;e3el 31, ,-/&0<36r3T3z BLASTI NG APPARATUS BACKGROUND OF THE | NVENTI ON
FI-ELD OF THE | NVENTI ON 22 May 2003 The present invention relates to a
bl asti ng apparatus suitable for carrying out a surface treatnent of
sintered products such as rare earth netal -based pernmanent22REy2003and
ceram cs THE RELATED ART A bl asting apparatus is
conventlongFﬁwmu@w a surface tredtment of, for exanple, rare earth
met al - based per nyy ent nagnets, i.e.) atreatnment for re an oxi de

| ayer Forned on t i surface, a treatnment for cleaning ta@ Hg@“ﬂﬂ@w r a shot
peening for finishing a filmfornmed on the surface. The us types
of blasting apparatus. For exsugdEING mErArAM®r-type bl astéogz+appar at us,
wor k pieces are placed into a drumwi thin the apparatus, and an injection
nozzle is disposed so as to inject a blast material against the work pieces
t hrough an opening in the drum while stirring the work pieces by rotating

the drumyf{eggrdapsneserat eRe@Rbiication Laid-open No. [1347941). A
bl asti ng—apparatus—as descripbed above is capable of mass-treatnment of work

pi eces and:@xGeld@entug N pFgEEdg vity. In such apparatus, however, the
i nj ecti onof the btast—materiat—agai nst the work pieces can be conducted

only through tfg, Oﬁfg'%@%)éiy%ggtgamefagegeesea bRgLe b afhacaunge. a

limt in respect
suitable for carrying out a surface treatment of sintered

products such as rare earth metal-based permanent magnets and
ceramics.

DESCRIPTION OF THE RELATED ART

A blasting apparatus is conventionally used for a surface
treatment of, for example, rare garth metal -based permanent
magnets, 1.e., a treatment for removing an oxide layer formed
on the surface, a treatment for cleaning the surface or a shot
peening for finishing a film formed on the surface.

There are various types of blasting apparatus. For
example, in a tumbler-type blasting apparatus, work pieces are
placed into a drumwithin the apparatus, and an injection nozzle
is disposed so0 as to inject a blast material against the work
plieces through an opening in the drum, while stirring the work
pieces by rotating the drum (see Japanese Patent Application
Laid-open No.11-347941).

A blasting apparatus as described above is capable of
mass-treatment of work pieces and excellent in productivity.
In such apparatus, however, the injection of the blast material
against thework pieces canbe conducted only through the opening

in the drum, and hence, there is, of course, a limit in respect



of the treating efficiency. Wien an attenpt is nade to stir the work pieces
as ‘“Aonoyenousl y as possi ble by prolonging the treating period of tine or by
increasing the rotational speed of the drumin order to enhance the
treating efficiency, the collision of the work pi eces agai nsj2 g 2003t her
occur frequently and with a strong shack force. For this reason, "a cracking
and breaking is produced in many of t he wor k pi eces. The stirring of the
wor k pi eces must be carried out, so that they are not dropped out through

t he openi ng and hence, the setting of the stirring condition is acconpani ed
by a limtation. Further) it is necessary to place and renove the work

pi eces i mfo thred togatging reef fdrairarssf or ¥handaaf aktemhé tisemtdentoasdihence
during the placing and renoval, a cracking and breaking may be caused in

t he work ghieesesk SUkMRRYa &R dihtkg ¢ NVENTY GN Aceeridilegby, prbolbsgangobhect of
the present invention to provide a blasting apparatus, which is excellent

i n treatitpafificiperdpdbiwelkepd 2des,immncdadsimhittle tbheaodtonal esmpeedf the
cracki ng and breaking of the work pieces can be inhibited. To achieve the
above objoFcttheadd@ndiing orded tor shhaapecthandrégalngee of i t henpy psemne
invention, there is provided a blasting apparatus, conprising a tubular

barrel fegrmd dforfo M Witk HOEcas eI ¢:0Nafb LBkl Y ACESe @ih £ DY at abl e
about a center axis, and an injection nozzle disposed to inject a bl ast

materi al agAkA%h émecﬁm{gk sBb@&keBoFEOM tHA- QUL FEabn| heckubukag dbaarel .
According to a second aspect and feature of the present 22 May 2003 3

i nventi o rddkiafdfislsl gRolRckRef infaiHy E‘EaEHéewoflb%l'eQ%sde phel hEi f b ar
barrel is divided into two or nore accommodating sections. According to a

third aspactand disaiyie dgosf nFu@ec Br e3aRt1AVEAL] 0Bo LRaBdEhLy 0N L e

second feature, the ins
dropped out through the opening and hence, the setting of the

stirring condition is accompanied by a limitation. Further,
it is necessary to place and remove the work pieces into and
out of the drum before and after the treatment and hence, during
the placing and removal, a cracking and breaking may be caused
in the work pieces.

SUMMARY OF THE INVENTION

Accordingly, it is an object of the present invention to
provide a blasting apparatus, which is excellent in treating
efficiency of work pieces, and in which the occurrence of the
cracking and breaking of the work pieces can be inhibited.

To achieve the above object, according to a first aspect
and featureof thepresent invention, thereisprovidedablasting
apparatus, comprising a tubular barrel formed of a mesh net for
accommodation of work pieces and rotatable about a center axis,
and an injection nozzle disposed to inject a blast material
against the work pieces from the outside of the tubular barrel.

According to a second aspect and feature of the present



tubul ar barrel is divided radiately fromthe center axis into two or nore
acconmodat i ng sections. According to a fourth aspect and feature of the
present invention, in addition to the first feature, the tubular barrel is
detachably mounted. According to a fifth aspect and feature op MmA\e2poZEsent
invention. there is provided a blasting apparatus, conprising a tubular
barrel fornmed of a nmesh net for accommwdation of work pieces and supported
circunferentially outside a center axis of a support nenber rotatable about
the center axis, for rotation about the center axis, so that the tubul ar
barrel can be rotated about the center axis of the support nenber by

rotating itoe rsiRRo) tinTedlek i odNto athd i@l PRaBRZE] ec el SRAsek bLE kREeCt a
bl ast material against the work pieces fromthe outside of the tubul ar

barrel roighathAbgHE kLl 65 CEM hedXiitit ACGHS dbRY ik $EXbHn8EREER AN
feature of the present invention, in addition to the fifth feature, "a

pluralityQfy i tubular barrels are supported in an annul ar shape
circunferentially outside the center axes of the support menber . According

to a seventh a { f ur.e .Qf e t el i QR, .1 LLlkon to
the fifth feat zxre ricﬁ%% utgbﬁltaart lgrdr tglggeg.t 3?%&%%@85 gﬁatﬁg?oﬁgtgh%hgupport
menber far_ _supporti t he, tubul.ar barrel i t.achab npunt ed. rdi ng
to an ei glhrfvhmg:? eet qgn%lggégf?J?etooftgfahsee%?réczef%t t—'lur]f'\t%énH(Sn])n g?gfiAgﬁ%rovi ded

a process for. blasting surface f rk_pieces using a _blasting apparatus
accor di ng""tbou]'[E'h’:egl’fairr)"setgl 6" fiilf’tlaege’é%,\%)?’%.tgkécorrooﬁ‘ ﬁtéle?c?eéﬁﬁirnf.‘ﬁlgsﬁggf’ and
feature qQf the present inve?rl%i on, in atg_tldition to the eighth feature, the
wor k pi ece® &% T e TR R 51 DaSE bt franent magnets. According to a

tenth aspect and feature of the present
P According to a Pou?th aspect and feature of the present

invention, in addition to the first feature, the tubular barrel
is detachably mounted.

According to a fifth aspect and feature of the present
invention, there is provided a blasting apparatus, comprising
a tubular barrel formed of a mesh net for accommodation of work
pieces and supported circumferentially outside a center axis
of a support member rotatable about the center axis, for rotation
about the center axis, so that the tubular barrel can be rotated
about thecenteraxisof thesupportmemberby rotating the support
member, and an injection nozzle disposed to inject a blast
material against the work pleces from the outside of the tubular
barrel rotated about the center axis.

According to a sixth aspect and feature of the present
invention, in addition to the fifth feature, a plurality of the
tubular barrels are supported in an annular shape
circumferentiallyoutside thecenter axis of the support member.

According to a sevénth aspect and feature of the present

invention, in addition to the fifth feature, the tubular barrel



invention) there is provided a process for treating the surfaces of rare
earth met al - basedpexnmanent magnets, conprising the steps of renoving an
oxi de layer formed on the surface of each of the rare earth netal -based
per manent magnets using a bl asting apparatus according to ”?&WIQVQDUSOV
seventh feature, renoving the tubular barrel containing the rare earth
met al - based permanent magnets with thé oxide |ayers renoved therefrom or
t he support nenber for supporting the tubular barrel fromthe blasting
apparatus) and attaching the tubular barrel or the support nenber to a
vapor deposited filmform ng apparatus ) where a netal filmis fornmed on
t he sur feank axf té@chupbpotrhemenber earyt buppbaltihagsehe parEnentbaragiets by a
vapor deposition process. According to an el eventh aspect and feature of
the preskidadiaent imsuntédaddition to the tenth feature, the process
further includes a step of renoving the tubular barrel containing the rare

earth netal - baged RErHRReNAn NRONetS ahddctdahber @t @te fdd Mhe predeiyBy 2003 J
formed thereon, or the support nenber fox supporting the tubular barrel

from the Manpr; slgpasided fd Igpdwaidddg aRBREakUsorapdastiaghkngrhbest ubul ar
barrel or the support nmenber again to the blasting apparatus according to

the fourdd,QEx ,‘;’eﬁél%égufs,‘iﬁtg“é ©12M8hG 458 FBL G aldlcdloPR AL SUHLEL B L O

shot peevi ng. e bl asting apparatus according tothe first feature of
the presgnteinuventd on, £ first enbodi ment of the present invention) in
whi ch the,injection nozzle is disposed to inject the blast material against

the work_pi ecas. JL.0Mm fe OU siide 0 e  uyl aLabatrel ¢f oraeg ol oLbe mesh

net for accomobdati on of the wo pi eces and rotatabl e about™the center

axis, the nork pi eqes ag%q 3% Skh [ £d é‘logripttgrﬁf‘toe%sé{re%mih%f LE%&?QE%&!“ thout

