ogg% the Dy content rates of the first to tenth | ayers

' ering to this enbodi nent are shown in Table 16.

[01.28] Next, such a 20-1ayer permanent magnet_ bl ank

F a§ex§xeﬁ&QWi%ﬂ¥QTQQXﬂﬁxﬂ@ﬁﬁﬂnQE¢wwqqn%% frbark i beds

referring to FIG 41. Wth respect to the materi al
exgrpdarftlicgs igf HrpedimggrietiT poWwddres dtsceobeliingeforring to

this enbodinent, in the case that the 20 | ayers are
Figqudlll.y divhdedsprctheo thieckaess idilr gotdperties of the

i rreversibl e demagnetization does not occur when the
mataiealiicAlspwaice sl ed@tk Slieh ddathideehbdé8iment, in the
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
example 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



to 20th layers have intrinsic coercive forces as shown
in FIG 41 and the above-nentioned Table 18. As
exanpl es of the magnetic powWdérs M being used for the
above-nentioned first to 20th | ayers, those having the
m xture ratios shown in the above--nentioned Table 17
for exanple should be. used. The magnetic properties
(Br and iHc) and the Dy content rates of the first to

b120kh H a¥eted ¥ECeHd N dso r&ah;{rﬁe&@%m Mngs&hown in
Tabl e 18. [0129] [Experinment 5) Next, permanent

Exgr%%%itw)e @o%g;%%%% nipﬁpe uaﬁngolf@vf (ér%g n%g@gﬁlwé} c

operties at rooém't enper a usi ng Ive

Example 1 _(th i,ngl e- er r nt net - 106
PorIAMRTE TGEReS B oMo FLOSATR I (b ovEr RS g powdex
Experi,ment 1), Conparative Exanple 2 (the single-Ilayer
M HEPRarEntXREGREENS #ik EHRIFEFEY tthe HE HiRgHet1& (the
powder M used in Experinent 2), Enbodi nment 10,
WErBddere PE rTE NEle magnsetl Hdan pdf vaderiodiatgist bl ahikhe
F), Enbodi nent 11 (the three-layer pernmanent magnet
thigkank aFpr Bebodinest nk2ndthd ldrourk) ay@ubgkinmanent? (the
magnet bl ank F), Enbodinent 13 (the five-Ilayer

fopertayent peagaeknkl arigrRt Eodimenterddbdident 13 (the
ten-1ayer permanent nmagnet bl ank F) and Enbodi nent 15

fi@bhﬁay%Q'F?gﬁ%nﬁ%Emﬁyaﬂeﬂnﬁﬂgﬁkkﬁfﬁ”ﬁﬂﬂodﬁﬂ%&ﬁiﬁ% (the

wor ki ng- e cts obtai'ned when the permanent magnets

telRig BLacRInkRcLIe el e W UDR AN ERAUEHIE Ps (che
20-layer permanent magnet blank ¥), 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 T1 of 8 mm, a width Wl of 40 mm and a
length L1 of 53.5 mm are obtained as exemplified; 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 wvalue:
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



More specifically, the permanent magnet bl anks F
having a thickness T1 of 8 nm_a wdth WL of 40 nm and
a length LI of 53.5 nm ar e ¥btai ned as exenplified;
however, if these are magnetized directly, the
residual magnetic flux density (Br) of Conparative
Exanple 1 is high and that of Conparative Exanple 2
is low, for exanple; hence, they are different in the

fzeRf JEENATd0: fhandfd Wavalue: sapbera(Yb) uged

as the unit) of the whole magnet, thereby being not

lérl?ﬁr?sa d Qvé{%q‘.{? 4 £n OF OPEriy £5. tﬁ@@eéf‘élé/howﬁ hen

melght engt e maghet is adjusted to align

Tgﬂq%??heHbQ%eFﬁdﬁlrperrna¥%a$ qﬁ%pg%%Qk§%$§E%ﬁ%ar [ e

Ieng rECti 6 ative
Exa aving the smallest Br su hat the flux
AR e Ao 7 A (e Ot & &0 per Seiverity miGhcb SR En
the same val ue. The |engths and wei ghts obtai ned at

nagied i@ ard@tow i febIapte- 21. In addition, since
the Dy content rates are as descri bed earlier, t he
anmodntf lofx s eof e pogepetoramemureafhet valags shdtore
in Table 21. A flux neter was used to neasure fl ux

spead itfeisza INbr e tispemiducal ¢§, tidenamoeini c of 1 theoagheédcfrom
flux obtained from the potential difference at the

tHd BRUMANL A RETIBNe ce BYNEhe V@End| @ced & Npare@htnand
t he permanent magnet was renoved fromthe coil at

maGRt anls sPeRbyes, ua?‘e(goﬁf’ 51@@ tlfxe %efﬁ&ﬂ@nt%h@ﬂé@gwas

Wwas carried out little by Ii1ttl der cooling so

réﬂgye&igidﬂnéﬁé“%ofisgy éég@gﬁtdggéégyﬁgs 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 adiusting 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



