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PROCESS OF PRODUCI NG PERVANENT MAGNET AND PERMANENT
MAGNET FI ELD 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
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donmestically used. These permanent magnets are
manufactured as will now be described below. A raw
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rapi d- guenching as described above is crushed into an
appropriate particle diameter and cold pressed into a

conpact. The g @@@ Ij;N—P w@m{ dinto a
body havi ng hi gher gen5| OF an IS en subj ected
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malﬂl?ac@?r%d l@%ﬁﬁﬁowfberde&mwbaowgener al l'y describes the
acture of a ring- shaped permanent magnet and the

l'i ke Dyave¥ateriai Srapartd BIMYRIRY aGarelddih! MNYEMT biMe iron group and

boron is melted and the molten magnet alloy thus obtained is jetted out onto a rotating
roll of e.g. copper to form théreon 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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Upsetting (1) can realize high magnetic properties,
but is inferior to both extrusion (2) and rolling (3)
in productivity, material yield, acceptable product
ratio, and 5 cost of manufacture. On the other hand,
al t hough both extrusion (2) and rolling (3) are

- superior in productivity, material yield, acceptable
product ratio, and cost of manufacture, they have the
drawback of being unable to realize high magnetic
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there is a demand for a method which can manufacture a plate-shaped permanent
magnet having improved magnetic properties by extrusion.

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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Fig. 3 is an enlarged longitudinally sectional and
front elevational view of the formng die according
to Enbodinment 1. 5 Fig. 4 is an enl arged

| ongi tudi nally sectional and side el evational view of
the formng die according to Enbodinment 1. Fig. 5 is
a top plan view of the formng die according to
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the preéforms
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. 11Ais 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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Description of the Reference Nunerals 5 18: Preform
20 : permanent magnet DETAI LED DESCRI PTI ON OF THE

I NVENTI ON  Nanely, the present invention relates to
the followng (1). 10 (1) A process of producing a

per manent magnet, which conprises extruding a preform
to forma plate-shaped per rmnent magnet, wherein the

r ef ext uded that a |rrens' n o
2 or 8@15 L% s hiegmas uabiiol S Sthet ffinafedt osapt fofméd
& E t|o and%n r2ed|naY-d|rect|on
O't% TJ ?Nntlg 1‘313 =direction. According to the
process of (1) above, by extruding the preformin such

a 15 way that the dinmension of the cross section of
s _reduced n an X-direction and enl arged
De§°ﬁlp38n{°éﬁ%??ceﬁr%ce;ki rﬂ%rﬁ icular to the X-direction, a
per ma n]%re % havi ng magnetic properties equal to
or hi FHEh t hose of the per mmnent magnet produced

by u t n roduced. Furthernore, the present
invew e‘?‘%?%{{% a%l’%tpt he following (2). 20 (2) A
pl at e- shaped per manent magnet forned by extruding a
preform vvherein the preformis extruded in such a

\S?gfglp%t IS re ﬁﬁﬁegﬂﬁﬁgﬁégm mmgﬁged in a

Y- di rggtion th?Fé@Sﬂ’cqh\?&%@ﬁ el B he%m({“as {jon, “wher eby

sai d ‘per as'a strainra /alvmth

whor anh ol i PioBHrShlche’ SRR ikt Which Rumngies
ext@tigl%r}ig% Fi%?m% Zé%ybﬁ{bdshgﬁe erﬁ'naﬁgl{t%%fn'e éihlgﬁ%n the preform 18

I on

eﬂﬁﬁ@%ﬁ%@g a%&thﬂlaﬁtgﬁl'eﬁﬁw 5#5 E]I%S% %CBBIY &6F th@ gféﬂéﬁ% i Ifeé‘l‘ideﬁ in

respect 'to t ormin

an X- dﬁectmlﬁ%ﬁlaﬁ'gfﬁi InFﬁeT’-HHEclqg)% Mafr?uﬁ% {H%%?-ﬁ%rhéuon.

properties equal to or 0Sé

per MRtdiiR e e pPSREUGRY) BovEPSELLth¥hg the preform in such a

way that the dimension of the cross section of the preform is reduced in an X-direction

and enlarged in a Y-direction perpendicular to the X-direction, a permanent magnet
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).

