TITLE OF INVENTION Method and Apparatus for Multiple Cutoff
Machining of Rare Earth Magnet Block, Cutting Fluid Feed Nozzle, and
Magnet Block Securing Jig 10 15 TECHNICAL FIELD This invention
generally relates to a multiple blade assembly comprising a plurality of
outer-diameter blades for multiple cutoff machining of a rare earth magnet
block. More 20 particularly, it relates to a method for multiple cutoff
machining of a magnet block, afeggknezziedasdeading cutting fluid to the
multiple blags. assesb giig ok fxedly,aauing the magnet hlock during
mach|nmg@y&t@&gﬂt@%@@d@@&g&m@é\?ﬁn apparatus 1\(i‘omprlglng s
such 25units. BACKGROUND ART * "~ %/sflegms or manutactrmg - =
commercial products of rare earth maaﬁet ek Srfﬁﬁle part system
wherein a part of 30 substantially the same shape as the product is
produced at the stage of press molding, and a multiple part system
wherein once a large block is molded, it is divided into a plurality of parts
by machining. These systems are schematically illustrated in FIG. 1. FIG,
la fllustrates the 35 single part system including press molding, sintering or
heat treating, and finishing steps. A molded part 101, a sintered or heat
treated part 102, and a finished part (or product) 103 are substantially
identical in shape and size. Insofar as normal sintering is performed, a
sintered part of near net shape is obtained, and the load of the finishing
step is relatively low. However, when it is desired to manufacture

TECHNICAL FIELD
This invention generally relates to a muiltiple blade

assembly compriging a plurality of outer-~diameter blades for

multiple cutofs machining of & rare earth magnet block. More
20 particularly, it relates to a methsd for multiple cutoff

machining of a magnet block, a feed nozzle for feeding

cutting £luid to the multiple blade assembly, & jig for

fizedly securing the magnet block during machining by the

multiple blade assembly, and an apparatus comprising such
25 units.

BACKGROUND ART
Systems for manufacturing commercisl products of rare
earth magnet include a single part system wherein a part of
30 substantially the same shape as the product is produced at
the stage of press molding, and a multiple part system
wherein once a large block is molded, it is divided into a
plurality of parts by machining. These systems are
schematically illustrated in FIG. 1. FIGZ. la iilluvsirates the
35  single part gvstem including press molding, gintering or heat
treating, and finishing steps, A4 molded part 101, a sinteresd
or heat treated part 102, and a finished part {(or product]




5 parts of small size or parts having a reduced thickness in magnetization
direction, the sequence of press molding and sintering is difficult to form
sintered parts of normal shape, leading to a lowering of manufacturing
yield, and at worst, such parts cannot be formed. In contrast, the
multiple part system illustrated in FIG> 1b eliminates the above-mentioned
problekts axkaHows: press hvpldingrandssintaring gicheattreating stepsier-
be perdsrmechwithshigh preguctviy.andveisatilitsJt 8ov: bECOMESs thear net
mainsieapa of s aseearbanagnetimanufastye. 1p.1% thespultiple part, .
systemeadnolded blogk 101,a0d:2 sipfered.orheal treated, block 102 are |
substaptially identical,n.shapg and size but the subsequent finishin StEp
requires ggé@gg. ,!:tiis thg EQXJ&E manu acture of finishe parts 16 i St e
cutoff machine the block in the most SHEERTARE 28 IEASER Lfe and
mannér-T661s Tor Suttihtf e &arth Affgh&BBHIRNIRIGEE tho BiFesia
diamoREgfindiiG WideFthfertarihatsr ob kARG ¢idirind grmg =t
bondetPicPan ifitet penphetpotettiin doughut-shaped disk, and a
di@mond grindigwiteel25 duterrdidmeter (8D} biadednaving:diarnosd in
grits bbigledito ehiouterperipheryaie thimdisknas acose-Nowadaysihe:
cutoff machiniag dechnolagy 1isieg:Qp blades begames.he;maipstiean,
especially-Fendhe:aspackal praauetvity -Fhe,machiping igchnolegy.using
ID bladgsdadowin. pradhctivity.3Q because of a sipale blade cutting mode,
In.the ﬁ@é%gggg&belalggftmg@ "Igf;ﬂ c‘utgnrgo?d%g_sg_lpgggl ) ﬂlustrates an

exemplar &ultkpleal%ggiﬁssgmm T commprising 2 plurality’ %ﬁ‘icﬁiﬁﬁnmmd
abrasive é]ad“es 19°c6axiany mounited 6n s Potatitg Shit 13t fdely
with sPARRFs TRt Shdtun) Badth bISIE LESR CoMPrievPS corerl ThIAhes
form of¥ tifdoughridt dftk &Rd Sivabrasieegiarelaferriravredronter 103
periphetdl fifn S tPEIcaRSARe THIS rtdtipleiblade assemblyEl is eapaiie
ofe mulsgietcutsft nfaghimngethat is, to machine a block into a plurality of
parts at a tim@oeols fear the maguiaatureof A Dhabrasive blades diamangd,.
grainstgegenerally-hoadedky ihreehdical hinding systems Siclyding
resin hending withsasingbinders, fmetal hogwith metalbinders,and .
electraplating, Thass sHieft abrasive blades are ofter lised i Sytting off 6F
rafe e%@e@-%%%@aq:c%m biade having diamond grits hondsd to an
outer periphery of & thin disk as & core, Nowadayvs the
cuteff machining technology using OD blades becomes the
mainstream. eszpecially from the agpect of productiviiy. The
machining technology using ID biades is low in productivity
30 because of a single blade cutting mode. In the case of Op
blade, multiple cutting is possible, FIG. 2 iliustrates an
exemplary multiple blade assembly 1 comprlsing a plurality of
cutoff abrasive blades 11 coaxially mounted on a rotating
shaft 12 alternately with spacers {not shown), each blade 11
35 comprising a core 1ib in the form of & thin doughnut disk and
an abrasive grain laver lla on an outer periphersl rim of ths
core 1lb. This multiple blade assembly 1 is capable of
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When cutoff abrasive blades are used to machine a rare 10 earth magnet
block of certain size into a plurality of parts, the relationship of the cutting
part (axial) width of the cutoff blade is crucially correlated to the material
yield of the workpiece (magnet block). It is important to maximize a
material yield and productivity by using a cutting part with 15 a minimal
thickness, rhabhining at ashigh aceyraey4e MinjmizeAMachining: ook into a
allowanzerand Gutingpekteg e, rard 4pgeeasing the number of parts
e et N
must b, 1, 19 e Sase of G Dlade L shgwn n F1C. 2. 8 CHrEDTE" -
usuall%ﬂ%dg@%ﬁiteﬁej mat%rlais fom the sefana%%r)lﬁ% 5F maAerfdh (Setng
mechanical strengt “OfthesS M S MAEARK HiftF todhersels IagSified
as SK*EREER AP 4R8 SKEPRCEBREIntRIFRb e IFS Bakidards arerth
often J&ERFfT Btfifféicial practice. However, in an attempt to cutoff
machine a haf@$haterigifSuches fare ehrthemagnretbya thin@B blade, rare
tHe priepart coretofalldy tdobsteeldis short inmeehanicalstrengih-and pares,
becomiegs: de¢drmesher:bpwed thying etholf pachining: 405iNg 30, o+ +hne
dimensionalmcaw@cyis cruONe splutinn 9 this:problem i15.a cutoff wheel, .
for usenthisaie easth magnet alloys,gomerising o Qfgemented o .
carbidg puuhish high hakdngss abgasiye grains SUCh o diamond ShA'SHy
arg bogq%glmgiatl%j& igggsgstg&ggg as 35'resin Bonding, metaP*® *41
bonding or electroplating, as’descr &R FP-A ﬁf@ﬁf?fﬁ?@s@%fmmmma
cemenited carbide-as the core niaterfaf PRt ESHiReKIifG Herorrrapimby the
stress%‘s’m(?&ﬁrlafnﬁ’f‘cﬁ’?iﬁiﬁ@’f‘éﬁ%?‘ﬁlg that rare earth magnet is cutoff
machined at &hiRHcEcUracs Moyt o shert supply ofreutting fluiddss
provid6eFtd- tHeretint Pdm ol g machiningofsareseatthimag aetk dheas
ctftoff wieadl. mehegivesrise tenprablesns likesglazingiarloadingavenwben: o
a. corefcementadwarbideis used swhichproblamsdngreasethe. oo o ¢
machinirg foige shiring theduosess:anddpduge.chipning and bowing, . .
providiagdetimentalimoact e tbedtadningd siale... ., Apkroaches to
addregs dhis;problemdoclude aégen%gge%%ﬁ% p grgﬁ no_zzaie§ ‘near ﬁ?fg Eu‘f&ff
blades for fqrcedly feeding cutting fluid to & clitting %‘é‘ﬁé%o“ﬁ?&ﬁ%ﬁ of®
a high,capacity pump to eéd a farge Vithifie Bt GG At PRaTHMFRr
approach is quitd difffe i TRblsm et iftdompiRatenawith meliptd a1 such
blade HsseHbly EonTp e a priralitFérbRRies-afrangbd atdcloset core
spaciify daifautt 2hnf btause Horrled wanedids catangedmear the
bladeg=hPHse |4rEe Bpproathoitgeding.adarge votument c1kting fhids the
dit stréamescrentdd arounskthe cutting parts during rotation of the cutoff
blades causethe suoitting dhiddodg divided and;scatterad away before ;i:t use
reachesdhe-auling paksbahioh pressud(s-appligdito e, culing fluid
to foreadlysfeed if, Qﬁ%@x{%%ffgﬁeg%ﬁ%@%e“@ré% high-acetiracy machiniig
because 36 g Pyoll Blades 0 b BoWed Endaaneratet Viiaon.
gga“%%éggtbondin ' I~ S%Stem sach as

g. metal bonding or electroplating, as described

in JP-A H1O0-175172. Use of cemented carbide as The core
material mitigates buckling deformation by stresses during
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Patent Document 1: JP-A H10-175172 Patent Document 2: JP-A
HO7-171765 Patent Document 3: JP-A H05-92420

machining, ensuring that rare earth magnet is cutoff machined at a
high accuracy. BHowever, if a short supply of cutting fluid is
provided to the cutting part during machining of rare earth magnet,
the cutoff wheel may give rise to problems like glazing or loading
even when a core of cemented carbide is used, which problems increase
the machining force during the process and induce chipping and bowing,
providing a detrimental impact on the machined state.