Demagneti zation, grinding, remagnetization and fl ux
val ue neasurenent were repeﬁgfd until the flux val ues
were aligned with the fluxX Ue of Conparative
Exanple 2 Furthernore, the irreversible
demagneti zation state of the permanent nagnet exposed
to high heat, caused owng to heat, was observed.
More specifically, two copper blocks, each having a
thst rusturrce el ien of headg st kings § etpes et Use (@nch that the
passi ng cooling water and al so capabl e of heating

greaimp faeehentd itadeateicand havih nghe sepvndvis€eraces of
capabl e of nmaintaining a constant tenperature in the

tHc—ﬁ"ﬂﬁaerngnér&prﬁa%rgé'ﬁ)q{ﬂﬂcf 4 Oy PRPK O NBE €l y e@@%d ey &

prépared, and t ground faces were di spos SO as to
qﬁﬁ- to gﬁgn o] . er ent t S I

l%ﬁ%$9gﬁé gﬁ¥a%e Ween é*ﬁﬁéléﬁi; ggggﬁz gg%%gﬁpﬁﬂ%%éﬂ?-éhe

t hi ckness .direction, (such th t he round face re
CORRTE COMHC AT (1 HE gt P SEST 5CEAS0f LD heoE The

per manent magnet having a wwdth W of 40 mm and the
PALIRGIa ot iidy afa! gremer Y ursi deet ¥heutbpuneapfhardly

the copper block was sufficiently |arger than that of
gerE a gt -naieneoregnetd, thegaloaoermder atas endiestdddin drhe

was hardly generated. Moreover, a thernocouple was

cogriiPeddext dtri drhej uconiraid r stded | eoppestbuoder side, cappethe
bl ock side, and the cooling water and the heater were

coeditnollaak satdatha heuesetwste f aset tENPER asHr enydeSa
mai ntained. Still further, heat conductive grease was

presed odMe-OrQuich £ AC8S: t0as fALILEL Ah8ahe& 111 Ffurther,
conduction to the permanent nmagnet.

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



The tenperature of the copper block on the | ow
tenperature side was set at 65C, and the tenperature
on the high-tenperature sird®%was set at 155C. A
thernocouple was inserted into the pernmanent magnet,
and the tenperature distribution in the thickness
direction was examned, and it was verified that the
tenperature changed linearly from the

geﬂle%tfe%”ﬁ%rsqtdér end R Rl TP R Wit Sid8nanent

Since a tenperature gap was generated on the contact

ma %%%Swas 9’%)3{ fdaciﬁ* %%Pée‘%{ ecftg{ ea%@frm

gnet e cont

ow—tenper tur.e Si d nd 150C at conta fac
a1y Rl TR CaaNate StdOR iR e ey, ﬁ%ﬁ*ﬁem B L
&ﬁft mas conducted usi ng the _above-nenti oned net hod
€l &3P etatifed Whsst PRI dh sl wodietdemerdiedralue
i nside the permanent magnet, and the pernmanent magnet
obad neghbve & i shhntse tilee it e Cobper Hilocikee afikhx value of

allowed to slowy cool to roomtenperature. Then, the
Comipax a tuateu & xaarg jeust besfasner ethaish ingh-thes I&;xvimct:mental
the value obtained by dividing the flux value with
tethe ifsl whowad e afablE@rgiar atiivecExarplfa vk beflake lid@ers if
hi gh--heat environnental test is shown in Table 21,

1r§@%@%§ﬂ%§é|d@&é§ﬂé#%ﬂd%%ﬂﬁ5décuf§reWﬁéS¢$d@b was used as
demagneti zation occurs, the value was used as an

f
an g’%&%#e??{%ﬁ%ﬁg}g{rhe VSC%L?%.% Qr%b{leyg‘glé%el ng closer to
de%a%neﬂy¥ ates tﬁﬁttﬁéaﬁéfﬁé!ggﬁﬂ- ?%%#%fkgfn hasLO 1.0