(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 1s 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 ¢, is a strain in the direction of extrusion of the

preform and g; is a strain in the Y-direction.
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5 According to the production process of the present
i nvention, a permanent nagnet havi ng hi gh nmagnetic
properties can be produced at |ow cost. Furthernore,
t he permanent magnet of the present invention is
excellent in magnetic properties. The process of
produci ng a pernmanent magnet and the per manent nmagnet
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wi dth Wand a length L and may be oblong in cross
section (i.e. in its section perpendicular to its

), as shown in Fig. 8A. Wile the rare 5 earth
Eﬁé&%ﬂg@QISelected fron1Y and the lanthanoids, it is

pr ef %ﬁ%sb tl Gnd 9 ?ﬁ)%@@a’ll toﬁve Pﬁgef&?ed Fm@f Qﬁ &t&‘ﬁs‘?orpéle Y8 in

Rer &0 the I-ron group may

the ﬁz‘égesgg)’k ﬁlgt?tod‘ﬁglrrlg %.W ern{e:ﬁltaﬁﬁgeo he E)t(trdsﬁ) g flg élfb?{t)lﬁegt a die
hoI(%irjg glg? b Ehré‘&éli RAE 13N, {2pReR YR 18! a%ata' L&Ifeﬂmmédlﬁoye f@formed
in series to one another therein. A preform 18 placed in the through hole 12 is pressed
by a press punch (not shown 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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5 resistance). The extrusion die 10 is designed for
formng a pl ate-shaped pernmanent magnet 20 having a
rectangul ar cross section in which a wwdth W (as
measured in the Y-direction) is larger than a

thi ckness Tl (as neasured in the X-direction) as shown
in Fig. 8B, froma preforn118 having an obl ong cross
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I's per pendi ar tot

exr sioR A I%'ig'cﬁﬁsgftﬁtgﬂ‘ﬁﬁa bl silifie %GH Wmmemrw%@hole 12

|ckness ctions being positioned
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hol e at the out et of theée

fornfliﬁg mm %%h%édilaﬁ&ea umle %uaél %ﬁlﬁ] él—[&%%@é di829%d HGE ftleOn

t he di mensions thereof direction inits

taperéPRole 18 %S&hﬁfﬁidﬁﬁﬁg St thetRbudhhdid 8. di Fufpfet PR 19{1féorm1y sized

extrusion and in the Y-direction perpendi cul ar

throh ¢ hofedTce il iR vih the SRRAL Rl ¥4 isdERALLAINd SuildhB the

i ckness Tl and wwdth W of the permanent nagnet
ﬁxnhﬁ g snuf actured in its cross section perpendlcular
to the direction of extrusion (extrusion cross

sect iThe)throagh 8HRW2 fofindd - thSEhtryl¥iBe HRIRIRY stiéH £ oblong 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 to the X-direction may
be substantially identical io the thickness T 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 fo;ming 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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14 formed in the formng die 24 has at its inlet 24a
such a rectangul ar cross section that 5 the di nensions
T and Win the X- and Y-directions may be respectively
identical to the corresponding dinmensions of the
t hrough hole 12, while at its outlet 24b, the tapered
hole 14 has such a rectangul ar cross section that the
sions Tr. and W. . X d,.Y-directi,on
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predeterm ne axl rection

perlﬁzﬁ{é NERLEk: BOHhviR a&@&ﬁﬂﬁlﬁtgr% ?3&%1’ Lo fhﬁﬁzﬁ ih BReHed]n other

surtace”1s forme ace having an
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e snooth plastic working of the pref orm 18.

by e%fh&x@ﬁ, wlﬁle%ﬂ@YQ:ﬁreEﬂ@n fs%H@ ARLt1Rif whith the E}ef&nf'ﬁ%ﬁfa?ééd in

continuous to the uniformy sized throug hole 16 Tn

dlm&{sﬁﬁﬂn} EtfiRRdhnl Z & IHAEC3ERAE Pertladhtihaghief X0 RE Rigrehe

preform 18
anisotropy in the X-chrectlon which is the direction of the maximum compression.

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 242 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

7
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The respective dinensions of the preform 18 and the

t hrough hole 12, tapered hole 14 and uniformy sized
through hole 16 of the extrusion die 10 in the X-, Y-
and Z- 5 directions are controlled so that the

per manent magnet 20 produced by extrusion of the
preform 18 have a strain ratio E2/ci in the range of
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magneti c properties s the residua

IR bt P B o 15

and & thPodsR/tdle 18 tfekdd i ?@aﬁ RS- ily schcgth}&lg%'lﬁ)le {8 the X-,

per manent magnet 20 is further inproved | n-magnetic

Y- Al ORGFdckiBAs m@%@ﬁﬁ&lled’!&%ﬁaﬂtﬁ@ré&tfoﬁkﬁlp Bl rép%@ﬁt%& @P/ i the
per manent magnet 20 by plastic working i's 25 closer

folldWink #6rnl1 @)s Fdiskied.t he Y-direction, the permanent
magnet has a hi gher degree of nmagnetic anisotropy in

the X8|+ agW.oW)and RFElEs (gragnet i ¢ ppperties.