Approaches to address this problem include arrangement of plural
nozzles near the cutoff blades for forcedly feeding cutting fluid to
the cutting parts and provision of a high capacity pump to feed a
large volume of cutting fluid. The former approach is guite difficult
to implement in combination with a multiple blade assembly comprising
a plurality of blades arranged at a close spacing of about 1 mm
because nozzles cannot be arranged near the blades. Tn the latter
appreacn of feeding a large volume of cutting fluid, the air streams
created around the cutting parts duringirotation of the cutcff blades
cause the cutting fluid to be divided and scattered away before it
reaches the cutting parts. If a high pressure is applied to the
cutting fluid to forcedly feed it, the pressure is detrimental to
high-accuracy machining because it causes the cutoff blades to be

bowed and generates vibraticn.
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DISCLOSURE OF INVENTION

An embodiment ¢f the invention seeks Lo provide a method for
cutoff machining a rare earth magnet block by effectively feeding a

relatively small volume of cutting fluid to points



Non-Patent Document 1:Ninomiya et al., Journal of Japan Society of
Precision Engineering, Vol. 73, No. 7, 2007 DISCLOSURE OF
INVENTION An embodiment of the invention seeks to provide a
method for cutoff machining a rare earth magnet block by effectively
feeding a relatively small volume of cutting fluid to points of cutoff
machining to ensure a high accuracy and a. high speed of cutoff
machining. Another embodiment seeks to provide a cutting fluid feed

of HOZZRE, a\mgla%glo% securing jignand amagnet block cutoff.machining. -
~u: &PParatus con C\f“SI %h the same, . _In aprocess of multiple cuto :

machining a rare earth magnet BIoekBY providing &l late - eing fluid
FeeqsEetibly comprisirig apluFaityof-cutoff dbrasiveBlades meuntetboh autof s
nachotating shaft-atraxdaly:spaced-apampasitians, each blade comprising a

COE‘%'” thef(t)%ren%Sofgfthln dlsk or thin dQ ghguhdlsk and a genpheral

cutting part on an oliter peripheral rim of the core. And rotating the Plurifg et
bLogt Qitofabradivie bfades, thelifveatsts avetdund taba cuttingdluidisality of
cuteffectively fed to the piurality of cuteff abrasive; bladesby previdind a v spaced

apaCUtling ftttgrtged%o(% & haying g eutting fluid inlet at.one end.and a
pluralit % of slit$ formed at another end and corresponé]1 hto tfte pIurallﬁ/ 01b

lS%tﬁBff S BldtEs Sdéf thatan éiﬁé%fﬁe?tbﬁera%étﬁ@nwle‘amcatbfﬁm er
periglirasive blade may:bednsertedrin the:eorespanding slit:1 1 + y\While-the r ¢
abrdeednezzleds cambingd with the multiple blade assembly such that the . _

. outergenpheral portion of each cutoff abrasive blade i is inserted into the
St SGrréspénding St ihtRheteBbdizle® Anththe dutingeidiassFeerinto e
provfegdngozzlevthtough the inlefand injected thwough thecslitsithe eutoffi inlet at
one abrasive blades are rotated. Thep.the slits into which the oyter petipheral

COM|%osrt|oni§ of cutoﬁ abrasive blades are inserted serve to restrict any axial
of the Cutoff abrasive hikdes dUiing Tofitich ‘AetHe edie fiie: thea™ an
outegytiingifilid reaching the slif and<coming it cehtact withthedutesy be inserted
in tperipheral portionof each cutoff abrasive blade is entrained on surfaces of

th cutoff ahbraelve blade elng rota m%d anoel transported toward the

penp]hera cutting part- otzt e Cutoff Abrasive ‘brade By tHE Céntifigal fce
assegiotatisAl AS"a fedilt, thetcuttingrfimdkisadffectively detifered o points of
abxa@dﬁﬁfﬁﬁﬂﬂﬂnﬁﬁ]@ﬂiﬂ@ﬁﬁ@gﬂﬁt@kﬂﬂ%dQBBQé@ﬁHﬂH@ﬂ%ﬂgﬁﬂgagﬂ"ﬂﬂg BY.q

ffectiyely feeding a.smaller volume utt| uid than jn the nor art to
HOZZgélnttsC!l\{l)E%‘1 Cul?ngf(Lf'nl%Chlnlng ?cut%ffl mafg mﬁwréggf tlne m%egendetrﬁ” “can'pareh the
tnlefefformed aCatigh Hceivacy #hda High speed:itof fincthis emisodiment are
rotawhen catoff:.groeves coresponding to the plurality of suteff abrasper-+ions of
cutoBladasat larmedin the 5.sytfage ol henagnet biock each ulofl .,

groove serves to restrict any axial run-out dunng rotation of the
out 8br&§t§e%58éﬁmﬁ8§é‘%h‘t§r péripherdrpoftion isihsetted iftheBatsfpme time,
the groove.dT e cutting fluid flowing framteach slitin the feed-nozzle-and:n the
out=2CsS the suifages of the cutoff 10 abrasive blade; flows in '”Eﬁ ythe cltofl ; ed on
fgg%ove and is then entrained on the surfaces of the cutoff abrasive lade
Surt Ry Potated witsreby e dating flaidis Srréctively tedto thecblagensported
toweedtttﬁgfpaﬁrd@nngaﬁum&ptecutof@macnmlmgteByteﬁeﬁﬁlvﬁyieedmgaaade by the
centsmallervalyme. of eutting, fluid.thamin 15,the prior arttopaints of cutoff .
machlnlngjf (‘iutoff mgchlnlng of the magnet block can be performed at a
eliverns énds of dutoff machining on the magnet

ﬁlglh accturacy and a hlg% %

block during multiple cutoff machining. By effectively feeding a

affe

smaller volume of cutting fluid than in the prior art to



In connection with a multiple blade assembly for multiple cutoff machining
of a rare earth magnet block, the 20 multiple blade assembly comprising a
plurality of cutoff abrasive blades mounted on a rotating shaft at axially
spaced apart positions, each said blade comprising a core in the form of a
thin disk or thin doughnut disk and a peripheral cutting part on an outer
peripherah tin of thewod e HE: A5:ROMPESHIG ARail0fjig Seaents{ohe
clamping the saagnetlockindhesmachining Q&fmf%fnﬁeguﬂ%&ths%amn
magnet block; whereingne orhath ofthe J&%%Q@%&%eg pcr:%\:éir esdpgrl?d o
their suufases wih & plurally af ayide glogves.coysponding fo e cfor
alrasiye blades gotg%at he outer, 30 peripheral portion of Bach Elifch e
abrasiye blade may be inserted Jn?o e Cotres 3ﬁdﬁ1§§?ﬁ’88 giooveis-
effective for fixedly sécuring the by et btk rdtativenoxhe itultpte £
blade 45E8HBR, DR tR "B HfisIRf hereaioabidshrbiaded aré@Bsted in
rotate8h B thefoBtstoBeripigral Portions Shcatbif abvasiverbladesaresit
insertéd ikte thecbrrespénding quidesgroove shififerdheqguitie:graves
serve abrrestriet Ahydaxial cun-outofthe eutpiFabrasiveblades during,
rotaticm tFherautting fiuid Sowiagdrosreash slitindhedoad nezzle and . o
acrossdhesurfasesaiihe.cutali abrasive blade flows in the quide.groove |
and isifien exfained gn.tbessufagesaf e 8 ciiofi.abrasive blade beirg
rotategwherebythe-cutting fiuid is effectively fed to t@g“éfacf“e cutting part
qlgrin%&u#@% cu%gg gchégg\% %¥ ezfgecg:ve y'EfeegiI:lEg E %ﬁ'ﬁilifé]r"’\jrg‘lu‘}ﬁgn | in
of cutting, fuid than in t Jﬁeémor artto points of BRI SutstFrining
machining of the magnet BlocitBaPb& I Parrstni&d Atk fighettracysnd a
and aHigh EB&&4: In the cutoff machining method, either one or both of
the multiple BRJTPEI&EMITY (Ftidreinmhetdmtbdf abrdsivashblades aredeing
rotate®)gi@ therafreidamhanigivat block arereclatively moved fFB-QNEHe
énd toraliothee dricdd thesmaghetcomprising a plurality of catoff
abrasive blades mounted on a rotating shaft at axially spaced
apart positions, sach said blade comprising a core in the
form o¢f a thin disk or thin doughnut disk and a peripheral
cutting part on an outer periphersl rim of the core, a jig
25  comprising a pair of jig segments for clamping the magnst
block in the machining direction for securing the magnet
block, wherein one or both of the jig sagments are provided
on thelr gurfaces with a plurality of guide grocves
corresponding to the cutoff abrasive blades so that the outer
3¢ peripheral portion of each cutoff abrasive blade may be
ingerted into thes corresponding gulde groove is effective for
fiedly securing the magnet block relative to the multiple
blade assembly

On use of this 3ig, the cutoff abrasive blades are
35 rotated while the oputer peripheral portions of cutofsd
abrasive blades a&re inserted into the corresponding guide

grooves. Then the gulde grooves serve to restrict any axisal



15 block in its longitudinal direction to machine the surface of magnet

block to form cutoff grooves of a predetermined depth in the magnet block
surface. When the jig is used, and the multiple blade assembly is

positioned at opposite ends of the machining stroke, the machining

operation is performed in the 20 state that the outer peripheral portion of
each crtafoakrasivesblade:issinsarted dnto the gorresponding guide,, e
groovasAlies hexcto giganes Al umed the multipls Blads assemoly .,
s ersespvdelie pag e e Al o Ao
multip Q!ﬁde assem ax%/ the ma net cK are reVetlve oved 8o ds

to brln em closer in % éep Fairdction 6Pth&tutoh fh fife the

mag netubl%c%( R e BLRSF pRFISHEraY HorEon Braatn diefranidsivesiuid
blade fssun@gﬁéa%ﬁﬁ&ﬁfhé%tﬁﬁ g%@é%%h@%mﬁéﬁ@ Bloekrandiorthel =
guide §ro8vé iR R EithditoRé briiéteof tHewdakiple bludelassemblye of
(wheré&intthieufdii-abriisive blades areibeing rotated) antkthe nnagaet

block aperalbthvelycaoyet frech oneensktaasothenend.obthe sagpst

block peits dongtusinal dirgetiendarspachiaing the;magnet 35 block. This
machining opesatips issepeates-ane.Qumureimes yptil the magpet block .