OCC rre

.tha
lndlcates that irreversible demagnetization has not

occurred, and the value being smaller indicates that the
degree of irreversible demagnetization is large.
(01301

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 teo 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



degree of irreversible demagnetization is |arge.
[0130] As aresult, the Br ﬁ&)the magnet according to
Conparative Exanple 1 is hi'ghtVthe wei ght of the
magnet can be reduced, and the anpbunt of use of Dy is
zero; however, if the nmagnet is exposed to a
hi gh- heat environnent, it is denmagnetized
significantly, and its initial magnetic properties
tacannoitgibenamti ndrad Neshmdie Bivolg t hbenpagaetreadest dilngtion,
to Conparative Exanple 2 is low, and both the weight
1 e e I W n &SE2 HF 1 &Y @ded heotrBghetr ar erl @i dermore,
al t hough irreversi bl e demagneti zati on does not occur,

gy n j t Si j :
o o b T Evon pent a0 o 0 27

e : - i gh- t_enviro '
ol R ey B P, AL af o pf BE7BY BEELRE 1ower,
demagneti zation does not_occur., Furthernore, .as th
Hﬁ&@a’%rrofa% dyEr UG arYert 2 Hetd %r%‘?ﬁhe‘rl%%dam?he
magnet wei ght and the anount of use of Dy becone
efiiGiter . foHgweRdIcing 3 HeORPDER e ofOMRPek sare [Largapsed,
time and effort for producing a conposite conpact are
rencreggedin yabiing ngosh. r dits mymdest . ofTheayrmbethafld
| ayers should only be determ ned on the basis of the
orrlggues tett st nadh don pelné osamhseodf thberasggasted| nocanyand
case, the magnets according to Enbodinents 10 to 16

pf o REIEN et RGNEE§ne Ll Nt exoeldodd, | thaagaptdes
properties and have an effect capable of being used

ad W r B APNG | EdiSo REAEQLs UNFCE @) Bi P2 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 permanent magnet
is built in can be reduced by that amount, this being a
merit to be written additionally.

Ease of measurement, ease of application of a load 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 distributicon was provided by applying an external



heat environnment. Furthernore, since the magnets

according to Enbodinents 10 to 16 can al so be reduced
in length in conparison w-tHthe magnet according to
Conparative Exanple 2, the volune of an apparatus in
whi ch the permanent magnet is built in can be reduced
by that anmpunt, this being a nerit to be witten

additionally. Ease of neasurenent, ease of application

defachdtoad i £ilder ReS nBNete FRANS t aRthid¥e and even when

i rreversi bl’'e demagneti zation state of the permanent

' e e i h ;
S b L B e SR Say S0 i on
rking-effects were obtained even when nmagnetjc
e S8 SUPIBLT (01 VRS et B RERT 1 A At e Ld
external - || dena%hetizing field to the permanent
© ifd evef WRERIDSHE FORTETR TffgTetdiidsLbution
si mul taneously exposed to a high- heat environnent and
reg et gy demadgretied i dukd doe eplvt @ bg@n romrhghe
intrinsic coercive force distribution requested for
Cepipee medgne. Siledut ido el wbtakdeth € rionytdlel c t Enpbdaturensity
di stribution and the magnetic field intensity
diditstitddnitaron, arah d Hd edekeisdng ns sl dowhy yobecaarié@dout so
out so as to conformto the distribution. [0131)

ad TPl@2d ol & denaihsof idbe: Vi ght of the Flux val ue

rate pernmanent on Amount
[0131)
[Table 21]
Br [Length of thejWeight of the D Flux value rate
N Amount
permanent |permanent 3¢
(m magnet aftermagnet after content| of use ('X'l')
grinding lgrinding | oCC of Dy [After grinding, ﬁtﬁfhe .
(mm) (g) (mass%) (g) demagnetization' em?ironme?ltal
remagnetization |exposux
o ieg [1.4700  49.40 1209 0 0.00 10 0.63
o ol 1.3600|  53.40 1307 36 | 47 10 10
Embodiment{3875] 52.34 128.1 2.7 3.46 10 1.0
Embodiment|13806|  52.60 1288 293 | a7 10 10
Embodiment 13970  51.99 1273 2.4 305 10 1.0
Embodiment|1 4013 51.83 126.9 225 | 285 10 1.0
Embodiment|y4040| 51.73 1266 216 | 274 10 10
Embodimentiy 4095|  51.52 126.1 198 | 250 10 1.0
Embodimentis 4123|  51.42 125.9 189 | 238 10 1.0

