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PROCESS OF PRODUCI NG PERVANENT MAGNET AND PERMANENT
MAGNET HELD OF THE, I NVENTION 5 The present invention
relates to a process of producing a pernmanent nagnet
havi ng excel l ent magnetic properties by extrusion
nmol di ng. BACKGROUND COF THE | NVENTI ON Per manent nmagnets
constituted of a rare earth elenment, a netal of the
iron RRQECESS QRFROPULING PERMANMNDBMAGNEE e, such
as plane, arcuate, sem -circular or crescent, and
havi ng magnet i c AAYIP PERMANENTMAELNBY hot (or warm
pl asti ¢ working have been industrially and
donmestically used. These permanent magnets are
manufactured as will now be described below A raw
material prepar SAELD QETHE ENVENIOMrth, a netal of
the iron group and 15 boron is nelted and the nolten
nagnkte niesestinyprtiongilatesiie @ precepeel radusing »peraagent magnet
rotating roll of e.g. copper to formthereon a
havinggyicglleniaragnetic proaryies by pRuS@hpekitg of nano- si zed
crystal grains. The magnet all oy powder obtained by
rapi d- guenching as described above is crushed into an
appropriate particle diameter and cold pressed into a
conpact. The Qiowm%mwwlﬂn‘sged into a
body havi ng hi gher density, and 20 is then subjected
t o hBermsneniansanstsLonstiutcd ok 2 sgrecarth slement. g na%téll afjthegon
as desired and having magnetic ani sotropy, Exanples
grouppng herogah Hhscshapg ol plate; sUchas plang, FEUatensSE-CIrAdyNYt i ¢
anisotropy to the plate include (1) ypsetting, .(2) ..
cresceRt, and hEANEAWSRE!IC 30410HORY Imparked Wz‘?r R rﬂ?%ﬂ:‘g working
subj ected to plastic, w?r king i.s magnetized in the
have|bgei indystgiglly apghdomespicallppsed; | é@PT’eyPe&%‘é’F‘?ﬂt NPSRFHE Akt
magnet. having magneti c ani sotropy is provided. 25
manufpCtpres ag i gW hesgeses e3-?""-gener ally describes the

| e ARG QRO BT L3RRS S FRED ArRAENIGRE (r0R Eroup nd
boroéJ E;gl:altéécf g4 %g}%?tgg rnteglglphza?logit%]s org%ggee& f.s (J:etPerdo u% ro}ltioeasr‘otating
roll of e.g. copper to form thereon a rapid-quenched flaky ribbon composed of nano-
sized crystal grains. The magnet alloy powder obtained by rapid-quenching as
described above is crushed into an appropriate particle diameter and cold pressed into a
compact. The compact is hot or warm pressed into a body having higher density, and
is then subjected to hot or warm plastic working to form a plate sized as desired and
having magnetic anisotropy. Examples of the method for plastic working to impart
magnetic anisotropy to the plate include (1) upsetting, (2) extrusion and (3) rolling.
The magnet material subjected to plastic working is magnetized in the later step,
whereby a practically useful permanent magnet having magnetic anisotropy is provided.

JP-A-9-129463, for example, generally describes the manufacture of a ring-

shaped permanent magnet and the like by extrusion.
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extrusion (2) and rolling (3) in productivity,
material yield, acceptable product ratio, and 5 cost
of manufacture. On the other hand, although both
extrusion (2) and rolling (3) are superior in
productivity, material yield, acceptable product
rati o, and cost of manufacture, they have the drawback
of being unable to realize high magnetic properties.
I'n addition, exyM$iAORY (P THE EXVENTON i n materi al
yi el d and acceptable product ratio in conparison with
rol | igigettidg (1)\Wah kéulieaaiphikidnetlc brspeities, bawds ifdrior to both
characteristi'cs as descri bed above, there is an
extrh i 8 ah@bolHESTEY) Gn pRYdutthatyRateriaryisldeackptable product ratio, and
pl at e- shaped per manent magnet by extrusion, since
costOFtanataeiré 2) Oh shesthd ! HagdtalthBugh tgnbextnixidra(l) enbetlives() are
material yield, acceptable product ratio and
supepio? iglolduétivity, mbRridi yieldosdsestable prodhcOratiad Jatizostedfat es
to the nanufacture of a ring-shaped permanent magnet
man@RénirB eh&pIkaks drasbadk eibeinpaumibleantreaiimg high magnetie
shape of 'a 15 plate, such as plane, arcuate,
propefids: CIr §ddifdén, @ktredi@B(2Y ¥ exicsllemin matesinbigieldchnd acceptable
Therefore, there is a demand for a method which can
prodiRN#kiBGh UsBp&riseh afitr dlimged). peWiiea eavh methghbis itseowmg
i mproved nagnetic properties by extrusion. In view of
charhfterifticalak deseribed hveecthanedstn onaktrial denamdfor theethnufacture of
above, it is an object of the present invention to
a plREQHAPA parmimnesagesn bakkeusén, sincd extrusiorn(2) éy exgaldent in 2good
magnet havi ng hi gh magnetic properties by extrusion,
balayk Bétwiesn sufeinl vield] acceptable poddurhtativiaal pyoducdvigind
accept abl e product ratio; and a pernmanent nmagnet
pr od ke dlidalosueedfiTRsA-Onl 29863 EftatBESCRe PRNGficiore qf 3 ges-shaped

DRAWNGS 25 Fig. | is a longitudinally sectional and
perthar@nt mepset ahd drahannifemrefof any pemageitonagngt ia the dopeohy
to Enbodinent 1. Fig. 2 is a longitudinally sectiona

platansicls cieland, evaiteosembi-aiicaler of creMsnbistmoLeonsiderad ¢ Therefore,
according to Enbodinent 1. Fig. 3 is an enlarged
therk gl ématidrfat b yneshext wignka Faramanyipesnre a plpigvhepashRermanesy
of the formng die according to Enbodinent 1. 5 Fig.
maghei bavang ienravegleodagnstigprapgities Oy $xgvB¥et-onal and si de
el evational view of the ) ) ..

In view of the problems in the conventional art as pointed out above, it is an
object of the present invention to provide a process capable of producing a permanent
magnet having high magnetic properties by extrusion, which is superior in terms of
material yield and acceptable product ratio; and a permanent magnet produced by

extrusion.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a longitudinally sectional and front elevational view of an extrusion

die according to Embodiment 1.
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formng die according to Enbodinent I. Fig. 5is a top
pl an view of the form ng die according to Enbodi nent
1. Fig. 6 is a bottomplan view of the formng die
according to Enbodinment 1. Fig. 7 is a diagram
illustrating the plastic working of a preform extruded
from 10 the extrusion die according to Enbodi nent Ito
f or nFig. péraenginidinalyrettiorai gnd Sde elsvatiomahaawtof the extrusion
illustration of a preform according to Enbodi ment 1.

die abdagdin®bb Embadmednenati c illustrati on of a permanent
magnet fornmed fromthe preformshow in Fig. SA Fig.
9A iBiga3 scimesnibdried lohkitsdinaly seatimfal andofrefitcsl enationad veivwngf the
to Enbodinment 2. 15 Fig. 9B is a schematic

formingl dis h¢catding toEmdogiatemahent magnet formed from the
preformshow in Fig. 9A Fig. 10 is a top plan view of
a f oFigi iy ahi enlaepel Dyigitudindlyeodeml myl side plevatamehtiew of the
magnet fromthe preformaccordi ng to Enbodi nent 2.

formfrigglie 4dobrdihg taEmbbéiment ¢t. i | | ustration of a preform

according to Enbodinent 2. 20 Fig. | IEis a
schekigt § & a ioplplat viatiod theoformingetieragvendingricgfmbodiorenet
fromthe preformshown in Fig. I 1A Fig. 12Ais a

scheFigt 6 & d bdttesih panivisw of tha fpmehg die acowig todEmimdanent 1.
nodi fied enbodinent. Fig. 12B is a schenmatic
i || uBigr ais diagdaneiljpetratiigahe plastgneorkiing ofedpriefopm extrededBom
preformshown in Fig. 12A. ,i Fig. 12Cis a schematic
the ekirhsiet diataconrdinfy takiotHodimee it fienm a pemgreeentf magnett  f r om
the preformshown in Fig. 12A. Description of the
Ref eFigng4 iNusahendlatic ilkustr8tion ¢frasprefarm2@cordpey todinebridiment 1.
magnet DETAI LED DESCRI PTI ON OF T | NVENTI ON
Fig. 8B is a schematic illustration of a permanent magnet formed from the
preform shown in Fig. 8A.
Fig. 9A is a schematic illustration of a preform according to Embodiment 2.
Fig. 9B is a schematic illustration of a permanent magnet formed from the
preform shown in Fig. 9A.
Fig. 10 is a top plan view of a forming die employed for producing a
permanent magnet from the preform according to Embodiment 2.
Fig. 11A is a schematic illustration of a preform according to Embodiment 3.
Fig. 11B is a schematic illustration of a permanent magnet formed from the
preform shown in Fig. 11A.
Fig. 12A is a schematic illustration of a preform according to a modified
embodiment.