excessi Ve occurrence of the collision 0 e worK pi eces agai hst one

anot her and w t hout ccurgggpgiof the colliéion f.{he work pieces against
sho

one anothier With %arého“ﬁ% Shot S’‘?%r}%"_:Eel.q“arrllleerr1 foF ,eF%é treating efficiency
I's enhanced ar}\%crg)rr 1Onvgert’o Iat tlesnt%osasslp%lc and feature of the present
invention, there is provided a process for treating the surfaces
of rare earthmetal-baéedpermanent magnets, comprising thesteps
of removing an oxide layer formed on the surface of each of the
rare earth metal-based permanent magnets using a blasting
apparatus according to the fourth or seventh feature, removing
the tubular barrel containing the rare earth metal-based
permanent magnets with the oxide layers removed therefrom, or
the support member for supporting the tubular barrel from the
klasting apparatus, and attaching the tubular barrel or the
support member to a vapor deposited filmforming apparatus, where
a metal £ilm is formed on the surface of each of the rare earth
metal -based permanent magnets by a vapor deposition process.
According to an eleventh aspect and feature of the present
invention, in addition to the tenth feature, the process further

includes a step of removing the tubular barrel containing the

rare earth metal-based permanent magnets having the metal £ilms



to inhibit the occurrence of the cracking and breaking of the work pieces.
Since the tubular barrel is formed of the mesh net, the blast material can
be injected fromall directions. Therefore, any number of injection nozzles
for injecting the blast material can be disposed at any | oc@piMag2003any
manner, so that the blast material can be injected uniformy and
efficiently against the work pieces. Wth the blasting apparatus according
to the fifth feature of the present invention (a second enbodi ment of the
present invention? in which the tubular barrel fornmed of the nesh net 22
May 2003 G for accommodation of the work pieces and supported

ci rcunf erfyniedd kye@ebai, der the i@t AXNBe6ff drheuspPpol fgreieabidaat abl e
about the center axis, for rotation about the center axis, so that the

tubul ar baisedl cerbher KOt @d n%&raép@é@si@@dcﬁﬂirﬁrf@ﬁhﬁn@f ﬁsbﬁréﬂ@ypr&naerrber
by rotating the support me and the injection nozzle is disposed to

inject tha dd@sind®her t@buf8aidstr N8 rVOEK sRipeees héRBEE Ny LU sicdenef the
tubul ar barrel rotated about the center axis, it is possible to nore

i nhi bi t t4)1g, OCGHY %?B%@a@.fust Q@c&fé%?% R Pé@%hr&& gk vehenwec ke pieces, in
addition to the "effect prOV|ded in bl asting apparatus according to the

first feqhu d:eea%ha%]n@etpa[fst?ﬁ WENd B o L\tﬁatbcgvaeﬂ@t é‘&hr?&#eﬁs

features an t ages (0] e I nvention econe apparent romt he

Lhe acconpanyi ki O Sur Sg8= APEe Traer ARERF BERpad ERRR T oA EY Fi”a“t“

di agr ammy ¢ f 1 da"}esv%fyv Rfyddes dstaler ol enguesapl e, o t@éag,gaggnt

appar at us ‘accor |rs d|nen resent rnvention
is a diagr

gr.ar tlc S|de Vi ew fet.heel dengf he ong &x ne}}?%o f e
bl asti ng 2pp aﬁajﬁf%) &5‘08?55 r]igtq? o Hé Cf| 4} eﬁ%oal %t gfoagt pr e%%
lnventlomhe blast material against the work pieces from the outside of
the tubular barrel formed of the mesh net for accommodation of
the work pieces and rotatable about the center axis, the work
pieces can be stirred homogenously and efficiently without
excesgsive occurrence of the collisionof the work pieces against
one another and without occurrence of the collision of the work
plecesagainstoneanotherwithastrongshock force. Therefore,
thetreatingefficienﬁyisenhanceéandmoreover,ii:ispossible
to inhibit the occurrence of the cracking and breaking of the
work pleces. 8Since the tubular barrel is formed of the mesh
net, the blast material can be injected from all directions.
Therefore, any number of injection nozzles for injecting the
blast material can be disposed at any locations in any manner,
so that the blast material can be injected uniformly and
efficiently against the work pieces.
With theblasting apparatus according to the fifth feature

of the present invention (a second embodiment of the present

invention) in which the tubular barrel formed of the mesh net



Fig. 3 is a diagrammatic front view of the inside of another exanple of a
bl &sting apparatus according to the first enbodi nent of the present
invention; Fig.4 is a diagrammatic side view of the inside of the 22 May
2003 7 , another exanple of the blasting apparatus accordinqzq@agﬂgojirst
enbodi mrent of the present invention; Fig.5 is a diagranmatic front view of
the inside of one exanple of a blastiry apparatus according to a second
enbodi ment of the present invention; Fig.6 is a diagranmtic side view of
the inside of the one exanple of the blasting apparatus according to the
second enbodi nent of the present invention; Fig.7 is a diagrammtic side
vi ew of fhe | rstcmEnmddanddbmer ofxamilee ofoxk bl psetag appar atsispEecosdli ng to
t he second enbodi nent of the present invention; Fig.8 is a diagrammtic
per spect ciecum@e r$heiialg it berepbedinesenvet hidieoeWHadubpak thedmed s
supported on the support nenbers in the blasting apparatus shown in Fig.7,

Fig.9 i sratdita@n@aBbue PRE RECid 1V axYseW SR it iddh anbedi gratcaiteF than
t he enbodi nent with the cylindrical barrels supported on the support

menbers ghawn 8 dHak 8heFt @bl Dt Bad rdlagd AWERE b €a PEA ARAIY YRSV OF the
cylindrical barrel. used in the enbodi ment shown in Fig.9; and Fig.l1is a

di agrammatiig parihaldypddOnhekiveW SHP0M Ng: tth'éesﬁﬁbb@‘érxh&%eparér?ch i's
supported on the support nenber in the enbodi nent shown in Fig.9. DETAILED

DESCRI PTl. ¢y QEJIHEMVEME%I Thes PUESE dYegLl@ncdb! b1 HOW e Lesei | bed by

way of enbodinénts wth reference to the acconpanying draw ngs. Typica

exanpl es a?,r 1\9&'}: tﬁbeﬁgfk%&béce&g %Q'o'inotﬁeséﬁé@f@e of the tubular barrel

rotated about the center axis, it is possible to more inhibit
the occurrence of the cracking and breaking of the work pieces,
in addition to the effect provided in the blasting apparatus
according to the first feature of the present invention.

The above and other objects, features and advantages of
theinventionwill becomeapparent fromthe followingdescription
of the preferred embodiment taken in conjunction with the
accompanying drawings.

BERIEF DESCRIPTION OF THE DRAWINGS

Fig.1l is a diagrammatic front view of the inside of one
example of a blasting apparatus according toa first embodiment
of the present invention;

Fig.2 is a diagrammatic side view of the inside of the
one example of the blasting apparatus according to the first
embodiment of the present invention;

Fig.3 isadiagrammatic front view of the inside of another
exampleof ablastingapparatusaccording to the first embodiment
of the present invention;

Fig.4 is a diagrammatic side view of the inside of the



22 May 2003 s treatnent using a blasting apparatus according to the present
invention are sintered products such as rare earth netal -based permanent
magnets and ceramics |iable to be cracked and broken. However, the work
piece is not limted to these sintered products) and may beZQqMapggg@, if
the surface treatnent of such a piece can be achieved by a blasting
treatnent. For exanple, the work piece/ may be a piece liable to be deforned
due to the collision of them agai nst one another, such as a casting
alumnum |If the surface treatnment of such work pieces is conducted using
the bl asting apparatus according to the present invention, an effect of

i nhi bi ti agothe rdetHmpRé icdnt Kab 1Re tphaVa siedhk a fxaapkegdohgd Ashenmiwdt al s
used in the blasting apparatus according to the present invention are

metal | i Ceﬁbaatim@&tteroifmt&lé?ﬁl'é 5 StieRlenth@®ns and non-netal lic bl ast
materials such as Al undum trade nane of Norton Co. , ) and gl ass beads,

any one of whighgi s $gl £cd £ PIAREE 1Y ARANGIIRY gR EH@ 1A 8A4L NYE R POSE. A
bl asti ng apparatus according to a first enmbodi nent of the present invention

Wi || nowebengescss Badhadhi 5 ARRALALYS dAlufes RoldibBubeha AR s Arred of 2

nmesh net for accommo work pi eces and Totat abl e about a center

axi s, anggapyigh (He]r} sposed to inject a blast material against
t he work Blecesb?%oﬁﬁthggﬁﬁkgf e ‘of the tubul ar barrel . The outlines of

several exanpl ﬁlgog Ege bh@%ggg gggg_rgigg W"Lll £ écrrl ecfietbeﬂ th t he

drawi ngs. A bl aSting appara own in e atypelnv\,hlch

t he insi gﬁl L%c? %?Qul)gr earbrlasg gﬁq%% qlr‘éth%dacgbgdk @% %\@ée/ s?eoé)o?h(f? is a

di agrama VI ew parti erspectrve vie I nsi de of the
bl asti ng, ggg F‘l‘t gLsc L. tlce;/l rré%relnq:alm rnrteilon5' formed of a nmesh net of a

st ai nl ess i'sposed 1n a’lower area’in'the apparat us i s constructed,
so that it is rotated about a center ?IS b gt€% IIe S Zlggg 3 by
driving a noto ?n t*¥ho 3g{%)@3$+ oK 8 Bary s

honmogenousl| nd effici £ tl ésee an _arrow in _Fi : Bot al of
'nj ecti R ABEIFesSh Por bt A BEES nG R Hiede nﬁf(é?fgjrn%gaﬁons{: flore it es
embodiment of the present invention;

Fig.8 1is a diagrammatic perspective view showing the
embodiment with the cylindrical barrels supported on the support
members in the blasting apparatus shown in Fig.7;

Fig.9 is a diagrammatic perspective view showing an
embodimentother than theembodimentwiththecylindrical barrels
supported on the support members shown in Fig.8;

Fig.10 1is a diagrammatic perspective view of the
cylindrical barrel used in the embodiment shown in Fig.9; and

Fig.1ll is a diagrammatic partially front view showing how
the cylindrical barrel is supported on the support member in

the embodiment shown in Fig.9.

DETAILED DESCRIPTION OF THE INVENTION

The present invention will now be described by way of
embodiments with reference to the accompanying drawings.