Accordingly, 8 the nmagnetic properties becones

hi ghqmthmlubg)§mrs@dlﬂsTﬁtlbgaﬁ%%tdrﬂ.)l- In the case
that the strain ratio 62/61 fails to fall within the

range defined above, the magnet has only

When the strain ratio /g 1s 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 &2/; is within the range of
0.4 to 1.6, the permanent magnet 20 is further improved in magnetic properties.

Namely, when the strain g; 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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a | ow degree of magnetic anisotropy in the X-direction
and fails to exhibit high magnetic properties. 5
(Experinment 1) A magnetic all oy containing 29.5% by
mass of Nd, 5% by mass of Co, 0.9% by nmass of B and
0.6% by mass of Ga, with the bal ance of being
substantially Fe, was produced by nelting and cool ed

e R bt bR B TR WP 9 A R S
SR L o B T opbE a3 o B s oy
o ORI R B ot S5 Pty St

act was hot pressed at a tenperature of 800C and

cOo
ma%%leggé’é%ﬂfﬂesof 200 MPa in an argon gas atnosphere to
produce a preform 18 having a rectangul ar cross
section with a thickness 15 T of 36 nm a w dth W of
19 nd.a lt rjgth L of 25 mm The preform 18 had an
aver a é‘psli”}l}g?gll grain dianmeter of 0.1 pm The ration

o DA SpIFER Ao 835 50 L s 404 Bl 0
oy 59 TR o R S L el T RS g, o
oo B oy e PRV SR VAT S S
LB U A Ry o1
or b 40 eSS LR p BBt
o0 A o BB e EROT By o
e A R ot i MBI L0 $08 T Bl s
b SRR A 1350 ol RS s
Tols oSt SO SBARUS gl LIS HET Pty e
ave}%g(g %{stg@ Brairfdidhleft BEHAYIR CPAS atiBh of bk KDY UFBL friform 18
to the real density ratio of the magnetic powder was 0.999. Experiment 1 was
conducted to alter the strain ratio €/€; permanent magnet 20 produced by extruding the

preform 18 having a fixed shape and thereby verify the effect of the strain ratio £5/;.

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 €/g; of 0.1 according to Comparative Example 1, a strain ratio s/¢; of 0.2
according to Example 1 of the invention, a strain ratio &2/g; of 0.4 according to Example
2 of the invention, a strain ratio :/¢g; of 6.8 according to Example 3 of the invention, a

strain ratio &/g; of 1.0 according to Example 4 of the invention, a strain ratio g»/e; of 1.6
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6 of the invention, a strain ratio. E2/Fl of 3.5
according to Exanple 7 of the invention, or a strain
ratio a2/ cl of 4.0 according to Conparative Exanple 2.
The permanent magnets were respectively nmagneti zed
under the sanme conditions and were each 5 exam ned for
the residual magnetic flux density (Br), intrinsic
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of Sarﬂglt Qo }Eoii ﬁrlglgﬁ %{H;a glg%gll?%:‘“r? QHiRgsZ%kpﬁﬁfr&%r tRd &ﬁﬁ?we and
len%mlse CEMER %bﬂfbn(d{eﬁc}# ﬁ% [k Qn(f'ﬁlﬁ izbd Eiei{ ?%Eﬁ%ﬁrﬁ:e?@%f 32

re also s OWI ngs SCI'I

d
MAHRN Eﬁél‘Pﬁ?todnggfeg‘yg%@lﬂt m%ﬁgcréﬁﬁﬁfdﬁ'v@& Amidea or the

exanpl es were produted and exam ne
magn@Bé profRaREbY & HH 8RES! | R8cordfdg to the measurement on the test

ac

0

specimen according to Example 4 of the invention, the crystal grains had a flat shape
with the size of 0.1 um on the average in the X-direction and 0.5 pm 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 réference were

produced and examined for their magnetic properties.
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Referring to upsetting, a solid cylindrical preform 18
having a dianeter D of 25 mmand a thickness T of 36
nm was conpressed between two vertically spaced apart
flat dies to forma permanent magnet 20 having a
thickness Tl of 8 mMm When the preform 18 was