Fig. 12B is a schematic illustration of a permanent magnet formed from the

preform shown in Fig. 12A.
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Nanely, the present invention relates to the follow ng
(1). 10 (1) A process of producing a pernmnent magnet,
whi ch conprises extruding a preformto forma

pl at e- shaped per manent magnet, wherein the preformis
extruded in such a way that a dinension of a cross

sect ilgh PIC isR’cRRiR iMhitsitibe dPeRdhérperBihellt fhagRs Foraed
and enfarged in a Y-direction perpendicular to the

fromtHdl gré®th QRowAGEPIediing to the process of (1) above, by
extruding the preformin such a 15 way that the
di nensi on of the cross section of the preformis
reduced in an X-direction and enlarged in a

Destiﬂidne&tth@Reﬁ%&SMnfd&l@r to the X-direction, a
per manent nmagnet having magnetic properties equal to
or higharefob@an those of the pernmanent nmagnet produced
by upsetting can be produced. Furthernore, the present
inveryoi;qjénﬁﬁ{egtﬁﬁgﬁa the following (2). 20 (2) A
pl at e- shaped per manent magnet forned by extruding a
preform wherein the preformis extruded in such a
way that a dinension of a cross section of the
pr ef or m IPETAWEPDESCRIP XIONIGE THID INNENTUON ged in a
Y -direction perpendicular to the X-direction,
wher eiinditle pREGA MBRNtIGRENES foake foloivigg (1)r ati o s2/s,
with respect to the preformin a range of 0.2 to 3.5,
wher gy sl i%&pfocsdsiafipfodubing aepeding it nagnaf which cospses
of the 25 preformand s2 is a strainin theY

extruding @qiréform té fokfiea platershapsl penmgnett neignét? whedeimvbe peeform is
subjected to a plastic working to have a strain ratio

extrniiédninrsasipe oiay it tahiimpusddrosfa dross seetioraofybe pfef@nPistreduced in
3.5, whereby the permanent magnet has magnetic

an JYpdirp&ioni aad eabingdd iha Bdiréitigh @erpehdiculah tusthe &F-dirdvgion.
per manent magnet produced by upsetting. 5 According to
t he praeduding tonthp pomesssofl) dboee dryesdmingriieptefam, inguch a
per manent nmagnet havi ng hi gh magnetic properties can

waylthatthe dincendioatof ltlencrossssectiam ¢fitbe pefam isredused meancKtdirection
magnet of the present invention is excellent in

and enlgrgetliic a pFdipatiph pstpefidiculpr todbe X-difectipn,cdugsirmgnent magnet
per manent magnet and the permanent nmagnet

having magnetic properties equal to or higher than those of the permanent magnet

produced by upsetting can be produced.

Furthermore, the present invention relates to the following (2).

) A plate-shaped permanent magnet formed by extruding a preform,
wherein the preform is extruded in such a way that a dimension of a cross section of the
preform is reduced in an X-direction and enlarged in a Y-direction perpendicular to the
X-direction, whereby said permanent magnet has a strain ratio &/e; with respect to the
preform in a range of 0.2 to 3.5, wherein ¢ is a strain in the direction of extrusion of the

preform and &; is a strain in the Y-direction.
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10 according to the present invention will now be
descri bed by way of preferred enbodinents thereof
with reference to the acconpanyi ng draw ngs.
Enmbodi ment 1 Figs. 1 and 2 respectively show a
preferred formof an extrusion die used in 15 the
process of producing a permanent nagnet. The extrusion
di e T2 peomadent riagnet ofi(2) abowe desubi@cted $o a ptastiowghkimgtochave
12, a tapered hole 14 and a uniformy sized hole 1.6
a strafroratip ovith respeet focthe prefome irathe range of A&rtei3m, whepbgftoy m 18
pl aced in the through hole 12 is pressed by a press
permneme magneithas magneticprbpertiys aqud! ©xirhighed thahntivsg lof thee
tapered hole 14 and wuniformy sized hole 16 to forma
permpeat eraghetpecdysed bpnpsettimpgnet (magnet bl ank) 20. 20
The preform 18 is fornmed by nelting a raw materi al
pr epigoedliby tanihg ipnaduatiom peocessraf he @resembinaentafn, & fpermanent
group and boron; jetting out the nolten material onto
magnat hatisg high maghnkti¢ propeiesncathisr producedrag fivd cephenched
flaky ribbon; crushing the nagnet alloy powder thus
obt durtermarehthe peamarephmegudt af theguesentcingentioarie txaellent in
cold pressing it into a conpact and hot or warm
magnetiepsipegieshe conpact into a body havi ng hi gher
density. The preform 18 25 may have a thickness T, a
wi dtFhe\Wraerds af prodyeihg b parmaneatymbgned bhdthg fenmanens magnet
section (i.e. in its section perpendicular toits
accordinggp e prasens hywntiomwill gow 8k desahibed by mayrodipeeterreshar t h
may be selected fromY and the | anthanoids, it is
embodineérgs tisreof wathusterente tethe aopommimying drawirigst ure of two
or nore thereof. While the netal of the iron group nay
be selected fromFe, Co and Ni, it is preferable to
use Fe, Co or a mxture thereof. Ga may be optionally
Embegiaent t o achi eve an inproved plastic workability (or
cracking 5 resistance). The extrusion die 10 is i
desiEjged andr2 respestive)y shpw atnsefored Eamplramerirysion diggived in
20 having a rectangul ar cross section in which a width
the pagcessapf predusingedparmaners magngi. r ddeiestiysipn dieghOgapuntediip die
thi ckness Ti (as neasured in the X-direction) as shown
holder § hagp ghroggh heled@ & tapeesddiols hhandsa wEpravy sigebhefe dp dagned
) section perpendicular to the 10 direction of the .
in serggsttp 98¢ arpthenthergy oA Bredere Leplaseiin thetheeughrhols, 13spressed
8k Nanmely, th

by a press punch %not shgwn in Figs) and extruded through the tapered hole 14 and
uniformly sized hole 16 to form a plate-shaped permanent magnet (magnet blank) 20.
The preform 18 is formed by melting a raw material prepared by mixing a rare earth, a
metal of the iron group and boron; jetting out the molten material onto a rotating roll to
form thereon a rapid-quenched flaky ribbon; crushing the magnet alloy powder thus
obtained to have an appropriate particle diameter; cold pressing it into a compact and
hot or warm pressing the compact into a body having higher density. The preform 18

may have a thickness T, a width W and a length L and may be oblong in cross section