Typical examples of work pieces subjected to a surface



10 in the cylindrical barrel 5 are disposed above the cylindrical barrel 5
intw rows in a longitudinal direction of the barrel at an appropriate
injection angle 8 (usually in a range of 20 to 30) . If a central support
shaft 6 is provided on the center axis) it is convenient whep Mag 2003
cylindrical barrel is renoved fromthe apparatus and noved. Fig.2 is a

di agrammatic side view of the inside g@f the blasting apparatus 1. The

i ndividual ' injection nozzle 4 has an appropriate angle of oscillation in
the longitudinal direction of the cylindrical barrel 5 and hence, is
capable of injecting the blast material uniformly and efficiently against

all the ywsktméReass ity (100 aShaA\Wy hB?Eh:Qtusza;lchd_iﬂﬁ bard praskhasting
apparatus shown in Figs.3 and 4 is of a type in which the inside of a

tubul ar fardetids Lie/isdad eir3liop ¥ueE s rgq[c_eﬂ AGCLIPP AL} 1) me@6h1-8B%eq FI g . 3
is a diagrammatic front view (a partially perspective view) of the inside

of the %@ﬁtame%@rﬁe&aéé céfhrﬁbé§ lfiQIqueaEH%eBéraEIQEd'-ﬂﬁi Qeottfena
cylindrical 22 May 2003 to barrel 55 is divided radiately froma center

axis | nt}Povgé\}(e@CEﬂm%P%cé?gt &‘fir&?@e&@@&ﬁ%écé;? §§Eé£9§p§§%c@ sasting

apparatus 51 18’ construc SO t at the cylindr arre i's rotated

T BLeE8! A A d NEGR0L O oBURBRL! o 2AlLy 3000,

center axis by i Vi'ng" 2°Tot of - (hot pi ec |n t he
b I t d h ff tl 3
ant ke 11 Db Rg SRnEY & pesehala dtt?e fahsre| (fsggi\%?o?ﬁ&w WBriea
t I 54 f mat I t Kk
50 i n t M %@%h@f?@at G %%v' £ 7 oadtien 'gﬁsh*?%atw”éﬁﬁé T3 ohe of

t he injec nozzles 54 is ed above the barrel ot.her one .of the
injectid n%t e%g%’zln?g I’%%a?’e%lt BTt U TR Ebfcaasntcl”rb‘w’elE’cI\/II“I1III%‘"bar ﬁé ,
and remai nin e of the injectjion nozzles 54 is located on the |eft of and
bel ow thI'eh‘T)asr ag® tERRLMeRt of FUih AR iRt aGshe 1F GRIGHCEHRE MAdPGe of the
bl asti ng

the blasting apparatus according to the present invention, an
effect of inhibiting the deformation can be provided.
Examples of blast materials used in theblasting apparatus
according to the present invention aremetallic blast materials
such as steel shots and non-metallic blast materials such as
Alundum (a trade name of Norton Co.,) and glass beads, any one
of which is selected properly depending on the treating purpose.
A blasting apparatus according to a first embodiment of
the present invention will now be described. This apparatus
includes a tubular barrel formed of a mesh net for accommodation
of workpieces and rotatable about a center axis, and an injection
nozzledigposedtoinjectablastmaterial against theworkpileces
from the outside of the tubular barrel. The outlines of several
examples of the blasting apparatus will be described below with
the drawings.
A blasting apparatus shown in Figs.l1l and 2 is of a type

in which the inside of a tubular barrel is not divided. Fig.1l



apparatus 51. The injection nozzles 54 are novable in the | ongitudinal
direction of the cylindrical barrel 55 and hence, are capable of injecting
the blast nmaterial uniformy and efficiently against all of the work pieces
60 (not shown in Fig . 4 ) in the barrel. Wth the bl asting2amay 2003
according to the first enbodi nent of the present invention, the
accommodati on of the work pieces in the tubular barrel forned of the nmesh
net ensures that the work pieces can be stirred honogenously and
efficiently in a State in which they are |l ess piled up one on anot her

Wi t hout excessive occurrence of the collision of the work pieces against

22 May 2093 dlaghemppetbef rand widhqut pREeus L engee0dpddiei €dhdilesijon of the
work pieces against one another with a strong shock force. Therefore, the

area of "l?% K 1668 ¥ %ﬁ%eﬂlggEéHB' LopifBehs 1 NCHER$ed nand cQQ”BSrrEEe

treating e f|C|ency i s enhanced and noreover, it iS5 possible to inhibit the

0CCU T enpe ol ddB 04 kiing And bl Salling s %Q%e ks poecesiy 9 neqthe

tubul ar barrel is forned of the nes mat eri al can

| nj ect ed, stP%"’\#?E gFESQEEBQ%s IPEB‘EE:QV ‘Ee anys B ‘“{t oL J U £4dd QBoGQZZ' €s

for inj EC |ng t st material can ISpOSE at any ocations I n any

T of et 15 o e i e el st 2 g B B Y B8 ezt et
can be carri sd ot WL AV, Sxsellnt 1 paLl pA 6L sl ey gD H8(sgy can be

achi eved &t" & njec i on pressu ower than that in the pr
Therefore

b d
pover ef%’?%Fgﬁ&Wéaﬁ?%‘a ra%%%‘v’vkﬁéi‘gtﬁefEf’%{é??%a%fsf?ﬂé‘ﬂé‘é%k‘i‘éﬁeﬁs T
d bl e that the ,blast t d ited th f f th k
i eces é?mv%n 'iﬁ"e f{%ﬁmra?escﬁaﬁ%e%r i astnpetar E@lﬁ?g&&ﬁaﬁ“?oi YT
condi ti ons,

of at relaq llﬁd: ei %?gﬁdﬁpai&@ reliss%rrr%légsgosré@g%ove the cwlnr&irlcaﬁ MPa and

barrel 5 in two rows in a longitudinal direction of the barrel
at an appropriate injection angle 6 (usually in a range of 20°

to 30°) . If a central supiaort gshaft 6 ig provided on the center
axis, it is convenient when the cylindrical barrel is removed
from the apparatus and moved. Fig.2 1s a diagrammatic side view
of the inside of the blasting apparatus 1. The individual
injection nozzle 4 has an appropriate angle of oscillation in
the longitudinal directionof thecylindrical barrel 5 and hence,
is capable of injecting the blast material uniformly and
efficiently against all the work pieces 10 (not shown in Fig.2)
in the barrel.

A blasting apparatus shown in Figs.3 and 4 is of a type
in which the inside of a tubular barrel is divided into two or
more accommodating sections. Fig.3isadiagrammatic frontview
(a partially perspective view) of 'the inside of the blasting

apparatus 51. 1In this apparatus 51, the inside of a cylindrical



to 3 mnutes . Since the tubular barrel is formed of the nesh net, the
bl-ast material can be renoved easily, and if the treatnent is carried out
while rotating the tubular barrel, the blast material can be renoved nore
efficiently. In addition, the wor k pieces are stirred in theagay 2008 22
May 2003 12 which they have been acconmodated in the tubul ar barrel, and
hence, the work pieces cannot be dropped out through an opening, as is the
case when a conventional tunbler-type apparatus. If the inside of the
tubul ar barrel is divided into two or nore accommobdating sections as in the
bl asti ng apparatus shown in Figs.3 and 4, even when the sane anopunt of work

pi eces apgrtelbgssuly etiwiid® +4@idt&byi PPokr gateRAer BRE WAk di£LGes can
be placed in a snmaller amount into each of the acconmopdati ng sections

rather tQ@Bohﬂoéak@h?e%e%@Q%ﬁ% IR0 shaY 0l 16t @gn barmel pilds dihig case,
t he frequency of collision of the work pieces agai nst one another can be

more redygsd,agnd B’ﬂ%&%éds%ﬂfh@&?rs%ytﬁ@é Pﬁee@fiiﬁ‘?@rﬁé‘gl hecge 9 work

pi eces can be stirred honngeneous y and effici ly in a state in which

they areg %%ﬂé@QbHBt Ce %%n%@‘%t{s?fs bINELELO1£3 cile $§n99§§'£}pepc;roc mor e

inhibit the occurrence o the crac ng and breaking of the work pieces.

Part ti 003, £ors (5! i ANEL 16 AECORYIAL 11ty SR6LIANE B Ends) | Al dify be

net - shape he provisio arrel detac 'e"and easy to

handl e pygyi dgietc@% feq) | qwma axsis(ﬁlgéﬁg §Far§k%§&edt e mdlgaGieg, sAhd d;rr&imva' of

the work piecés into and ouf  of arrel can"be carried out at

any site.gpd bgncey if.ds RSl 10, epd “%‘gét Y b iadtldd® |

surface rea ment are eart mat a}n bas rman e hets, t

Lubular batel cean Reuocd g9l slenl o A pl o) o, siope e
nozzles 54 for injectingablast material against the work pieces
60 in the cylindrical barrel 55 are disposed in such a ‘manner
that one of the injection nozzles 54 is located above the barrel
55, other one of the injectionnozzles 54 i{s located on the right
of and below the barrel 55, and remaining one of the injection
nozzles 54 is located on the left of and below the barrel 55.
Fig.4 is a diagrammatic side view of the inside of the blasting
apparatus 51. The injection nozzles 54 are movable in the
longitudinal direction of the cylindrical barrel 55 and hence,
are capable of injecting the blast material uniformly and
efficientlyagainstall of theworkpieces 60 (not showninFig.d4)
in the barrel.

With the blasting apparatus according to the first
embodiment of the present invention, the accommodation of the
work pieces in the tubular barrel formed of the mesh net ensures
that the work pieces can be stirred homogenously and efficiently
in a state in which they are less piled up one on another without

excessive occurrence of the collision of the work pieces against



22 May 2003 13 out the followi ng steps: a step of renoving an oxide |ayer
formed on the surface of each of the rare earth netal - based per manent
magnets using this blasting apparatus, a step of renoving, fromthe

bl asting apparatus, the tubular barrel in which the rare eappimay 2003

nmet al - basedper manent magnetswith the oxi de | ayers renoved therefron1have
been contained, a step of attaching th&l tubular barrel to a vapor deposited
filmform ng apparatus to forma netal filmsuch as an alum numfilmon the
surface of each of the rare earth netal -based pernmanent nagnets by a vapor
deposition process, a step of renoving, fromthe vapor deposited film

form ng apparcatadien hadtwbthavt karquelrdanteanhif cthe koo rldrsd caapf ht e twa -kbased
per manent magnet shaving the netal filns forned thereon have been

cont ai nedpiaces egadhsatdrechnoghéheitthlzus arohashek kagatae 1 0 Thiee elfloast,i ng
apparatus to subject the netal filmto a shot peening, a step of renoving,

fromthe thasitéy eppard piecehelbhghebapebalifitt timevhichndieasarde aeayt h
nmet al - based pernmanent nagnets having the nmetal filns subjected to the shot

peering hgy@chearhd @HAINY, eBf$ECENOY idMBINSINGEd Baat HbHbavebarielis into a
chem cal conversion-treating liquid (for exanple, a chem cal conversion-

treating ééﬂymlé% %ﬁhb@wﬂmdﬁ%m@toﬂ% Ebedixh Ao lAnanesa ialent
Publ i cati on No. 6- for a zirconium phosphate treatnment described in

Japanese Pateps 6kal ggbgg.Lald open No. 2000-150216) in a state in which
the rare earth netal -based pernmanent magnets have been contained in the

tubul ar barrel uhegelys the.diuubalar 18! s8RNeBSF LR Sfbdin ehe i cal

conversion-treating liquid in order to forma 22 May 2003 1~ nore uniform

film, a@]@séh&&eqflaﬁuééh% %H?e&lﬂ?&'ﬂronp@ii%hrl&tlt&?sr eb)fhfe‘}%rf'o'}% a

chem cal conversion filmon the surface of each of the netal

addi ti On’aﬁy B%Enbtet}eofg.%e e%ftlo%m?:yé?gegr}foq:xirgjeeé?yfé the blast material

can be disposed at any locations in any manner, so that the blast
material can be injected uniformly and efficiently against the
work pleces. Inaddition,théblastingtreatmentcanbecarried
out with an excellent treating efficiency and hence, can be
achieved at an injection pressure lower than that in the prior
art. Therefore, the load of a compressor can be reduced, and
an increase in power efficiency can be provided.

