;e3e0 0 !'#,$ 6N T z|r ,1~ BLASTI NG APPARATUS BACKGROUND OF THE | NVENTI ON
«YELD OF THE | NVENTI ON The present invention relates to a blasting
apparatus suitable for carrying out a surface treatnent of sintered
products such as rare earth netal -based pernmanent nagnets and ceram cs.
DESCRI PTI ON OF THE RELATED ART A bl astipg apparatus is convenmwmwmmm”j
for a surface treatnent of, for exanple, rare earth netal -bas

magnets, i.e., a treatnent for renoving an oxide |ayer .forned ondlie
surface) a treatnment for cleaning the surface or a shot peening for

finishing a filmfornmed on the lﬁéfﬁﬁ% AP RIE various typ als)
apparatus. For exanple, in a tu er-type bl asting apparatus,jmmm m Iﬁﬂmwﬁ
are placed into a drumw thin the apparatus, and an injection nozzle

di sposed so as to inject a blast material against the work pieces tHPBugh
an openingB' K E ﬂ u I Ek B g the work pieces by rotating the drum
(see Japan -open No.lI1-347941). A blasting
apparatus as Eesgripea gb@x& ?ﬁ ﬁ?pable of mass-treatnent of work pieces
and excelle i : such appar atus, however, the injection of
t he bl ast materi a| agqinst t he wor k giecis_can be corducted onl tErough
the opening in thBedPERFERRATABRRELICPHEFEAFES BF 200 %%Fl%gl?ﬂ?%r? U7 espect
f 2 of the treating efficiency. Wen an attenpt is nmade to stir the &ork

pi eces as RABADERABULIAF £L2106EIDI @Y by apAYirdAgend 18 M ¢at? hgS pRF B8 of
time or by increasing the rotational speed of the drumin order to enhance.
the treati REOBPFEEI BREY 2% F@TCoPRFERIRC bR RS S e FAECas BFINPASE BRAS

anot her occur frequently and with a strong shock force. For this reason, a
cracki ng aR@rBRé&Ri-ng i s produced in nany of the work pieces . The stirring

DESCRIPTION OF THE RELATED ART

A blasting apparatus is conventionally used for a gsurface
treatment of, for example, rare garth metal-based petrmanent
magnets, i.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 so as to inject a blast material against the work
pieces through an opening in the drum, while stirring the work
pleces 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 the work pieces can be conducted only through the opening

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



of the work pieces nust be carried out, so that they are not dropped out

t krough the openi ng and hence, the setting of the stirring condition is
acconpanied by a limtation. Further, it is necessary to place and renove
the work pieces into and out of the drum before and after the treatnment and
hence, during the placing and renoval, & cracking and breaking may be
caused in the work pieces, SUMMARY OF THE | NVENTI ON Accordingly, it is an
obj ect of the present invention to provide a blasting apparatus, which is
excellent in treating efficiency of work pieces, and in which the
occurrenceoof thbet geackhiide ande béeaki NG bhe avekkpRi €6€fagantdestir
inhibited. To achieve the above object, according to a first aspect and

feature of chheypresPicddW@NhbABgehBBESY! 8s R¥Wd A8k ®yDPhast bAgiaRPekat us,
conprising a tubular barrel formed of a nesh net for accommodation of mork

pi eces anthQ&@EﬁQ'ﬁe@p@&'to@ Q&I B B Sho AUk @Y ItheCebaRiBRZZI §pdegposed
to inject a blast material against the work pieces fromthe outside of the

tubul ar baggety o AGLER i NG Ldk 2 tﬁcﬁ‘é‘?ﬂl%n%%p%% %E‘Qaf:ﬁﬁ&ué?fﬁ?{ Eﬁ@%’ﬁr@ﬁ@m r

" 3 invention, Iin addition to the first feature e’inside of e tubul ar

barrel is Qbihggg?h%tfotﬁéf‘%?k pq%rc%saé:&aoifﬁg%dé‘ﬁé%o%ﬁ%' P‘P&&&Qﬁ@%;éto a

third aspect an eature of the present I nvention, addition'to t

second fealihg, g Lp%ﬂg Ao by b rgg g pdacadately from

the center "axis I'n nare acconnn ing sectrons. ccor

fourth aspget, %nd feat%r eseq% nvent |n adié% legglthe

first feature " the %uﬁhla arr8l ﬁa%?§ ﬁ%ﬁ% cofr ding td a

fifth aspec d feature of the resent i,nvention, OV|ded a

bl asti g, apbarBE JESPRCRERFes i el i aan 04 PHE T BPreanbt EReRedre Bt or

accomodati.on of work Eleces and supported %lrcunfer tially outside a
0

center axi ST8PP§IsAPhorr Mishhe & GPE AR BB AN e P@r“é;‘é‘gs‘JffB]Pe

rotation . . s . : :
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



about the center axis, so that the tubular barrel can be rotated about the
center axis of the support nenber by rotating the support nmenber, and an

i njection nozzle disposed to inject a blast material. against the work

pi eces fromthe outside of the tubular barrel rotated about' the. center
axis . According to a sixth aspect and geature of the present invention, in
addition to the fifth feature, a plurality of the tubular barrels are
supported in an annul ar shape circunferentially outside the center axes of
t he support nmenber. According to a seventh aspect and feature of the
present inygpbheon! M RAHIQRA 0ot i frifih Eﬁéuiﬁ'{'g; difie 1huhleal £ bag L el

~| and/or the support nenber for supporting the tubular barrel Is

det achabl ye JRUNL £ p22Gear l 19a1 04804 QRN ApPegt FA el AU Oda LI
present invention, theré is provided a process for asting surfaces” of
wor k piecegeggiggoa bl asti ng apparatus according to the first or fifth
feature. According to a ninth aspect and feature of the present invention,
in addition to the eighth featuyre, tire rk pieces are rare earth

mot al - based per AT TGS & TACdet dioRE CTo>R0t SAERULEpRE LARPTERTRF e of
the presenf. inventiagon, there i5 provided a_process for treatjng.the
surfaces ofPYSPEIRA (! ﬁé?éﬁﬁ&ﬁ%ﬁ&@%ﬁ%&ﬁ&%ﬁ'cs%rlirg%%be gﬁetlé? eps of
removi ng an oxide |ayer fornmed,on the surface of each of the rare earth
netal-baseﬁuﬁ%}ﬁﬁﬁ%ﬁ?rﬁhdﬁb9§vdéﬁﬁgr%dbF5§%¥ﬁ@“ﬁbﬁ%%h?ﬁ§t§6c6¥ﬂﬁnhP?% t he
fourth or seventh feature, renoving the tubular barrel containing the rare
earth met aF¥YPaSEd"PER nAREATARYhEEE §P¢HIR®: oxi de | ayers renoved
therefrom or the support nenber for supporting the tubular. barrel from
the bl asting app®feRLinAmkP a"z‘ttfaéﬁﬂihgaﬁh%c%LPd’lﬂgafreatSélrrleePfthFhlér%m)‘b’brt
menber to a vapor deposited filmform ng apparatus, where a netal filmis
formed on theeshieRcdopddithonftq Keerkins kiephupet athdiydd lperhrment
magnets by a vapor deposition process. According to an el eventh aspect and
feature ofishéepaekehtyimoentedn, in addition to the tenth feature, the
process further includes a step of renoving the tubular barrel containing
the rare earth mtedrdbosed per fadanit asegedt endafeagurheofretlae Hiessnt

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 the supportmemberbyrotatingthe support
member, and an injection nozzle disposed to inject a blast
material against the work pieces 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 £ifth feature, a plurality of the
tubular barrels are supported in an annular shape
circumferentially outside the center axis of the support member.