(i.e. in its section perpendicular to its length), as shown in Fig. 8A. While the rare
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extrusion die 10 is constituted of an entry-side die
22 in which the through hole 12 having a certain
| engt h extending along the direction of extrusion is
formed, and a formng die 24 which is disposed at the
outlet of the entry-side die 22 and has the tapered
cartHBhP bd del6ABAIBOICR LI hevthrithariold, ithy prefratietceustNd, Pr, Dy, Tb
Further, the uniformy sized 15 through hole 16
or a ARFIHNGRbIdRenotk tierédfe  WRRrtRemanil of the ifon groummaly be
the outlet of the formng die 24. The through hole 12
seledt@f f¥BA B ConRdeNit ftYs prefieabid & R2 FeaSo st mismreathbrenfy Ga
cross section that the dinensions thereof in the
may e Gpti6gdliyatided td schisie@asmpaed phspewpeatbility(@arcrackngt he
direction of extrusion and in the Y-direction
resispfc@endi cul ar to the X-direction may 20 be
substantially identical to the thickness T and width W
of t IT@e pxielsdodi8.0 is desimet ifvrefoyming BhdatprsbipedrpetBarient
mounted in the through hole 12 along a | ength '
magfétrBCaving  Zetihgelat cross seefivrcin wisiclpe mpdth W c (s areasused inethe
X- and Y-directions) under the conditions with a )
Y-ditdetiehyie $aigerathsh uiidtimest T @b ineasirkinthe Fodirectiones shawn in
the X- and -directions, respectively. The uniformy
Fig. 3BZ 6dni iprefigh Idhaviddad osloegicrass sehoroprrpendiafarttp ghe
form ng die 24 has such a 25 rectangul ar cross section
diredtlvatoftheediuvimnsiertmssidtherosoiection) tak shownlin gt $n Namelysthe
cross section perpendicular to the direction of
extrgsiér disil0ris emutituted bBanyenttiyrsidet die 32 pewpishdhe threysh fwle B2
the X-direction may be respectively identical to the
havih acknaadenpth extending along\thegdirection opetvaias s foragaeand2o
to be manufactured in its cross section perpendicul ar
fornting tiee24 which ¢t disposed atthe pidstof theesntryesideotie @5 @84 has the
section), as shown in Fig. 413. The tapered hole 14
tapefeirindel14 nommenicating withdhethpanghdwleat2. i thairthar, dhe yafgr|ycsized
a rectangul ar cross section that 5 the dinensions T
throagidhalé il 6 comenuxicasing with the tapereddiele Halp ferangdeat thequtigbpf the
identical to the correspondi ng di mensions of the
fornihg diegd#. hol e 12, while at its outlet 24b, the tapered

hole 1.4 has such a rectangul ar cross secti oq_’th tl t he
di me e shrougichaled 2\ forme inr{be satryaside dig 22125 spq 36H§’ QR cross

he respectively identical to the correspondi .nﬁ di
sectipinrthatshe dinensionp thereniiin ther{-Jireqtiondn its CEAs RGN gerpgndigular
shown in Figs. 3 to 6. The tapered hgil e 14 | SPéS .
to thealitection efbextRsionsang in thesY-fispeiion pgrpepdicplag tofhe Xsiirepign may
t he di mensi ons thereof may be . A
be substantially identical to the thicknessyl' and width W of the preform 18, respectively.
The preform 18 is mounted in the through hole 12 along a length direction (Z-direction
which is perpendicular to the X- and Y-directions) under the conditions with a thickness
and width directions being positioned in the X- and Y-directions, respectively. The
uniformly sized through hole 16 formed at the outlet of the forming die 24 has such a

rectangular cross section that the dimensions thereof in the X-direction in its cross

section perpendicular to the direction of extrusion and in the Y-direction perpendicular
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reduced in the X-direction as shown in Fig. 4, and
enlarged in the Y -direction as shown in Fig. 3,
Nanely, the preform 18 havi ng an obl ong cross section
is extruded using the extrusion die 10 in such a way
that the dinmension of the cross section thereof is
reduced in the X-direction and enlarged in the
to the/X-difet®i in@nbe tdapéivglytidedtivamoathptmtlmesstBypad wiiBth W, of the
per manent magnet 20 having a. rectangul ar cross
perm&eat impnet29 16 bowanufacfurgl inits drossaedimn peryendsoplar bethe
X-direction is the direction in which the preformIS
direcién 6Lsieidni(extdisioarsosnectinn) eastshowh anFignBB| e Thevapred hole
-direction is the direction. in which the preformis
14 foAnédingae farmingldisrAdiapat foyinket 2da suchra rettanguiarscressectianttbat
per manent magnet 20 has nagnetic ani sotropy in the
the ditfrefhisio@s Tiand Wikri the X-sandhédatesteat imag befrespbaivetyxidantmal to the
conpression, 20 The tapered hole 14 is forned to have
corregpohidingt dimyngiorswFdhsthrdugbehode hz,ovhiletad its petdti2Ab, thaeapered
snoot h plastic working of the preform 13,
hole 14A84k such aaédtahgulan ctdss sectientibatithedimentibies Tindndt W2 frathe fX- and
the formng die 24 is formed to have the sane
Y-diredtisas siagnie regpectivedys rieaficdl he theaorespadiig ngmemriansgif thol e
12 and be successively present with a predeterm ned
unifotratygtired throulgk halki 18, adshosat indfigs. drtd 6t h&he tapreedthott hist
of the inlet. 24a and 25 the tapered surface is forned
taperédsdeveframdtsrivled24uofisaritiead4n theatimapgorsgheraobmanlie us
of curvature, in order to realize the snooth plastic
reducad ik ilegX-direttivm gershbwnim F&. 4Thel enlarget in the ¥4liregfion eshown
tapered hole 14 is also snmoothly continuous to the
in Figis3i. f d¥amhely, shepefarir Bugvingan eblosg ¢nesoiediéen isextraded psng the
the snooth plastic working of the preform 18. The
extrusies plértQ insudh revagitbatshe fimdnsioproftherarpssgeetinn thereof is reduced
t hrough hole 12, tapered hole 14 and uniformy sized
in the Nrdiregtiomandeerd@ged it the Yedirgationathergby talforinm plite-skapedy-
and Z- 5 directions are controlled so that the
permpemiramgnet 20eigning REclangdacedsbhsecist, oy shayn wiFighk In other
‘ preform 18 have a strain ratio 82/81 in _the range of
words rthenXodipection & the diseetiasyiabvljich therareform 18 ds redgced; i digaprsipn
81l is a strain of the permanent magnet 20 in the )
by extiiusions White the Y-disectiontis thei divectien inuhigh Bredqraiorn igprjarged in
Is a strain in the Y-direction. Nanely, when the,
dimepdion by skiawsden. pdn i 6nte, thegreamanat Fagnd ¢O0thas magnetichess
T, width W and length L1 is 10 formed fromthe |
anisofyopy &t the P8-direstiongviiah ihe difeetiansef thema¥igHImR AAMALEST AR
the t hickness T,
The tapered hole 14 is formed to have a smoothly curved surface contour to

realize the smooth plastic working of the preform 18. Additionally, in this
embodiment, the inlet 24a of the forming die 24 is formed to have the same dimensions
as those of the corresponding through hole 12 and be successively present with a
predetermined length in the axial direction, and the connected part of the inlet 24a and
the tapered surface is formed to have a curved surface having an appropriate radius of

curvature, in order to realize the smooth plastic working of the preform 18. The outlet
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width Wand length L as in enbodinent 1, the

respective di nensions of the preform18 and the

through hole 12, tapered hole 14 and unifornmy sized

t hrough hole 16 in the X-, Y and Z-directions are

controlled so that the relationship as represented by
24b bP@e ek MO 14 A dRY dndckhlyiconious td @ unikdrodR k4 through

[n(WIWIIn(LL/L) =0.2to 3.5 (1) (In the formula

hole(1)in okdbr 36 AR the rsni_oegﬁslhgtiamzd}ﬁingroa!the) préfoem 18he strain
ratio 82/81 is wthin the range defined by the fornul a