subj ected to upsetting, the preformand the two fl at

di es

& R anthetou BRRARE ofy Sutiadr St SR dametes B of
25 bt SHAEReRT ot 3@y %aﬁw%ﬁﬁgﬁﬁ@%# 066 yEL Ry Beed
o e AR BT v
the PSR a8 Wb sy Wé%mP bichie PR %ﬂ(ﬁ@%%ﬂ ?@h@?%da d
tenfyRfghis Be 80P RANCIICERY RiaB i BARE baf phb Ye%y Thgfortiandht
ma%‘hiﬁﬁﬁ%‘aﬁ?tmﬁ%ﬁﬁb%@%ﬁp Fonebeh JPAP o aPiB @R ek Srace
notBEEAE! G Al Shsiflol Ny Wp,?%@oglgggo%squﬁ? S O RERR gt was

fouPd BNCRIng, - Rredrinblls MaeBRld 80 cBleibeds Pawp%wﬁgl of § mm, a

len@b 8lt'§tm1{1%d a%lchﬂg \ré@rrg n%%glia?% kf%np J:l 8&dn gtrél é)ogthod'l in

pireces of prefo i nes vv|

PR M k-

é([:\%n‘p e{elz?re | tﬁ%{ﬁﬁég?%ﬁ% pﬁ{pehfés es u Iﬁxbe]fag)ibel ?Jr%fl%{gauct CPrgi)duced by
ups@ﬁl %th@@w&?ﬁ%&%{‘&%{%&ugﬁﬁ 88 G BIO%BC{ c[(% n{lgrhlch the

any crac ree sur aces o)

o L0 T O LA i

ess T of 36 nm a wdth Wof 19 nm and a
%f}%ﬂatﬁwts{&(gﬁﬁ% mm A 2000-ton reverse four-high mll

was  msesiy
per manent 1 %318 ﬁg@qt%m Knes sﬁﬁ r@‘“%wnn*’ f%xc ugﬁgﬂl%&mm of
100Piddds bl fd?‘ﬁfstl'SQH&OTilﬂ@s Ridihwise BAd A fo%stléx?éthmse tcrﬁ)vermg

t'enper ature of while 25 the rolls were

theif RBletBAMESAtH Rild TRA plﬁayhéwggga HA&knBisSa9 Iﬁlfn and welding
per manent nmagnets 20 ‘showed fferent nmagnetic

therR tQRBHer k@ EARRIRpREIAR chiiPleiel ITHViRE: RAdescribed 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 T; 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
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11 | engt hwi se position and the best magnetic
properties were of the permanent nagnet 20 situated
inthe vicinity of the center wi dthw se and at the
front end of the first pass |engthw se. The permanent
magnet 20 in that position was exam ned for the
magnetic properties. Mre specifically, a nmagnetic

tengifibisn BBS TR e Yot dptadlif pihpSlie S n By ?fafs???'?fﬁ%%ﬂ Régiét 20
situtfe el o N o Fe S rafiro e e RS e R e st ppss
lengih‘iﬁef”?\ifégeﬁ‘er}%fﬁél %ﬂ&?}%& 40 it SoBRBR St ExBhRRR For g matpetic
sropgdfiss; i SPeThoaed aehdlfl 1% o isdh R\ BRGE D AT o
tongeh P&g' % 85 B Duflbpede’ §f ﬂ%ﬁ%ﬁ%ﬁﬁ%ﬁﬁ% WaBR it Mhepase
cenfifl poiorF the T Hhanabrdlit 0y pen i i | rimi RO e TR .2
Mafhg e%ﬂf%ed forfe Fﬁ%&ﬁ&%ﬁ AR *#gfn o AHfARERS
prof} wf%%%@%mgblg R e il P bt 4 %ﬁé? whieSPets |
dete%&le?ﬁﬁ ﬂie reglfloﬁ erthg ltlg I?ﬁégse@% ﬁﬂﬁe d1gécg‘8ﬂ%k‘&%sm&ﬁgﬁﬁl0f

rus on con ons

Experinment 1. A magnetl C test specinen
ma%%@ﬁé?%?&rd\ﬂ@dt of 8 Mmm a length of 8 nm and a

22:1:: ?{%}F@po%&t si e{h%g?pr%l%{e%{g élﬁ@ k@c{]ﬁztg%ﬁ%f extrusion
w0 R B D e
dlret:t{[l(ﬂ'fée r A %%g H?ighgt . dlﬁggft'gtra!utﬁﬁ:kﬁ&g ) of§ rﬂ_rﬁ bi Gf](ﬂth fV@1 of 3

e product rwar sion aré those’ whi c

mm%ﬂg %hérﬁtﬁﬁ 5%”‘?&‘ Wﬁbe 1 ae@ﬁ{)ﬁlcat ?Trgﬁﬁmofﬁi l‘ieﬂz?n éml%@%sf of

nme nmaxi m conpr ess on strain

36 %2 BERA W BF 96 1ER dnd b 1&;111 1 of anﬁa F a5k ofthe Wikexcept the

maXi mum magneti c ani sot ropy.
dimensions thereof and the extrusion condltlons 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