According to a seventh agpect and feature of the present

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



r ~ J forned thereon, or the support nenber for supporting the tubul ar
barrel fromthe vapor deposited filmform ng apparatus. and attaching the
tubul ar barrel or the support nenber again to the blasting apparatus
according to the fourth or seventh feature, where the netal filnms are
subjected to a shot peening. Wth the bljasting apparatus according to the
first feature of the present invention (a first enbodi nent of the present
invention) in which the injection nozzle is disposed to inject the bl ast
mat eri al agai nst the work pieces fromthe outside of the tubular barrel

formed of ihe/8BStnd@lpr t2RERBERAAI QRpBLRRWPRE RIRGES: BAY L9t pfabl e
about the center axis, the work pieces can be stirred honogenously and

efficientlaewégﬁggiyeﬁgﬁﬁgggg occurrence of the collision of the work
pi eces agal nst one anot her and w thout occurrence of the collision of the

work pieces agaifst, Ohg, QQ}QﬁreF%%P%g¥§%§g$gn§PP?%t%fg%ﬁzthggggg%%égi) the

treating efficiency 1s enhanced a V 0Ssi bl'e t the

occurrence, crackin nd. br eaki of the rk pieces. Since the
Cubul ar baerhFEof o RS Y e a0 PhekdBa/TeE BLEEFTag WiFFaedd
injected fromall directians. Therefore, any number of..injection_nozzles
ot i nj ot PP BPESE MAkve ¢ R Rehi Aot B LR B S Ry PR ER PG T A any
manner, so_th t_hgefblast material can be injected unifornmy and
efficientl?ragéf t FBAEYRBr k pieces. Wth the bl asting apparatus according
to the fifth feature gf the present invention (a second enbodi ment of the
present inventi AGCPREWRT cFP thé iBuiEsPesdr AER £6RhBE 0Pt hRe mRERSFRE 1
for acconmpdation of the work pieces and, supported circunferentially
out si de t ht¥eRfernaxt’s %ﬁd%9ﬂ§”§&ﬁpépﬁ HEPbEr Festtatnsl dhgoBatrktpkeelht er
axis, for rotation about the center axis, so that the tubular barrel can be
rot at ed abdti€ ¥rpBeceprbh metal-based permanent magnets.

According to a tenth aspect and feature of the present
invention, there is provideda process for treating the surfaces
of rareearthmetal -baéedp'ermanentmagnets, 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 magnetsg with the oxide layers removed therefrom, or
the support member for supporting the tubular barrel from the
blasting apparatus, and attaching the tubular barrel or the
support member to a vapor deposited film forming 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 films



axis of the support nmenber by rotating the support nenber, and the
rnjection nozzle is disposed to inject the blast material against the work
pi eces fromthe outside of the tubular barrel rotated about the center
axis, it is possible to nore inhibit the occurrence of the cracking and
breaki ng of the work pieces, in additiom to the effect provided in the

bl asti ng apparatus according to the first feature of the present invention.
The above and ot her objects, features and advantages of the i.nvention wll
beconme apparent fromthe foll ow ng description of the preferred enbodi nent

taken in c rﬁégit Eﬂgr%ﬁh.o@ﬁué‘%ﬁggﬁgﬂé}%&f AU NGS5 p BRI xg?gﬁb'ﬂ'ag\' OF

THE DRAW N I's a diagramm ront view of "the I nsi one

exampl e of 18 hlAsg ARATALIS. ASHAING 19,3 L3l el RN of ke

[
present invention; S agranmatic “Si Vi ew e’inside 0

I f the b ' di he .fi di f
Che pr esbnt SRR op b B Ba it G Shiece P o P iR F6p SRS 0 de of

anot her ex | e .of a blasting apparatus according.to the first enbodi nent
of the. pr 6Cane HiFeAPPBAS LEF Ao T i g1t Rgt AR RS P e ST o SERE 2 Ens ] de
of the 7 anot her exanpl e of the blastin% apparatus according to the

first enbodiife e 1fFdr dddms idhfeFPIRC e B8 Bs S3°%i RGFEARELi ¢ front
view of the inside of one exanple of a blasting apparatus according to a
second enbodi nent¥ish §HebprESARE FORPEREUSR CE A 519 S04 Mg BhF aimteeite TS de
view of the inside of the one exanple of the bl asting apparatus according
to the sec®fd Rifbddiafent dmveid inteséntt iinfrefibodimeng. 25 $he girg§eatmati c
side view of the inside of another exanple of a blasting apparatus
accordi ng tieveid isebohs erboldithendnopcthenpregelr lisndbppeond | dndecs a
di agrammati c perspective view show ng the
the 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 efficlently wilthout
excegslve occurrence of the collision of the work pieces against
one another and without occurrence of the colllision of the work
plecesagainstoneanotherwithastrongshock force. Therefore,
the treating efficiency is enhanced and moreover, it isg possible
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 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



enbodi mrent with the cylindrical barrels supported on the support nenbers in
the bl asting apparatus shown in Fig.7; Fig.9 is a diagranmatic perspective
vi ew showi ng an enbodi ment ot her than the enbodi nent with the cylindrical
barrel s supported on the support nmenbers shown in Fig.8;, Fig.10is a

di agrammati c perspective view of the cylgndrical barrel used in the

enbodi nent shown in Fig.9; and Fig.l1 is a diagranmatic partially front

vi ew showi ng how the cylindrical barrel is supported on the support nenber
in the enbodi mrent shown in Fig.9. DETAI LED DESCRI PTI ON OF THE | NVENTI ON The

present i gy i ofc¥bhho @V be descridied hyomay 9ieesbodhiBNt $udtted
reference to the acconpanyi ng drawi ngs. Typical exanples of work pieces

subj ected tg & iid,abftia1 1% bLEaL BB dIEbNPe A AN1@SLE Q@xeaé’@ﬁﬁ@w%te%%qf di ng
to the present Invention are sintered products such as rare earth

et al - baseotooc%re%dteegbmnetét@{mﬁggqsgsﬁf A g Per ol acked and i oken.

However, the work piece is no ese sintered products, and may
be any pie C f b igwed by a
i R RS R S
deforned due to thF%coI i sion of the q% St one .ano as a4

casting al uan}‘l‘lnsum SR F AEE treat'me a ]fngsu § Wo Rgrfen(‘:%gb?ls’ conduct ed

using tree astln aratu acco dln t he vent i an .ef f ect
of inhibiti tlﬁée %Pﬁéz Scah Pp‘%o%‘?&é’d”%?&ﬁp?’é% rﬁf rﬁg‘sat Shcdri al s
used in the blasting apparatus accordln to the se ve nare

metal |ic bIAEAL e SHearer & RIPGRE SFol CORGTS: ThHif ﬁ% ERg ST et
materials such as. Alundumis trade nape of Norton . % and Iass beads
any one of MMixied §‘h§é’lte<§t‘é‘rdcﬁt“65’ér?’§/l%lerj‘etndl nBOSHlFF@ £ 2854

bl asting apparatus according to a first embodi nent of the present |nvent|on
Wi ll now be-heSEruBEgnceh?s araching fbesakingmi &hepup ¥ ifssdfed of a
mesh net for accommpdati on of work pieces and, rotatable about a center

axis, and arf iafddtivh trﬂ)ﬁlleeeélf§|§(§s@6°t’6dlaﬁj bt the st ig SnPATadgd nst

t he morkpleces fromthe outside of the tubular barrel . The outlines of

several exa@gresdioig tife Whrastirmgt it iniiie ke afeddy iiBeediw with t he

dr awi ngs.
The above and other objects, features and advantages of

theinventionwillbecomeapparent fromthe followingdescription
of the preferred embodiment taken in conjunction with the
accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

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

Fig.2 ig 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 viewof the inside of another
exampleof ablastingapparatus according to the first embodiment
of the present invention;