(1) TRbeMBectiveQliMehsidRVTthdmefrin Bhndistheaghthole 12, tapered
extrusi on becones equal to or even 20 superior to the

holePQr AMBRQTbrEANRH tRicagh Bel 18YftiRsetiusiog diel @ @rth®e Xef Y- and Z-
magneti c properties such as the residual nmagnetic

diredtlony afeddatrbted & that thepeinigiesit ©agiet R prddaceaby( éxtiusioarnd the
maxi mum ener gy product ((BH) max). Wen the strain

prefbidh 11 h$2/ Bekrdis ratioteyieNint he ran@d @€ frofn 0.9 tel3 Sprfesably frem 0.4
per manent magnet 20 is further inproved in magnetic
to 18! RPKith &Sis aNa@Bl of thy\p@manbiet Bdgnai 20 Blthé dipectivedftle t he
per manent magnet 20 by plastic working is 25 closer
extriifort HEthS bfefor R ahdz;ib@ sifaidiin eles Y-directidne Panrehnedien the
magnet has a higher degree of nmmgnetic anisotropy in
platd-Bfap¥d gerembhtonagied 20 haviag therbickhéss Tprwidtr Wi @ad length Ly is
Accordingly, 8 the magnetic properties becones
fornt¥dgh@s theyfreforinN® Iaibingi an abddrigocro®y/sectidnsandl havimgtthethicksess T,
that the strain ratio 62; ct fails to fall within the
widthaNgad tefetinEds abaukoditmbet halynespdutise dimensioas bhihe gesforae 18
of magnetic anisotropy in the X -direction and fails
and ti@ thyduighihdlehi2g tmpereddogt 14 aphwopforniyeszed3h(ongh dolerntérin the X-,
23. magnetic alloy containing 29.5% by mass of Nd, 5%
Y- ahy Zndisstiofis 45 coftrdldd sbythatdlssretatioBshapas Bpassiied bpths of
Ga, with the balance of being substantially Fe, was
follgwiag deranhlb@l yiesatisfiegd. and cool ed rapidly by a
single-roll nmethod to produce a nagnetic 10 all oy
st ri E/bevIndy 1 ANy hi(EKBEsD. 2P 25 pn andlan aver age
crystal grain diameter of 0.1 pm or |ess. The strip
was t(frethe forusiteed )1 lo standp ferdogariemmetird. )powder having a
particle

When the strain ratio &5/¢; is within the range defined by the formula (1)
above, the permanent magnet 20 produced by extrusion becomes equal to or even
superior to the permanent magnet produced by upsetting in terms of magnetic properties
such as the residual magnetic flux density (Br), intrinsic coercive force (iHc) and
maximum energy product (BH)max). When the strain ratio €»/e; is within the range of
0.4 to 1.6, the permanent magnet 20 is further improved in magnetic properties.

Namely, when the strain &, imparted to the permanent magnet 20 by plastic working is
closer to the strain &, in the Y-direction, the permanent magnet has a higher degree of

magnetic anisotropy in the X-direction and better magnetic properties. Accordingly,
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| ength of 200 pmor |ess. The powder was cold
conpacted and the resultant conpact was hot pressed
at a tenperature of 800C and a pressure of 200 MPa in
an argon gas atnosphere to produce a preform 18
havi ng a rectangul ar cross section with a thickness 15
T of 36 man, a width Wof 19 nmand a length L of 25
the magnetid peopprtet becorh@ Higlibstwherathe isargia raticy s¥alis gr dinnhe case
diameter of 0.1 pm The ration of bulk density of the
that fhreestrammati® £,/ daitte faleafiththeths iringerdafined gifovehthe magnethac only
powder was 0.999. Experinent | was conducted to alter
a low ldegrseé pBinagneticianiss2bpyFinphe Madieedtionmagd €4ils20 eghiibid biphd by
extruding the preform 18 having a fixed shape and
maghdterpbyertiex i fy the effect of the strain ratio 62161.
20 Each preform 18 was extruded with an extrusion die
10 having a through. hole 12, a tapered hole 14 and a
uni formy sized through hole 16 designed to produce a
per ndtspetimeaghet 20 havi ng a thickness Tf of 8 mm as
extruded and having a strain ratio a2fca of 0.1
ac c oAdnagpetio allpnpantaning @954 v lngasi of Bds§¥ediyrmasa i €o, 0.9%
2163 of 0.2 according to Exanple | of the invention,
by massofRBiand 0 £0% by 62866 G4, vaitlthedatandé nfibding bataptialy2Fe, 2vas
of the invention, a strain ratio 52/e, of 0.8
prodacesidruinelting endxacipd eapBilp by arseglarva hinethod t@ progiticead magnetic
rati o 62/51 of 1.0 according to Exanple 4 of the
alloyi inip having a thicktessipf2y pniand @R BEeragé ciysl gQimdiemewti nfj0.1 gum
Exanple 5 of the invention, a strain ratio 82/81 of
or legs. 0 Thestrmawagthen clsherloepreBiro h mageetiowaender haying a partaian
ratio 2181 of 3.5 according to Exanple 7 of the
lengthrnf&R0 ivomor less. T hstposidar was celd zogpaged andthe cesultaitregmpact
Compar ative Exanple 2. The pernmanent nagnets were
was hetqpessed gicd tpmpargtie iof 880 Gnatska pressusapE20dVIBA il amargamgas
were each 5 exam ned for the residual magnetic flux
atmogpltese to/prodage, a preforimk knvinges tdctangtlor enosy seekign withl a thickness
maxi mum ener gy {Jroduct (fBH) rrax% in the X-direction.
T of $hanmp.exswidtls Wapel S mewand & lengdil ef 25 mab| Bhepprefooms! 8tliad an
di mensions of the preforns 18 and the permanent
averaggsmettal graip dipsmeederciifyl ha. EXAgsetion of hudk density pfide preform 18
i nvention and Conparative Exanples 1 and 2. Wen each
to the,reaf density satigsef the magaetis, Pavrder pras 09 aFapeeens ltwassi on
die 10 10 had a tenperature of 800C and the preform
condyjgted 3 plieg dasstinn @ligIseGi PRIMaACBOnAgsst 2(producad by gxfriding the
Referring mpre specifically to _the exam nation of the
prefqg@gwelgqvgmg a fixed shape and thereby verify the effect of the strain ratio /.

Each preform 18 was extruded with an extrusion die 10 having a through hole
12, a tapered hole 14 and a uniformly sized through hole 16 designed to produce a
permanent magnet 20 having a thickness T) of 8 mm as extruded and having a strain
ratio €,/e; of 0.1 according to Comparative Example 1, a strain ratio €,/g; of 0.2
according to Example 1 of the invention, a strain ratio &,/g; of 0.4 according to Example
2 of the invention, a strain ratio €,/g; of 0.8 according to Example 3 of the invention, a

strain ratio €/g; of 1.0 according to Example 4 of the invention, a strain ratio e,/e; of 1.6
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properties of each of the permanent magnets 20
according to Exanples 1 to 7 of the invention and
Conparative Exanples 1 and 2, a magnetic test specinen
having a width of 8 nm a length of 8 mmand a

t hi ckness of 8 nmwas taken fromthe w dthw se and 15

acc&rﬁfh%tta Wy RipeSNbf Bk iRRhlidD A sthindaEh e fBBRLI0 RB6kding to Example
magnetized in a magnetic field of 3.2 MW m Each

6 ofi 168 InveRiSSsH, TBR ARG BY e, 100 3 ScHbraingab PXagPR! 7 afthé Miventish, or
exam ned for the nagnetic properties by a BH tracer.