1: The ratio based on the flux value before high-heat environmental
exposure of a comparative example 2



(T) magnanent content of use (X1 nmagnet after nagnet
att grinding rate of Dy After grinding, After

gzi nai ng high-heat (mm) (g)!1%m$8% (g)
demagneti zati on, environnmenta renmagnetizati on exposur
Conparative 14700 49.40 120.9 0 0.00 1.0 0.63
Exanpl el Conparative Exanple2 13600 53.40 130.7 3.6
4.71 1.0 10 Enbodiment 1.3875 52.34 128.1 2.7 3.46
[ Emibdlinten tErbodi ment 1, 3806 52.60 128.8 2.93 3.77 1.0
1.0 16 Enbodinment 1.3970 51.99 127.3 2.4 3.05 1.0 1.0
[cArzodi mel2t 1-4013 51.83 126.9 2.25 2.85 1,0 1.0
Enbodi m 13 1.4040 51.73 126.6 2.16 2.74 1.0 1.0
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different fromthe conposite
element A or one high Br compact element B is added.

In FIG. 42, the high iHc 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, AZ 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-



conpact E shown in FIG 13(c2) in that one high iHc
conpact elenent A or one hi glh Br conpact elenent Bis
added. In FIG 42, the high B conpact el enment A and
the high Br conpact elenent B are forned using a
means simlar to that described referring to FIG 17,
whereby a configuration is attained such that
functions, properties, characteristics, etc, sinmlar

melr tdrase wir tdhem@ras ol aiae ndestour® sH eMELE
42(a) designates a high iHc conpact el enment provided
trically with the high i.Hc conpact elenent A as

shown in the figure. The conposition of the high iHc

co . el n shaul nly de. . simJar to .
Chat ot hggﬁigglﬁ&?“mqélon%%cef Y4200 sty pg- hioh Br
nmeans. of _.form ng the. conposite co ct E fornmed of
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el enent B and the high i Hc conpact el ement A2 shown
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concept, simlar to that of the neans of formng the

ofcofgodiid Bonpampast oblaineet BY sbebilni mglande similar to
integrating three |ayers as described referring to

thRtG o R4 haruritdterBmreagmdet «osmpost t®. conpact E i s
subjected to plastic working to form a pernanent
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nmenti oned various plastic working should only be used.
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Br conpact el'enent provided symetrically Mﬁt% t he
A Ble nigh 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 1like 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



conpact elenment B as shown in the figure. The
conposition of the high Sr conpact el enent B2 should
only be simlar to that of-1le- high Br conpact

el enent B. The neans of form ng the conposite conpact
E fornmed of the high Br conpact elenment B, the high

i Hc conpact elenent A and the high Br conpact el enent
B2 shown in FIG 42(b) should only be used according
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intrinsic coercive force distribution inside the

mREITBNE N L vBENE! ¢SnPOksSi WPl Y PhOPerONiANgLSLEE AR
| ow on the other side, but " the intrinsic -114-
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conplicated. For exanple, since an electri€ notor
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mSﬂkégnk&%'&ﬁgggFggéégpswith 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



and low at the central portion is considered in order
to conformto this (see FIG 42(a)). In addition, in
another magnetic circuit, <biversely, a pattern in
which the 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, with the nethod
according to this enbodi nent, w thout using a

£ pesdanet - Imenel, beimg  Hdddgulds R aduses gwh @b ana
in cost, containing a large anount of expensive Dy or
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coercive force and a high residual magnetic flux
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powder M used in the above-nentioned Experinment 1) so
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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, 1f 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 comparisocon

with the permanent magnet formed of only a single member



featuring a high intrinsic coercive force, a | ow

intrinsic coercive force and a high intrinsic

coercive force in the Y-di-rldétion so as to conformto

the intrinsic coercive force disposition inside the

per manent magnet used for an electric notor. Since a

materi al having a high residual nagnetic flux density

can be used at the lower intrinsic coercive force
halOrid QD.hidie whol & Per nanents ymopstcgan have  a

residual nmagnetic flux density higher than that of a
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X-direction, it is possible to obtain a permanent
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forces conformng to the required intrinsic coercive
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intrinsic coercive forces, and having high residua
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front e 1S requested to an
r side in FIG_42(c the intrinsic coercive
my%%%&g%ﬂé;ﬁcﬁﬁﬁaseleéL g suéh' RALNehE portions (volumes

in three dimensions) having excessive intrinsic coerxcive
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 vertical
sectional side view illustrating the extrusion die;