Table 1 Strain ratio Br M (3H)max e2/si (T) m UnB

Conparative 0.1 1.08 1.28 235 Exanple 1 Exanple 1 0.2
1.14 1.22 260 Exanple 2 0.4 1.35 1.21 360 Exanple 3
0.8 1.41 1.22 392 Exanple 4 1.0 1.47 1.22 428

Exanple 5 1.6 1.44 1.20 401

Exanple 6 2.0 1.20 1.23

285 Exanple 7 3.5 1.15 1.25 264 Conparative 4.0 1.12

1.28 250 Exanple 2 Produ

1.36 0.96 340

t of -
5%3‘?1%; 25

upsetting Product—of-1.1 0—rolling Product of
forward -| 0.9ifkafi6 150 exBrusioh - ExdHpl e 8|1. QBH)#@x
1.85 372 erfe; (T) (MA/m) KI/m®)
Comparative
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
Comparative
4.0 1.12 1.28 250
Example 2 ,
Product of
. - 1.36 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

13
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Exanple 9 1.0 1.46 1.21 422 Exanple 10 1.0 1.43 1.22
406 13 Table 2 Preform 18 Permanent nmagnet 20

Thi ckness Wdth W Length Thi ckness Wdth W Length LI
c2/sl T mmmmL(m) Tinm (1111 11) Conparative 36 19

25 8 21.8 98.1 0.1

Exan'ple 1 Exanple 1 36 19 25 8

24.4 87.5 0.2 Exanple 2 36 19 25 8 29.2 73.2 0.4

Exanple 3 36 19 25 8 37 5%& 9 8 Exanple 4 36 19 25 8

40 53.4 1.6 -Exanple 5 36 19°75 8 48 44.5 1.6 Examphe

6 36 19 25 8 52Prddm1]182. O Exanl e PeﬁﬁtndlﬂmﬁgneBZ{Bl 2

34.9 35 a?,ﬂﬁ' 3 gg 25.8 63 3 .

Exanpl eﬁﬂclgsgﬁrp e ]@(’gs %5 STﬁﬁk’%ﬁ. 4&%%8Wf1 Lengh Ly | e,

(Exper| ie@mm)?) Anpelef or f(mi8) havi frgm) he Game di nbms) ons

ok Experimgnt 1 was produced 5 under the same

ondi tj onséas {i n Bxpefi mast 1f by enplloyizhg a |magreti ¢ 0.1
Examplel cont ainilng 26 B%by nass of Nd. 0 1%hy nass gf
Exihple B- 0% by mass @f Dy, 60 by| mass off Coq4 0./89%ky 0.2

MasSS_of B_and|0.5/% by mass 0] Ga, W|th _the Qal ance of
Expapled s uh3¢ anti al 25 8 29.2 73.2 0.4
Example 3 36 19 25 8 37 57.8 0.8
Example 4 36 19 25 3 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 23 8 61.2 34.9 3.5
Comparative

36 19 25 8 633 338 4.0
Example 2
Example 8 36 19 25 3 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.

In Table 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 so/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 Tl of 8 nmas extruded and a
strain ratio c2/s, of 1.0 as those of Exanple 4.
Table 2 shoms t he di nensions of the preform 18 and the
er. magnet 20 according to Exanple 8. The
:EmE%%HFPF ns for extrusion and the specific nethod

s gpn:eoﬁ@qfﬂ?&b@ s T e e as RO 1 BRich S SarbWaped
per{RBSH phni 20, i Biadbe b ROR Tdfoch {38 AR 38 e, it
s ol PO B e B gge-sglggsqﬂgﬁr%ageg%br 8&%01%1%950%& QSfndrical

uce a

S LR O T
can%%t lﬁ]tan’?e onﬁro lfn ltfn?giér?e( mHEQP@ g mpgugﬂlfhofeaﬁ l21%21pered hole

alne con dIﬁE SI ons

28 zﬂarao {Bﬁ&%}ugﬁ%@g&%@’ ’ﬁfjsJ] t8 rea%? Qgﬁlalﬁ T z%lm y

Sl ze SO as O rea Strainratio

1n(g/_2/g§)hn;‘Lelp'é) Y)ffé Bhéd B 4dinlo)2 s g'b\jrﬁfe&%gﬁfﬁ{n d48n 8 B fichd
platBs %é%ﬁ%ﬁa E@&E %taggé% f@%\élvﬂl ath%:mggsg Flesafc‘m-[lllth WA aqutlQnQ% L;is

produc Fom’a
o RO B 0 108 B0 9l e 505

oSS g A ) S P e e
L e T

havhf Ef‘?hS%.E}n a c%lhi}me g@ hQ\Hﬁ% B s38R d ?ﬁl?et&lh‘g theRiof %Ffﬁ;%form 18,