After the blasting of the work pieces, it is desirable
that the blast material deposited on the surfaces of the work
pieces and on the tubular barrel is removed by blowing of air
under conditions, for example, of a pressure in a range of 0.1
MPa to 0.5 MPa and of a treating time in a range of 1 minute
to 3 minutes. Since the tubular barrel is formed of the mesh
net, theblastmaterial canberemovedeasily, andif thetreatment
is carried out while rotating the tubular barrel, the blast
material can be removed more efficiently.

In addition, the work pieces are stirred in the state in



formed on the surface of each of the rare earth netal - based permanent
magnets using this blasting apparatus, it is possible to carry out a step
of renoving, fromthe blasting apparatus, the tubular barrel in which the
rare earth netal -based pernmanent magnets with the oxide | ay@edMagao0&d

t herefrom have been contained a step of inmmersing the tubular barrel into a
chenical conversion-treating liquid (#8r exanple, a chenica
conversion-treating liquid for a phosphate treatnment or a chromating
treatment described in Japanese Fatent Application Laid-open No.60-63903)
in a state in which the rare earth netal -based pernmanent nagnets have been
cont ai nedhitaht hBevubavarbbanratcommedaradt e thdut dhubar redrney, bend ot at ed
in the chem cal conversion- treating liquid in order to forma nore uniform
film , bhadca, stiepwoitkppi ¢¢ayg chama atubel ldaro plpsdr @l t ugh rduwr ebyodarinag a

chem cal conversion filmon the surface of each of the magnets . As |long as
t he tubu#sal sbhaheekagan wihenc @nsiostventtiynadeduniile rt-undearapgearatels .y be
used at another step carried out between the above-described steps.
Therefore, therpeefefitstdé rofi theOiuban agppaakednifodiviassfatts ngvd he
magnets between the steps is elimnated and hence, it is possible to
inhibit bhendaGCak¢EMReaQt ihhe eeratlfisngs and hererkd Nih #hpbleatiagnaivn whi ch
may be caused during 22 May 2003 1J transferring of the magnets and in

addi tionjntpighi 5 A9 ey | abadn fdlerd Rt GARSI BRELAY OPSIGEL Qhedds afd urality
of tubular barrels haV|ng the sane shape are prepared and put into

continuods werMifectd® dlbubar1 Dar {8y vt assad %@ugerﬁ PLSteP &ah be

transferred to a C step and then, the tubular barrel Y passed through an A

step canppep iaeeaf Shr 8ds k@11 b8 sSSP ideT& O & ¢ acjh]e C%Icécl?rﬁno’iiaqpisngcan be
conduct ed snDoth y and hence, the tine required for all of the steps can be

shor t enedo 508Gl abl Kot PRabl A5t ri%.ﬁte%paaeanthfn%aétsmﬂ | Al RIPVi ng

step by oW ng o air, escri be

barrel. 1In this case, the frequency of collision of the work
pieces against one another canbemore reduced, and thecollision
energy can be reduced and hence, the work pieces can be stirred
homogeneously and efficiently in a state in which they are less
piled up one on another. Therefore, it 1s possible to more
inhibit the occurrence of the cracking and breaking of the work
pleces. Partitions for defining the accommodating sections
are desirable to be net-shaped.

The provision of the tubular barrel detachable and easy
to handle provides the following advantages:

First, the placing and removal of the work pieces into
and out of the tubular barrel can be carried out at any site
and hence, it is possible to enhance the convenience.

In the surface treatment of rare earth metal-based
permanent magnets, the single tubular barrel can be used
consistently at a plurality of steps.

More specifically, it is possible to sequentially carry



abovye, have been carried out in the sanme treating chanber in the prior art.
However, if the tubular barrels are detachable and easy to handl e, both of
these steps can be carried out in different treating chanbers adjoining
each other, and while the blast material renoving step is bngqaﬁgoggcted
in the tubular barrel X, the blasting step can be conducted in the tubul ar
barrel Y. Therefore, it is possible tid reduce the time period required for
the blast nmaterial renoving step and occupierl in the tine period required
for all of the steps. The deposition of a vapor deposition material such as
alumnumto the tubular barrel to a noderate extent inhibits the damagi ng
(i ncl udiowgt tthe fwhtowning tshepsedaictiepm f mesbrengtdn ard dehisa peelforgedf f of a
wel ded zone) of the nesh net formng the tubular barrel at the blasting
step andor ltheblsastf anet efi @dclt erfothegr st epeanth menad, - basdds ppasaniene t o
prolong the tine of durability of the tubular barrel. 22 May 2003 16

| naddi t inyné be wsdpar drpe B Itd onited @pbpakatabasalsit@ipno b ey blfasin

mat eri al deposited to the tubular barrel to an excessive extent can be
removed @e thea ot 85§ | Yp St LPuandkide dadr BRiedalin Mg hst eRre
Therefore, it is possible to prolong the time of durability of the tubular

barrel , &g AstBhl Blats eﬁgre%% Rl £f P LPOEH £ 8d & dd'Ba P& & bmdwkiang
formation of a netal by the vapor deposition process from being

deposi t etgiépeflf'@rnW\fea%%egfm?@EQlQédt he sWabko i oGS} O PredUegpRAGIECt i ons.
The shape of the barrel is not limted to the cylindrical shape, and the

barrel mngyrPe; Y. Y 3RGL! ahh 3% 80 aRda rand ocagendl o I f it
i s tubul ar. pr?%éggﬁg%g}of théJ§ﬁ%3#ér bafreI%?sB%gt cyﬁlndrlcal athe

barrel cannoi 0e %@éﬁqssmoabh%lﬁual @91@ SO As-dded he Rlast by

apparatus shown in Figs. . Therefore, the rotation of the barrel my

e o gtk g Lo s ol s abRBech S 511 s
deposition process, a step of removing, from the vapor deposited
film forming apparatus, the tubular barrel in which the rare
earthmetal -basedpermanentmagnets having themetal £films formed
thereon have been contained, a step of attaching the tubular
barrel again to the blasting apparatus to subject the metal £ilm
toashotpeening, astepof removing, fromtheblastingapparatus,
the tubular barrel inwhich the rare earthmetal-based permanent
magnets having the metal films subjected to the shot peening
have been contained, a step of immersing the tubular barrel into
a chemical conversion-treating liquid (for example, a chemical
conversion-treating liguid forachromating treatment described
in Japanese Patent Publication No.6-66173 or for a
zirconium-phosphate treatment described in Japanese Patent
Application Laid-open No.2000-150216) in a state in which the
rare earth metal-based permanent magnets have been contained

in the tubular barrel (wherein the tubular barrel may be rotated

in the chemical conversion-treating liquid in order to form a



Net ; shaped dividing walls nmay be provided vertically in the |ongitudinal
direction within the tubular barrel (the accommbdating section), so that
one work piece may be accommpdated in each of partitioned chanber portions
defined. by the dividing walls, whereby the work pieces nayznggypbggted in
spaced-apart states to the blasting treatnent. exanples of the nesh net
formng the tubular barrel include thdse nade of a stainless steel and
titanium but the mesh net nade of titaniumis desirable froma reduction
in weight of the 22 May 2003 17 tubul ar barrel. The nesh net may be nade
usi ng a net-shaped plate produced by punching or etching a flat plate, or

nmay be mRdee bjhidudd iMgnd | ideRR Bl b@l puThengperengubal 8xrobatheinesh (
the proportion of the area of an opening to the area of the nmesh) depends

on the ﬂgﬁp%h@%ﬁmo%ma%g% Bn¥RI Ka Pl EGBye i od 5 1085 10mARKY Efir8akange of
50 %to 95 % noré desirably in a range of 60 %to 85 9s. |f the opening

rate iSoSqTBéchq‘[ c;pa{h%qnggaltpﬂrﬁsjs a possibility that the rnesh itself is
acl e

an obst etween the injection nozzle and the work piece, resulting in a

reduced treatipg a?l{]c]fiit%iohnc%'f e G eggg%ggogéfg&kﬁggéég%i&Qa agar% there

is a possibility at € mesh i s anmag urirng the treatnent

or duri anot her handling. The.w re dj ter_of the pesh |s.s ed in
consideraﬁqﬁ#(ﬁntékso%%%?%%er%fee%ﬁ% ?ﬁggg r%%ﬁ?h?aﬁn ?%L%%s?%g%?e to be
in arange of 0.1 t he handlingfease igigﬁgen into

mane gnlthIO n Sgrtgertif aratus is po
consi dePSti"6H S hBAAR RS S WY &7 18r° tHe" TS RPPE 1SS abl € %t B B2 Th®a range
of 0.3 to 5 mm A _blasting appar.atus .according.to.a _second epbodi nent of
Che by edBhEATRYb Rt oA BEEP Mog PR B e g1 as s i ERP R iR es o
tubul ar harre ornmed of. a sh .n for acco dati.on of work pieces and
opport T F R RU e AT S 19 LA Bhe e ser LAt a0y badash Bt T hEREe:
rotatabl e about the center axjs). for rotation_abqut Epe center axis, Sso
t hat th@ﬂﬁﬂﬁﬁ%ﬂwbﬁPrépecéﬁ”'e layers removed therefrom have been

contained, astep of immersing the tubular barrel into a chemical
conversion-treating liquid (for example, a chemical
conversion-treating ligquid for a phosphate treatment or a
chromating treatment described in Japanese Patent Application
Laid-open No.60-63903) in a state in which the rare earth
metal -based permanent magnets have been contained in the tubular
barrel (wherein the tubular barrel may be rotated in the chemical
conversion-treatingliquidinorder to formamoreuniform£film),
and a step of pulling the tubular barrel up, thereby forming
a chemical conversion filmon the surface of each of the magnets.