FIG. 3 is an enlarged vertical sectional front view

illustrating a forming die in the extrusion die;



sel ected such that A>A', B>B' and B2>B2'. The concept
shown in FIG 34 is extended and used as a sel ection
nmethod in which the intrinsiid voercive forces
requested in a three-di nmensional graph indicating the
intrinsic coercive force, thickness and wdth are
plotted in three dinensions and naterials are
sel ected such that the portions (volunmes in three
di menss ons )i hayi Neh BXERSS T Vet IE4 1 NSEEL COSETI ¥€de view
forces are mnimzed, whereby the residual nmagnetic
ifﬂd’é‘tréjtei@cjt&’h@rf&ﬁﬂixpcg é%sﬁ.ﬁqg LPe QAEDYAL S 9F use
f the r the I'ike can %

o magnet and Dy e reduced
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Description of t aw n

schematic view illustrating a nethod of producing a
Chier ‘i taghet’ bl ank; FIG 2(a) is a vertica

sectional front view illustrating an extrusion die

bei fgtGsefl fidr &xPPEEPBN Vigwr vi gl &t g | BhRodieiagng die
cand FIG 2(b) is a vertical sectional side view
in 1thsstestfuglemedxtrusion die; FIG 3 is an enlarged

vertical sectional front view illustrating a formng
di e FIG 1 He exta uscloemalt B¢ peddgedt Gredviswanl dnbargedng
vertical sectional side view illustrating the formng

tiH estided her exlausi @nwélkrind! &1 Whishaaphabm¥hewr magnet

illustrating the formng die in the extrusion die;
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.
1{c) and 1l{d), FIG. 8(a) is a schematic perspective view
showing a high-density element, and FIG. 8(b) 1is a
schematic perspective view showing a permanent magnet blank
produced by subjecting 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;



FIG 6 is a bottomviewillustrating the formng die
in the extrusion die; FIG 7 is a schematic
perspective view illustrati-ng&-the state of plastic
wor ki ng in which a permanent magnet blank is extruded
froma high-density elenment using the extrusion die
at the time of extrusion; FIG 8 is a view
illustrating plastic working in FIGS. 1(c) and 1(d),

FIGpg{ahjs & ascgﬁf@xﬁé&icpg:f%é)%%%%/ﬁ%i\Z%W§£nggr§ting

hi gh-'density el ement, and schematic
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extrusion; FIG 9 is a_ schematjc perspective_view
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el ement and the permanent magnet bl ank F shown in

FI G314, t13 8ts @ gchenakla Cetienat}eshrahiviedy method of

illustrating an exanple different fromthe form ng
priddimg he peatmarséon mieneshoimnk n{ FVGSz1enent 6peFhgnent

11 is a schenatic perspective view illustrating

meeyenpliesadif f erent fromthe high-density el ement and
the permanent magnet blank F shown in FIGS. 1 to 8;

-1181d) G1412 d saa geApmBbhewRBESREMd | V8148 Wnship between
illustrating exanples different fromthe high-density

of| SEE0aR0S, iSRSt TRAEL bl ol PN Mtpinic
c&%f@%&ngfgfce (iHc) of a permanent magnet obtained by
magnetizing the permanent magnet blank according to
Embodiment 1;

FIG. 15 1is a schematic view 1illustrating a process
different from the process for the composite compact E
shown in FIGS. 13{a) to 13{(c2};

FIG. 16 ig 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 1llustrating an example
different from the composite compact E shown in 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 working;

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):



produci ng a permanent magnet bl ank (two-el ement

per manent magnet blank); FIG_ 14 is a graph show ng
the rel ati onshi p between tHd%esi dual magneti c fl ux
density (Br) and the intrinsic coercive force (iHc)
of a permanent magnet obtai ned by magnetizing the
per manent magnet bl ank according to Enbodi nent 1;
FIG 15 is a schematic viewillustrating a process

di f frmcantl o riemd he-Hreoess Jigrw tie camoside £ofpaedss
shown in FIGS. 13(a) to 13(c2); FIG 16 is a schematic
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process for the conp05|te conpact shown