Sl ze rough ho are Tectangu ave

whﬂeﬁ'h@ K38S28Hhnd ﬂletl.nﬁfo}!m §isG thRfugR RGeS 0Yrd Fdit la{:‘ aﬁJ‘ﬁ‘ave a
direction wnhich are equal to those of the pernanent

thlcllﬁéle &% irffhe 28ir8ARNhnH A Width Wi G tHeEXBIBEHRRIhich are equal to

those of the permanent magnet 20, as shown in 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 a2 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 g2/g;0£ 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

15
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A solid cylindrical preform 18 having a dianeter D of
14.5 mmand a length 20 L of 22.5 mm was produced
under the same conditions as in Experinent 1 by

enpl oying a magnetic alloy of the sane conposition as
that enployed in Experinent 1. 1In Table 1, Exanple 9
of the invention shows the nagnetic properties of a

ekt BRE S G o B s PRt

xtruded and a.st,r.ain

h T1
Pefwgre% g e 2005 a1 EtuPE 3 G i bk MHEREHAIARE of

maidfio Bl 3 SR AP TR B B B RR B 2 i e

of 8 M a length-of 8 nmand a 15thickness of 3 mMm
was taken fromthe w dthw se and | engt hwi se central
portion of the permanent 'T}f et 20 according to

vy annl Q- nf t+ha Aaneatit 7zod. 1.~ o e W TaPat SN

LATTTIT < UT [ R A A | IIVCIILI JII, maygrnctrrz2Tu—1TriTm™@ magrmati o

field gf 3.2 MAIm and exam ned for the magneti c
propert|i es racer. 5 T

Per mangnt rrab%ngc%rﬁz $ E2/EL Di aprrég%ngr agfnﬁtr{ﬂ Thi ckiness
Wdth Uength 11 D (m) () T1(ny W(nm () Exanpl,
9 14.5 22._5 3 28.3 43.8 1.0 Enbddi rrent 3| Accordi ng £
Enbodi neMiageten pbengthént Thiskness | 20Whdthi ngLang“thlLauat e
Cross |segfingf) Wi t imgy)t hi c—}(lrr@ﬁ@ IRACENE %hﬁ]ectl on,

g

an outdr arc l'ength i |rect|on and |an

Exlu‘ﬁﬁfe@ grc Leggth V&4 1 the Ysdirect |2@r§ s| fogqgd by 1.0

1 0. o

CALUI UUI Iy a MJi CI Ul TIT Lo IIdVI Yy datl UUI Ulrly LI uss bbbll UTT

with a thickness T in the X-direction, a wwdth Win

the Y-direction and a length L in t he Z-direction, as
EmSaR Figs. 11 A and 11B. Results simlar to those
m]§ eI{i{gn!’g)odl ment 1 can be obt ai ned by controlling the

dl me %Cgﬁﬁ?%fo rfmgodlmggﬁt A Rer g%ﬂjﬁp ﬁ{aﬁnéltéo lﬁ%@ %%aﬁlteecross

14 a uni y sSize e 16 so as
section with a thickness T; in the X-direction, an outer arc length W; in the Y-direction

and an inner arc length 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 gz/e; = In(((Wi+ W2)/2)/W)/In(L/L) in the range of from 0.2to
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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15 realize a strain ratio E2/61 = In(((W+

W)/ 2)/IW/In(Lj/L) in the range of from0.2 to 3.5,
preferably from0.4 to 1.6 when the magnet is

extruded. The nagnet according to Enbodinent 3 has
magneti c anisotropy oriented in the radial direction
normal to the arcuate surface. 20 16 (Experinent 4) A
pr ef ng a rectangul ar cross section with a

thlcﬁﬁgbé%?qﬁsz4 nm a width Wof 23 nm and a | ength
Bcﬁgﬁ%“??k 08 BT alp R ooooh Sl R i 5%%'55% ?F?S“mm
awrcﬁﬁ'%sf’ P R o835 LR e Db s Wi conditons