is cut throughaubits thIGIeSS: s amb 1 C&%@@ Y, & bOd”{‘ngS& fine

inventi v Q Itipl mac inimg a rare earth -
magné%%gﬁk %%Eﬁm S %%%%%g&%ogz%é a?nggﬁgt Biock SBetiring figghare

ama l%oc cutot machlnlng apparatug B8%efe§ eIty the magaet
According to & fifst: a%@%df‘ﬁ?é‘ﬁwg‘ﬁﬁﬁﬁtﬁ‘f@ret% Beovitee: TiA thetireg of
for mUtfEREEUtSR ThabRirfiRt e TaFe 8ardt tRagRee Hlock-SdRitATetoel depth
comprSintPth@as8ss dilock sroviditey a Fhehiptedldde dssembly and the
compAgitEiaisiurakdeoteatof abrasive blades enadalby faubted Mk aos +he
rotatirepshaftiataxiathkspaced apatiposiionss aachsaid blade Soprisingy.
acoresituthe tarm aha thindiskor thin dovghnutdisk and a.pedpheral
cutting.park oReap:auerpernberalsim of the £org,, . provwidir deg ¢ytting
fluid fgeddirzzle having a cutting fluid inlet at one end and a p Ura ity of

slits formed at.anQther ¢ %g%rglcorres onding to the plurality of cutoff
abrasjyg, blades such that an ther geﬁ%%era?porfm n‘%f SAEN"BbtP e
e &

ghrasive Iag‘e may Be mserefea iR 1 rrEspondifighaf™et besRibifmey
said feea NozZle W%ﬁ fitipRe e ke rbAfeueRatae ticsadiarbe
periphEEt PortionCst Eﬁ%hr&}l%?ﬁﬂﬁﬁiié(s%v@l%c@|Sim§e?rt@@‘mu) tiem closer
corresporfdigieRtin Sanpfdd@moryléhe cutaff grooves in the magnet

block., While the outer peripheral portion of sach cutoff
abrasive hlade is inserted inte the cutoff groove in the

3¢ magnetic block and/or the gulde groove in the jig, elither one
or both of the multiple blade assembly {(wherein the cutoff
abrasive blades are being rotated) andé the magnet block are
relatively moved from one end to another end of tie magnet
block in its longitudinal direction far machining the magnet

35 block. This machining operation is repeated one or more
times vntll the magnet block iz out throughout its thickness.

"



feeding a cutting fluid into said feed nozzle through the inlet and injecting

the cutting fluid through the slits, and rotating the cutoff abrasive

blades to cutoff machine the magnet block while the slits in said feed

nozzle into which the outer peripheral portions of cutoff abrasive blades

are inserted serve to restrict any axial run-out of the cutoff abrasive blades

during rotation, wherein the cutting fluid reaching the slits and coming

in contact with the outer peripheral portion of each cutoff abrasive blade is

entrainad:onsurfaces of the cutoff abrasive blade being rotated. and. . ¢,
o dra sbporj[ecd lLr%ward 1,tlhe 1periphera]lfcuttinrgE art of tpe cutoff ak_)raswg b!ade Luie
mu"b:i}grt}he centrifugal force o rotation . whereby The Eutting Fiid i€ deliver8d 1o+
Feeqgifis?afeutoffiriathiningeon thecmagnet block during maitiple cutoffkx cutoff
macimachinings {2k The, methed mr[@hm@r?m lftt anhinitial Stagk;e orf] Cl;toffd

magchining. of the rare 5 earth magnet block, either one or both of sai '

m?lktél.| Sl%rﬁgigclj% r}acl(sjsgmﬁf 32%1(1@ ﬁ?ee%n%gonret%w%cﬁ%‘?gém‘riéjré)t?\/eI§/: Hioved frdm oY tded:
(11 oné étd 6 antikierehe o themanet b6k i its longitadinal directiomet block,
saidheteby machiping they sustace-ebmagnet block to foi cutoff grooves of a

r ined Jn.the magnet 10 block surface,. . the cutoff .

gb%%g't\%%ggegd g%%?f%@egr r%%\%é% %stuergt%ﬁ(ry cutoft machirte thé %rﬁéé net ¥ °F
Ut HGeR Whife tife RUTSHF §r669&s dntorwhich tid otePpéfphérdl poTtions oft
axighécutpffcabrasive blades ateinserediservedogestrictamy1badal 2 core in
the rg@fgzuggf gwetﬁytpféﬁgﬁaélyetw&qeéou hm‘fﬁe &yélil{n%gél I%ﬂO\éV%q%%I}n tl?ﬁ, cutting

cutoff groove including the cutting fdegﬂowmg from eachslft in said feed
PR §F 18 ard 5RFodS i Shiffate dt the &itofabrasive blade is entrained on

suracesofithezcutoff-abrasive blade 20 being: m@ﬁ@dm@@re&)@f&h&@t_ﬁm@id
:n1 dluidis delivered jopoints of cutaff, machining.on the magpet block during

multi Ig,cutoff machining. [3] The method of [2] wherein after the cutoff
SertSrobves are fornmed, Saidvhlitiple Biade dddembifis ietratied butside g o
outeps praghetblockeand eitherfore o both of Said maltipte blade assemizly inserted

in vaRd the magpetiblock ake relatively moved so as to bring them closer in
the dﬁp.th direction ogcthe cutoffgrooves in the ma%net block, while the
[als) g} d feed

outer peripheral portion of each cutsf™ Sa+d muttiple blade assembly such
that the outer peripheral portion of each cutoff abrasive blade is
inserted into the corresponding slit in said feed nozzle,

feeding a cutting fiuid inteo said feed nozzle through the inlet
and injecting the cutting fluid through the slits, and

rotating the cutoff abrasive blades to cutoff machine the magnet
block whiie the slits in said feed nozzle intoc which the outer
peripheral portions of cutoff abrasive blades are inserted serve to
restrict any axial run-—-out of the cutoff abrasive blades during
rotation,

wherein the cutting fluid reaching the slits and coming in
contact with the outer peripheral porticon of sach cutceff abrasive
blade 1s entrained on surfaces of the cutoff abrasive blade being
rotated and transported toward the peripheral cutting part of the

cutoff abrasive blade by the centrifugal force of rotation, wherehy

the cutting fluid is



30 abrasive blade is inserted into the cutoff groove in the magnetic block,
either one or both of the multiple blade assembly and the magnet block

are relatively moved from one end to another end of the magnet block in

its longitudinal direction for machining the magnet block, which ma_chlnlng
35 operation is repeated one or more times until the magnet block is cut
througkrities- iicknessi nfd] The method b3 wbeseimthadapib:fithe oex
cutoff gpoongsrand tbe«distanee ofanemeneant in the depth direction after
formatian of th%u{@éﬁg@@,@@@;%@%j@m 0.1 mm to 20 mm. 5 [5]Th_e
methoc of [Slay L4l wherain.a aghiuipaslieps igng.the,moung.dregion
B o B e Dt e bace
machiped.in |re%ti%|i)1 o%poiléet tio)gge moving direc |or1% h

blade as aeﬂfngﬁ/ relative to the magnet bIGEE 6 f@fﬁﬁ@?ﬁeﬂfﬁé’&%fww
of [2] ﬁ)ﬂf%]tv{\)/herrlgiiﬁhﬁfe BRtigherdl TatAAE Park bt the'eutotr abrasive lade
has a Wit Woand e hy ifere febeen Seslesias sewidth ffrom inorels to
than WCATIN 18 @AF 675RMTe S [P Theredthoof fldavheren anjig-oensigiirg
of%a p&irer% ofyifsegments for clamping the magnet block in the

machining dirgetionsace provided te seairestha-magnehblock: at40Rg O
both cftienjig segraents.ase provided:on-dheirstifaces with a,plurality. of
quide groeves sasspendinro tie:pluialy of culaft Aiasiye bladeg such
that the, ouiter 20-Resiph eg@g_erggt'%ﬁaofi%g{%%géofégfggiﬁi ¥P§g§é§§gan§
inserted.into espondi o _
bﬁideggaﬁgelroi%%%tﬁe% trglgﬁgggrgo%\%sa o whtdf e outer peripheral

portions qtf cUtOT Sbrasive biades ard sl St eS P idswreary axial

25 run-out or the EfofPAbTaRH < bideS tRifiy réEAlbreach s1it in said

feed nozzle and across the surfaces of the eutaelf abrasive
blade is entrained on surfaces of the cutofs abrasive blade
20 being rotated whereby the cutting fluid is delivered to
points of cutoff machining on the magnet block during
multiple cutoff machining.
{31 The method of [2] wherein after the cutoff grooves ars
formed, said multiple blade assembly ils retracted outsids the
25 magnet block and either one or both of said maitiple blads
assembly and the magnet block are relatively moved so as to
bring them closer in the depth directicn of the cuteff
grogves in the magnet block,
while the cuter peripheral portion of each cutoff
30  abrasive blade is inserted into the cuteff groove in the
magnetic block, either one or both of the multiple blade
azsembly and the magnet block are relatively moved from one
end to ancther snd of the magnet block in its longitudinal
direction for machining the magonet block, which machining
35 operation is repeated one or more times until the magnet
biock is cut throughout its thickness.