S},'IJO:%‘(I"?)j_ %ﬂgg CZ]_)'} (aF 1177 dg':% a. schematl C View
exa

ustratlng an f'erent fromthe conposi te
i n F 3(c2 n the directiaq
wh 1 E%Oahlm J 3@?% oA TR S hY §Rvpd 1 Luberating
co act % gnent are conbined and in the flattening
ofitF APFAEL ' wWBRRPRg I UETG thg .@@%ﬁ&m@?@pé\ct I
V|eM/|IIustrat|ng a process different fromthe
A6y ddes PBRNERE dsi tel avhpacth@n showitén RS,
17(a) to 17(c2); -119- FIG 19 is a schematic view
i Il dsG.atihgia pr oeebsmdiftepentsdacamtdhevpepocdds dsdrrating
the conposite conpact E shown in FIGS. 17(a) to

exbifpd?)s, & e20nts i Sehepat ifrPper spectdanpadiaw compact E
illustrating
and the permanent magnet blank F shown in FIG. 13;

FIG., 22 1is 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 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
Fmbodiment 10;

FIG. 24 is a schematic wview 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 pernmanent nagnet gbank F shown in FIG 13;
FIG 21 is a schematic persﬂ tive view illustrating
exanples different in shape fromthe conposite conpact
E and the permanent magnet blank F shown in FIG 13;
FIG 22 is a schematic perspective view illustrating
exanpl es different in shape fromthe conposite conpact

E and.t s pesmaneidhamgnet Hhank ik 1skewa timgFl G ndBhod of
FIG 23 is a graph showing the relationship between

pridi® diesy qyabeﬁﬁ@ﬂ@hhcmhb%étdQﬁﬁéﬁW (Br)r288ehb8t permanent
|ntr|nS|c coercive force l'ic) of a permanent nagnet

1.3 ne! magneti zi ng the per manent magnet bl ank
corgﬁnég¥o Enbodlnent 10; FIG 24 is a schematic
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FIG 25 ,is a graph show ng the rel ationship. between
theher FesTtbl PRERREEPC it gensity (Br) & thee intrinsic

intrinsic coercive force (iHc) of a permanent magnet
cogpCaivitedfpycenatée] ziafy Eheppenpansit haghet kirkined by
according to Enbodinment 11; 120- FIG 26 is a
nagelediting viehei | pestheateintg anagtbod oflgprodustogrding to
per manent magnet bl ank (four-el ement pernmanent nagnet
EmbloaidkientFIi@; 27 is a graph showi ng the relationship
bet ween

FIG., 28 1is a schematic wview 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
ceoercive 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 (iHc) of a permanent magnet obtained by
magnetizing the permanent magnet blank according to

Embodiment 14;

FIG. 32 is a graph showing the relationship between



the residual magnetic flux density (Br) and the
intrinsic coercive force (iHc) of a permanent magnet
obtai ned by nmagnetizing thd2der manent nagnet bl ank
according to Enbodinment 12; FIG 28 is a schematic
view illustrating a nmethod of producing a pernmnent
magnet bl ank (five-el enent pernmanent magnet bl ank);
FIG 29 is a graph showi ng the rel ationship between

tHeh & ds8siudualndpanetd o flugdaensi Y EB )atddddeint rinsic
intrinsic coercive force (1Hc) 'of a pernmanent magnet

i.ned- hy anet i zi k
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FIG 31 is a graph showing the rel ationship between
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intrinsic coercive force (iHc) of a pernmanent nmagnet
obt dilfed by iAmngnetier nglinetpetagenn gl odl dpkwhich a
according to Enbodinent 14; FIG 32 is a graph
higfowilHg t hempebat i ehsheépt petmekeni pl@1-inthermasialual compact
magnetic flux density (Br) and the intrinsic coercive
ellealeca o | k) of Aigar MneabmpagRete Dtehted Ry combined and
magneti zi ng the permanent magnet bl ank (11-el enent
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elements, FIG. 33(A) is a view i1llustrating a method of
forming a permanent magnet blank by combining multiple
powder elements being mutually different in material
properties, and FIG. 33(R) is an end view ftaken along line
8-S in (a) of FIG. 33(A);