As long as the tubular barrel can be consistently used,
the tubular barrel may beused at another step carried out between
the above-described steps.

Therefore, the need for carrying out an operation for
transferring the magnets between the steps is eliminated and
hence, it is possible to inhibit the occurrence of the cracking

and breaking of the magnets, which may be caused during



be rotated about the central axis of the support nenber, and an injection
nozzl e disposed to inject a blast material against the work pieces fromthe
outside of the tubular barrel rotated 22 May 2003 18 about the center
axis . The outline of one exanple of the blasting apparatuszghhg beo3
descri bed below with the drawings. Fig.S isadi agrammtic frontV|em1(a
partially perspective view) of the indisdde of a blasting apparatus 101.
Support menber 107 rotatable about a center axis is supported on rollers
102 and 103 in a lower area in the apparatus, and six cylindrical barrels
105 forned of a nesh net of a stainless steel are supported in an annul ar
shape ci ncasFeantind bY Oré sade dicagenireadaiicsonf tdhelswaperde Depber by
support shaft 108 for rotation about the center axis . Wen the support

menber 1@hd SHOUB Ak pboMnd &t 8snaxis by rotating the rollers 102 and
103 by driving a motor (not shown), the cylindrical barrel 105 supported by

the support shafe § 108:h%1 ngtage&ﬁbp&% BdMe L8N HEN 14 SheNshREPORSEe O the
rotation of the support ne 107, whereby work pieces 110 within the

barr el a&%éﬁféﬁsgeé%rﬂwisﬂew% @aﬂtﬁﬁabﬁg%@trlvwese@n@rtu%ru&%w e FLg. S . A

total of six injection nozzles for injecting a blast material against
the wkxpP%%%%dllc%omgthh% %v's't%i&r kGl btaarc&s!n %gﬁr@aete' apesgéeabw& the
cylindrical barrel 1057 n two rows in | ongi tudi nal direction of the

barrel atyam aﬁﬂ{é)péﬁ)%&faf ”b&ﬂ-b?”yapg's%eda%h'r%utg oy gStd (i aPRAT gL US

shown in Fi gs a~central support shaft 106 is provided on the

cent er 2 %nOert d“é%p%re HED 1%ex’etfor% cony ey el ‘g?:%%tgﬁ nSHEPOT

menber sup por t e cyl1ndrical barrel 'i s renbve t he appar at us
and m)ved Fi i.agra |c SI view of the insid e bl asting
appar at us f’(ﬁif%tﬁfi smﬁ&l hi%ugf [ e%?i gt;h h&520et 193 %‘553 Jéaongagpr SEI’F Te angl e

of 22 May 2003 1J oscillation |n t he djrection o

cyl i ndri EdCRFaFA8I P8 05 AP HE ‘ﬁ |psecd'£ﬁ§8'|g!e£g? }?nﬁ?%ﬁ?%gs tterPeaniaég

mat eri al unlfornu¥ nd eff|C|entI g%l ?t all tge wor k g ces 1 0 (not
shown in |a§ B2 G&T H3He TSHAVEng a?s“ipn B1BraBEi R§ appar &t uSeERb

Figs.l and 2. Fig.7 is a diagrammtic, S|de view of the, inside of another
exanpl e 6'Ib°é’eol é’sat G egppsrstded st AR Fhet ARReappe?ailE $83MPEHotBeri es
of the six cylindrical barrels sypported on th% support nepbers EFOVIded at
opposi t e &% 1PﬁrtﬁﬁtbleﬁﬂW?ﬁf%nn&&thﬁst%ﬁﬁﬁﬁf R IESYS. 3rEnde B ERAR Bwel ve
cylindrical barrels 55) may be sup Ported on support nenbers 157, and a

si ngl e i APECERSH ﬁ829P8d154 RBERHRE i RRs etF TRt C@acReofaFRéefnBlSet Pes.
Fig.B is a diagrammtic perspective VIEM/ShOMAanthe enbodi nent with the
cyl i ndri GaIf igaandl §r ¢85 8gppANRRr DAIRANIBERALN PRBRBerand yRilE Bhe s a
di agrammati c perspective view show ng an enbodi nent other than the

enbodi meRFIStthmeke rdgli REFPEANT IR IS BAPPBr IVt Wit ehe isGppoktbwbABer s
shown in Fig . 8 . Six cylindrical barrels 205 forned of a nesh net of a

st ai nl es®agired] X atd etk stAPar e gladusiigpd vk he rvbarlemt barr gl out si de
a horizontal central support shaft 206, i.e., the central support shaft 206
of a supfort Thersérreol i by sapaumiioke tohegduongheckinoparios neoui rede

center axis, so that they can be rotated about the center
for the blast material removing step and occupied in the time

period required for all of the steps.

The deposition of a vapor deposition material such as
aluminum to the tubular barrel to a moderate extent inhibits
the damaging (including the wearing, the reduction in strength
and the peeling-off of a welded zone) of the mesh net forming
the tubular barrel at phe blasting step and the blast material
removing step and hence,.it is possible to prolong the time of

durability of the tubular barrel.



axig (the cylindrical barrels are supported in two series and hence, the
total nunber of the cylindrical barrels supported is twelve) (work pieces
are still not accommpdated). Fig.l1Ois a diagranmtic perspective view of
the 22 May 2003 no v cylindrical barrel 20S used in the epbq@hpeob3shown
in Fig.9. The cylindrical barrel 205 is capable of being opened and cl osed
in a longitudinal direction and conpriles an upper cage portion 205a and a
| ower cage portion 205b forned as symretrical el enents capabl e of being
opened and cl osed through a hinge (not shown) . The cylindrical barrel 205
has a support shaft 208 for being supported by the support nenmber 207 . If
such a cylindr Ircaddbeioel tBEFddenositiosmpossiblesuah @asilhiymisonduct

t he placing and renoval of work pieces into and out of the cylindrical
barrel 2Gmdamheéricest intateripdssidpositted nfo khie theutecubrened ob the
cracki ng and breaking of the work pieces during the placing and renoval of
t he wor k epicecesi ventex otk Gidn Ofe trieencordd npdr ithel bhastehg2@bepvantdnghthe

bl asting treatnent) the upper and | ower cage portions 205a and 205b are

f a9t ened Him LAGTa dhed1 byedoclhy £06bH. ShowewefolNel - Shapedpdiviviagtwal | s
may be provided vertically in the longitudinal direction within the
cylindri %ﬁloltlﬁfdd ehLEns @ it Rlra®ne W lo rpicee tiBY 18e Bagesmpdahedtbn each
of par titioned chanber portions defined by the dividing walls, whereby the

wor k pi ecgg, {I?s)/t ?8: §EQh%@&ﬂé‘déﬁ@&?@eé&%rihéhat:%1tcﬂntl pb@ﬁawgn
treatnment. Fig.ll is a diagrammatic partially front view show ng how t he

Cy|'ndr'Qﬂ!gﬁa&é€$12g§lhsb§“Q%%”V§$ éﬁ% U %;E%%§¥ ngm'Beiﬁgy

enbodi nment own I n 9. "The cyll arre 05 I's supported

ngPpLRg d1anp|n &F tﬁ%f5529§c% %h%¥§gggo£ﬁe e s&ﬁ%%}t nen%§oggg rable

reS|I|ent:y 59ﬂ9#§¥§d’ 22 Nhy 2003 21 for exanple, as in a nechanlsm
utilizing a repu sive force of

The shape of the barrel is not limited to the cylindrical
shape, and thebarrel maybepolygonalinsectionsuchashexagonal
and octagonal, if it is tubular. Ilf the shape of the tubular
barrel is not cylindrical, the barrel cannot be rotated smoothly
using a roller as in the blasting apparatus shown in Figs.1l and
2. Therefore, the rotation of the barrel may be conducted by
rotating the central, support shaft as in the blasting apparatus
shown in Figs.3 and 4.

Net-shaped dividing walls may be provided vertically in
the longitudinal direction within the tubular barrel (the
accommodating section), so that one work piece may be
accommodated in each of partitioned chamber portions defined
by the dividing walls, whereby the work pieces may be subjected
in spaced-apart states to the blasting treatment.

Examples of themeshnet forming the tubular barrel include
those made of a stainless steel and titanium, but the mesh net

made of titanium is desirable from a reduction in weight of the



. aspring, sv that the cylindrical barrel 205 is detachably supported on the
support nenber 207. Even with the bl asting apparatus according to the
second enbodi nent of the present invention, an effect simlar to that in

t he bl asting apparatus according to the first enbodi nent of ahapressnt

i nvention can be provided. Advantages provided when the tubul ar bar rel

and/ or the support nenber for supportilig the tubular barrel is detachably
nount ed and easy to handle, are simlar to the advantages described in the
bl asti ng apparatus according to the first enbodi nent of the present

i nvention. The bl asting apparatus according to the second enbodi nent of the
present ituterntdOrbdwse enaheales hadeanmagedewhinal welihghe descehbeddbel ow
First, even when the sanme anount of work pieces are to be sub j ected to
the bl as gidwe igRAVERIY byl BanwBikgPbecesckang be mlaced duk a cymrbklepeanount
into each of the smaller tubular barrels rather than in a | arger anount

into a sigHe Hanael: ¢ iyl ar1 dagdeimacépidhi s case, the frequencyof
col lision of tHheworkpieces agai nst one another can be nore reduced, and the

col l'i si on ener g £3B N8 nedHEed AN IFRES: (EHE M&P&F&?%ﬁ%ebgrékl rred
honpbgeneous 1y and efficiently in a state in which they are l'ess piled up

one on andl Bel op JNEHET 08 &nd brkd RS IUR ) an%sﬂaahw'éhi@%agecaaaence of

the cracking and breaking of the work pieces pi eces having different

shapes or. word S & geg Q%Ll\g gré% ggt 1S &St ybeirﬁcac‘}%‘}iﬁ%%t tgdsiphgeach of

t he tubular barrel respect vely, and ubu ar barrels

are f1xed.J goap, qnol! al, ShApe ughraﬁrqgg ﬁhg's{rooge y.der s £ooLetngxis of

t he support  nenber to carry réat ment . here

DLt M SOk, a“g' prgl LUy of, ypeal%ssmb o PLEcss, - ca.oe gar i od

out at one tUbU ar _pbarre avl ng eren meshsﬁapes are

osed | 0 Gl 1AL, WAL S0 200LASh AT yietich 72001

é the work
piece, resulting in a reduced treating efficiency. If the
opening rate is larger than 95 %, there is a possibility that
the mesh is deformed or damaged during the treatment or during
another handling. The wire diameter of the mesh is selected
in consideration of the opening rate and the strength, and is
desirable to be in a range of 0.1 mm to 10 mm. Further, if the
handling ease is taken into consideration, the wire diameter
of the mesh is desirable to be in a range of 0.3 mm to 5 mn.