the cutting fluid flowing in the guide groove including the cutting fluid
flowing from each slit in said feed nozzle and across the surfaces of the
cutoff abrasive blade is entrained on surfaces of the cutoff abrasive blade
30 being rotated whereby the cutting fluid is delivered to points of cutoff
machining on the magnet block during multiple cutoff machining. [8] The
methothof [7jwhereimthe guids grooves in the jidsagmentextend.ae:
lengthyebdvem a4 A8 e from dbemagnel- blagk which.is.sequred by, .
the jiga+ {9} The-method gE(Zhar [Ewherein, ... Lan jnilal stage of, -~
cutoff ggaghining of the rare earth magnet block, either one or both of said
muyllti lade assembly. and the magnet block are relatively moved from
oﬁye EISO {e%n% to%a%%tﬁg?%%ﬁd 8t the %36%&%@&?’?&% %ﬁ‘&iﬁﬁéﬁ%‘?%iﬁﬁﬁfﬁﬁﬁ
thereBy RSchin§IRESLAAEE BERAGHEE BB KD forit Butel grooves of als
predef@fgdfied ‘depiteiFaE thabhet’blbeksuried with the pravisecthiatn
during’Bvaétiiingatthe aupbsiteddmdsintheafathining divection:dhe
outer &@sgetipheralpottiens of Gutokiagheasiveddndes are inserted into the
correspondingguitecgeaoves anthenig segments, (5] theeuieff gigoves
into which the-auterpariphealnodions,of the cutoffiphiasive blades ate
insertedaerve, ta.rRstrct any: axig) run-out of the cutoff abrasive blades, .
%5theng$tgn&lg%i%ﬂ%yi@g} i%?;?g)c%gﬁ glyroov; mcludw:g the (]iuttlng f]!lilr‘(lj
owing.from slit.in sai nozzle and across the surfaces of the
c:itétofffa!,:k}rralgiﬁesg %Iéﬁggﬁg cgfh?rzaiﬁfgg ginqegf' rfacés bt the Aot abfasive bRt
being rotated wiareby the cutthigHithd istfelReTBE P20 Foittts Brtutoff
machiiRg o e Thaghet Blodkd @ity Heftigie GRewmaeHintmgretob Tk,
method of ar§PEn&%f 7 20 90] Witerbif sftemgntsuto groovesdren their
formedsHdefiuttiple Blaptiassémblyisaetictedousidedheanagieing to
block grrd eithver grier ordbatirtof 2 S5asaigsmirdtiple=blade:-assembly and therar
magnetblpbkade portion of sach cutoff abrasive blade may be
inserted into the corresponding guide groove,
the cutoff abrasive blades are rotated whils the guide
grooves into which the outer peripheral portions of cutoff
abrasive bladss are inserted serves to regtrict any axial
25 run-oult of the cutoff shrasive blades during rotation,
the cutting fluid flowing in the guide groove
including the cuzting fluid flowing from esach slit in said
feed nozzlie and across the surfaces of the cutofs abragive
blade Lls entrained on surfaces of the cutofsf abrasive blade
3¢ being rotated whereby the cutting fluid ie delivered to
points of cutoff machining on the magnet block during
multipie cutoff machining.

[8] The method of {7] wherein the guide groeves in the jig
segment extend a length of 1 mm to 100 mm from the magnetl
25  block which is secured by the Jjig.
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relatively moved so as to bring them closer in the depth direction of the
cutoff grooves in the magnet block, while the outer peripheral portion of
each cutoff abrasive blade is inserted into the cutoff groove in the 30
magnetic block and/or the guide groove in the jig segment, either one or
both of the multiple blade assembly and the magnet block are relatively
moved from one:enettaanether eng:-of the yare-eakth magnet block in its
Iongltu.dlnql dgecggnif&[@gghgyggeth&m%tgb;%g&ﬂm@ %’?Qﬂl‘f}lgln o
operatiqn s, 3 keReatad gpe gr mate times until the f@agggsﬁ lock IS CUL . e
irououbiA Igkpess, (L4 Thenellod o (10 wherdh R G 220
the cutoff grooves and the distance of movement in e iR drellish o
& ansther eng of the n o i
after formation of the cutof grooves SR ot Frsiio o mirhtolondhtdfas)
The method 6f Any Bié BITOTG T EHirherain Srdfinify Shesstalohigthac
moving “dife oA UG tHesmaE HinkieSperatisn¢d abplidd e thbamagrett
block BéftF nidéRred irvhrirsbionoppesitete theumbvingadiraction of thene
multiph®bredé fasyetn biy: réfativestonthe magnetblacke , [E3EThemethod of
ary ome-offFbtellghbwhienein dheqeripberaluiliog padaithecuielic teq
abrasivetblate: has-axegthdin ang.the slitin.the fegd npzzle and the quide
groove in the fig.segment hoth,have;a width of fram.more than W mm to
(WGl mrn: Agcuging Jo 4. seeanaspeclol e iventon ere S -
prowdggs'k_[:‘li%]tl%gfgngggggnrwgbo% @gﬂlp‘lg gu% assemjbkfy?or mu gﬂg
cytoff machining of a rare egr?h_ magnet blGck, SRR PR b L ades .
assempbly_comprisiig & prurafity of st ¥bridive blsdse osaanye
mount}énaé/ S A BtaliTg SHatt AF axiatiy sharetrap AROpo St ss Kok said1a
blade THHfipfifga E8fk AFRRE SoffcoFihrrdisictr thin dotgh utidiskive
and a'péishérlutintppdriosn srrdatespefiphesabinvof theoreye biade
cuttingp$iiid feetiavezzienfordferding acutting fluid ia the rdtipleblade,
agsenmolin said feeduozziehavinga eultinglwigd niet atong end.and a
plurality. Df Sits ferneg-akapeihergnd and corresponding to the plurality of
cutoff gharasive.blades such:t QUL ppg,iphgga p rg;gg af each cutoff
abrasiye, blade may e meggﬁébeggggegggpgiﬁ%g'ﬁ-a o
nozzle of [14] wherein the @%nggral %ug&ncg art &t 1e cu SRS :15 N
hlade has a width VWV, %ng the slit In the feed noZ2fe AES"E witth 6Ffrefhn o=
more than W mmto (1456 nfii° Ttar AR paratie 98r E Lk R hatkiing a
rare earth mMagnet BISER E8nptising TRerSutHReIGiPResY HozZite ofdad or
[15]. ACCFTEHTG t65. thfrdcasséE: sF e srvanticheterenistprovided:
while the outer peripheral portion of each cutonss
abrasive blade is inserted inte the cutoff groove in the
30 magnetic block and/or the guide groove in the 1ig segment,
éither one or both of the multiple blade assembly and the
magnet block are relatively moved from one end to another end
of the rare earth magnet block in its longitudinel direction
for machining the magnet block, which machining operation is
33 repested one or more times until the magnet block is cut
throughout its thickness.
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[17] In connection with a. multiple blade assembly for multiple cutoff
machining of a rare earth magnet block, said multiple blade assembly
comprising a plurality of cutoff abrasive blades coaxially mounted on a
rotating shaft at axially spaced apart positions, each said blade comprising
a core in the form of a thin disk or thin doughnut disk and a peripheral
cutting part on an outer peripheral rim of the core, a jig for fixedly
securing the rare earth magnet block comprising a pair of jig segments for
[11 plafﬂ@in%ﬁmaam&gglembmcwé ﬂaqzm@ﬁ@irﬂegtd{rgﬁﬁ;]%@;]réwwggm%ves and
§ agnet block, and a support plate, ne or both of the jig segments o
e b D8 B At TS I RS o1 JLIdE g oveg e tion o tre
Cut Corréspoiidingitethe plurality ofleutofialbrasive blades, and the support
[12 plaie&ei@@ij@f@v&dﬁdaﬁﬁ _Eﬁmup@er wﬁa@ﬁe withya pharadity, of gﬁ@@%ﬁa ing stress
ree ing to the guide grooves in the jig segments, so that the outer =
ot e eI Ao IS ol b R TP =
Lo Whrésptiding guit e grosverafiB] Tk jig. of (i7pwhersinciiecgdide to the
mo v igrgovesdnttherjig segments extend a length-efskmmto-2004nm fromthe magnet
11 odmagnet block which is secured by the jig. [19] The jig of [17] or [18]
wherein the peripheral cutting part of the cutoff abrasive blade has a width
L3 5w T8RdtRE U a8 gradveiRtheig déghterthas Bfidthrof 6 Riore thim:
cut MAbgmetor (WeB) rnim . cAcedrding te ai fourth aspect of the iavention atherers s1it
in ﬁHQVHQEE &%9&6@f%%a?%%%ségﬁﬁéﬂgﬁéﬂééhHH”Q%%J%?%F%@QAQ%Qn@%th have a
» “tlnqlogk, gcorfr}@rlsmg the Jig for securing the magnet block of any one of [17]
Y% [19] FABVARTAGEBUS EEFECTS'SF INVENTION By effectively
feédingra smalter volaare of cuttieg fluid thar inthe priofrart topointssobrovided:
114 cuteff machining..the;magnet bleck multiple cutaff machining method may. . ¢+
machf%?“irt;ateo ugoﬁ; gnachiningjof arare egrth magnet block at a:high accuracy
"Chand a’high Spéed’ The ivenfigh Thal e bf gréat worth irFttie ry:Ssembly
COMPBRIEFIDESCRIPTION OF DPRAWINGS2s1 ve FiGideschematically meunted on
a rdiustrates:rare-earthJnagnet past manufagturing progesses including press o
molding, sintering/heat treating and finishing steps, showing how the 5
“shape %f?)acr?srghéﬁg%%?n?t E%U%geéés%el I%teo%tss. G, 258 perpatiived sk and
2 PYfielHEstratinig-oRE exefiplaty wultiple blade assemblynised in the core,
invention.ing rEIGa3ilustrates.one axernplary.cutting fluid feed ngzzledn ..
1 odi C invention, FIG. 3a being a 10 perspective view, . . .
o b S P 32 Dot Fon i A G 4 betge e
at ogg é?ﬂ&rgféﬁiv?e\ﬁjd‘fﬁ%}é)’( fEfG 18y, formed at another end and

corresponding to the plurality of cutoff abrasive blades such that an
outer peripheral portion of each cutoff abrasive blade may be inserted
in the corresponding siit.

{151 The feed nozzle of [{14) wherein the peripheral cutting part of
the cutoff abrasive blade has a width W, and the slit in the feed
nezzle has a width of from more than W mm to (W+6) mm.

[16] An apparatus for cutoff machining a rare earth magnet block,

comprlising the cutting fluid feed nozzle of [14] or {157.