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



A bl asting apparatus shown in Figs . 1 and 2 is of a type in which the
iFnside of a tubular barrel is not divided. Fig.1 9 is a diagranmatic
front view (a partially perspective view) of the inside of the blasting
apparatus 1. A cylindrical barrel 5 fornmed of a nmesh net of a stainless
steel disposed in a lower area in the apparatus is constructed, so that it
is rotated about a center axis by rotating rollers 2 and 3 by driving a
notor (not shown) to stir work pieces 10 in the barrel 5 honpgenously and
efficiently (see an arrowin Fig.l) . Atotal of six injection nozzles 4
for inject g caehl &simp 8L 113 HaGRE DY AWK RECEScdPaldl tBe iy ki pdEi cal
barrel 5 are disposed above the cylindrical barrel 5 1n tw rows In a

| ongi tudi n [N i.on cof_.th reel . .appropriate injection angle 0
(usual l'y i%hggséﬁgéto?f26h%o%§%%e5%l%ﬂgeggﬁggél support shaft 6 is provided
on the center axi Lt. LS. conveni ent, . n e | i ndri.cal. rrel cis_renoved
fromthe apparat Ezgalﬁdl %mi\i/eéc)il.aq'—rladn%?ﬁlygrglslgg‘r’géﬂm??cthsﬁ c}élté\?'ldeewogf 8Pﬁe

i nside of the blast%ng?P.paratus 1. Ihe i ndi vi.dual iq;ectufn pogz%elg has
an appr opr CAF8PAf 52 9 APPBR2 RS TS A SHEE: tAPRH UL T ERPPEATG t he
cylindrical b%ékﬁl 5 and hence, .is capable of injecting the blast nmateri al
uni form y &fid PEeEFHYy *8J&MT¢P 411 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. i n which thE En&i 48 1S5 Y LBUIAr bl 14T iR GUE FRES S ToF  for o
acconmodatin sectigns ﬁ%g . 3iS a diagrannatic front vieg (a gartially
per spect i v&™Ni BRFMBE et AE HIHS i o0 ohAPBRASF P RGP SppEF U B £ e RefRPg
apparatus 51, the inside of a cylindrical , 10 barrel 55 is divided

radi atel y FPORETEEE &f LHhies PRFE6TS #"¥EBSARBdat i ng sections fan-shaped in
section. The blasting apparatus 51 is constructed so that the cylindrical
barrel 55 is rot§i8d7abbatd e 3w ehc gi0e vhew ef dthndnehdeherathsdpport
shaft 5G on the center axis by driving a notor (not shown) (  whereby work
pi eces GO ieXafd ehapf el2 abL28E1RY e @ PRIFBGETe ABTIGE EHF efPi ciltht E¢CPEEe an
arrow in Fig.3), unlike the blasting apparatus shown in Figs.1 and 2. A
total of teMdedimeadt iodn thez Presepsd fiavensjieati ng a bl ast material agai nst
the work pieces 60 in the cylindrical barrel 55 are disposed in such a
manner that one 69t Be iisnjaecdiagraovaties Ber$retbier evlebosbovhegbaheel 55,
ot her one of the injection nozzles 54 is |ocated on the right of and bel ow
t he barrel e5®pddmentendimichg corld rofrided hayeeld snpnozzkdonsyhé suppeated on
the left of and below the barrel 55. Fig.4 is a diagranmatic side view of

t he i nsi de mgfnbtelre Hinadthiend lappdmnat aprBtatilse shopectinofigoZzl es 54 are
novable in the longitudinal direction of the cylindrical barrel 55 and
hence, are capabFeégoP il ezt dagytrhembkast peatsericdli vienificrwr ghawdng an
efficiently against all of the workpieces 60 (not shown in Fig.4) in the
barrel . W temboid melndsy i reyr Bippakheesbaddorditng tthotideyl indrieabbdirmeds of

t he present invention, the accommodati on of the work pieces in the tubul ar
barrel for megpofr tede ome $hhenetupersur eenbleats shewnworik pPigc8s can be stirred
honogenously and efficiently in a state in which they are |less piled up one
on anot her withotlitigex®essEvea octilagremus tdfc t herepkktsiven woiew hefiorthepi eces
agai nst 11 one another and w thout occurrence of the collision of the
wor k pi ecessydgaidisitcadnéaametflhesed 1h thestembodiskeackshowrein Fhier.ef;omad t he
area of work piece blasted per unit tinme is increased and hence, the
treating efficierdy.il1a eshadtedr anta 0DE pareialilly fsSopOyiehl shéwindhiok t t he
occurrence of the cracking and breaking of the work pieces. Since the

tubul ar bargid dya in@rTRG 10batrhe 1Meshsighbort b8 Hhasie MAIHIdA nedbele in
injected fromall directions. Therefore, any nunber of injection nozzles

for injectiume tdxdddiaddn trefiRyWraliCan o di sposed at any | ocations in any
manner, so that the blast material can be injected uniformy and

efficientl yegalls iyt dy eFesue Ithvaddiriohon, the bl asting treat nment
can be carried out with an exceltent treating efficiency and hence, can be
c

achi eved at an i Rin@CLL Q) RIS 1QWel, 1hhan f,h gk id%stcgl‘ib%h? y aly of

Therefore, the |oad of a conpressor can be reduced, and an inCrease in
power efficjency:.c AL0V] t t.h | asti f ot pi eces, it
i s desi rabléemeq%%]tmetqﬂesb&@{sl ﬂrﬁa ecei‘r(‘:in:':elIe g:reopotglleet le%(f%gtrﬁ“p[;%gqggr gg\gg%gﬁ ‘'t he work

Typical examples of work pieces subjected to a surface



pi eces and on the tubular barrel is renoved by bl ow ng of air under
conditions, for exanple, of a pressure in a range of 0.1 MPa to 0.5 MPa and
of atreating tinme in a range of 1 mnute to 3 mnutes . Since the tubular
barrel is formed of the nmesh net, the blast material can be renoved easily,
and if the treatnment is carried out whig e rotating the tubular barrel, the
bl ast material can be renoved nore efficiently. In addition, the work
pieces are stirred in the state in 12 which they have been accommopdat ed
in the tubular barrel, and hence, the work pieces cannot be dropped out

through an .Qpepig. u@igigsat ‘Mb%%r%t%%”%(@?éi:g?@ L4 LHr KRG ¢

apparatus. |If the 1nsidé of the tubular barre ded Into two or nore

accormodatiyng. 6L 903 A d 4k {18 1ASkLNG, APRY 2LUS SN aFL 883 qand 4,

1
even when The same anou K pieces are to be subjec o] e

bl asti ng tJ.Gaf.pent. 5?&!‘9%&{’%8955\18?&1@1@ 26tk Ly @kEHBAAc?Er%EI%HUt i nto
each of t K& accommaa I'ng~ sectrons rather anin a Farger amount into a

ingle t I b | . lp thi he f |.LLsi f th k
o ocee agdHEY GHe S BORER Bk 1o b SN LI CeE " i tRESESH Prrad ener gy
can be reduced and hence,, the m@rk i eces can be stirreg hqgﬁggneously and
ef fici ent 39 F2¥ ReAY B SHfi ch tﬁlég e s ST FPIFRE GpP bri? ROEREY .

Therefore, it is possible to nore inhibit the occurrence of the cracking
and br eakiig B aHel ¥k Pyi 2548 % FYPoRBeRbr J&Hh RFAGPERe ¥ffbdat i ng
sections are desirable to be net-shaped. The provision of the _tubul ar

barrel defPAd@FEhlMaYaPRl eRIGCEO FRlth & pPBVItfexr etk gl Foviiity Coddaftades:
First) the placing and renoval of the work pieces into and out of the

tubul ar b&fr dhefaR I8 NEdr PREd 2BALIEE  aRYCEi 28 AR hehr®, 2iumintimyosdifpl e to
enhance the convenience. In the surface treatnent of rare earth netal -based
per mnent Yhgsardpcehérsiaggieat: gbuPaFhbee ¥l P kefe hel LSRG USRIy at a

plurality of steps. Mre specifically, it is possible to sequentially carry
the blasting apparatus according to the present invention, an

effect of inhibiting the deformation can be provided.