A blasting apparatus according to a second embodiment of
the present invention will now be described. This apparatus
includes a tubular barrel formed of a mesh net for accommodation
of work pieces and supported circumferentially outside a center
axls of a support member rotatable about the center axis, for
rotation about the center axis, so that the tubular barrel can
be rotated about the central axis of the support member, and

an injection nozzle disposed to inject a blast material against

the work pieces £rom the outside of the tubular barrel rotated



shape circunferentially outside the center axis of the support nmenber to
carry out the blasting treatnent, whereby the treating ef f iciency can be
varied for every tubular barrels . Therefore, the work pieces accommobdat ed
in each of the tubular barrels can be treated to different eoxthga;s003
respectively. In the blasting apparatus shown in Figs . 5 and 6 and the

bl asting applratus shown in Fig.7) th8 six cylindrical barrels are
supported on one surface of one of the support nenbers (in the blasting
apparatus shown in Fig.7, the cylindrical barrels are supported in two ser
i es and hence, the total nunber of the cylindrical barrels supported is

twel vey abdulf thBe ehwdiedxDf . t nd oot tiie Barda] 6xsvppepiiethoploBeinl t he
support nenbers is not limted to six and may be one. The tubul ar barrel

My be syppofdts w0 hd Dyséoiéd Ngelide $LPROfhe NBARGIngst Can be rotated
about the center axis and can be also rotated about its axis by a known

mechani sm  The jghapes 9fa 1tRE Al iaf £ DA ¢ 8k e ANA SV CONS) pUELHORL 0h et he nmesh
net are as described for the blas ting apparatus according to the first

enmbodi ngnte Of ?E@y@gg§gﬂg.é eéﬁaﬁneggﬁpiagﬁiﬂ% 1022 M 20930 2in0f the

t ubul ar barre 1 Vi romthe center "axis into two or

Tor e SOGRTARLING sseatloons, a5, L the: bl ASUNGARA Bz 300D 19 Fi oS 3

and 4. en an oxi of red on ‘each o e earth ne -based

t ts_is_to_be. I fil,m.f . face
per TEnenld HAUNELS ! SolByOE LT e QLA ARLAL G0 R 08 Lbg, surf o

i t b bj ted.t hot i f i ni shi treat t
gt et S50 f eFEds ket ohel aPReft At ek Breandh S OuAPRERER " he
bl ast t ial is inj t ed, und i njecti i f 0.1
WPa 1o 0.5 RPAR WAPFe® PAPALT Ho" T heST UbtH ot L APTE 14 e CBIAEFI AD: &ppar at us
according to the first enpodi pent of the p~ esent _invention, or the support
ber (OF (e BRREP Ry MEBRarLP T ket b SR ie i oy et Ton noUE

the center axis. When the support member 107 is rotated about
the center axis by rotating the ro}lers 102 and 103 by driving
a motor (not shown), the cylindrical barrel 105 supported by
the support shaft 108 is rotated about the center axis in response
to the rotation of the support member 107, whereby work pieces
110 within the barrel are stirred homogenously and efficiently
(see an arrow in Fig.5). A total of six injection nozzles 104
for injecting a blast material against the work pieces 110 in
the cylindrical barrel 105 are disposed above the c¢ylindrical
barrel 105 in two rows in a longitudinal direction of the barrel
at an appropriate injection angle, as in the blasting apparatus
showninFigs.land2. Ifébentralsupportshaftlosisprovided
on the center axis of the support member 107, it is convenient
when the support member 107 supporting the cylindrical barrel
is removed from the apparatus andmoved. Fig.6isadiagrammatic
side view of the inside of the blasting apparatus 101. The

individual injection nozzle 104 has an appropriate angle of



enbqdi nent of the present invention at a rotational speed in a range of 0.5
rpomto 30 rpm (desirably in a range of 1 rpmto 10 rpm, the surface
treatment of the rare earth netal -based pernanent nagnets can be carried
out uniformy and efficiently. EXAMPLES The bl asting appar apgiviag2008i ng to
the present invention will be fur ther described in detail by way of
followi ng exanples , but it will be uibglerstood that the blasting apparatus
according to the present invention is not limted to such exanples. The
foll ow ng exanpl es were carried out using sintered nmagnets having a
conposition of |4Nd-79Fe-GB-1Co and a size of 30 mmx 15 mMmm x 6 mm and

producedo H¥i PUL¥EbhZi At Re KNONG1 €881 nk NOOL r @bl s ey sir eshliingidinesl
resulting powder to a pressing, 22 May 2003 2~1 a sintering, a heat

treat ment, apd) & HEnBEaEH MOF Kisntap {191 e XA £ t BiSg 48ICH1 BEH rdL 45 Hat ent
Nos. 4, 770, 723 and 4, 792, 368 (such sintered magnets will be referred to as

I
magnet t@ﬁ},féktﬁ%éaxgcﬁregjﬁac@eqt)liy Exammlke 411 dHd %r;xcggg!:ssoigﬁe{?e}y@ of

Oxi de Layer ace of" Magnet Test Piece ition) The renova

of an oxj er.fo t rf 0 fs . €] S was
carried %%?whg¥hél§héygﬁbgﬁf%%Sg%%drggﬁgléﬁgaﬁgf%lﬁgggsggéégég. QQF
cylindrifalpbarr I ngg in Exanple 1 was made of a stainless steel at a
di anet er*f “ 385 fnfit’and " a | engt h of 600 mm and had an opening rate of a

mesh of 70 ~ (an_openi ng, was_ square W.t.h a | ength of, _aone side e | to 5.1
nmand with a ﬁ}‘%e diSafet’&® o cnﬁi'%e4vll4€"fvﬁgn%etl§‘§tl 5i g@sno\cfl\tgfeer pl aced
into the cylindrigcal barrel. A undum 0 (pade Sinto_orator ., Ltd
and havi 75> 8P gF as]?gﬁsgfn%féf?ad'c%%’r%ﬁr}ig'to‘g%l@ %&5 TRRY 35S 1 st
material _and injected under an ipjection pressure of 0.2 Mpa for 20

m nut es, “WAPIEE BG4k FRG SEACEAT ‘?%JaPabngéls“éEtpoﬁﬁ&ﬁ“ %/Eﬁﬁi’lpt%o%fter t he
bl ast material was injected for 20 mnutes, the ten nmagnet test pieces wkre
rernovaf@?%ﬁf?ﬁEQﬁH qﬁﬁ;egpogépﬁﬂnd51ntheblastlngapparatusshown

in Figs.5 and 6 (the twelve cylindrical barrels 55) may be
supported on support members 157, and a single injectlon nozzle
154 may be disposed for each of the two series. Fig.8 is a
diagrammatic perspective view showing the embodiment with the
cylindrical barrels 155 supported on the support members 157.

Fig.9 is a diagrammatic perspective view showing an
embodimentothetr than theembodimentwiththecylindrical barrels
supportedon the support members showninFig.8. Sixcylindrical
barrels 205 formedof ameshnetocfastainless steel are supported
in an annular shape circumferentlally outside a horizontal
central support shaft 206, 1.e., the central support shaft 206
of a support member 207 by a support shaft 208 for rotation about
the center axis, so that they can be rotated about the center
axlis (the cylindrical barrels are supported in two series and
hence, the total number of the cylindrical barrels supported
is twelve) (work pieces are still not accommodated).

Fig.1l0 is a diagrammatic perspective view of the



and,subjected to a surface observation using a scanning el ectron

m croscope. The result showed that there was no nagnet test piece having
the oxide layer lef t on the surface thereof . In addition, five of the 414
magnet test pieces each had a cracking 22 May 2003 ~J a”dZQWﬁ%EQ?93
Exanple 2 . Second Exanple of Renoval of Oxide Layer Fornmed on rrace of
Magnet Test Piece (Condition) The rem@®al of an oxide |ayer forned on the
surface of each of magnet test pieces was carried out using the blasting
apparatus shown in Figs . 3 and 4 . The cylindrical barrel used iii Exanple
2 was made of a stainless steel at a dianeter of 355 nmand a | ength of 600

nm and ha¢1andeaeRiNGakded 9 saudBgh ©ft v Hbban mepeNsRewWasnSEAL@rI € W th a
| ength of one side equal to 5.1 mMmmand with a wire dianmeter of 1.0 mm) .

The i i1 d8 <0l § hea ELEAT Bl obaTe ek a8 1di04 HRInEAf A & unlromabe cont er

axis into si X accommobdating sections fan-shaped in section. 69 Magnet test

pi eces wepe, @.lc@u(\gelclzdﬂtrféleﬂﬁgggftiBHeaﬁ&%%mH}q%teisngn%éxogﬁggfpépgion

cylindrical barrel (a tota 414 magnet "test pleces were acconmopdated in

the, ent i bosauldqariGal, DapEeld.: Hupdumedtan {radhale,Sano B ote -

Ltd and having a grain si accor was used as a bl ast

i al J ‘ i . b
Tt co, “aRAPE S S Sl PRl ol R EhESRYER Hinge” MRSt cer the
bl ast i al i.nj d.f 1 nut t he t t
Cemoved FRSn YRS BT ERdr P4 Ha?Pal TaRdS BT BEE bt 1BE S0 f 4es BRELT vat | on
using a scannin%él | ectron nicroscgp%f§g?e resul t' showed that .there was no

a

magnet t SPPHTEEE HabTR§ PRE “ &l T| &fF TUOR A IO REEd R b . In

205 is used, it is possible to easily conduct the placing and
removal of work pieces into and out of the cylindrical barrel
205 and hence, it is possible to inhibit the occurrence of the
cracking and breaking of the work pieces during the placing and
removal of the work pieces into and out of the cylindrical barrel
205. During the blasting treatment, the upper and lower cage
portions 205a and 205b are fastened to each other by a cllp (not
shown) . Net-shaped dividing walls may be provided vertically
in the longitudinal directionwithin the cylindrical barrel 205,
so that one work piece may be accommodated in each of partitioned
chamber portions defined by the dividingwalls, whereby the work
pleces may be subjected in spaced-apart states to the blasting
treatment.