a stAREAEEIDS, 396 AR oFRASHY ratdfe henglest ThOp&imaReNIt

according to Exanple 4 of the invention, the crystal

madHe®i igre F@fedivelyahaSab&l uniet thetshfe Sbaditiohs dhdlwdde Bachn
he average in'the X-direction and 0.5 p.mon the

exafRH3BEthe Resi®ial fagneficixedenki®N(B ), Nntfdbic&odrcivietferce (iHc) and
magneti c properties of the permanent magnets 20 nade

ma@funfSRiB Redid® '((BH)fnﬁ!“xz e DL divg@siont | Mhe resaltd draghawndin
forward extrusi on and having the sane nmaxi num
Tab&OIPIBHE DEhows thé Binksiohabf Bk prdfernaifaidstha peraratemgndgnets
Exanples | to 7 of the invention (i.e. strain across
20 4&%&%@%@&%)1 tareofahs mveitivdand Tuanfaohtivevixagsples 1 and 2.
describe 25 the conditions under which the magnets
accorwhegedch préform X8 plsestridyd, tiefprefora andverecextrpsion deeld
and exam ned for their nmagnetic properties. 10
had Bat@périafige bOBAGIEaintithgpreformokasextrytiedibly employmigeh@Orod 8
having a dianeter D of 25 mmand a thickness T of 36
hydraiiliegsess O NRefeaidmbet spedificillytovtke ¢xagahitionsfaleedagmpar t
flat dies to forma permanent nagnet 20 having a
propétiieksreash df thopefnarient mifrets 20 ieoplieg wrimailesalsto 7 of the
subj ected to upsetting, the preformand the two flat
invelition ahdComparatieaBanmplesd anfl 230 0@gaetit tastdpecimen having a width
hydraulic press was enployed. The permanent nmagnet 20
of Shath, a leigénef mnTand ofhidkessnf SHomewvas takeri fiom the weklwige and
in the free surface not contacting the dies was
lengtawige centrdl portvaidf esmognet hed angnetized &y armagraticrfielfhef 3.2
was found to be sound. Accordingly, a magnetic test
MASme c Eaelntestspecigea brpughh taofatgatiommagnetizatinn Wasofxagineg for the
and a thickness of 8 nmwas taken froma sound central
magretit ipoopertied bymdidtiazed Ascerdinggnshe megsuegnaend pn thedesipy m
and exam ned for the magnetic properties by a 13H
spetimzaeccording to Fagmplei %ofptg@ peentiens thersyiali grairyhada fat shape
the product produced by o i
with the size of 0.1 um on the average in the X-direction and 0.5 um on the average in

the Y-direction.

In Table 1, the magnetic properties of the permanent magnets 20 made as
examples for reference by upsetting, rolling and forward extrusion and having the same
maximum compression strain as that of the magnets according to Examples 1 to 7 of the
invention (i.e. strain across their thickness) are also shown. The followings describe
the conditions under which the magnets according to the examples for reference were

produced and examined for their magnetic propetties.
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upsetting are those which were determned in the
direction of the thickness in which the maxi num
conpression strain had been produced, i.e. in the
direction of the maxi rum nmagnetic anisotropy. 15
Referring nowto rolling, a billet for rolling was
prepared by placing a total of 100 pieces of preforns
18 i Refbfrig toapsettiog, anodid calutirical gréforowi8 havig hdiameter D of
covering their whole surfaces with mld iron plates

25 mmwndgthacknessck n£36 mod whe compressed bestatnigo vetieaily spaced
together to enclose the preforns conpletely. The

aparbfldtl dids ta $ortes pernbradntwasgneephosegia tiockpresyEnof Samypn.  When
tenperature drop at the tine of rolling and any

the prefackil@gvasfsuttjbete@ @ fipseingutht podfsrno ingpthedwotflaf diskhhadea
al so realizing the sinultaneous manufacture of a

tempemdttieplf BO0IC/amif a PO thncdtyslrautia phess mab einglegied pr Eheopermagent
had a thickness T of 36 Mm a wdth G/ of | 9 nmm and

magget|20rigt l dianadterdd; of33 AR00Hawever, sinee seackingrin hhegfheersutface
was used to repeat 10 passes of rolling to obtain a

not qeatactinetie dimgvestlatghj aky ebeut PA%odf tBe entire pexoingdi magiehwas
mld iron portion. The billet had an initial

fountl éorpe s@tndr e ActorddE]Ca mgnetc @5t spheinrenl Haginger widdt off qram, a
roomtenperature. The resulting 100 pi eces of

engtheofiBamerdnd athighetss 026 minovasdaldinfffam erspundiggngnial portion,
properties depending on their widthwise or 11

magheizgd fva segpuifidldnf 23MAle abé sxamingd &urithe pragprsictpiregerties
were of the permanent magnet 20 situated in the

by aBH iméery Dlie mhgnetismprepertigschwh s Talrel L for the@rédughprodwegd by
of the first pass [|engthw se. The pernmanent magnet 20

upseftingtarathopowhichoveradstesningd iredhe fdirectioneofithg Higkness in which the
properties. Mre specifically, a magnetic test

maxupEs cpmpression perin hafl Been prodgedni e. an the| diregtion of thg mgrdmum
and a_thickness of 8 nmwas taken fromthe w dthw se

mageid Angsetiopwi se  central portion of the pernanent
magnet 20, magnetized in a magnetic field of 3.2 MIm
and Bsfemingepw &y ralling, rebalires fprcropingyeas nrerares by piBring a total of
tracer. The nmagnetic properties shown in Table I for

100 plneesp?fmfetm%k inolQ lingy Vaﬂgma#es@dﬂh 39 &ovR J%Bthnéﬁee covering
determned in the direction of the thickness, i

theirgwholeipyréaces with s1ld inen plajgsvaving @ thigkprss o€ lgmrg 6{14 wslylmg

For war d extru5| on is a nethod commnl){ oyed in the
themgliogether teepslosg the preforms completely.  The billet as descn ed was

employed to prevent any temperature drop at the time of rolling and any cracking of the
free surfaces of products, while also realizing the simultaneous manufacture of a
multiplicity of products. Each individual preform 18 had a thickness T of 36 mm, a
width W of 19 mm and a length L of 25 mm. A 2000-ton reverse four-high mill was
used to repeat 10 passes of rolling to obtain a permanent magnet thickness Ty of 8 mm
excluding the mild iron portion. The billet had an initial temperature of 800°C, while
the rolls were at the room temperature. The resulting 100 pieces of permanent

magnets 20 showed different magnetic properties depending on their widthwise or

11
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and usually featured by the sane degree of size
reduction both in the X- and Y directions. A

per manent magnet 20 having a thickness Ti of 8 nm a
width W of 8 mmand a length Li of 506 nmm was forned
froma preform 18 having a thickness T of 15 36 mm a

len, \gfsg Wﬂ(gn AR bR A nkBNEbPertiePverDMHR pddbiadént Snaghet 20

e except the dinensions thereof and the

sﬂu%éa ﬁryﬁl'e Qitith thé B&RerRidEhve 8 Ehdas tR PSR eadPl eheeltst pass
erinment I. nagnetlc test specinmen having a width

lengthwile Mrh@pdrRABH nPfenSt 207 tRAGositibRinak Beafined f themagtic
en%ﬁgken froér?the I engt’hw se cen?ral portion of the e

pro&?ﬁé‘ggw&e PSRy 20 mapRaRebst & nhé‘n Bavilggaetidta of B @i, a

MAV/ m and exam ned for the magnetic 20

leng?h 8P8 nirh 88d Qymaqﬁkk & BERS wad ke BOMahE ridthwierahd bmgthwise
shown 1n Table 1 for the product of forward extrusion

cenﬁilﬁ)m&‘tﬁé‘?&ﬁaﬂ@ﬂt%@gﬂéﬁt@ ¥napabtedediine thagnetihield of 3.2
ections of the thickness and width in which the

MA@ TR d RRch et G AP hAS AtRpropertidsbyeBHaeor. Priednamdiic
|.e, in the direction of the maxi mum magnetic

ma%kn@@nllsotll-@yl 02 1.14 1"-'2'2 260 Examlet i14 1..35 1
. Exaiaalsle 3 4 0.8 1 .41, 1112 X92---

- - 1.2#wdrd extrusion is a method commonly employed in the art of extrusion
and usually featured by the same degree of size reduction both in the X- and Y-
directions. A permanent magnet 20 having a thickness T of 8 mm, a width W, of 8
mm and a length L; of 506 mm was formed from a preform 18 having a thickness T of
36 mm, a width W of 36 mm and a length L of 25 mm. Details of the die except the
dimensions thereof and the extrusion conditions were same as those employed in
Experiment 1. A magnetic test specimen having a width of 8 mm, a length of 8 mm
and a thickness of 8 mm was taken from the lengthwise central portion of the permanent
magnet 20, magnetized in a magnetic field of 3.2 MA/m and examined for the magnetic
properties by a BH tracer. ' The magnetic properties shown in Table 1 for the product of
forward extrusion are those which were equally determined in the directions of the

thickness and width in which the same maximum compression strain had been

produced, i.e. in the direction of the maximum magnetic anisotropy.

12



1 xaaxila 4 _
20 Fxax zple 6 0 1.23 285
15 1,15 1.25 264

L47 401 |

xar aF |

e 516 .