12



FIG. 4 illustrates another exemplary cutting fluid feed nozzle in one
embodiment of the invention, FIG. 4a being 15 a plan view, FIGS. 4b, 4c
and 4d being cross-sectional views taken along lines B-B, C-C, and D-D in
FIG. 4a, respectively. FIG. 5 illustrates a further exemplary cutting
fluid feed nozzle in one embodiment of the invention, FIG. 5a being a
perspective view. FIG. 5b being a plan view, FIG, Sc being 20 a front
view, and FIG. 5d being a side view. FIG. 6 is a perspective view

CAtng 1 feec nozale.of FIG. 5. with cutol abracive bladea bong | >4
utting fluid feed nozzle o . 3,.with cutoff abrasive blades being
T pseheid 5 S In e TeBcMUbsI6 SEEIGST 18 S-BEIRPcib dlanF ote cutort
maciihgstrating thattheerarerearthanagheb blotk isseutofimachined usintpthe semb 1y
comgombinationofimultiple blade.asser IIQJMM@E@%U%iflgdﬁ%iiégggs;%‘%@eniQun::ed on
FIG. 6, FIG. B .illustrates in perspective view the steps o cuto ‘
: r%ﬁéﬁ%?n&%a?a7ea2aratﬁ1rﬁ£é%ef foccigugﬁé@rgng%i%%ﬁ%?y maghet Biotk - =<¢
COMISEEHHG fig T Bhothei 8tbBodifhertt of thelinvehtibne FIGH Brillastratesiin disk and
a p{perspeetive viewithe proeessofan suteff maehining arareearth magnet -
Dlaskiysing.ong Sxemplary o Myllple, 0 ade. a3 mp Y, NG EXEMRIRY, - prising
cutting fluid feed nozzle, and one exempfary magnet block securing jig, ‘
& PEIG. Ya BEing A Perspettive ViSRPEIG. ObhEIRGTE plant visw, RIGhgctachining
dirdeing:a side view,rand FlGe ¢:being arftemt, views a sudd&dQiare,
grephically plots e aceutaty aLiigifIess, of MRSt RISEES AN, curraces
. _Examples 5, 6 and Comparative Example 2. 5F| . 11 graphically sehow_s
Wltqh%y%é%%ﬁ}éﬁ%nﬁﬁegﬁﬁg%ﬁgfoOV@S corresponding to the plurality of

cutoff abrasive blades, and the support plate being provided on its
upper surface with a plurality of grooves corresponding to the guide
grooves in the jig segments, so that the ocuter peripheral pertion of
each cutoff abrasive blade may be inserted inte the corresponding
guide groove,
[18] The jig of [17] wherein the guide grooves in the jig segments
extend a length of 1 mm teo 100 mm from the magnet block which is
secured by the jig.
[19] The jig of [17] or [18] wherein the peripheral cutting part of
the cutoff abrasive blade has a width W, and the guide groove in the
jig segment has a width of from more than W mm to (W+6) mm.

According to a fourth aspect of the inventicn, there is provided:
120] An apparatus for cuteff machining a rare earth magnet block,
comprising the Jig for securing the magnet block of any one of [17] to

f191.

ADVANTAGEQUS EFFECTS OF INVENTION

By effectively feeding a smaller volume of cutting fluid than in
the prior art to points of cutoff machining, the magnet block multiple
cutoff machining method may facilitate cutoff machining of a rare
earth magnet block at a high accuracy and a high speed. The invention

may be of great worth in the industry.
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mchining in Example 6 and Comparative Example 2, DESCRIPTION OF
EMBODIMENTS In the following description, like reference 10 characters
designate like or corresponding parts throughout the several views shown
in the figures. It is also understood that terms such as "upper’, ‘lower",
"outward”, "inward", and the like are words of convenience, and are not to
be construed as limiting tggmg: Haederraal=S4sed ko with respect to
the center of ggirculag lade(orthe axis,ola shaf) and a diretion parallel
theretg&g%?ggg;&%ﬁ%ﬁg ég%a@%gje%g&% toz’fgg:gééﬁgr%ofn ggnet
circulasriq,ggeizl:!@%éngtllo&f Eﬂgrpugﬁe;cuto m’éc%iﬁ’lng 8 PAP&EERh 20
magnef bloc Oaccorciing fo the'i enﬁoﬁ%%@?é%pﬁﬁﬁ%sblaﬂ’é’%%%%rﬁﬁw the
comprising a gu%ﬁysofsgﬁfbwﬁb?ﬁsﬁ%éb%ﬁ‘é’?ﬁ%%lﬁﬁ??ﬁtﬁunted ona
rotating shaft'at“axially SFadsd St pissitiony, éachtiaseloomprsing a
core i tRBHOFAY oA tHiR tisk brdhinsougtinutdisk andpetipheralon .
cutting part o ¥5 ah sdterspenpheraheneofitbe 0orexBy: ratating fhe cuieff
abrasivezblades, theemagnetiblack isccuteff machinadhaleng myltinle.lines.
Any prierastuteli-knovew muttiple Magesassemblymay he used inthe ;o o

multipte-satotfmaachiniag-methes. vis shown &ﬁ&&%-&&ﬁ%f)‘gmﬁ lary, .,
multipie dladg assembly 1 includes a rotating shaft 12 and a plurality o

cutoft abrasivg;plades pr, QP blades. 14 coaxially mounted on the shalt 12
alternaiely it spacers ot Shownl, 2, 2 XY e Y okiéns,
Each blade 1T ncludes a corl B the fgﬁn%%‘ﬁ’ i disk 8t thinta being
doughndt disk and a pefiphetal ctittifg 4t orearasire yranebiomied views
sectiohPi& bRt AP gutdPeriBrRrafrifn dtthelbdteltiF Notetthat e aumbety .
of cutoff abrdgive Blaths:3148 %6t pafvetiady lmites atthaugh the fiuia
numbérot lladessgdnerally rangesieom 240tHR0 ini9dladess. sa being
illustraterbirstiee examplesef FiE: 2 shheedimersionsof i COFeAre;B0hey g
particalaipnt view, and FIG. 5d being a side view.

FIG. 6 ig a perspective view showing a combination of
the multiple blade assembly of FIG. 2 with the cutting fliuid
feed neczzle of FIG. 3, with cutofs abragive blades being
inserted into slits in the Ffeed nozzle.

25 FIG. 7 1s a perspective view ilivstrating that the
rare earth magnet block is ocutoff machined using the
combination of multiple bhlade asgsembly with cutting fluld
feed nozzle in FIG. 6.

FIG. 8 illustrates in perspective view the steps of

30 outoff machining a rare sarth magnet bleock using one
exenplary magnet block seturing Jjig in another embodiment of
the invention.

FIG. 9 illustrates in perspective view the procesg of
cutoff machining a rare sarth magnet block using one exemplary

35  multiple blade assembly, one exemplary cutting fiuid feed
nozzle, and one exemplary magnet block securing jig, FIS. %a
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5 limited. Preferably the core has an outer diameter of 80 to 200 mm,
more preferably 100 to 180 mm, and a thickness of 0.1 to 1.0 mm, more
preferably 0,2 to 0.8 mm. The core in the form of a thin doughnut disk has
a bore haying a diameter of preferably 30 to 80 mm, more preferably 40 to
70 mm. 10The core of the cutoff abrasive blade may be made of any

desiresemajesiale capemany used inrgdtofbpladas ingluding stesls SKe o,
SKS, siRgSKE.and S, although cags.aficemented carhide are

preferred be e the cutti of, blade. tip can be thinner. Suitable
cemegltgé;lggcl%a:ﬁ%segf g%gﬂy‘ggﬁg&ré%m%e rﬁs':a%ealﬁ%‘lﬁgecyal?gy %f‘ngl}%ﬁg s of
pqwdered carhides of metals in foups VB® VB &hd VIERi thée Peribaeeie 2.
Table, such as WC> TIEISCNBE *FRES AP CISEmmRaT aFgsults of
cemented with Ee® G 2Ri TP Ph, ‘SR ARRpeamsrcst. Oftiwise, 2 .
WC-Co, WC-Ni, TIC-Co. and WC-TiC-TaC-Co systems are typical 20 and
preferred for use herein. PESIRARIEGNhora| BEGNgBANOr abrasive
grain-bonded sediien s formetttGesvet theouter peripheralsim.of the
core amd-oersists essanially of ahrasive graingsangiadinder - TYRICAIN: ot
giargnggﬁgkf&aﬁfi@{aﬁ %@}x%f%ﬁm%ZQ\&feQi?m%P%Q“&%QN are

ondegd e thenuterpeript ri e Using.a binder. Three
binding systems inghiding ﬁ%@gﬁéﬁdéﬁfﬁ%@gﬁgézg metal B6iding
with metal binders, and eIgc_tLr%%!@t%Q are t spléa[:ande any gf?@‘the‘?"ﬂﬁn%*ﬁﬁoém
ysed herein. 30The peripheral cu m% part or abragive Gfaifthtftied:s used
section has & width Win the #iekRBsE orasiar dirkction 8fthé Corebsvisicks
is froM (T+G'0) MnfBS (F+ 3Rt AbrAFeferabRPET£00 2B ttoe( Tee)n
mm, prRAdEd thif tHEbréifias e fitiekhets EhANCeuterpottian ef theiar
peripRéf&ieas cutting part or abrasive grain-bonded section that projects
radially outw&re frevnithe dutermperiphpsabirnef the 40reihas 2 pLiection
distameamstichlispreferablyfd @ 10mMnvagre Jrefgtably %@Lﬁl@”&a ade
deperdingionytheosizesafiabrasive.gainstohe honded, An inner pg Qlfns of
the pedphesakqutting,pagt gglagJrggicvaetgﬁginéplgggedtsecgggt at rgala y
extends:.9nthe.corg.nas.a coverage | ist%gcea V\é@l}?} iS5 prelfgrasﬁ’ly‘?(‘ii f%t:a:‘u
10 mp, gpoge preferably 9.3 to § mm. Ih@eﬂspamnghb%fl\_/yéaﬁ Gy oF @ thin
gprasive bI%des mav be - G & paripheral cutting part on

an ouier peripheral rim of the core. By retating the cuteff

abrasive blades, the magnet bDlock is cutoff machined along
multiple lines,.