Examples of blast materials used in the blasting apparatus
according to the present invention are metallic 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 work pieces and rotatable about a center axis, andaninjection
nozzledigposedtoinjectablastmaterial against theworkpieces
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.l and 2 is of a type

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



1~ out the followi ng steps: a step of renoving an oxide |layer fornmed on the
surface of each of the rare earth netal -based pernmanent nagnets using this
bl asti ng apparatus, a step of renoving, fromthe blasting apparatus, the
tubul ar barrel in which the rare earth netal - basedper manent magnetswi th the
oxi de | ayers renoved therefrom have beegp contained, a step of attaching the
tubul ar barrel to a vapor deposited filmformng apparatus to forma netal
filmsuch as an alumnumfilmon the surface of each of the rare earth

nmet al - based pernmanent nagnets by a vapor deposition process, a step of

r emovi ng, %%gﬁgtgﬁrmgﬁ;igeppﬁﬁ% evg é{“[ o S%%;i)gyn%ﬂg%%%@gte%ivtehsi&Hfuclfar

barrel in e rare eart ba magnet shaving the neta
films for t.ner.epn begen_contained, a step of attaching. the tubular
barr el aggﬁe t'o the lﬂqg\é?‘?ngfﬁﬁgé?%t?%p?%a thjlect Rt ‘ﬁ\éih%‘gﬁjrc%rll?ﬁ]froe shot
peeni ng, tep of renovir fromthe hlasting a at us he tubul ar

o rel ;e ARE HEPE Aot LBA808 For HaRbri SRR Sonavi LY he
metal filns_subjected to the shot 8eening have gpen. ontqineg, a step of

i mer si ng 15 AUt aFPPRARFEF. 1S RPBS AT RRERT c4I° LRV eFst DACERAESE HP T qui d
(for exanple chem cal conversion- treating |liquid for, a chromatin

t reat ment ?jeds%}a'i?feoa’fﬁ? Fapdirddd B él‘?tallgﬂfﬁl ' ca’t‘floﬂ Rb. BEBEITEB DGR a
zirconiun}&ggsphate treat nent descri bed in,JaPanese Patgntrﬁgﬁ%{cation

Lai d- open N2 2600¥TH05265 1 ¥QT&t BERCRR MhiBh-ihdarded adit WS ased
per manent magnets have_been contained in the tubular barrel (wherein the
tabul ar baAMEPLIFAGIBB LYt (HEEPR ATERY 1oekd cBl - c v eh St IgRE 19 uid in
order to forma 14 more uniformfilm, and a step of pulling the tubular
barrel up,Pehelebyt fistinimg ef tdienicc BRI 286nRarsF bAL f 29 #d DAL t XS lr Feres of
each of the metal filnms. In addition, after the step of renoving an oxide

| ayer fornedisrthheysipfnteadbacagel DRrend snnsedeabehe rbeaty biasdd ¢ek manent

magnets using this blasting apparatus, it is possible to carry out a step
of renovi kpriebrh tthetpasewngmapphemyisydinal direction of the barrel

at an appropriate injection angle 0 (usually in a range of 20°

to 30°). If a central supbort shaft 6 is provided on the center
axis, it is convenient when the cylindrical barrel is removed
from the apparatus and moved. Fig.2 is a dlagrammatic 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 ¢ 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



the tubul ar barrel in which the rare earth netal -based pernmanent nagnets
mth the oxide |ayers renoved therefrom have been contained, a step of

i mrersing the tubular barrel into a chem cal conversion-treating liquid
(for exanple, a chem cal conversion-treating liquid for a phosphate
treatment or a chromating treatnent desgribed in Japanese Patent
Application Laid-open No.60-63903) in a state in which the rare earth netal
-based pernmanent magnets have been contained in the tubular barrel (wherein
the tubular barrel may be rotated in the chem cal conversion-treating
liguid iiipeedel 59 RarmigimRue LR idith @ AU Stap Ol LI the
tubul ar barrel up, thereby formng a chém cal conversion tilmon the
surface of I e r ;
consistent?§@§£%§§a%£§gpggg?g§?sbgg?egﬂgggﬁb%gugégpg%géngﬁﬁ%sg%%%gl% rried
out betwee ver descr Ss,..Therefaore, the F rying out
an operati%%ﬁgg?eﬁgéﬁggé?%Phg%gﬁékggg%%tgh%%fﬁgﬁﬁy?ﬁgdgﬁggé ?érggiﬁyﬁated
and hence, , |t 1S .p i bl 0 inhjbit the occurrence .of the cracking and
breaki ng ot cios Sronar9u € bk hkg g d LR AR NS BB ENg o
the magnets, apd.i.n addition, to elim.nate |abor for,_the.transferri

oper ation S S5 EFF ES R mATR AT thav Feb 2 Raurhgrphe el oY o
prepared and gut.into g nting§¥§ servgpe, t he beqtgg barrel X passe
through a £37$t BpeESH tPandferPed Flo H T Ty Shd P 31 Hinth &r
barrel Y passed,through an A step can be transferred, to the st ep,
Therefore,egﬁicb?nfﬂﬁ Qﬁéﬁ% %%nagﬁogoﬁﬂhcqﬁﬁ'%MDOPHE}han&hﬁeﬁ%%?seh%gtinE
required for all of the steps can be shortened. >J specially, the blasting
step and tRePHTALES ndReYRaln Bk hpd &p b BPEM NGl ofhBe e  1mkedeke? i bed
above, have been carried out in the sanme treating chanber in the prior art.
However, iRoghéesf¥ular iBArEsisgar el det ackablielathisusythe vieakddeeceddt h of
these steps can be carried out in different treating chanbers adjoi ning
each ot her60alwl St oo Ltitvslrijlcadt bparedi 8F . arerivdinwpest dp sschbed npproenduct ed
in the tubular barrel X) the blasting step can be conducted in the tubul ar
barr el that one of the injection nozzles 54 is located above the barrel

55, other one of the injection nozzles 54 is located on the right
of and below the barrel 55, and remalning one of the injection
nozzles 54 is located on the left of and below the barrel 55.
Fig.4 1s a diagrammatic side view of the inside of the blasting
apparatus 51. The injection noziles 54 are movable 1n the
longitudinal direction of the cylindrical barrel 55 and hence,
are capable of injecting the blast material uniformly and
efficiently againstall of theworkpieces 60 (not shown in Fig.4)
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 pleces 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



Y. Therefore, it is possible to reduce the tine period required for the

bl ast* material renoving step and occupied 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 ncluding the wearing, the reduction inistrength and the peeling-off of a
wel ded zone) of the mesh net formng the tubular barrel at the blasting
step and the blast material renoving step and hence, it is possible to
prolong the tine of durability of the tubular barrel. 1G lii addition,
the vapor dgposhbit@ern®t@nidhoMChcasy 2baRE M ARddie Dl @sh £net &Rk
deposited to the tubular barrel to an excessive extent can be renbved at

the blasting &d&pagthtbenklaicHBml$f ik PRy 4 K £Prcd Nemgfe¥e@odd, 1S
possible to prolong the tinme of durability of the tubular barrel, and to
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filmby the vapor deposition process from being deposited to the surface of

h of th [ . €. .0l 0] i rel i
ot 1t e e TnGney b anp B FUEE ARk e R SR e OE RE e |

secti on such A8 eex%gopnl and_t%ct acqonal is tub

. if ot l,ar. _1f .the,shape of
the tubul ar Barrel” i's ho l]C(’:lylfl ngr?c%\ffr%lh%e Béfrtf‘% cggﬁ%gpgb%mfri gtrae{eaé{ ngp

snoot hl y usiéggc a, rwol Iker as in the blasting apparatus shown in Figs.| and 2.
Therefore, $he tot'st5'oP6i°G%e barrel may be conducted by rotating the

central support shaft as in the blasting a ratus shown in Figs.3 and 4.
Not - shaped di vi dEHESERE DU DREHOVT U § APETEs P3 PHE (RESH oikli 1 Ufenal
direction within the tubular barrel (t acc dati ng sectign), so that
one wor k. pITICEF B CB5 LA BB ACHP T P bEERR G Tpt P T DRt ARSI agd | ons
defined by the dividing walls, whereby the work pieces nay be subjected in
spaced- aparat“%i“éf“ﬁgrt%tgi‘ﬁéeﬁf:é%‘ﬁ G 2heEat A I CELAREI e Bxa?hé“arfgsrﬁar}et

form ng the tubular barrel include those nade of a stainless steel and
titani um BiR? pﬁéinr%éqﬁ%pt any locations in any manner, so that the blast

material can be injected uniformly and efficiently against the
work pieces, 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 the treatment
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



made of titaniumis desirable froma reduction in weight of the 17
tubul ar barrel. The nesh net nay be made using a net-shaped plate produced
by punching or etching a flat plate, or nay be nade by knitting a |inear
material. The opening rate of the nmesh ( the proportion of the area of an
opening to the area of the nesh) depend® on the shape and the size of a
wor k piece, but is desirably in a range of 50 %to 95 % nore desirably in a
range of 60 %to 85 % . If the opening rate is snaller than 50 %there is a
possibility that the mesh itself is an obstacle between tree injection

nozzl e andyhhenWer&y PALEE &S WdddMhdda ted QdUead tLBALLPObeEEEC! elgy. | f
the opening rate is larger than 95 %there is a possibility that the nesh

i s deforne eﬂéedw@?é{ lHiieQQ:hst BgnﬁBF%tenﬁ’ﬂSpl%d%'ﬁrt! - S0P fa%r?fﬂ g4 ng.