144

1 xaixiple 7
C Conparative 4.0 1.12

1.28' 250 | xairi .d. 2 Product of 1.36 0.96 340 F
1S8ettiriw_ -------------- Product of 1.02 250 1.15
rolling 1?rodxict of forward - 0.92 0.86 150
extrusion | 3~n Table 1
R T Ot - DO R - RN I 2
- Exanpl ¢ 8 lefkl 1,36 1.8%)sanplle 9(MA/®) 1. 46 1(RIm?)
Comparative * 422 |.._
0.1 1.08 1.28 235
Example 1
Example 1 0.2 1.14 1.22 260
Example 2 0.4 1.35 1.21 360
Example 3 0.8 1.41 1.22 392
Example 4 1.0 1.47 1.22 428
Example 5 1.6 1.44 1.20 401
Example 6 2.0 1.20 1.23 285
Example 7 3.5 1.15 1.25 264
C ti
N A 4.0 112 1.28 250
Example 2
Product of
rocueto ; 136 0.96 340
upsetting
Product of
] - 1.15 1.02 250
rolling
Product of
forward - 0.92 0.86 150
extrusion
Example 8 1.0 1.36 1.85 372
Example 9 1.0 1.46 1.21 422
Example 10 1.0 1.43 1.22 406
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Exanple O 11 O 1.43 1.22 406 13 Table 2 PreformlIs P
-------- -- ------------------ Thickness

Vthh VVLength Thlckness Wdth WL Length L1 e2/S1 i.

' T(ntmL (m) T1 (nm) (prm. (mm) Conparative 36 19

25 8 21.8 4%.1 0.1 _t .__  ------------------ Exam | e

1 36 19 25 8 24.4 87 5 0. "EabldEXarrpI e 2 36 19 25 8 29.2
73.2 0.4 Exa 6 19 25 8 37 7. al

36 194258 /In‘%f@g) ? Exanipo % o 2=4L) 5
1.6 | Thickness {-Width \EYanDén@t-hG- -"FlucknesB 1 L'éﬁ’gtlﬂﬂl. 1 e
2.0 34 Ex | e @ 56 19
25 g 3.9'3@3%. 8 ATED E' L 3y

Experi nent 2)

Com%Eratlve 8 40 53(4 1.0 |
Si ofs as |n8Exp

A pr ef or
B8 N t he same dPnen eri fieht vvg%l il

odtuced—5—under—the—sane ¢ 0

) EXPEr T et
Exdmpteyl enpl 3yi ng a M@agnetiésallloy dont ai nehty 26 Blabhy| 0.2
Exit 9F Mo 0/1%Gy nmpss,ef Fr, 3. 6%n byojmss ofzdy, | o4
6% by mass of [Co, 0 0 55 of B and 0.57% D

Example3 of 36 wilt h Phe pal 3hce lof Being si¥stantialdy 0.8
Example 4 36 19 25 8 40 53.4 1.0
Example 5 36 19 25 8 48 44.5 1.6
Example 6 36 19 25 8 52 41.1 2.0
Example 7 36 19 25 8 61.2 349 3.5
Comparative

36 19 25 8 63.3 33.8 4.0
Example 2
Example 8 36 19 25 8 40 534 1.0

(Experiment 2)

A preform 18 having the same dimensions as in Experiment 1 was produced
under the same conditions as in Experiment 1 by employing a magnetic alloy containing
26.8% by mass of Nd, 0.1% by mass of Pr, 3.6% by mass of Dy, 6% by mass of Co,
0.89% by mass of B and 0.57% by mass of Ga, with the balance of being substantially
Fe. InTable 1, Example 8 of the invention shows the magnetic properties of a
permanent magnet 20 which was produced by extruding the thus obtained preform 18 to
have a thickness T; of 8 mm as extruded and a strain ratio €,/g; of 1.0 as those of
Example 4. Table 2 shows the dimensions of the preform 18 and the permanent
magnet 20 according to Example 8. The conditions for extrusion and the specific
method employed for determining magnetic properties were the same as those

employed in Experiment 1.
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Fe. In Table 1, Exanple 8 of the invention shows the
magneti c properties of a permanent nmagnet 20 which
was produced by extruding the thus obtained preform 18
to 10 have a thickness Tr of 8 nmas extruded and a
strain ratio 82/ar of 1.0 as those of Exanple 4.
Tabl e 2 shows the dinensions of the preform 18 and the
Embpdimesh@nt nmagnet 20 according to Exanple 8. The
conditions for extrusion and the specific nethod
enpl Whld Brobodimewr Infhasibeen desgribed as the ogserin imbschvaeplatet shaped
sane as those enployed in Experinent 1. 15 14
permgntrgdnagant 2Qis\phodusedEfioods prefirm 18hizesidgeenotdesgerokesgctaen, it
the case in which a plate-shaped permanent magnet 20
is alsopossibléute pbduce aphtepstaped pednananti magnan2® fboregsadideybindrical
section, it is also possible to produce a
prefopimat&assthapedn pegsn@hend SBagResuldGihilarto shase bf Bmbodiment 1
cylindrical preform 18 as shown in Figs. 9A and 91. 3.
can tRaxhidingd by edntepllingothe dosensihs Biibgda theenghihole 2, atepered hole
obt ai ned by controlling the dinensions of e.g. a
28 anda vaifiriy biged throught yhe3 @ so Avlogeali2g astrdinaratinef/ars y
si zed through hole 30 so as to realize a strain ratio
1n(“GﬁD)Zlh(1=1/th(ll\Ah¢ Binge of fromy 0.3 té B.5t prefarabiy &oof 0.f to h6Owient
referably fromO0.4 to 1.6 when a | at e- shaped
plateﬁénmgmmanqg meagni(2 (hzavingp thickinesskines SVlth Weang allehgtWl, is
and a length Li is 10 produced froma solid
produsgd; freim asalid pylafdsicah prefoaviSripvingdi diameter Dfiy the X-tamd X-
and Y directions) and a length L (in the Z-direction).
directiang) ang erhenggh bi(e the Zodisastipar:  gnedorning die Heussd fompreditcing
magnet 20 according to Enbodi ment 2, the tapered hol e
the pognanent yagrey 20 @ccqaig% te Fmbeispent Sathe fapsred hale:R% s formgskto
havi ng the sane di aneter as that of the preform 18,
havemmlét $8ndngpincalar slgpeaving ike spmier Grmetpr a3 thaofithe etp@mn 18,
ole 30 are rectangul ar and have a 15 thickness Ti in
Whllq W@ outictcRbeanl thmumFRITAY sizes throush hole Hoary.restpagarand have a
whi ch are equal .to those of the permanent nmagnet 20,
tmckagssglhqu X dpregtlon_mld a(%léwln@ﬁhe g-)derctgcm which are equal to
ylindrical preform 18 having _a diameter D of 145 nmm
those‘ﬂfd e DerEwgent magnet 20, as shown i Fig. 10.