. g

]

Any prior art well-known muitiple blade assembly may
be ugsed in the multiple cutoff machining method. As shown in
30 FIG. 2, one exemplary muelilple bhlade assembly 1 includes a
rotating shaft 12 and a plurality of cutoff abrasive blades
or OD blades 11 coaxially mounted on the shaft 12 alternately
with spacers (not shown), i.e., at axially spaced apart
posltions. Each blade 11 includes a cora 11k in the form of
35 2 thin disk or thin doughnut disk snd 2 peripheral cutting
part or abrasive grain-bonded section lla on an outer
peripheral rim of the core 11b. Note that the number of
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suitably selected depending on the thickness of magnet pieces after
cutting, and preferably set to a distance which is slightly greater than the
thickness of magnet pieces, for 10 example, by 0.01 to 0.4 mm. For
machining operation, the cutoff abrasive blades are preferably rotated at
1,000 to 15,000 rpm, more preferably 3,000 to 10,000 rpm. 15 Fluid feed
nozzleutof: Bhrngivelltiplesestoff machiningof v sane. eayth magaet
blockrataistiing Hnidl musidie feddnathe cydeft abragive blades tg facilitate o
machinieg. (o thisRd thedventieniyses a quiting, fluigkfeed nazzle
having a cutiiag 20 fluitkinlgL & 01, ench a0d.a il of Sits folmed at
agother end and,corresponding to the plurality of cutof gjpraswg 1 des
such that an outer perip eral E3|ag’ortion of each cutSH abrasvePighe r%a%?b&"’

inserted in trie CorreSpondint sﬁt._%Agﬁsﬁd%ﬁnzi”ﬁ“FI%. 8 afiqdypre of 0.1
cutting Hcic 18 rdYote BHITGAES A holIoWF ndz3 1@ oudiry 2aandm the
laterat TOhdtit 20 iie LOMRAEDLHES o6 endowiichiy bper: té tefirteancs
inlet 27 $6PERRtHg TRIIGArkP aMbtherendmttteheiio onhetsida ofithe hollow
i8zzle housifirp2adtosprovidedluidi3@ tommunicatipnasithidhe bollasse or
interiempr derd chistributing sesebind of the dousing+2a-Apagion of the
hollowsnozziehorsing 2aswhiciris apposedio the ane: side {Qr.eanduit 2b) .«
is provisled withca phurality of slits 21 TheJwmber af,slits cqrresponds to_
the number of cutaff alwasive, 35 blades and is Eyep'gaﬂxde%%%g% oF
aumigr.of cuigif abrasive blades in the multiple blade assem f‘y;fhe rbid
number of slits is.not. Qartlcplar@/ |.m|ted1 a?_tﬂt.)ug% the ﬁ:ﬁn‘fﬁg?’ﬁ_ gliggrpides
generally ranges o 3 165106 with 18P &itd Susfatee® if theBianiesof
FIGS: 3and’4 For & pdtposdBF cotitrollifg the=afmo it istoaringfiumh ted
inject&tithrbtigFihe Eits Mhie RmBar ofsliesnwibesgreatesdtian OF these,
WC-Co, WC~Ni, TiC-Co, and Wo-TiC-TaC-Co gystems are typical

20 and preferred for use herein.

Ihe peripheral cutting part or abragive grain-bondad
gection is formed to cover the owuter perinpheral rim of the
core and consists essentially of abrapive graing and a
binder. Typically diamond graing, cBN graing or mixed grains

25 of diamond and oBN are bonded to the outer peripheral rim of
the core using & binder. 9hree binding systems inciuding
resin bonding with resin binders. metzal bonding with metal
binders, and electroplating zre typical and any of them may
be used herein.

36 The peripheral cutting part or abrasive grain-bonded
section has a width W in the thickness or axial direction of
the core, which is from (T+0.01) mm to {T+4) mm, more
preferably (T+0.02) mm to (T+2) mm, provided that the core
hag a thickness P. An outer portion of the peripheral

35 cutting part or abrasive grain-bonded section that projects
radlially cutward from the cuter paripheral rim of the core
has a projection distance which is preferably 0.1 to 10 mm,
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5 the number of blades so that during operation of the nozzle when the
blades are inserted in slits, some outside slits are left open. The feed

nozzle 2 is combined with the multiple blade assembly 1 such that an

outer peripheral portion of each 10 cutoff abrasive blade 11 may be

inserted into the corresponding slit 21 in the feed nozzle. Then the slits 21
are arrengegai®sparing which eoresponsis-te;the spaging hetwegn

cutoff abrasivesbiadas, 3 1. anskthe,shits 21 gxtend straight and parallel to
cach Qibeiphalbe shees.andansiion.gtiia [beg nozie sis.anc ilel,

are noflimi o hown, naFlGGrS. and 4. Another exemplary ,
daed rtl%;gél%%ls?ﬁus“t%rlateé} i l%?f 5 TRIEEGHMFHtiFreg rich is

cugting@fl;égja1‘(‘aa§9L Js illu

nozzle' 2 includes a Hollow nozIte hBeEh§ e ERaH ténding chrititit 24.

The conduit 285045 HPuPREF &Y TieRSs Bpas ioddfiiden et 22 for
cutting iR %he &abfrdieéhdarendied terarvepperiwatiofthetholonet pieces
nozzle*hosikg Zal iy providl etk conimurscation avith thedhellewsinterior

or fluick eistribiitiruy eeservoin28 ohthehousiag 2afAdnkpoticraf the,,
hotlowemerele:25:90usity 2a whichuds remote from the conduit 2b is

provided withrpluiality of siits2d-athenurpher Qfslits carresponds:tosthe
number-ef spiet-abrasive bladas and is fypically equal topthe number of

cutoff ghrasive,blades in the myltiple @ge assembly. The humber of slits
is not 30 particularly limited although the number of slits generally ranges

fram 219 }gofgyegh 19 gggs illustrated in the example of FIG. 5. The front

portion 0 4 ing 2a which is provided with slits has an upper

wall tapered fOWATE T tidtat @itk 6F SI/e$b thik thetez zletroasini: 2a
35(or HOWBW iMerrdr) Hast4 et cti-size fusthickngss) abthesliteist

ends. EBHhiS ErBEdIReft the: Stite 21-areiatrangedata 5pagiag the

whichigvtrespendsstestie spating betweensatofbabrasivehlagdes 1. ang;

the slifs- 2ldexterd straightaatparallel toreach othernthisfeed nozzle

whereindheeglitpartiomnotb e bousing:ls 1BPered: @ atity of cutors
abragive bladeg such that an outer peripheral porticn of each
cutoff abrasive blade may be inserted in the sorresponding
slit.

25 hs shown in FIGS, 3 and 4, the cutting £luid feed
nozzie 2 includss a hollow nozzle housing 2a and a lateral
condult Zb. The conduit 2b has one end which is open to
define an inlet 22 for cutting £iuid and another snd attached
to one side of the hollow nozzie housing 2a to provide fluid

30 communication with the hollow interior or fluid distributing
reservolir 23 of the housing Za. & portion of the hollow
nezz;e heuging 2a which is opposed to fhe one gide {or
conduit 2b) is provided with a plurality of slits 21. The
number of slits corresponds to the number of cutoff abragive

35 Dblades and is typicelly egual to the number of autoff
abrasive blades in the muitiple blade assembly. The number
of slits is not particularly limited although the number of
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cutting fluid may be more positively injected toward the 5 cutoff abrasive
blades. Likewise, for the purpose of controlling the amount of cutting fluid
injected through the slits, the number of slits may be greater than the
number of blades so that during operation of the nozzle when the blades
are inserted in slits, some outside slits are left open. 10 The outer
periphetaitpoior of dachrauteff dbrasivedladeoyhighis inseyieddnto the
corresponekng=alidnitheriecd nagzle Juastionsssuch that the auiting,fluid
comingJreantact With theiquioff aheasiva.bladgs is,eptrained. onthe. .. .4
surfacesouier perinheral pagions)pfthe,cutoff abrasiye o %l@%%g%m%m

transpgyle in ff machining,on the magnet block, Then the

slit ha§§a§<§iﬁf§%§i?%ﬁgsi%bge,gge%erqgiahn the witlth of the Citoff &bPR&kEe
blade (1€, the wi th W of the duter cutting BT “ThFStgh Bhts HiRifgitbd 2=e
large a Wétﬁ?ﬁne“ cutting fluid may not be effectively 20 fed to the cutoff-

abrasive blad&88and%e MErE Hactiorf of etitRg fluid Fhaydrai eiaydfrofnoe
the slifs ¥Aded tHEheE péripherak entthvg pereothecutofiralbmsiven
bldde mraseffviehiasignn) afe slit mathefeccthnozzée preferably has a
width ebfrorammoiérthani¢ mimn to. (W6} aam, sata preferably25 fiom:s 23
(W+0.afmertaféa6) M. spacikheuslit-podion-2da:.atthe feed nazzle 2 s
defineskhy.ewallhaving.a-certain thickness: A thin wall has alay Sémfﬁ
so that the slits may bergadily defoimed by, contact with the blades or the
like, failing in.g.stahle supply of 30,.cutting fluid. If the wall is too thick, the
nﬁiz%%goﬁﬁa}g‘%%%%feﬁgg P G s o S bt
peripr}graigortlon of the cuio abrasive blaGeWhich Sfsertedftotthe slit
may riot come it T e8mtaditwithihe ittt AEf PRATATheseE noYoRsed in
Then fHE slif porfiot 38 FaRs thefet d iz e 2zhas A Wallthieknessollow
whichR7#7e$ depridingionan@ materat ofavivichdtis made, and preferablys
i$90.5 ¥641C-mmpatieretive wraktis imadeof plastes:andse. 1t 5«mm when
the watkis:made ofimetabmatesisds. The shiithassechadengthihatwhen
the outee peripheral poriie m%m@@%@fft%b%@@aggd_%dnégﬁ%icaﬁion
with the hollow interior or fluld distributing reservoir 23
of the housing 2a. & Ffront portion of the hollow nozzle
25 housing 2Za which is remote from the copduit b is provided
with a plurality of slits 21, The number of silits
coerresponds to the number of cutoff abrasive blades and is
typleally equal to the number of cutofs abragsive blades in
the multiple blade assembly. The number of slits is not
30 particularly limited although the numbar of slits gensrally
ranges from Z to 100, with 19 siits illustrated in the
example of FIG. 5, The frent portion of the nozzle housing
2z which is provided with =lits has an upper wall tapered
toward the distal ends of slits so that the nozzle housing 2a
35 (or hollow interior) has a reduced size {or thickness) at the
slit distal ends. Also in this embodiment, the slits 21 are

arranged at a spacing which corresponds Lo the spacing

=if-



5 into the slit, the outer peripheral portion may come in full contact with the
cutting fluid within the feed nozzle. Often, the slit length is preferably about
2% to 30% of the outer diameter of the core of the cutoff abrasive blade. It
is also preferred that when the outer peripheral portion of 10 the cutoff
abrasive blade is inserted into the slit, the slit be substantially blocked with
the bladewbut withest contast with-theiblade., Ferdhe:urpose; of injesting:
some of dhesitting fluid girestiy ip the.cutoff abrasiye hlade, Ihg magnel
block @@ga@maemnsgl@%mggn@é Hlpgr,eeeing 19 130.09 deseribed