Tree wire dianeter o e mesh 1s selected 1'n consideration of" the ©opening

rate and (he £hregtfaaandnla BeSLEGDE e 60 PO Aes AL ofpfurty B Lo 10

mm Furthe lIng easé Is taken Info consi 1on, Wre

diameter of the ppsfyls desirable,Lo b jn, %a&aﬁegle 1Y flgv%dgﬁ] (9¢3 (W3 A
bl asti ng apparatus according t0 a Second enbodi'nment of "t he present
i nvention w

| 1 _now be described. This apparatus.includes a tuybular barrel
formed of 8 MSER HeTOTIITICHERRSEA! T'oR 261 Tneh & DpF 8E450 AR S aigs, (i
circunferentigllg gut%%%? a centgr ax%s of a s%ggfrtfnenbﬁr ot at abl e about
the center*Axi 95 £ 5r2hbttat CYF aBBaT tRE T &M% PO hab L BhE® t bl ar
barrel can_be rotated about the central axis of the support nmenber) and an
nj ecti on KB & URIEGHES B ot h i Plat g1 SR ARRERF T TN RGP PRES WPk
pi eces fromthe outsjde of the tubular bharrel rotated 18 about the center
axis . ThePBubl#ped ot ohesadafidl @M itthd nsrageFhgOappar o teomnPfa beng
descri bed below with the drawings. Fig.5 is a diagrammatic front view (a

partial |y pEF§peBsi vatheevhhat itthe LAZFEE aToun bliadd AgsapparatuRuiay

Support menber 107 rotatable about a center axis is supported on rollers
102. barrel, 1In this case, the frequency of collision of the work

plieces against one another can bemore reduced, and the collision
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 is 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
congistently at a plurality of steps.

More specifically, it is possible to sequentially carry



and 10 3 in a lower area in the apparatus , and s ix cylindrical barrels
105 formed of a mesh net of a stainless steel are supported in an annul ar
shape circunferentially outside the center axis of the support nmenber by
support shaft 108 for rotation about the center axis . Wen the support
menber 107 is rotated about the center 1gxis by rotating the rollers 102 and
7.03 by driving a notor (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 nenmber 107 , whereby work pieces 110 within the

barrel are) st theadihawpaaneushy : ande &6 bisCl &4 nd 888 @M AL PV idbfidh 5) - A
total of six injection nozzles 104 for injecting a blast material against

the work pieces 440rhBetde MH BErigalrHar b8kt h0Re 84 £. 10U SPOTRA-ARQVR: t he
cylindrical barrel 105 in two rows in a longitudinal direction of the

barr el at ik Ay QR Ha! o] 096LAR ANG) £ra 8P | ol o LB o A8k DB EPRATA US

shown inrigs . 1 an a central ‘'support shaft 106 Is provided on the

center axi epfblta@%iﬁlug)olg%rgtafgﬁmer.t%%7tgl)ﬁl;li? BQPEIEI"PE'BW rom%}ﬂ% Sipport

menber 107 supporti cylindrical ‘barrel TS renove appar at us

and noved. Fig. 6.is a diagramuatic side vi of, the.iLnside of the bl asting
apparat us T aRee Tl o R PRl mRgR S e e SR AP T s Bt "ol o
of 1J oscgillation.in the |ongitudinal diyrection of the cylindrical_ barrel
Y05 and nerter 1A s B TN enbtof £ ArapePile Yht P mand
efficiently agajinst all the work,hpieces.ll npot shown in Fig. in the
bar ol e A Thd% hdpne] SERasAReE Eholin PRREP G aRRELE 8 o & ¢

di agranmati c_sj view of the inside of another exanple of a_blasti

oppar at ue T A% i SHaRs a5 Ba AvATHEY AR, o rREeTBr Fafe SF 24K idiar i cal
barrel s supported on the support_ nemhers provided at opposite ends in the
bl asti ng dﬁg%rﬁﬁﬁ§ §WHWH1iWeﬁﬁésbﬁsﬁﬁjQF%%?RF%V@Wé@neggiﬁﬁ?iéangﬂqels
55) may be_supported on support. nmernbers 157, and a single injection

nozzl e 15A8RRF Hel At BpBsed st or SBREIP foFeRPEl R L8R e vRPgrglgrosited

di agrammati c perspective view showi ng the enbodi nent with the cylindrical
barrel s 155 YUty Padé Wwppdhe fehBéps hgyrel in which the rare

earthmetal-basedpermanentmagnetshaving themetal £ilms formed
thereon have been contalned, a step of attaching the tubular
barrel again to the blasting apparatus to subject the metal film
toashotpeening, astepof removing, fromtheblastingapparatus,
the tubular barrel in which the rare earth metal-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 liquid for a chromating 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



Fig.9 is a diagrammtic perspective view show ng an enbodi nent other than
t'he enbodi ment with the cylindrical barrels supported on the support nenber
s shown in Fig. 8 . Six cylindrical barrels 205 fornmed of a nesh net of a
stainless steel are supported in an annul ar shape circunferentially outside
a horizontal central support shaft 206,,i.e., the central support shaft 206
of a support nenber 20'| by a support shaft 208 for rotation about the
center. axis, so that they can be rotated about the center axis (the
cylindrical barrels are supported in two series and hence, the total nunber
of the cyl}j I.Gal rels \su rted.i ; ' S .ar il I not
accommdatdecg)d‘“{ Ulillaigfcf}g{ ifgllz“)di g‘gl(raa%’rrgtt |e§ %é\?é%g%%é%&% gvbleb g’f at)ﬁé)%ls}fol
cylindrical_barrel .205 used in the enbodi nent shown,in Fig.9. Th

ol | ndr | ca bt 02O E e R AL BT CE o T VIR ARMPBRE ShiFace

| ongi tudi nal direction and conprises an upper cage portion 205a and a | ower
cage porti®n o8 torthRl BREEY fet™E cal el enents capabl e of bei ng opened
and cl osed through a hinge (not shown? . The cylindrical barrel 205 has a
support shaft 208 Redigdiong &b568r t8a ByePhel stppRYndretb &y ity 1avar such a
cylindrical barrel 205 is used, it is possible to easily conduct the

pl aci ng arftPiafbvall Bie Wk e cels ¢ty Fhd-Tsutradie taee ey Inatdrli-das sshr r el
205 and hence, it is possible to inhibit the occurrence of the cracking and
br eaki ng dfexmanepy Ragnesesidiurd ki ishel gf tddighgranda efovidl 1 &P asfd Bdsr k
pieces into and out of the cylindrical barrel 205. During the blasting
treat nent ,ta famyppertapds t et cagevieat i 65Sm20Ba akas PUBh ankd faddtsened to
each other by a clip (not shown) , Net-shaped dividing walls may be

provi ded véra tohblgribantel omniitaldt helradierest tlomewil hbasefde asyantdrt cal
barrel 205, so that one work piece may be accommpdated in each of

partiti onethahanbevipbr tthenxdefd nealy dmys t hemdved dthgredkbs haweerketmn t he
wor k pi eces may be subjected in spaced-apart states to the blasting

t r eat nent .cdr ta ililed saa tdiragf dmmegtrisd ngatrite abbylé&r datr reilein tshewilragn el t he
cylindrical barrel 205 is supported on the support nmenber 207 in the

embodi mentcahoyrsion FAgedtiddhe aAplguddri cafobar redample, a chemical

conversion-treating liquid 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-treating liquidinorder toformamoreuniformfilm),
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 ig possible to inhibit the occurrence of the cracking

and breaking of the magnets, which may be caused during



205 is supported by clanping the support shaft 208 in the support menber
207. It is desirable that the clanping of the support shaft 208 in the
support nenber 207 is resiliently conducted, 21 for exanple, as in a
mechani smutilizing a repulsive force of a spring, so that the cylindrical
barrel 205 is detachably supported on tfe support nember 207. Even with the
bl asting apparatus according to the second enbodi nent of the present
invention, an effect simlar to that in the blasting apparatus according to
the first enbodi ment of the present invention can be provided. Advantages

provi ded ""@?gnE?SFE#gB' t%rr@s‘? n@0gQ1 Iﬁ‘%g%‘il%ﬁ%t, E?ﬁgﬁglrmifn%rtesi@l?%“ ng