as lﬁﬁ%a%ila%ﬁ@yb erélaﬁl?lﬁéfmf‘%lp 6 A S a ARG Sormashiter i s

5 emplye A BERANEACT TTIRRRTC FrRplt 1ot RelRE DTy i
magsfls BPopetied of apﬁ%ﬂﬂdﬁﬁﬂ%@}f%?a&qﬂ?@%%%@? o by Farhag the
thuﬁéﬁgtﬁ“% E@Ee £ Have On 12uRE %s@'s@&m&ﬁx{ ﬁi‘e?{ﬂ?‘g&eésor &8 mm, an

speci nen havin

w Y S e e
of 1 Of bie 4% Va%\gsathg dﬁﬁ' nsio s%f %)réfggrﬁ ri%éfam) metﬂ}e?m%%qltt Hl‘@gﬁ& 20

cen he™ perimanen

10 accmg‘%et%)l X2 CfH d'&ﬂlag 2L %{Elygm%lg gg\ah%ﬁ/\ﬁrh@tg?g@ rﬂllﬁ, a length

o LAY o%ﬁedsﬁ?'ﬁ@weg%z@%&g@ B4 305
o 0 ok DBl G i

centthl pm SFRe H&%&%@Hﬂ ﬁaél%t 26 gc%rfﬁné f ﬁxa’;‘gpl@ 163 ghe‘mvé?m&n

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

15 by aBH tracer.

Table 4

Preform 13 Permanent magnet 20

Thickness | Width LengthL | Thickness | Arclength § Arclength | Lengthl, | Arcradius ENE
T(mm) | W (mm) (mm) T, (mm) W, (mm) W, (mm) (tnim) R, (mm)

Example

10

24 23 25 8 44.4 356 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
of 0.2 < g,/g; < 3.5 and further improved by controlling a strain ratio gy/g; in the range of

04 <eye;<1.6. Itisalso confirmed that the largest improvement in magnetic
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10 According to the experinmental results shown in
Table 1, it is confirnmed that 20 the nagnetic
properties can be inproved by controlling a strain
ratio e2/el in the range of 0.2 < sz/al < 3.5 and
further inproved by controlling a strain ratio c2/c
in the range of 0.4 <az/ci <1.6. It is also

proppk AN e achstyet) B soRr bRt SYRRGHIT ik PRI b LThe

perliRoe o OB E0 L ignies 1P D R e LB L ood in
I d f th had
appgsﬁﬂ{l- 054 s SRR RELSS BREa P Of mhn SEepyp st ob

ch front and,rear wed .in

abofyl p @i BF FAhOE, ﬂﬁ%&%ﬁaﬁ e gnﬁmmw%?ﬁéﬁe dEeGg og ¥ iepath
Fuf@mgreeg%%‘ b 85" fhs igtret B @yt Bl 5%3%4%?tf”05ﬁ35’t%§n Gch
Peqsnﬁ{l ‘E?—reﬁg?lﬁﬁe%f%%rg{&%iliV%cﬁ?%% ssrfe?FeOfrsP%Q@ﬂfmﬁﬁog on,

ssi b

obseivatt®  RATS i0% Syl SRR TR el f@”fﬁ%ﬂ s Bssivle
to Pae‘i%stai%%s&gﬁnéaﬁéwt?@ﬁ?‘g% eﬁ%ﬁﬁ?@&?ﬁrﬁlﬁ?fﬁﬁ%g{l which is

at Q e . viention s hot strlcted
exeit i it B Pragh P L BB R b Bl riilot BB b | o
any.ot her way as descri bed belom1by way of
malgl%%ﬁl%%?gsﬁ 1. A preform 18 having an oval cross
section with a mnor axis dianmeter DI, a mmjor axis
dianeter D2 and a length L in the Z-direction as shown
thﬁmﬁh 12A may be enployed to produce a pernanent
520 havi ng a semcylindrical or barrel-shaped

C r OSST}‘?e }?‘rgﬁe%? inVehtforfis TR ke I?%ﬂletdfﬂg%ﬁé‘g@ﬁoi fnel ﬁ del&ibed above,

X-di rect an arcuate's

end o) 02 G oulta 580 PUEial pEthiRlo b bt erameice

shown, i ”Agiréi‘om}@@haﬁ he 8n 8%1%?&@@&&53%&% %&&%ﬂs%tﬁr D,

crescent I oss SeCtI nwth a nmaximumt ness

a mhjdf a2s QiduRbld B and® eRith! in3hE ¥ AHiRkcBo S Wobhlin Yo 124 may be

employed to produce a permanent magnet 20 having a semicylindrical or barrel-shaped

cross section with a maximum thickness T, 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 2 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 W5 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