lat h t t iphera
&?Jﬁ%ﬁ%k c? LS Syche el e e oL TR

portion o the SIS et uRbToERed. %%‘ee?’é'é"& nofﬁl“e?‘% EBRRSIRBPRith the
multlp‘i:? BAGE PG RSB Iohs Show AT G uband e stieR tharthen the
outer PeHpherathoRTBiEsT tie TLAGH drasive Blags<r] hsertedtintdtie of
slit 2 1%efrsfesd Hodzldvz Lrpthisestats, couttifig-heichiszintrodueed thto tedes
feed rozzlérEehrmdghithelintet. 22 anrd injected thraugh 4be slis?2Leand 25
the cutoff abrasive bladesetlaterotated-cThandhe.nagnetblock M iseyt.
off bydhecqeriphesal cutting peuts ha-of the blades 1. Ihe feed nozzle.,,
may he.eppesed 1o g magnethlogkwith the @8&%%3% VEs %ladcsemslng n
interpgsgd.therebgtwgen tﬁgggﬁ.ag%gjg the feed ozzle may be di oseciL

mﬁe sn the

30 ab e magn tblock ch t ecuto rasweek?la es_may pass
througg;\;{%ftg S|ItSa{I%t e féed 3r“fl?)jhzz]fe verticany %So{/vn\ﬁ/affa rﬁﬁfé\?{/ﬁda}i‘f‘%ﬁ”&

noted that the conStricBAof the hitiphd Blede SRR THPRRESSE the

and 7“@%% SENEEs iMB9E. Devith ke fefefe it é harukrtrSuassideating

like 3SPafEST thavrdiativelf Blose didtancetséivebnabivsiitslindhel foed .

nozzl&kmaiife migret Bleckus edlvartaepusirt & supphpugh slits having
too large & width, the cutting finid may not be effectively

20 fed to the cutoff abrasive blades and a mors fraction of
cutting fluid may drain away from the slits. Provided that
the peripheral cutting part of the cutoff abrasive blade has
& width W (mm), the slit in the feed norzle preferably has a
width of from more than W mm to (W+6) mm, more preferably

28 from (W+0.l) mm to (W+6) mm.

The slit portion 2la of the feed nozzle 2 is defined
by a wall having a certain thickness. A thin wall has & low
strength so that the slits may be readily deformed by contact
with the blades or the like, failling in a stablse supply of

30 cutting fluid. If the wall is too thilck, the nozzle interior
may become too narrow to define a flowpatn and the outer
peripheral portion of the cutoff abrasivs blade which is
inserted into the slit mevy not come in full contact with the
cutting fiuid within the feed nozzle. Then the slit portion

35 2la of the feed nozzle 2 has a wall thickness which varies
depending on the material of which it is made, and preferably
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of cutting fluid by entrainment on the cutoff abrasive blade surfaces, but

too close a distance may interfere with motion of the cutoff abrasive

blades and magnet block, injection and drainage of cutting fluid, or the

like. The distance between 5 the slits in the feed nozzle and the magnet
block is preferably selected such that the distance between the feed
nozzle.and.he:uppersuraeca afitbemagnet hlogk isdnthe.range of k@ 50 .
mm atstheseqdkal Mackining {in méllte&trae@asx,@m@iﬁeg feed nozzle is

spaced 1 to t e r surface o magnet block at
thee eg mﬁ%?&%ﬁ%e%%&r% fhgé%t e %uat}cl e%jila e as‘%%m I

& he Biock are disposed 4% ?és@‘r’%é’d%%@ \Riﬂﬁﬁrfﬁﬁd

feed nozz € an

cutoff AbFasive b?acf’es ar8%otatsd, BtRePBRETr %‘;%xﬁ&ﬂ?o?‘?ﬁ’e%iﬁﬂlﬁi% full
blade SESEHbIY &SRB HE Foddh oz idhd Hie FAagnettidek are
relativVefy Aovedgirf e |dRpRtRing aneforhickhedsdirettiorr of traghethe
block)oWithrthelemrireyr pafiscke ptareomtachwittuthes magnet blecliade. 1t
whereby temagrétbioek is:machined:nA/henthe maagpei HlockR9-iSn o
machited ithisavayr-adiigh aceueagy: of cateffmachining.is ROssbIene «14«
since e slits serve 0 1psickay Pdalrunautof the qutoflabrasive ., ...
bladeg.beingrotateds Aroupd %cg&qgjgggaggleig@q‘%s which | rotate at a
high V@&%‘%@a%%ﬁ%@m% eti)rog Th%atr Streams 25 Torm so as to

S We

surrogﬂnd the e;aa cuttin garts of the cuf:dfff a%raswe biadss: Thi® if
cytting ?Pw §' rect |njegtec? TOWATd the SefipRBFRRELTIRT parteBF iR Iis
cutoff aﬁcar<313|\5}*ee Brad 5}/3 St etting Hhid dontaeYs Wit tfesir srkenastarie e
scattefBaawhy (HEFebyPTHERNE e BRF 3098y F ohttrietstie somtattvef
cutting ¥rA& With hectittifgiparstand Hdrice arpefficient. sppply of cuitinge
fluid. mLédnirasteftthenbetdigthat the outer peripheral portions of the
cutoff abrasivenblatiestane insertecintedhe: slits insthe fead pozzle 50 thats.
the cuteHeabasive Hadrsweoniact 3% with the cutting,fluiddp the.interior of
the fepsk-ngrales the it stieamswaie blackaed by the fred nozzle hausing
(slit partion)sa that thegutting fuid may.gontactyvith the oyter .~
state, cutting fiuid is introduced into the feed nozzle 2
through the lnlet 22 and injected through the siits 21, and
25  the cutoff abrasive blades 11 are rotated. Than the magnet
block M is cut off by the peripheral cutting parts lla of the
blades 11. The feed nozzle may be opposed to the magnetr
block with the cutoff abrasive tlades interposed
therebetween. Alternatively, the Ffsed nozzle may be digposed
30  above the magnet block such that the cutosf abrasive blades
may pass through the slits in the feed nozzie vertically
downward or upward. It is noted that the construction of ths
multiple blade assembly 1 in FISS. & and 7 1w the same as in
FIg. 2, with like reference characters designating like
35 parts.
A relatively close distance between the slits in the
feed nozzle and the magnet block ig advantageous in a supply

20~



peripheral portions of the cutoff abrasive blades without obstructiqn t_)y the
air layer. Accordingly, the cutting fluid that has reachgd the slits in the
feed nozzle and contacted with the outer 5 peripheral portions of the cutoff
abrasive blades is entrained by the surfaces (outer periph_eral surface a_nd
radially outer portions of side surfaces) of the cutoff_ abrasive blades being
rotated@rditimder thecentyifegat-foreesdueds rajationokthespiofve viads
abrasivedsiades, Hhtransperteddowaickthe, peripheral Qiting arts ofibe; o,
cutoff abrasivea-blades abhg-cutting fluid t%@ﬂ@éﬁ@%%@@ pﬁ{ljpe%etr%n and
cutting,partsis.transpertad fo.Aoings of cutgll _@Q&an'%gh”a% SINE cveen
bigck gshg,Gulof abigsive lades fotate, ] hig ensurce Tat he'Cltting
fluid is efficiently 15 delivered to egow?t% of cqto“ff%%hﬁﬂﬁﬁ. T is, Infe:ari
turn, pper?nifér 16 rediice the anount of eutting ffiid ?@H@%&’&ﬁ%ﬁy, e
areas of thachiiifg¢an TE Shetidi c dtiedhe nagngt i evidlertthit thes
cutting HefE f8Ed nG£2IRC0FR0rthet ifveriibrPfs Bffeletivenin feedibgecutting
fluid té-=tPapparatSioredfoff hackmidgre rareeasthemagriet blacls driihe
methctPRsTEnilitpletbatoffrmachinitga rare Roeadfnemgnehliook, 4he ena
magnet bleckeisamrachined by cutoff abrasive blades while feeding cuttln.g
fluid to the cuteffabrasive hlgdesain the Rrocess: & magaehblock securing,
jig consisting aha palEeLiig.seaments igpreferably.used for clamping the
magnghblack in the saaehibgedipecion ol S0 xedly securng lne magnet
hlock. e gebol gf.he.Jg segments are provided on éir stdces it
a plurglity of guide grooves correlsfg)o]pcﬁng 0'the QLo shrssive bigadss
that trfé’ outer peri %é‘c”?arflap%}ﬁ%nk_)o eacﬁr&tbﬁléﬁﬁé’ﬁ% Bt nfay behe .
insertad1fito The Corr@8FoRtITG tilfdegrobvesgsmre °8 StRgwstomdock] with
exemphfyThEGHE BBEksSs&eatinghigepraisting of atpaimekjig segiments.
Dispo¥etf-6hi talsie™etsa slpport platec-82mrawhickea ragnethleekdvdsi
réstedsAmachined in this way, a high accuracy of cutoff machining
is possible since the slits serve to restrict anv axial
runout of the cutoff abrasive blades being rotated,
Around the cutoff abrasive blades which rotate at a
high velocity, air streams are produced. The alr stroams
25  form so0 asg fto surround the peripheral cutting parts of the
cutoff abrasive blades. Thus 1if cutting £fluid ie directly
injected toward the peripheral cutting parts of the cuteff
abrasive blades, the cutting f£iluid contacts with the air
streams and is scattered away thereby. That is, the air
30 layer obstructs the contact of cutting fluid with the cutting
parte and hence an sfficient supply of cutting filuid. In
cantrast, in the setting that the outer peripheral portions
of the cutoff abrasive blades are inserted into the slits in
The feed nozzle so that the cutoff abrasive hlades contact
3B with the cutting fluild in the interior of the feed nozzie,
the zir streams are hlooked by the feed nozzle housing {slit
portion) so that the cutting fluid may contact with the outexr
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pair of jig segments 31, 31 are disposed at longitudinally opposed ends of
the support plate 32 (FIG. Ba). The pair of jig segments 31, 31 are
adapted to clamp the magnet block M in the machining direction
(longitudinal direction) for 5 fixedly securing the magnet block M to the
table 30 (FIG. Bb). The jig often consists of a pair of jig segments although
the nusabesiaf jigh seemantssis-ROtMited Qacethe g sedmants, 313
are plggggggcqmpggetrgg@%%t block M from its opposite ends, the jig
segments 31 are detac secu,ér%_d to %E Bb!t[ 30 %thread Nd e