FIG. 34 1is a graph 1llustrating an example for
selecting the material properties of the magnetic powder M
and showing the intrinsic coercive force distribution
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 illustrating an example (three-

layer) for selecting the material ©properties of the



FIG 33 is aviewillustrating an exanple in which a

high ilic conpact elenent, nultiple internedi ate

conpact elenents and a hig 28~ conpact el enent are

conbi ned and integrated at the tine when the el enents

are powder elenents, FIG 33(A) is a view

illustrating a nethod of form ng a pernmanent nmagnet

bl ank by conbining multiple powder el enents being
magiataild waiddengnt in material properties, and FIG

33(B) is an end view taken along line S-Sin (a) of
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for selecting the material properties of the magnetic

er an R t I ntrinsic, coerci e '
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FIG. .35 s raph illustrating an exanple (two-I|ayer)
R AT é%?ﬁﬁﬁgt g mat eri al properties of the magnetic

powder M_FIG 36 is a graph illustrating an_exanple
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the magnetic powder M FIG 37 is a graph
lavaristict s ert oanpre ateekal | pyepgrioes sef eghéng

the material properties of the -122- magnetic powder
magnefiG B8vdesr digraph illustrating an exanple (four-

| ayer) for selecting the material properties of the

magreEnd.c AbWiera Myraph illustrating an example (ten-layer)

for selecting the material properties of the magnetic
powder M;

FIG. 41 is a graph i1llustrating an example (20-~layer)
for selecting the material properties of the magnetic
powder M; and

FIG. 42 is a schematic wview illustrating an example

different from the composite compact E shown in FIG. 13{(c2).



FIG 39 is a graph illustrating an exanple (five-

| ayer) for selecting the material properties of the
magnetic powder M FIG 40 is a graph illustrating an
exanple (ten-layer) for selecting the materia
properties of the magnetigoipowder M FIG 41 is a

graph illustrating an exanple (20-layer) for
selecting the nmaterial properties of the magnetic
powder M and FIG 42 is a schematic view illustrating

[Docwdbrexames didifzenent from the conposite conpact E
shown in FIG 13(c2). -123- [Docunent Nane] CLAIM 1

A net hod of producing a conposite conpact for a
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low in residual magnetic flux density in conparison .
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conpact elenment that is formed of a magnetic powder
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conmparison with said high i H conpact el enent and
with Beimigi Gy icompadtt iglsencecoerred vee fray Cieow nirc ongairdison

wth said high iHc conpact el enent, and an
magndtierimoi aleconpact eherent sdormeth ofaiad magietse conpact
element,

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 i1Hc
compact element, and

an intermediate compact element formed of a magnetic
powder used for said intermediate element,

in a state in which said intermediate compact element 1s

disposed between said high iHc compact element and said high

Br compact element, wherein



powder used for said internediate elenent, in a state
in which said internedi ate conpact elenent is
di sposed between said high i Hc conpact el enent and
said high Br conpact el enent, wherein -124- nateri al
properties of said magnetipgowder used for said
i ntermedi ate conpact elenent in the conbined and
integrated state of said conposite conpact are set to
properties such that the intrinsic coercive force
beconmes | ower sequentjally in the direction fromsaid
mate’Fﬁ‘?g% H’%P%Wﬁp%%to%l%?%tmﬁ%n%%% PHIYhHE Bl‘s%n%%tsald
el enent and such that the residual magnetic fl ux
integegdiaie bewomet |ovRrentehuekts ategoired hendi Freletdorted
fromsaid high Br conpact elenent to said high iHc
statcompacdie| emanisiiZze domeidodiod Pprioducimgeee coigossda
conpact for a pernmanent nagnet by conbining and
thatintegrating: a high iHc conpact elenent that is forned
of a magnetic powder being high in intrinsic coercive
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i i %@ﬁ%ﬁ?ﬂ%ﬂWQQ¥?tlc flux density becomes lower

sequentially in the direction from said high Br compact

element to said high 1Hc compact elenent.