(Experiment 3)

A solid cylindrical preform 18 having a diameter D of 14.5 mm and a length
L of 22.5 mm was produced under the same conditions as in Experiment 1 by
employing a magnetic alloy of the same composition as that employed in Experiment 1.
In Table 1, Example 9 of the invention shows the magnetic properties of a permanent
magnet 20 which was produced by extruding the thus obtained solid cylindrical preform
18 to have a thickness T; of 3 mm as extruded and a strain ratio &,/e; of 1.0. Table 3
shows the dimensions of the preform 18 and the permanent magnet 20 according to

Example 9. A magnetic test specimen having a width of 8 mm, a length of 8 mm and a
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20 L of 22.5 mm was produced under the sane conditions
as in Experinent 1 by enploying a magnetic alley of
the sane conposition as that. enployed in Experi nent
1. In Table 1, Exanple 9 of the invention shows the
magneti c properties of a permanent magnet 20 which

thicl)ﬁﬁ?s HF PRANEGAs Pike R Kok MdthivietaRd Ser@tHvak\@shtraDpdrtlon of the
cy

I ndrical preform 18 to have a thickness Ti of 3 mm

L4880 38hrding t6 Bkimplabio? i idkeltioaf migidtizddil £ 3
per@%eger%v\%%t he di rrrerl}gl ons of the preform 18 gand t he

magRETREE BF 3 TRUAGH 4 eReGRHed fRiGhE MagitiRiRbgertles by a BH tracer.
magneti c; test specinen having a wwdth of 8 nra, a
l ength of 8 Mrmand a 15 thickness of 3 nmwas taken
fromthe w dt hwi se and | engthwi se central portion of
the permanent magnet 20 mera® ding to Exanple 9 of the

rmvention, nagnetized infa mnagnetic field of 3.2 MA/m
and exam ned for the magnetic properties by a BH
tracer| 5 Tahkfor@ IBreform 18 Permamahmageg28t 20
Di aneter Length L Thickngess Wdth Length LI D (mm
(mm) TlI—)— W) ——anmpteT9 145 231532873 &fe
43,8 -1.8.10 . - - i ment
3 Accord ﬂ?dnettSrE.n{iS‘Et%ntTgle%S%ern%%nt EGREL D0

havi ng |aD émm)atle ¢moys | Shdmngn | WWhtmm) t|hi 2mméss T1

h

in thelX-directilon an olitor Arecll anat
Aot ot 1ot A=

HEE- N 3
ot o CT ar-Cc T oTrgo 1T U1TIT

Exafngleedt i ont.5 10 Jand2ah i pner3arc|l e@8Bh i43.8he|Y 1.0

-direction 1s fornmed by extruding a preform 18 havi ng

an oblong cross section with a thickness T in the

X-direction, a wwdth Win the Y-direction and a
EmBodit@édt 3Li n the Z-direction, as shown in Figs. Il A and

11B. Results simlar to those in Enbodi ment 1 can be

obt aiAvedrding odmbadimientd, talperdaneshsiagne 26thawing an ardyate cross

through hole 12, tapered hole 14 and unifornmy sized
sectidarwitgh ticknessIB; inahaX-dicectisn, rapaiuter arclesgth 3V ninrthe Yelirection

a2/ GL = In(((W+ W)/ 2)/W/In(Li/L) in the range of
and fan imePai@ lemgth W, in the Y-direction is formed by extruding a preform 18
having an oblong cross section with a thickness T in the X-direction, a width W in the
Y-direction and a length L in the Z-direction, as shown in Figs. 11A.and 11B. Results
similar to those in Embodiment 1 can be obtained by controlling the dimensions of e.g.
the through hole 12, tapered hole 14 and uniformly sized through hole 16 so as to
realize a strain ratio e/g; = Ln((W+ W2)/2)/W)/In(L /L) in the range of from 0.2 to
3.5, preferably from 0.4 to 1.6 when the magnet is extruded. The magnet according to

Embodiment 3 has magnetic anisotropy oriented in the radial direction normal to the

arcuate surface.
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3.5, preferably from0.4 to 1.6 when the magnet is
extruded. The magnet according to Enbodi nent 3 has
magneti ¢ ani sotropy oriented in the radial direction
normal to the arcuate surface. 20 16 (, Experinent 4)
A preform 18 having a rectangul ar cross section with a
thickness T of 24 mm a wdth Wof 23 nmand a | ength
L of (B¥periment)s produced under the sane conditions as
in Experinment 1 by enploying a magnetic alloy of the
same AqgoefpasilBilanings febtahgiBarenmds@yettbni withex geclkmeesT off 24 mm,
In Table 1, Exanple 10 of the invention shows the

a widthgMelf 28 npn apéntiersh bfof a5 pen mas prdducedymeder 2@ satnecbndwisns
produced by extruding the thus obtained preformto

as intiZsperiareniat by amelayingss magudticatioyiof thesatnkicokpesiiomas thht 8
mm an are length ((W+ W/ 2) of 40 nmand an are

5 emploged isEReriafent 0. nin Batde b Starmpla10 af the il2h&pn slafwsithe.

Table 4 shows the dinensions of the preform 18 and the

magpaticrpopertiesnefgner mafert GagoetdiOdwigh thas Pradupedbil €ktrudling the
magneti c test specinen having a wwdth of 8 nun, a

thus lobtagted prefbriB tovhazenah axcuabe cksesstiaf with mthickinsaTnefl8 mym, an
renovi ng a thickness of about 0.5 trim from each of

arc lengsh (MW osWe 2 anfetfanm adrahacemdinaR tafkdémibranrhatsirein ratio e;/g;
wi dt hwi se and | engthwi se central portion of the

of 1.per ehie Atshowg thetdi@enaemsarf dhangrefaymBbéaanul the pOrnmfentieagnet 20
invention, magnetized in a magnetic field of 3.2. MW m

10 accoahng txBExrnmel 10.0r Aimagnetig)test speciprengeningeswidtibof’ man, aBehgth

tracer. Table 4 .. i 1?reSdri 3x_| ~

of 8 gine 3nd Ethecknes=dnt mueoiRt@ined by removing a thickness of about 0.5 mm
T !'ticknesa width Length L Tluci ness zVc length. Arc

from| eankyohits eppytsiie G uAle suefekies vas takep figam the WidthwiseTanddengthwise

? V22 (m) (3um isenm) i Exanple
central portion of the permanent magnet 20 according to Example 10 of the invention,

magnetized in a magnetic field of 3.2 MA/m and examined for its magnetic properties

15 by a BH tracer.

Table 4
Preform 18 Permanent magnet 20
Thickness | Width Length L | Thickness | Arclength | Arclength | Length L, | Arcradius &/g
T(mm) | W(mm) | (mm) Ty(mm) | W,(mm) | W,(mm) (mm) R, (mm)
Example
0 24 23 25 8 444 35.6 43.1 40 0.1

According to the experimental results shown in Table 1, it is confirmed that
20  the magnetic properties can be improved by controlling a strain ratio €/¢; in the range
0f 0.2 < &,/g; < 3.5 and further improved by controlling a strain ratio &/, in the range of

0.4 <g/e; <1.6. Itis also confirmed that the largest improvement in magnetic
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10

15

20

25

24 23 25 a 44 35,6 43] 40 01 According to the
experinmental results shown in Table 1, it is confirned
that 20 the magnetic properties can be inproved by
controlling a strain ratio z2/8i in the range of 0.2
< y(-1<.3.5 and further inproved by controlling a
proférfied AnbRtakBieFed?biE corfirdllitg 4 Argieratib «,/8; appsddiching-1: 1Ahé t
is also confirnmed that the | argest inprovenent in
per MBEME hiagnékd 20 hoqeding €5 Egatiplee] &c i efihd ibyentiomntverelalligogd in
a strain ratio c2/sl approaching 1. The pernmanent
appERINRLaad 28ne6 LMt g dn§ poXINTb @8 clit dveay] Exoept 4 théckness of
i nvention were all good in appearance and none of
abob B Mnh &CeadMyf ferftondand feabendsuuk vasway, in ehecdipiction of its length.
t hi ckness of about 2 mm at each of the front and rear
Fur@Rflfio@SacébRlgshtol the parest@dht adtdddp-cofrenttfawt dutedtion t&ts on each
Furthernore, according to the penetrant and
peragibnt Glapharf tid prescaietraehtian nd esifacean iamhal crpekingwent
magnet of the present invention, no surface or
obséfe®r MRuscit acddnfigmed shat cles@dingdo thkhpresent invetionoitfis passitle
that, according to the present invention, it is
to stk lperminenpmaghet @aving aighenegeticrpopettiel y iergusiorgwhich is
magneti c properties by extrusion which is excellent
excéltent a1 RENOHf grodaetoityyimbigrialngeldy acabptyble pdodustmtptad| e
product ratio and 10 manufacturing cost.
marMisbithiigadédsons  The present invention is not restricted
by the enbodi nents descri bed above, and may be carried
out in any other way as descri bed bel ow by way of
exanples. 15 1 . A preforml| S having an oval cross
Mod#fcttians with a minor axis dianeter Dr, a major axis
diameter D2 and a length L in the Z-direction as_shown
i n FiThe praskntimyetséon is mpt yteigted byphoembedimeptsdesaaibpd above,
magnet 20 having a sem cylindrical or barrel-shaped
andanasle eeted ot inannothenwry audeschbeskedas by wayeferamples.
X-direction, an arcuate side wwdth WL in the Y
- di r ekt i dpreferns 1% havjhg an P crgsaseetipp With 3 pénoy axis diameter D,
-direction and a length L1 in the Z 20 direction_as
a mgjoowis dipnmtey, D1ad a length LpiatheAulhitechrmytrethoyn infig AdAanay be
crescent cross section with a nmaxi mrumthickness Tl in
emplpyedtodireduse adermanent mesret 3P hauing aspencyhindrienl gg barrel-shaped
the Y-direction, an jnner arcuate side width W .in t(;]ﬁ
crosg-sgptiascwitly o megrtmum thigkpess 1 in the X-direction, an arcuate side width W,