the tubul ar barre et acha nounted and éasy to e, are simlar to

t he advant s.described in.the blasting apparatus according to the first
enbodinent§g§ %ﬁg %%ggggﬁr?ﬁggangﬁéE+ﬂg'bIasting apparatus according to

t he second enbodj pent_.of the pres n% i nvention has remarkabl e advant ages
whichowi 11 be deSErd ik i oF: FOpulaY e thehe (i s AnbaRE CRERBrk
pi eces are to be subjected to,the.blasting treatnment,  the mq&éﬁgiecef can
be placed PASPSHATET 28 inhe §oREIRVGR 8 $F L 1 EPe arter s
rather than in a Iarger anount into a single |arger tubular barrel . In
this case, *t RB%FFEqh ﬁﬁ?ngac%lﬁﬁ%ﬁ(ﬁ?QﬁbﬁI%é%ﬂﬂﬁ%ﬁr GeLCagaln&EeBnd dnot her
can be nore_reduced, and _the collision energy can he reduced and hence, the
work pi ece§P€8n BdestiUtdd thArddéteduddP Ut 2 i ESP st AR PP
which they are | ess piled up one on another. Therefore, it is possible to
nor e i nhi bt€aPAéesEedr Fendte & SERB - cr B HigP Lhrd 2drtedki M ot aBife ©REr RE
pi eces. Wirk pieces having different shapes or work pieces having different
si zes can BengucserotaPetniyn axt hegrer hehe dhdeaarepadredstor algyot the
respectively, and the tubular barrels are fixed in an annul ar shape
ci rcunf er eatieakl ganlisistorthaedent Bsrexi sl bf, tthe blppbingnereandotharry
out the blasting treatnment. Therefore, the blasting treatnents of a
plurality bfiasypestefriwdrkeppetns ghep by blowing of alr, as described

above, have been carried out in the same treating chamber in

the prior art. However, if the tubular barrels are detachable

and easy to handle, both of these steps can be carried out in

different treating chambers adjoining each other, and while the

blast material removing step is being conducted in the tubular

barrel X, theblasting step can be conducted in the tubular barrel

Y. Therefore, it is possgsible to reduce the time period required

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 the blasting step and the blast material

removing step and hence, it is possible to prolong the time of

durability of the tubular barrel.



be carried out at one time. A plurality of tubular barrels having different
mesh shapes are used in conbination with one another and fixed in an
annul ar shape circunferentially outside the center axis of the support
menber to carry out the blasting treatnment, whereby the treating efficiency
can be varied for every tubular barrel sisTherefore, the work pieces
accommodat ed in each 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 [Ed@ce; &, eNe vakb ok RIPRAMN MRIDE! 51 & Bn hR& IRIASTIMg
apparatus shown in Fig.7, t he cylindrical barrels are supported in two

series and fence, e 416 diotal e eah 1R aCkbi BHET Cabu DA N8l S Sunpoded s
twelve) , but the nunber of the tubular barrels supported on one of the

support m@?&ésé?vé‘%xééd?bt@aql 1 %'e%ﬁo@'%@ HRY:RE ON8sc e Julyl Alg Rald el

may be supported, so y rotating the support nenber, it can be rotated

ﬁgglﬁ;n} Qren e%hrg%tlééo th &F ﬁﬂ?%‘rég é(r)telalt cf'af%he CIO'I[’lt:t?l(Jg%l on of {}ﬁymrresh
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enbodi ment %o ]t presen
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may be divid di atel t he, cent er »
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When an oxid er for rred on each of rare earth netal -based pernanent

magnets is ¢ "b ?b%vé&llmopyat t AP rﬁeﬁ)&’ﬁ'@d%‘n RS eS8 SR e dikh of
rare earth netal -based pernanent nagnets by a vapor deposition process is
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bl asti ng apparatus according to the present invention, if the bl ast
material i sPTPjeetERPfinder an injection pressure in a range of 0.1 MPs to
0.5 MPs, while rotating the tubular barrel in the blasting apparatus

according to the The shagspefitienPasrel nes ppéskhnl fedmt FoR, cxoritdre Sppor t
menber in tile blasting apparatus according to the second enbodi nent of the
present invEmponaat thelu e lonay b§[§’@éd’g°rl?aé iramgret 590 8uShBsh ¢ B0 dpm
(desirably in a range of 1 rpmto 10 {) , th_e surface treatnment of the
rare earth i Actagerl, if it is tubular. If 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.l 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 wélls 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



per manent magnets can be carried out uniformy and efficiently. EXAMPLES
The blastlng apparatus according to the present invention will be further
described in detail by way of follow ng exanples, but it will be understood
that the blasting apparatus according to the present invention is not
limted to such exanples. The foll ow ngiyexanples were carried out using
sintered magnets having a conposition of 1413d-79Fe-613-1Co and a si ze of
30 nrmx 15 m x 6 mm and produced by pulverizing a known cast ingot and

t hen subjecting the resulti ng powder to a pressi ng, 2~1 a sintering, a
heat treat fa , descrihed.q

Pat ent NOSIEEE%%['E ?i G%%%ém%seu%%r )r%%gplg enggrl]g sgvthF %hg?yierred
to as magn Flr t EX

Renoval gf 8&&% §$§§g§ ro)ace g?@%g %lalte i éce%?%oxdl ti on)

The renoval rrred on t he.surface of each of nmagnet test

pi eces was "ear rr| ngBﬂg%ﬁlg 8 tlﬁgeﬂfag‘ ﬁﬁigﬂ)par atus shown in Figs . 1 and 2

. The Cylindrical barrel, used . in e of a st ess_steel at
2 i amster of  SoERAMTSSRATE EAS REoRNBOT Yn LB RARS B bat 1% SF 8% of a
mesh of 70 96 an o was square with a | th of one side_ _equal :
mm and wit Rfa Wor %%&f’eF hganes ofyyhe jmqsp e) Gﬁgtndiseg? %I%@é‘?tg\ﬁe?%&pl aced
into the C¥I|ndr|cal barrel. Al undum A#180_ (nmde by Sinto orator Ltd
and havi ng QegPé?ﬁ of 2 WK BB Ko c BH nd ?1'69331’%5’1%@%“ Fsed™4s 8 bpas%
material and injected under an injection pressure of 0.2 MPa for 20

m nutes, whiPI% %ot‘%ﬁ#%&eﬁhéa&}b’llﬁhﬁr@aﬂg%a?r6& ¥ dt0 8 fpm TEREKUPPFRAREer the
bl ast material was injected for 20 m nutes, the ten nmagnet test pieces were
renoved fréﬁﬁ@hbséwﬁﬂhdﬂié&Pnb%Qﬂ%ItaﬁéesU%PeEPéalEblatgdﬂﬁﬁbéh@b§éPUat|on
using a scannln% el ectron mcroscope. The result showed that there was no
magnet testtpeddel man ahsthelexiafwdaryshel ¥iteoni athaogan tazed tther wofk. | n

piece, resulting in a reduced treating efficiency. If the
opening rate is larger than 95 %, there is a possibillity 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 1s taken into consideration, the wire diameter
of the mesh is desirable to be in a range of 0.3 mm to 5 mm.