2. A method of producing a composite compact for a
permanent magnet by combining and integrating:

a high 1Hc 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 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, and



conpact elenment, and -125- nultiple internediate
conpact elenents fornmed of multiple nmagnetic powders
used for said internmediate el ements and different
mutually in material properties, in a state in which
said nultiple internedi atgpgonpact elenents are
di sposed between said high iHc conpact elenent and
sai.d .hi.gh .Br_ co ct elenent erein t respe
éhlaQapggﬁgﬁgﬁﬁ %ﬁ c%?ﬁ?respegpn SIE%§@%§)§§rMﬁilple
powders used for said nultlple |nterned%g:e cOo act
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and £LoMPact l’?ll??ﬂ“%fgmp&‘t A eidnd ofndg¥eaduci ng a conposite
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composite compact are set to properties such that

the respective intrinsic coercive forces become lower
sequentially in the direction from said high i1Hc compact
element to said high Br compact element and such that

the respective residual magnetic flux densities become
lower sequentlially 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:

a high iHc powder element that is formed of a magnetic
powder being high in intrinsic coercive force in comparison
with a high Br powder element and being low in residual
magnetic flux density in comparison with said high Br powder
element,

salid high Br powder element that is formed of a magnetic



-126- powder being high in residual magnetic flux
density in conparison with said high i Hc powder
el enent and being lowin intrinsic coercive force in
conmparison with said high i Hc powder el enent and
mul tiple intermedi ate powdeig.el ements fornmed of
multiple magnetic powders used for said internediate
el ement s .an different mutually in material, ‘
powdek JrRg dBL O ih S b VK i Bowtier Eieridht s
are arranged nutually in parallel inside a cavity _
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by integrating said powder el enments using pressing
powdareanisemdrot faatdn sai d conposite conpact, wherein the
mat eri al properties of said respective magnetic
ROVIETS] &I SEth d 0fie i b Mddddt e I it di ddreepydeiul tiple
elements are set to properties in the conbined and
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e S [ in the direction fromsaid high iHc
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conpact elenent to said high i Hc conpact el enent.
mutualipy_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 sald powder elements using pressing means
to form said composite compact, wherein

the material properties of said respective magnetic
powders used for sald 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

the residual magnetic flux densities become lower
sequentially in the direction from said high Br compact

element to said high i1Hc compact element.



4. A method of producing a pernmanent magnet bl ank by
conbi ning and integrating: a high i Hc conpact el enent
that is forned of a magnetic powder being high in
intrinsic coercive force in conparison wth a high Br
conpact el enent and bei ng-12% i n residual magnetic
flux density in conparison with said high Br conpact
el enent and said high Br conpact elenent that is
fornmed of a magnetic powder being high in residual
magretmet Hédno demsidycimg & ampardsont wddnaaill dilghy
if-1c conpact elenent and being lowin intrins.i.c
comb0Rt§i med foficeytar coppari son with said high iHe
conpact element to forma conposite conpact, and by
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to provide nagnetic ani sotropy, said plastic working
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with an alignnent face of said high Br conpact .
magned feht WArtE B3t oY b yHE IR Botpact L ef ettt ofdls iy compact

conposite conpact, a direction of flattening said
elemgdhposiit e conpact is perpendicular to said alignnment

face, and easy axes of nmmgnetization of said pernmnent
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per pendi cul ar to said alignnent
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 extrusicon that is used to
extrude sald composite compact into a permanent magnet blank
having a predetermined shape, wherein

an extrusion direction at a time of said extrusion is
paralliel with an alignment face of said high Br compact
element and said high 1iHc compact element of said composite
compact,

a direction of flattening sald composite compact is

perpendicular to said alignment face, and

casy axes of magnetization of said permanent magnet blank



face. 5. A nethod of producing a pernmanent nagnet

bl ank by conbining and integrating: a high i Hc

conpact elenment that is forned of a nagnetic powder

being high in intrinsic coercive force in conparison

with a high Br conpact el gmgnt and being low in

residual magneti c qux density in conparison wth

saJ h, Br el ement _and, said high Br. act
are o tn(%cgt]hrétsalém %catloc? aoc?ﬁap%q:»rculapro NEEN c? %[Plgnment
hlgh in residual magnetic flux density in conparison
with said high i H conpact elenent and being |ow in
intrinsic coercive force in conmparison with said high
ikb conpact elenment to forma conposite conpact, and
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morkln (gejn extru5|on that is used to extrude said
comb s §%¥ o a per manent nmgnet bl ank

haV|n a redetern1ned shape, wherein an extrusion
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al i gnnent face and perpendicular to said extrusion
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face

element and

sald 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 1Hc
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 ils used to
extrude said composite compact into a permanent magnet blank
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 1iHc compact element of said composite
compact,

a direction of flattening said composite compact is



easy axes of magnetization of said permanent magnet
blank are oriented in said direction parallel wth
said alignnent face and in said direction
perpendi.cu.lar to said extrusion direction.
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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,