in the Y-direction, a straight side width W in the Y-direction and a length L; in the Z-
direction as shown in Fig. 12B, or a permanent magnet 20 having a crescent cross
section with a maximum thickness T; in the X-direction, an outer arcuate side width W,
in the Y-direction, an inner arcuate side width W, in the Y-direction and a length L; in
the Z-direction as shown in Fig. 12C. Results similar to those in the Embodiments
described above can be obtained by controlling the dimensions of e.g. the through hole
12, tapered hole 14 and uniformly sized through hole 16 so as to realize a strain ratio

&a/e1 = 1n(((W+ W2)/2)/D2)/In(Ly/L) in the range of from 0.2 to 3.5, preferably from
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the Z-direction as shown in Fig. 12C. Results simlar
to those in the Enbodi nents described above can be
obtai ned by controlling the dinmensions of e.g. the
t hrough hole 25 12, tapered hole 14 and uniformy
sized through hole 16 so as to realize a strain ratio
62/61 = In(((W+ W)/2)/D2)/In(L1/L) in the range of
0.4 tplefin JWVhen permpnepiaagiies B havipg msemirgular ercrpscent oppssn
a permanent magnet 20 having a semicircular or
sectigp gsstosmed Epasaprefurst 1SHhaving Fmevab aross seetian,gheXoend Y8
. having an oval cross section, the X- and Y- directions
direciiope Aepesd onrihe thickarsickicantiwigihg (syc densshs) Wicandlgefidy W
and W2 of the permanent magnet 20. More specifically,
permagightanigien2@ o Mofhspecificplly, fianis ssasethat tvspiapr axig diameter
lies in the X-direction and the major axis_dianeter D2
5 Du liphin the Xydirestion and dhe, majr2xip diagnetey Dyip sheoY-Wirections and thate is
the mnor axis diameter D1 lies in the Y-direction and
the qthez ¢ tg?t tg?( dnorxisipaetepP ligs inrfBe Y-difecden anrshthe major axis
. relationshjp, al so corresponds .in the case that a
diamster sip thetdigetion. ovHis relasoaship alspsarespongds ethe Fare shas a
maghet having a rectangular cross section, too. Sone
prefQf BRI AN HI08S Sectian shiowmed Hitaag1egng, haymg rasptangilar cross
- - --- Preform 18 " Permanent ~iaenet 20 Bi (niut)
sectign 309 rpdgme specifig examples argshapiewslapledy h wi Lengt h Li

10 S o B - -
................ SoniXin Y- {(C () it (min
direction direction - - --------- Sl
________ . Table5 . ________________.
------------- Prefornr8- - - ---- 1 Tr UePprhdiGhi@natfbt 20 14. 5
215 3| 28.3 445 _L
1 (mm) | D, (mm) ) )
] Length L | Thickness | Width W; | Length L, &/5
in X- n Y- ( T
mm
direction | direction ) 1 (o) (pnm) (tmm)
True circle 14.5 14.5 22.5 3 28.3 438 1.0
Minor axis
in X- 14.5 16 22.5 3 31.2 43.8 1.0
direction
Major axis
in X- 14.5 13 22.5 3 254 43.8 1.0
direction

2. The preform and permanent magnet may be of any other shape in cross
section than those described above, or of any other cross-sectional combination than
15  those described above.
3. Although the tapered hole of the forming die according to Embodiment 1

has been described as having at its entrance a portion having along a certain length a
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10

Mnor axis ii- 14.5 16 22.5 3 31.2 43.9 1,03
dFrCCtBO | - - === & e e e e oo

...... direction . 2. The preform and pernmanent nagnet
crosdByction eghalanyhaobhthe thivagle hole, it iscd® passibleito fornhatepeied dele

descri bed above, or of any other cross-sectional
havigigiRitagir icometted diredtly tohths edjdest eidefithaivoegh 1®le.

Al't hough the tapered hole of the form ng die according

to Enbodinent 1 has been described as having at its

entrance a portion having along a certain length a 19

cr os Whikcthe presamimdention hixaheeofdeschibed hr datgjhatdowish referenes to

al so possible to forma tapered bole having its taper
specifit aRbb dichedisrthertbfy ittvailltteappatienictewne eritledin the ert tiat Fageus

hole. Wiile the present invention has been described
chatges dad aiddifamatiom dain beghateghereintwithahit depatitfg fom the spirit and

enbodi nents thereof, it wll be apparent to one
scopktheteefl i n the art that various changes and

nodi fications can be made therein without departi ng

f r omThherespitrapplication isbaspéd on haagese Patane Applieagian No. 2006-

application is based on Japanese Patent Application
24266 fiRAGH-Septiibes 65 2006chnd JaBmesechasent Applicayps N @007-176579

Japanese Patent Application No. 2007-176579 10 filed
filedoon Jully yt, 20072804 theanodtentsehesenf asninsorieatedhergindy reference.

i ncorporated herein by reference, Furthernore, al] the

docuferthermoire, el the dedumentsecited hereparaira@rpsyated by refereace in

in their entireties. 20 WHAT IS CLAIMED | S:
their entireties.
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A process of producing a pernmanent magnet, which

conprises extruding a preformto forma pl ate-shaped

per manent magnet, wherein the preformis extruded in

such a way that a dinmension of a cross section of the

preformis reduced in an X-direction and enlarged in

a Y -direction perpendicular to the X-direction, 2.
WHAHA S BASMERES0r ding to claim1, whereby said

per manent nmagnet has a strain ratio E211 with respect

to the preformin a range of 0.2 to 3,5, wherein ai is

a strainin the direction of the extrusion of the )

pref &r m andAepcess af produicing a nenwanent ghagset, i which Temprises

process according to claim?2, wherein said permanent ]
extryfagg e prefomam te fomr aiptate-ahdped iparmanent mageetovherein the preform is

4. A pl ate-shaped permanent magnet formed by extruding
extryded i fnhrg wayitkat @i ¢imengiop pEa 6Fa¥s isectiontaf lreprefaimsig ceduged in

way that a dinmension of a cross section of the
an Xpdiggcgprrand elaigad énla Yrdiepstion perperdicwar taribe Erdieected in a

Y-direction perpendicular to the X-direction, whereby

sai d permanent magnet has a strain ratio e2ial with

respect to the preformin a range of 0.2 to 3.5,

wher & n sl e aragepsaachonding teeclainy bovhesebsosaid permanent magnet

extrusion of _the preformand E2 is a strain in the .
has a graintipga/er withTewep) tathe pisisedn sappga it 2 i pevherein e is a

.according.to claim4, which has a strain ratio in _the
straip gh@é dgectgpnqofithe gxtrusigmof the preform and &; is a strain in the Y-direction.

3. The process according to claim 2, wherein said permanent magnet

has a strain ratio in the range of 0.4 to 1.6.

4. A plate-shaped permanent magnet formed by extruding a preform,
wherein the preform is extruded in such a way that a dimension of a cross section of the
preform is reduced in an X-direction and enlarged in a Y-direction perpendicular to the
X-direction, whereby said permanent magnet has a strain ratio &,/g; with respect to the
preform in a range of 0.2 to 3.5, wherein g is a strain in the direction of the extrusion of

the preform and &, is a strain in the Y-direction.

5. The plate-shaped permanent magnet according to claim 4, which

has a strain ratio in the range of 0.4 to 1.6.
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