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 pleces and supported circumferentially ocutside 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 the central axis of the support member, and
an injection nozzle disposed to inject a blast material against

the work pieces from the outside of the tubular barrel rotated



addition, five of the 414 magnet test pieces each had a cracking ~: J and
breaking. Exanple 2 . Second Exanpl e of Renoval of Oxide Layer Fornmed on
Surface of Magnet Test Piece (Condition) , The renoval of an oxide |ayer
formed on the surface of each of magnet test pieces was carried out using
the bl asting apparatus shown in Figs .18 and 4 . The cylindrical barrel
used in Exanple 2 was nade of a stainless steel at a dianeter of 355 mm and
a length of 600 nmand had an opening rate of a nmesh of 70 ~ (an opening
was square with a length of one side equal to 5.1 mmand with a wire

di aneter QhohtOi@kentdB@:diRSI den@hulche neXd d HEE b&ahpRardetn¥as adicyhded
radiately fromthe center axis into six accommodati ng sections fan-shaped

in SeCtiogpr%aM%%n%ﬁlhe%E @é%%%%b@?:?gﬁk@c%qt%PE?eeéggw?BgEhe

accommodat i ng sections of the cylin barre a total Of 414 magnet

fest Pl eces wer g aceapaLadaiiaLUE SULna 4 POt Leal, bRLteblopAlyindum

t
A#180 (made by tor and having a grain Size #in

"y octi on ieesth s 855R AT § pR R A o Far Pl chlg g0

i njection pressure o erot
cylindricagl barrel # 5 m éRES |t) Afiter the blast material was ,i,njected
for 15 niﬂ&ﬁeé?tﬁﬁég §nah§bﬁe %%ﬁﬁe 2&dEs 1 fef PPPRRBVR LT A e 102
cylindrical barrel and sub;ec;ed,to&g surface observati,on u ng a scanni ng
el ectron M d93opB. 2 THVG A2 dRoRBa RRBRTFHET e 3RS S FEgRBE &St pi ece
having the oxide |ayer left on the sqrfgce thereof . 7:n  2G addition, two
of the 41P3FgtP2iprprdads® Baeh et ha GrARLRG B Hr RAREHGPOE Sfpl e 3 .
Third Exanpl e of Renopval of Oxide Layer Formed on Surface of Magnet Test
Pi ece (Coridi BPoAPRYHBT r ERARAIC IGTC U edeinded Aldye PUE B ABAL DR I9E LuRfdde of
each of magnet test pieces was carried out using t he bl asting apparat us
shown in Migdhe suprars mepder Rf WP BRALIECAP 8 bR T 1t A& @hoBkanpl e 3
was made of a stainless steel at a dianeter .

the center axis. When the support member 107 is rotated about

the center axis by rotating the rollers 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 cylindrical

barrel 105 in two rows in a longitudinal direction of the barrel

at an appropriate injection angle, asg in the blasting apparatus

shown inFigs.land 2. If acentral support shaft 106 is provided

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 and moved. Fig.6 isadiagrammatic

side view of the inside of the blasting apparatus 101. The

individual injection nozzle 104 has an appropriate angle of



of 110 mm and a length of 600 nm and had an opening rate of a mesh of 70 %
(an opening was square with a length of one side equal to 5.1 mMmmand with a
wire dianeter of 1.0 mm) . 69 Magnet test pieces were placed into each of
the cylindrical barrels (a total of 414 magnet test pieces were
accommodated in the six cylindrical bafgels). A undum A#180 (nmade 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 MPs for
15 mnutes, while rotating the support nmenbers at 5 rpm (Result) After the

bl ast mat gfi-gh 1‘é(acioin”ji§0.ftﬁgl igg?%é\lxmﬂéli s -éJ‘LEiéx?%fm?;ﬁh’ée%y??ﬁhr%ﬁ@es wer e

renmoved fromthe cylindrica el s and subjected to a suiface observation

usi ng a sganLno; Gl g6ty PO, AL C1ascope, T 1enuldy Shoyed, LA nLIELe s no

magnet teSt "pi €ce having tThe' oxXi ayer € surface théereof. In
addition, one of the 414 net _test pieces ﬂ a crackjng a 27
breaking.uﬁiiﬁﬁﬂéYAagééﬁagﬁgﬁgHﬂﬁba€8gnﬁ%n?£ ﬁﬁ§3¥95§t%b%$e%gﬂﬁldﬁ?ﬁuaniIm
Forned on Surface of gne{hT st Pi.ece ,Cbngigﬁon),An oxi de hgégg formed on
the surfaf8°8f ‘&M 8f thé F‘r&@f’e‘ie%'eg? BREOIRES L PEMRRAF Antef "PHE same
conditions as ,in Exanple 1, and the cylindrical barrel containing the
magnet test FitdSed Wh“-he oxi de |ayers renmoved therefromwas renoved from
t he bl asting ap?aratus and attached to a vapor deposited filmformng
appar at us descr FBEd7| ¢ 8BSt g @finable #ife, Vi pivieg dnepdemiyaae thest
pi eces were subjected to a vapor deposition proqessh wher eby an al um num
fil mhavi fFaaR1evef syeleftéRAcRPBFA M yhORas 2orifedhdp aRRA Y déLof each
of the magnet test pieces. Then, the cylindrical barrel containing the
magnet tedtwopi aickess Akkiheg ithey bl ai head PRIERSL P GLuppe réeditiet he suPPaEés was
removed fromthe vapor deposited filmform ng apparatus and attached again
to the bl aembey sappey bdedaasedoisd tExerdd én thewhlerst iGRr A0 ¢ gk bws sbexds nmade
by Sinto Brator Co. , Ltd and having a grain size of

in Figs.5 and 6 (the twelve cylindrical barrels 55) may be

supported on support members 157, and a single injection 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 1is a diagrammatic perspective view showing an
embodiment other than theembodimentwiththecylindrical barrels
supportedon the supportmembers showninFig.8. Sixcylindrical
barrels 205 formed of ameshnet of a stainless steel are supported
in an annular shape circumferentially outside a horizontal
central support shaft 206, i.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
axis (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.10 1is a diagrammatic perspective view of the



#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
far 15 m nutes, the ten magnet test pieces were renoved fromthe
cylindrical barrel and subjected to a sayface observation using a scanning
el ectron 28 m croscope. The result showed that there was no nmagnet test

pi ece i nconpletely subjected to the shot peeving, and all of the magnet
test pieces exhibited a good corrosion resistance. Seven of the 414 magnet

test piecegy ?@ﬁﬁr?@glab&{f?&fgﬂ%]%e% BhEKL Nonp i1 HESC 'HHRGA @HOP‘?g yhe

cylindrical "barrel containin e magnet test pleces can be used

consi st ent hy oW 1A L1angLersh naof oL Amanst sty Bleces s H@?ggery

steps, i ep o renovi ng oxXI orne
surface of, gach %f ltth lr}’r}ggn&t éestorpla%%eso tlbes ste of f rm n a}lum num
filmon th&"sur each ¢ he nagne Thst®¢ plece ié A7a

deposi tion oce nd the ste al um num for_ d on
Che. surf acalst &adi%%fvvefh%%gﬁé?l%?t%% e ied 48 AR rlpceaév?%mea?
nevert hel ess e occur,rence of .the cracking and br { he ghet
teat piece§? Btahg? ?ﬁg’r‘?lflﬁeog‘é’\’/‘éﬂ ar?élgﬁéf’s‘?gs ’iﬁ%bg‘e}é “gﬁg\?% §Pa"Rt acki ng
and breaking can_be  inhibited. Al though the enbodi nents of the present

i nventi on RAGeCKLERCHESRTEi BREIFH 41 ;‘HS § PURPOT hEDERGer 880587t Rt e he
present invention is not limted to the above-described enbodi ments, and
vari ous nnéPPP@éFFéﬁ%’th%SH%EPﬁhmﬁﬂyeﬁéOﬂadelﬁﬁpﬁad%c¥&ﬁﬁﬂ&%?ﬁﬂ??BH?ihe
spirit and scope of the invention defined in clains. Substitute sheet -
23 Decenbef 05002 woedwAT 1ig epApkEDe| b0 1eapl by Lanidus tasper adasingoapdi si ng
a tubular barrel formed of a mesh net for accommobdation of rare earth

met al - basedeperainehtweorlymster e indokapieees ahdheorsiabieigbdubanreeént er

axis, and an injection nozzle disposed to inject a bl ast
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 clip (not
shown) . Net-shaped dividing walls may be provided vertically
in the longitudinal directionwithin thecylindrical barrel 205,
s0 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.1l1l 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,



mat eri al against the work pieces fromthe outside of said tubular barrel. 2
» A blasting apparatus according to claim1, wherein the inside of said
tubul ar barrel is divided into two or nore accommodati ng sections. 3 . A

bl asti ng apparatus according to claim?2, wherein the inside of said tubular
barrel is divided radiately fromthe center axis into two or nore
accommodati ng sections. 4 . A blasting apparatus according to claim1,
wherein said tubular barrel is detachably nounted. 5. A bl asting apparatus,
conprising a tubular barrel formed of a mesh net for accommobdati on of work

pi eces and f@@peﬁaﬁggegi 46U er aBthahk ¥mout si de1 g CEMePu1dive ebraesypport
menber rotatable about said center axis, for rotation about said center