Fig.1l1 is a diagrammatic partially front view showing how
the cylindrical barrel 205 is supported on the support member
207 in the embodiment shown in Fig.9. The cylindrical barrel
205 is supported by clamping the support shaft 208 in the support
member 207. It is desirable that the clamping of the support

shaft 208 in the support member 207 is resiliently conducted,



22 May 2003 2G addition, two of the 414 magnet test pieces each had a
cracki ng and breaking. Exanple 3 . Third Exanple of Renoval of Oxide Layer
Formed on Surface of Magnet Test Piece (Condition) The renoval of an oxide
Layer formed on the surface of each of magnet test pieces vwap paypoesl out
usi ng the bl asting apparatus shown in Figs. 5 and G. Each of the
cylindrical barre7.s used in Exanple 2lwas nade of a stainless steel at a
di aneter of 110 mmand a | ength of 600 mm and had an opening rate of a nesh
of 70 ~ (an opening was square with a length of one side equal to 5.1 mm
and with a wre dianeter of 1.0 nm . 69 Magnet test pieces were placed

into eache®f d:enend,i Ry igah hachghsSshaut ot ad i Aepagiele reskepbeces
were accommodated in the six cylindrical barrels) . A undum A#180 (nmade by

Sinto Braf OspfPng, bbdtARE RAW RG 13 ndHrAIdA1SIFE Qf1 #lB) agcaedhpgabeyll S)
was used as a blast material and injected under an injection pressure of

0.2 MPa fQIpddrtddUseSehdhihSps Pt ahémget hgopupport nmenmbers a t 5 rpm.
(Result) After the blast nmaterial was injected for 15 mnutes, the ten

magnet test pigogs, Wekd ERELYVEM diyMabla raxhisndlE6Ah 1 RETI Sl caBd SHRI ect ed
I

to a surface observation using a scanning electron m croscope. The result

showed that, 4 %&r}"’% @He”%%‘&éné%%%e@t%%%,h%i DP:Lbe {08 | gyernLeft on

the surface thereo I'n"addition, one of the 414 nagnet test pieces had a
cracking andy . g2, Moy 52?%%&?&%%%1 diE?éa'EB' & £1 79100 Bﬁg%ﬂg fQ
Fi ni shi ng Treatnen of hum Fil m Forned on- surface of gne “rést Piece
(Cbndi“(¥pepresentinventioncanbeprovided. Advantages provided when
the tubular barrel and/or the suppdrt member for supporting the
tubular barrel is detachably mounted and easy to handle, are
similar to the advantages described in the blasting apparatus
according to the first embodiment of the present invention.
The blasting apparatus according to the second embodiment
of the present invention has remarkable advantages which will
be described below.
First, even when the same amount of work pieces are to
be subjected to the blasting treatment, the work pieces can be
placedinasmalleramount;ntoeachofthesmallertubularbarrels
ratherthaninalargeramountintoasinglelarger tubularbarrel.
Inthiscase, the frequencyofcollisionof theworkpiecesagainst
one another can be more reduced, and the collision energy can
bereduced and hence, theworkplecescanbestirred homogeneously
and efficiently in a state in which they are less piled up one
on another. Therefore, it 1s possible to more inhibit the
occurrence of the cracking and breaking of the work pieces.
Work pieces having different shapes or work pieces having

differentsizescanbeaccommodatedineachof the tubularbarrels,



An oxide layer fornmed on the surface of. each of the magnet test pieces was
rerroved under the sanme conditions as in Exanple 1, and the cylindrical
barrel containing the magnet test pieces with the oxide | ayers renoved
therefromwas renoved fromthe blasting apparatus and attacgng%gzgo%apor
deposited filmform ng apparatus described in US Patent No.9, 116, 161,
where the magnet test pieces were subpécted to a vapor deposition process,
whereby an al um num fil m having an average thickness of 7 ~.imwas forned
on the surface of each of the nmagnet test pieces. Then, the cylindrical
barrel containing the nmagnet test pieces having the alum numfilns formed
on theirrsypkaeasvenads aedovRd fdmw dheawmpars deprosiked fhlan faid ngr
apparatus and attached again to the blasting apparatus used in Exanple 1,

wher e GBshgpedt 8ssuReadsnREE ] hYo it i de Bhat 86nE0r axid drande AMigWr@ grain
size of #180 according to JIS? used as a blast material was injected under

an i nj eChiABeR! @S Wk Qf 2 dYRA Y 0Lsdtndn il Lemedl | er AN 1iige

cylindrical barrel rpm (Resul t) After the blast material was

at
| nject edpl gt ¢ 1AgMLPUL ERent 8% £ & QTRGAT chOSE BIRELS MRLELK! SINEL ddpMm  he

cylindrical bar subj ecte surtace observation using a scanning

el ectron 2 1. Gf e. The result showed that there was no
magnet tggtg%fggédi%ggh%ﬁégt yqéﬁbfected to the shot peening, and all of

the magnet tes%ﬂ?u"f%%%t@é%%@kég?ﬁb%%%%l%g{a;ﬂ%lgggﬁg;&%g{x@ﬁ%%ges%ea"pe%eo‘c the

414 magnet test “pi eces a crackin rea scri bed

above, the cylindrical,.barrel containing the magnet,test. pieces n. be used
Cons st eAEPyRT Thar SPrRRBrETPriE OF fre et Ao i sRE cale SR oy
steps, i t he oxige | ayer forned on the

. ,.at th tep. '
Curtate BRSBELRTEPUtRETRRDARE LY UL P Bt JNe PRRCRE RO CFoF RE YR Bl urm num
fil th f f h.of the | t test pi t :
(eposi 11 BRTBPBCURE S8R THG LR AR e LR EERERG™E ha KRR REE 1SR T ied on

the surface of each of the npgnet test piece to the shot peening, and

nevert heFESE C1ERE YRR DGRB8 fOFee LR BY Kitky 13 dP ¥ B8kF ng I AL Tagnet
test pieces other than the seven magnet test pieces each having a cracking
and br eaH‘ﬁgw%Qﬁ HeEG9hapcomagdated in eaF:h of the tubular barrels can

be treated to different extents, respectively.

In the blasting apparatus shown in Figs.5 and 6 and the
blasting apparatus shown in Fig.7, the six cylindrical barrels
are supported on one surface of one of the support members (in
the blasting apparatus shown in Fig.7, the cylindrical barrels
are supported in two series and hence, the total number of the

cylindrical barrels supported is twelve), but the number of the

tubular barrels supported on one of the support members is not
limited to six and may be one.

The tubular barrel may be supported, so that by rotating
the support member, it can be rotated about the center axis and
can be also rotated about its axis by a known mechanism.

The shape of the tubular barrel and the construction of
themeshnetareasdescribed for theblastingapparatusaccording

to the first embodiment of the present invention. The inside



. Al though the enbodi nents of the present invention have been described in
detail, it will be understood that the present inventionis not limted to
t he above-descri bed enbodi nents, and various nodif ications'in design nay
be made wi thout departing fromthe spirit and scope of the ipvwgalnon3
defined in clains. 22 May 2003 29 WHAT IS CLAIMED IS 1. A blasting
apparatus, conprising a tubular barrel23orned of a nesh net for
accomodation of rare earth netal -based permanent magnets as work pieces
and rotatabl e about a center axis, and an injection nozzle disposed to
inject a blast material against the work pieces fromthe outside of said

t ubul ar Bdr £BR. tRbulArpraex ¢ hgnagppar i vsded cordi ae 1w folos whe, cehbeein the
i nside of said tubular barrel is divided into two or nore acconmnodati ng
secti onsaxds iAtbltast pugnappacarogiodetdndi ser tiond aiam 2n thisehbastihe i nsi de
of said tubular barrel is divided radiately fromthe center axis into two
or nore agremiodat igipwectn dibgs 43 .ar’d bd asting apparatus according to claim
1, wherein said tubular barrel is detachably nounted. 5. A blasting
appar at us, conphiesi igoRitolwyar barmed ch@amdo bragdermsitheétdbrbased
accomodati on of work pieces and supported circunferentially outside a
center aylesmaineh SRR sTREDEL Hot pédmdt €l aAlnuta saitd ICEALAr faxked &ar
rotation about said center axis, so that said tubular barrel can be rotated

about saittheCeit€hcaXd B e@lhS@f daxppeE thRIRES - s dPbalrinAg ehdl Ha hiPpOrt
menber, and an injection nozzle disposed to inject a blast material against

the wor k pgi @Q@.@ofrr@ég)w@p Otk Hirde @fs Sitd JIBUbREchanr®l aploat gdeabayt said
center axis. 6 . A blasting apparatus according to claim5, wherein a

pluralitycefa 88hdshRYlcale RHR!, Su My ENOBIGERE nigh Ak AIVUY B¢ c SPAPRg
circunferentially outside said center axis of said support nenber. 22 May

2003 30 {o tHe Bhaskin®oi SPPRE AL YS 12000 Bh ROt IR 181N Ds 1WRRRILY SR drt ubul ar
barrel and/or said support nenber for supporting said tubular barrel is

det achably, FYLed o8 prAsBLOCess LOrablasti N0 SWehaAces0h ¥RLK Pheces using

a bl asting apparatus according to claim1. 9. 'A process for blasting

surfaces of ALl PSS, N NG.2,00 25! 100 PO Aly's RacatdlngcLo- 8l abm 5

10. A process asting surfaces o pl eces according to

wher el n e, work RICERS AL BRANr BALUIL JELAl 1RASRY RAT TRNGRL MRanets. 11 A
process for treating 8- sUrfaces of ‘rare earth nmetarl-base permnanent
nagnets,mc%g%rising s, of renmpvin n oxid IayEr formed on 3he

h .
surface Of 'each of ¢ Iéeerb:];a:“p% i1q haﬁBﬁﬁﬁPgﬁgeﬁf"p"&dﬁﬁ’ nt© e ﬁetsse%%rilng a
bl asti .at di t | aim 4 7 i ng,said tubul b I
AR D R U T I E Lt vl
I dth f id t f ti i d
tubul ar BaPPBE e Pord 5 Bl SRt ngPApparat Heo . Antf &t ARG s BPEubtl ar
b I id t nmber t d ited filmf ' t
where a M8t APV 1| MPFs SHAFASA GACERECSNr PG T BREIET R P Yol PRESTh
net al - based per nanent nagnets by a vapor dqﬁﬁf'tion groce , 9 2. A process

t _‘-{ﬂ'g'é]dr‘

for treaPPRayrd SOPFURES TP PEre® T hOHhE Bt eRGHEL s

according to claim1l, the process further includes a step of renoving the
t ubul ar LE ntaining the rare earth netal -based pernmanent nagnets

having the nmetal filns forned thereon, or_the support nenber for supporting
t he tubul ar bafr‘lkl§|blast:.ng apparatus according to the present invention

will be further described indetail by way of following examples,
but it will be undersﬁéod'that the blasting apparatus according
to the present invention is not limited to such examples,
The following examples were carried out using sintered
magnets having a composition of 14Nd-79Fe-6B-1Co and a size of
30 mm x 15 mm x 6 mm, and produced by pulverizing a known cast

ingot and then subjecting the resulting powder to a pressing,



, 22 Nay 2003 31 fromthe vapor deposited filmform ng apparatus, and

. attaching said tubular barrel or said support nenber again to the bl asting

apparatus according to claim4 or 7, where the netal filns are subjected to
a shot peening. .A3; @.AE. A A As2. AsF. ALF. A 22 May 2003