&/e1 = In(((Wrt+ W3)/2)/D,)/In(L/L) in the range of from 0.2 to 3.5, preferably from
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in the Y-direction, an inner arcuate side width W2 in
the Y-direction and a length L1 in the Z-direction as
shown in Fig. 12C. Results simlar to those in the
Enbodi nents descri bed above can be obtai ned by
controlling the dinensions of e.g. the through hole 25
12, tapered hole 14 and uniformy sized through hole

a Stia

0448175 Moy KRS b B S oy
f f g
seoflb s Ip A5 r%%e%ﬂg el Pheindal {16l SehG] LK hnd v-

air T Hshf ob R FRinl T, Byl yTy ﬁ”&z cRogfh B 501 X%?f e
per}nghgrh r}r?a iO r&i %‘&%{iﬁca‘lﬁrg%gla 52 ¢ ?el) t)l}vgtpg gﬁzéor axIs ( dlameter

pernane
0]} dl?lrté{]%f %ﬁéggﬂw{é’e%ﬁ%@%g%si@&g{ef %3 { e‘,hegg&r% rtlltoh,gand there is
o 51y )y SRSt st L BB i

diaﬁ’i@'{epp %gﬁi){-ﬁir er vk ﬂeﬁtléﬁ‘s@ﬂﬁ%l?# cgﬁéiggﬂq%;wﬁe case that a

p al sO corresponds € Ca at a

preﬁ) ﬁflﬁ(rmﬁ%vdvgpcrﬁgs &X{ﬁkn ﬁrfgﬁf?ed ﬁf:otd, 24 ﬁe% hg\? 5&?%&&%@1& CIoss
aving a rectangular Cross S0
[ 10 Table 5
S@G@@E?%Jr- m SAEBIREER Anfipley %“e%khb?fﬂ%%?m% D2 (MM Length
L Thi ckness Wdth W Length LI 62/E7 in X- inY
direction direction (mm) T1 (nm) (mm) (mm True circle
14.5 14.5 22.5 3 28.3 43. %ﬂﬁe@ Mnor axis in X- 14.5

A0

162235 3 312438 1. 0 drregction
Preform 18 Permanent magnet 20
Dy (mm) | D (mm) . .
X oy Length L | Thickness | Width W, | Length L; &/e
direction | direction (mm) T (mm) (mm) (mm)
True circle 14.5 14.5 22.5 3 283 43.8 1.0
Minor axis
in X- 14.5 16 225 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

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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Major axis in X- 14.5 13 22.5 3 25.4 43.8 1.0
direction 2. The preform and per manent magnet nay be
of any other shape in cross section than those

descri bed above, or of any other cross-sectiona

conbi nation than 15 those described above. 3.
Although the tapered hole of the formng die according
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hav'i:qgsl S ta &Cctogll'?e%tetedud’l ?ectlg[r?o {h[%%‘s]ea%rg H% Pgm&tﬁ%ﬁ 9801[%3 i aper

hav
connected directly to the adjacent end of the t hr ough
hol e. While the present invention has been descri bed

ind 3*]31'14 Eh% T)?ehs%t 1 }fén%ofxrh%gﬁ?enb&scr?oeﬁ R ﬁ{atfa.ll %nd with reference to

enbo éreo aren

spe(‘f’ ﬁ' tn%gd btV RebE, if \Qfﬁtb h[%r Pto 0%%?&%% g'le art that vanous

ca i ons can’be nma ern w par
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on Japanese
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“”ﬁp%gﬁgge Pat ent Application No. 2007-176579 10 filed
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thmpgﬁﬁgﬁ&gls reduced in an X-direction and enlarged |n
Y-direction perpendicular to the X-direction.
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2. The process according to claim1, whereby said
per manent magnet has a strain ratio a2/&l with
respect to the preformin a range of 0.2 to 3.5,
wherein C is a strain in the direction of the
extrusion of the preformand E2 is a strain in the
Y-direction. 3. The process according to claim 2,
i ' Mmanent magnet has a strain ratio in
Wﬁﬁ?ﬁaﬁbgﬁgﬂ;}g? *to 1.6. 4. A pl ate-shaped pernanent
magnet formed by extruding a preform wherein the
preformis extruded in such a way that a di nension of
a cross section of th eformis reduced i

X-di r ket i on AnBrERISaP ST 3 RITPUIE ghpenct Which comprises
oxBEFRERSH i 8 A5l e BSPR RS, s ot i
el o 48 Bk 3 e BBOF o o F e BB et
on B BE BRE e aedife Xt Rl Perk st o Tt lerton,

\g?i ch has a strain ratio in the range of 0.4 to 1.6.

2. The process according to claim 1, whereby said permanent magnet
has a strain ratio 5/, 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.

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

has a strain ratio in the range 0f 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 €y/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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