axis, so thatp3aid tubul gl bardel o Far e ot aﬁﬁdr@i)oyészﬁéddgegaﬁgbwi s of

sai d support nenber by rotating said support nenber, and an I njection

nozzl e disgggggrggdigheg%eaSgkgggtnﬁggggggzggainst the work pieces fromthe

outside of said tubular barrel“rotate ut said center axis. 6 . A
bl asti ng apparat or.di, j i | i f i
tubul ar barrels g?Sggﬁﬂgg}ggﬁg?%ggﬁﬁgﬂéﬁﬁ%g}%éﬁggggggbgﬁﬁﬂg%éﬁ%i3??$g%utside
said center_axi.s _of sajd.support menber., . Substitute sheet. - nmber
2002 30 7 °° ogﬁggpfdﬁkgﬁﬁ% gfﬁgngcg%$%ﬁ?ﬁf i)%?lg%#$§F %ﬁ%ﬁkﬁﬁﬁ%gal gt@ubular
barrel and/ar,sai,d support nenber for supporting, said tubular. .barrel .is
ot achabl'y ‘ot &t 4 bPBREatupofteP il o't Bnf ks o P RRHCRE Ui ng
a bl asting _apparatus according to.claim . A process for blas
Surtaces OEPRGHIC BT LSV BB h S 2RISR R Sespar AMETIeO A IR Y S LP AR 5.
10. A process for bla tin% surfaces of work Eiec S a cordinq}tg clajm9,
wher ei n { héPRorWoFBEBE RS 3R7L0 R Ahe e &F £ BIEREE TpEP s HARL Tig b B® 11, A
process for treating the surfaces of rare earth netal -based permanent
nmagnet s, cGONPPit&FngarKE8Lst 8pde bR chahbyi PRI B DA e q38yet of BAREd ConE Re
surface of each of the rare earth netal - based pernmanent magnets using a
bl asting afpiiatdstactld? AGFntR9gsataegréped, 1p ity iigssdind paBAFAF Y Barr el
containing the rare earth netal -based permanent magnets with the oxide
| ayers rend¢€@rdRafeftPoheol ig4itd e8hpParenfefbefNEOPT8BPPGr LNKHAREHPH -
tubul ar barrel from said blasting apparatus, and attaching said tubul ar
barrel or said sUppdriastemseprparatyapscodedas tedhridendnt anhgdapparat us,
where a netal filmis formed on the surface of each of the rare earth
met al - base@ £peh freied? e magimete thyora hagpoengepall € i ashy grtoresss whizh mipiocess
for treating the surfaces of rare earth netal -based permanent magnets
accordi ng be dleaicmnibed bled opr.ocess further includes a step of renoving the
tubul ar barrel containing the rare earth netal -based pernmanent nagnets
havi ng the netal Firbhs Evenedhehetkongarg dniveirsupdomo ke pdecesorrgupporti ng
t he tubul ar barrel Substitute sheet - 23 Decenber 2002 31 fromthe vapor
deposi t ed biel anbdeatag appdcablsstand ateamoiemy Shiedwoubub becdmryaal ber sai d
support nmenber again to the blasti-ng apparatus according to claim4 or 7,
wher e t he mpiealedfid asmaléesubjonriteith t@meackhbtt hpemwd Niger twbfildd parrels
S. Aa, . AN, . A@ AS. A@ A@ Aaf 9. ANf. A@ A (S. ANf. AN. A
(. AS. A3f . Aur8 tAuefr. tARn NUS. 1839 ASBA(ft Mt AXSIAGLS W rgaYYub . aA¥ET Gk, M>} F
| wr mhe/XU] ¢
a] ca] ca] cajioaiiciad cag e akbealoaweEncy|cafced] tal capfaheajaa ph¢caf eghdakeal caj c
a]ca]ca] ca]cRa] c<aUca]ca! KG @]

one another can be more reduced, and the collision energy can

be reduced and hence, theworkpiecescanbestirred homogeneously
and efficiently in a state in which they are less piled up one
on another. Therefore, it is possible to more inhibit the
occurrence of the cracking and breaking of the work pieces.

Work pieces having different shapes or work pieces having

different sizescanbeaccommodated ineachof the tubularbarrels,
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to the first embodiment of the present invention, or the support
member in the blasting apparatus according to the second
embodiment of the present invention at a rotational speed in
a range of 0.5 rpm to 30 rpm (desirably in a range of 1 rpm to
10 tpm), the surface treatment of the rare earth metal-based
permanent magnets can be carried out uniformly and efficiently.
EXAMPLES

The blasting apparatus according to the present invention
will be further described in detail by way of following examples,
but it will be undersﬁood'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,
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Surface of Magnet Test Piece
(Condition)

The removal of an oxide layer formed on the surface of
each of magnet test pieces was carried out using the blasting
apparatug shown in Figs.l and 2. The cylindrical barrel used
in Example 1 was made of a stainless steel at a diameter of 355
mm and a length of 600 mm and had an opening rate of a mesh of
70 % (an opening was square with a length of one side equal to
5.1 mm and with a wire diameter of 1.0 mm). 414 Magnet test
pieces were placed into the eylindrical barrel. 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 20 minutes, while rotating
the cylindrical barrel at 5 rpm.

(Result)

After the blast material was injected for 20 minutes, the
ten magnet test pieces were removed from the cylindrical barrel
and subjected to a surface obhservation 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, five of the 414 magnet test pieces each had a cracking
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in Example 2 was made of a stainless steel at a diameter of 355
mm and a length of 600 mm and had an opening rate of a mesh of
70 % (an opening was sqguare with a length of one side equal to
5.1 mm and with a wire diameter of 1.0 mm). The inside of the
cylindrical barrel was divided radiately from the center axis
into Bix accommodating sections fan-shaped in section. 69
Magnet test pleces were placed into each of the accommodating
sections of the cylindrical barrel (a total of 414 magnet test
pleces were accommodated in the entire cylindrical barrel).
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 cylindrical barrel at 5 rpm.

(Result)

After the blast material was lnjected 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

pliece having the oxide layer left on the surface thereof. 1In
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apparatu8 shown inFigs.5and 6. Eachof thecylindrical barrels
used in Example 3 was made of a stainless steel at a diameter
of 110 mm and a length of 600 mm and had an opening rate of a
mesh of 70 % (an opening was square with a length of one side
equal to 5.1 mm and with a wire diameter of 1.0 mm). 69 Magnet
test ﬁieces were placed into each of the cylindrical barrels
{a total of 414 magnet test pieces were accommodated in the six
cylindrical barrels). Alundum A#180 {made by Sinto Brator Co.,
Ltd and having a grain size of #180 according to JIS) wasg 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 observationusing a scanning electron
microscope. The result showed that there was no magnet test

plece 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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, and the cylindrical barrel containing the magnet test pieces

with the oxide layers removed therefrom was removed from the
blasting apparatus andattached toavapordeposited film forming
apparatus described in US Patent No.4,116,161, where the magnet
test pieces were subjected toa vapor depositionprocess, whereby
an aluminum £11lm having an average thickness of 7 ym was formed
on the surface of each of the magnet test pleces. Then, the
cylindricalbarrelcontainingthenmgnetteétpieceshavingthe
aluminum £ilms formed on their surfaces was removed from the
vapor 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 observation using a scanning electron
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As degcribed above, the cyl ndrical barrel containing the

magnet test pleces canbe used congistently without transferring
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 plece 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 teast pleces other than the seven magnet

test pleces each having a cracking and breaking can be inhibited.

Although the embodiments of the present invention have
been described in detaill, it will be understood that the present
invention is not limited to the above-described embodiments,
andvariousmodifications'indesignmay bemade without departing

from the gspirit and scope of the invention defined in claims.
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10! 10%@ (otafipld 4Bt )a EaREBas,- ardd@n injection nozzle disposed to inject a blast
material against the work pieces from the outside of said tubular barrel.

2 . A blasting apparatus according to claim 1, wherein the inside of said tubular
barrel is divided into two or more accommodating sections.

3 . A blasting apparatus according to claim 2, wherein the inside of said tubular
barrel is divided radiately from the center axis into two or more accommodating

sections.

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
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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8. A process for blasting surfaces of work pieces using a blasting apparatus

according 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 film
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 barrel
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from the vapor deposited film forming apparatus, and attaching said tubular barrel
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.