. AFR. ALF. A3Y. AL32 AY2. AY AsY. AY. A AL A A AF. AL A2. A3. A Ay. A (. A
L A@ _. A&U. A Fr 021 UV/ i "#3$Vf gGP{vql gb] ¥} ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] caj
ca] ca] ca] ca] ca] ca] ca] c”a] ca] ca] ca] ca] ca] cRa]ca] cfa]ca]caljcaJcRa]jca!"$ [ S
L'y-h$ d
{vql gb] X] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] c”a] ca] ca] ca] ca]ca] ca]ca]ca]ca]ca
] ca] caV] galicaldaln] saleal cal seheat GHatas uKrhak e the] Fealsalgalea) ca) cal
cal ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal ca]

cajcal\'s¢; Begcribed in US Patent Nos.4,770,723 and 4,792,368 (suc
y_QLE}xsni d_Z] Jca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]'ca] ca] ca] ca] ca] ca] ca]

ca]calcal £4fEofCal AT CATcaf ) Ca col AT CaTcelcaf c £af o cacd] ol cal cal

??:]l ??]I galfemmaﬁ;&ﬁﬁﬁ#### #h#####} xsni d Z] ] ca] ca] ca] ca] ca] ca] ca] ca] cal ca] ca]

| #538) $$$%

ﬁo@é%@%&@@*?] Cﬁlcé%%?f%?%%ﬁa%f)) ﬁ% Lg éﬁa%)ga%%i}c ca] )] ﬂaca-] caj] cajc
a] ca] ca] g@]galca]ﬁa]dca]lc%] Ga ]S(Ea]Pcae]Cca] ca] ca] cal ca]ca]ca]ca]calcalcalcal2)))
~k/ lJ****
++J+ /elll,0m00041@ mhc”
ca] ca] ca %3]‘%?&]?&3]1 a]aca] ca] ca] ca] ca] \cAg] cC YlJcalcal cal cal cal cal cal cal ca] cal
aJ ca] ca] ca] ca lc @Bil 223>333374}44475y5556! 6 6<6 666>7J7
Vot 7077} xeni d 9he] CAlGat Ea LA bt o L h %da]oeh]teay HFeA T cal cal
ca] caj ca] caé ca] ca] ca] ca] ca] ca] ca] ca] ca! 778B8888879y999 {D

- <4<r <<Rpch-oLmagnét test pleces was carried out using the lastlng

>H>>>}xsn| d_Z]]]ca] ca] ca]ca]ca]ca]ca ca] ca]’yca] cal ca] ca] ca] ca] ca] ca] ca] caj ca

] ca] ca] caPRarehleafeayeal e d]i cajedd] cal STrREI@NEEHCcal barrel ‘use

A>AuAAAQBNBBB+CUCCCCCDYDDDDDEPEE} xsni d_Z] ] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca

] ca] ca] chh Ejae) kaicapsathedt caf caFtalodpes] e ch]mta]acéiera?éa]rcca] G EEFFFGEG

GGGH<Hy HHHI AIQ|%I 111 JLIJIKDKKKKKK8LZL} xsni d_Z] ] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca

] ca] ca] cafcal e d ceneeie gifc AParmayed] vud ¢al oapsapsaresfcef cajeikdlical zLLL<
MWM

I\N/f NNNNNNROK GEDO0REBRGAIPPEEE ODOR: RY X shi dl L eaddUupéapea] s e fw d]xa] ca] ca
] ca] ca] ca] ca] ca] ca] ca] ca] ca) ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal : RnRR
R SbSSSvah¥ TMucRrUvLEE VR WA emeter of 1.0 mm). 414 Magnet test
XGXXXY@'Y| wr mhc”Y] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca] ca] ca]c
a] ca] ca] reaf-ea]meﬁmpéa]ca&] ¢nfeajleacydlicgrdgaYeazyzzz] \RIYf4ueWANA01L] r]]]] 3
ANNG s ="s "}xsnid_Z]]]ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]cajc
a] ca] ca] ¢m}da]ln]ialtva Bealteca] €a) caltd] amd dalwdala al §raanasnbee, 4 WEBIFcccdFdd
dd=e| eee/ f kf f f *gi ggg( h} xsni d_Z]]] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca] cajcaprdlog]tcafta) calxad ed]acnd ddlacd] mat enl ehjacal trd € hddd agdresnnnnn&of
00004pwppp4qoqqq

rarrr $scassiniedt vwnripere¥suoa cd]ca] d@ecidc@]ocmlioalea) cd] Llgd cajtealica] ca] cal ¢
aJ cal ca]calca]calcalcalca]calcalcalca]ca]ca]cajcaltttttuWiuuvWvvwwxxxyyY
yyyyzXzzehg{ cyeiffffivnrhbaYktapecabcapeoa) ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]c
aJca] ca] ca]ca] ca]ca]ca] ca]ca]ca] calcalcaU calcalcalca!{=|]|]|]|]|:}x}}}, ~@wWw~~
BD~; (Result)

GJA] T} xsnid_Z]]]ca] ca] ca] ca] ca] ca] ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca
] ca] ca] ca] ca] caicel aaleslaskond caf La] calsTPnsedt EXRACRpXxselt &3 ] Jutad ca] ca] ¢
a]J ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca] ca]ca]ca]ca]ca]ca]ca]calc
a] ca] ca] eahaed aiet<telsx| peces were removed from the cylindrical barrel

] X\W«| wr mhc”Y] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] calca]ca]c
a] ca] ca] gad callciRlaadd 8beab 62 ah 6 aora] €l H8IHOWE 1 § 'V MY i TG 2 Ylelcaa]ea] ca] ca
caj] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca] ca]ca] ca]ca]cal]ca]ca
]ca] ca] cal 6ab46bIM. The result showed that there was no magnet test
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After the blast material was injected for 15 minutes, the

ten magnet test pieces were removed from the cylindrical barrel
and subjected to a surface observationusing a scanning electron
microscope. The result showed that there was no magnet test

piece having the oxide layer left on the surface thereof. 1In
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mesh of 70 % (an opening was gquare with a length of one side
equal to 5.1 mm and with a wire diameter of 1.0 mm). 69 Magnet
test pieces were placed into each of the cylindrical barrels
(a total of 414 magnet test pieces were accommcdated in the six
cylindrical barrels). Alundum A#180 (made by Sinto Brator Co.,
Ltd and having a grain size of #180 according to JIS) was used
as a blast material and'injected under an injection pressure
of 0.2 MPa for 15 minutes, while rotating the support members
at 5 rpm.

(Result)

After the blast material was injected for 15 minutes, the
ten magnet test pieces were removed from the cylindrical barrels
and subjected to a surface observation using a scanning electron
microscope. The result showed that there was no magnet test

piece having the oxide layer left on the surface thereof. 1In

addition, one of the 414 magnet test pieces had a cracking and
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testpleces were subjected toa vapor depositionprocess, whereby
an aluminum £ilm having an average thickness of 7 um was formed
on the surface of each of the magnet test pieces. Then, the
cylindrical barrel containing the magnet test pieces having the
aluminum films formed on their surfaces was removed from the
vaper deposited film forming apparatus and attached again to
the blasting apparatus used in Example 1, where GB-AG (glass
beads made by Sinto Brator Co., Ltd and having a grain size of
#180 according to JIS) used as a blast material was injected
under an injection pressure of 0.2 MPa for 15 minutes, while
rotating the cylindrical barrel at 5 rpm.
({Result)

After the blast material was injected for 15 minutes, the
ten magnet test pieces were removed from the cylindrical barrel

and subjected to a surface observationusing a scanning electron
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of the magnet test pieces at the every steps, i.e., at the step
of removing the oxide layer formed on the surface of each of
the magnet test pieces, the step of forming the aluminum film
on the surface of each of the magnet test piece by the vapor
deposition process and the step of subjecting the aluminum £ilm
formed on the surface of each of the magnet test piece to the
shot peening, and nevertheless, the occurrence of the cracking
and breaking of themagnet test pieces other than the seven magnet

test pleces each having a cracking and breaking canbe inhibited.

Although the embodiments of the present invention have
been described in detail, it will be understood that the present
invention is not limited to the above-described embodiments,
andvariousmodificationsindesignmaybemadewithout departing

from the spirit and scope of the invention defined in claims.
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4 . A blasting apparatus according to claim 1, wherein said tubular barrel is
detachably mounted.

5. A blasting apparatus, comprising a tubular barrel formed of a mesh net for
a accommodation of work pieces and supported circumferentially outside a center
axis of a support member rotatable about said center axis, for rotation about said
center axis, so that said tubular barrel can be rotated about said center axis of said
support member by rotating said support member, and an injection nozzle disposed
to inject a blast material against the work pieces from the outside of said tubular

barrel rotated about said center axis.

6 . A blasting apparatus according to claim 5, wherein a plurality of said tubular
barrels are supported in an annular shape circumferentially outside said center axis
of said support member.
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cording to claim 1.

9. A process for blasting surfaces of work pieces using a blasting apparatus
according to claim 5.

10. A process for blasting surfaces of work pieces according to claim 9, wherein the
work pieces are rare earth metal-based permanent magnets.

11. A process for treating the surfaces of rare earth metal-based permanent
magnets, comprising the steps of removing an oxide layer formed on the surface of
each of the rare earth metal-based permanent magnets using a blasting apparatus
according to claim 4 or 7, removing said tubular barrel containing the rare earth
metal-based permanent magnets with the oxide layers removed therefrom, or said
support member for supporting said tubular barrel from said blasting apparatus, and
attaching said tubular barrel or said support member to a vapor deposited fiim
forming apparatus, where a metal film is formed on the surface of each of the rare
earth metal-based permanent magnets by a vapor deposition process.

12. A process for treating the surfaces of rare earth metal-based permanent
magnets according to claim 11, the process further includes a step of removing the
tubular barrel containing the rare earth metal-based permanent magnets having the
metal films formed thereon, or the support member for supporting the tubular barre!
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or said support member again to the blasting apparatus according to claim 4 or 7,
where the metal films are subjected to a shot peening.