screws %]Eb kee@l{]g %h I'oc c am e screws Are”

used {6-36eura the jig SegmeAts §1a{)odth%°féfbﬂ‘é i 8 b tiftént of

FIG. ?%@&3&&%6%&1‘?&%"%%%%?h@ré%r%dfﬁé’%ﬁd%gﬁﬁents

may be*seetreEd, foF éXampler pyedtillzingea 15-phebrratc Brfydrauiic!
pressstiallyThgtiky segénts 315 31 &re provided brrtheirsurfaces with

a plurahteeigeaide giosvesi3tamorzespoading tedcutofiiabrasive ixages

11 of muidtipletitade assexabby 1o N ete-thatthenumber ob guidagyooves

3ika isthehppsicdarhlimited:20 sithoigh-19 groqves asgdlystrateddndhe, ¢+
example-at HG. @aﬁasTh%&J@é@ﬁ%h%@lﬂ?q@ntogggcgeggggé the

abras a tq th res ing guide grog e 3la_
in the%i%i%%%ﬂ%%%%é%%ﬁ%%% %tcg?i t?g%u%g%roo%esgs ﬁl aﬁ%%a £

f abragt Bl
arranged af a spacing which-corres onds? She spacing betweern —=9e#

cutoff Abrasive blades T aRd e guids JFBoveen ‘éjsé?feﬁﬁl Straigheandy
rallgﬁﬁf“g%}éﬁdotﬁcér?%é’a?ﬂ%ﬁ %%bﬁ’ﬁﬁ@eﬁ Ak emlide yt6oves 31an -
is equtTBOriless thaf e HREKFREE ST Afaghdtprtesldividéed(cut) from
the mégaet ok 130\Whenahezmadghesblookisasseeurae bytthesfigang the
cuttingdleiigds fed from the feed nozzle, the cutting fluid that has contacted

with the outerpetipherabipettienaf eashsiteff-abrasive klade within the:
feed nozzlersantianedbythe-sutfaces ebiheicytoff abrasiva blade, -
introdugpg-ipte 35:the cprasponding, gride groove dn the jig. rapsporte

to the magnet block and thus delivered to the point of cutoff machlnlng In
the caﬁegof machining with the feed nozzle

In the method for multiple cutoff machining a rars

25 earth magnet block, the magnet block is machined by cutoff
abragsive blades while feeding cutting fluid to the cutoff
abrasive blades. In the process, a magnet block securing jig
consisting of & palr of jig segments is preferably used for
clamping the magnet block in the machining éirection for

30 fizedly securing the magnet block. One or both of the jig
segments are provided on their surfaces with a plurality of
guide grooves corresponding to the cutoff abrasive blades so
that the outer peripheral portion of sach cuboff abrasive
blade may be inserted into the corresponding guide Sroove.

35 FIG. § shows one exemplary magnat block securing 4ig
consisting of a pailr of jig segments. Disposed on a table 30
is a support plate 32 on which a magnet block M is rested. &



used or even without using the feed nozzle (for example, in case cutting
fluid is directly injected to the cutoff abrasive blades), if a provision is
made such that the cutting fluid may flow into the guide grooves, then the
5 cutting fluid contacts with the outer peripheral portions of the cutoff
abrasive blades when they run through the guide grooves, is entrained on
the sustacesgoytes pedpbetal portionsyef the syiatabrasive blades,a1,
transpgiteddovwargthe-magnet.pleck and.deliveredito the points, Qf%%ggf}’
10 maghiningmihen the Wg{trgggegﬂbggﬁd% grgg Sr{%(;éld Igfe iF(%_reai‘gr ok M

than t t toff ab S|ve Iad width
perip Eﬁ \MQ rtltrf%fzgiaﬁ%n 8% wf? g %:enga%ove 08 arge the

h of eac
cuttin UI anno é%fechtlvéﬁa RG] jtﬁg%ﬁoﬁ aARivebtada® Provided
that 15 the petih ﬁé‘r%l ThthA %&ﬁzﬁf%@Eu%ﬁ%ﬁa@ﬁ&%@d‘@w%wldth
W (mﬁ'ﬁ“ﬁﬁ@%ﬁﬁd%eg%W§h6@ld%ﬁe?éﬁﬁﬁ§i%\ﬁé anwidthief-tedre thandAthe
mm td ¥V F6¥RFRHANd ‘mofé preferdisiyeffons (WHdi ) Then e+ 6) aax M
The gtiga drooverhas e tergtisin e maghivng20 direction whichdsan 1y
preferasiydnthecranige oblimmaoiOtnryasand meregyeferably3mntey.
100 mimas meagwed fromnhemagaet blask whigh is fixedly secwed by
the jiguré theguider-gronye: has.2 gagth of Jess than 1 mim, t Q&%%'CLG of FIG.
groovg, iscless.effective |%&§¥e{glqg§§cﬂ§gilggdo%he c_yttlngn%S uid or

acco tting fluid, when the cutting uid is defivered to 1hé
\ggrkgg%%géﬁgéggég eg%Lé &c% and [e%i S effactive i providing H&tffidient
e

strength SGASEBIo FXEE Tt the guide groove has a length

of more than™ i”go i, SREEREE: Ot delivertiny B By fiuiti®i30ghetaces

machifify ﬁré’é‘é’fﬁ’jlﬂﬁ@eﬁ%c?‘b*f%(ﬁﬁﬂma stfficientrstrengthito keepsthes s

magriEt bk iddare nollovgerébtmiced, sind 4heamraralimasbiningnat

appaidteisiiebemest|argedsizedowithoutimeriss nThepdept-of 2ach guide s

groovetigselected appropsiaterdepending=an.ghe Deight of themagnet;35 .

block. Preferably dthesguisie-graoves 3ia-farmed indbejig.segreent slightly

deepet fhandhe lower-swiace af.the E%QQBSE?L%%%SEH%G%P dteh%J“gave 3la
in the jig 31 as will be described ister. Then the guids
grooves 2la avre arranged abt a spacing which corresponds to

25 the spacing between cuto®f abrasive blades 11, and the guide
grooves 3la extend siraicht and parallel to each other. The
distance between adjacent guide grooves 3la ig egual to or
less than the thickness of magnet pleces divided {cut} From
the magnet block.

30 When the magnet block is secured by the 3ig and the
cutting fiuid is fed From the fead nezzle, the cutting Fluid
that has contacied with the outer peripheral portien of each
cutoff abrasive blade within the feed nozzle is entrained by
the surfaces of the cuteff abrasive blade, introduced into

35 the corresponding guide groove 1n the jig, transported to the
magnet block and thus delivered £o the polint of cutoff
machining. In the case of machining with the feed nozzle
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As shown in FIG. B. the support plate 32 is provided on its upper surface
with a plurality of grooves corresponding to the guide grooves in the jig
segments (having a width equal to the width of the guide grooves in 5 FIG.
8, but not limited thereto). Since the outer peripheral portions of the cutoff
abrasive blades project below the lower surface of the magnet block at the
final staggs0f,cu ini f.the magnet block, these grooves offer
spaces,{q gc&%%gggg gﬁ%ﬁg% sr%ie%ir& t%)%t;gz%%orﬁ%zeﬁg? 10" portidi ﬁ%‘polfethein
cutoff abrasiye b dgeds. e ge-grooveé%upp%er? T pPSrerdats
because any extra load 1or the LGRS e DIFAEE (BHRACHR thie
suppoft Piatdds etirthdiad. TiwjidrésyHentgwhay e sade ofdany the
materif-having 448 streigai-to withstard ekimping fomes; preferatilyns of
high-sti&hgtherigindering ptasticsisrorhstaintess steelor-akuminitm basee
materiais; s well assgemented carbidessand high-steangth geramics.ifia
space savingsis desirable. e gtide.gOONeS LIS [ 0:SeGMENS AN s
groovesmin 20ythe: suppatt plate may be-aeeformad, Allsmarively, they may
bedformestinthg firskyple.of uatmaehioing by giofmachining g,
magnel,igcicot AumanawarkpIecs Wiich s propery secied aif.
grooveg, are formed in fhe Jig segments gga stipport piate; Which Protdss: -
is known as cp,(—fgnachinlng. B the embodimEntising the mighet bidekos
securing jig and préferaBly fife SUppGiPrate-he Sl FiaiSacaiedly be
segmentsSiEhiping five nvaghBe bfoER S retuinedvas shoten INPEIG:8E] that
whHerebytmReFiggReebicek s figethrsectired e Thetomeryeriphesalpertionss
of each ct&fabrasive: bidee ofitlde 3G mukipiedladeassembly is inserted
into theictiresponeiagguidengeove inihe jiguindhis state, thecutting fluid,.
from thefeet) nezzle:is feds to the cutoff abrasive blades or flowed into the
guide grooves:ia thesig Wil the cutolf abrasive hlades qre ratated. With
the pesipheral Guttiag 35 part (abasive grain-honded Sﬁctgon§ in contact
with the, ;magnet block, the mujtiple cI}ac?goass.embfy and the magnéP bidck ™

are relgliyely meVed (i fng lonalfudinal ahdy 7 MeRmitel Eon che
L by & Jig. If the

guide groove hasg & iength of less than 1 mm, *he gulde groove
ig less effective in preventing scattering of the cutting

25 fluid or asccommodating the sutiing fluid when the cutting
fTiuid is delivered to the workpiece or magnet block, and less
effective in providing a sufficient strangth to keep the
magnet block fixed. If the guide groove has a length of more
than 100 mm, the effect of delivering the cutting fluid to

30 the machining area asnd the effect of providing a sufficient

strength to keep the magnet block Fixed are noe longer

enhanced, and the overall machining apparatus becomes large

sized without merits. The depth of each gulde groove 1s

selected appropriate depending on the height of the magnhet

block. Preferably, the guide grooves are formed in the Jig

segmaent slightly deeper than the lower surface of the magnet
block secured by the 3ig.
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thickness direction of the magnet block). The magnet block M is machined

by the peripheral cutting parts of the cutoff abrasive blades as shown in

FIG, Bc. Then the magnet block M is cut into elongated pieces as shown

in FIG. Bd, 50n use of the cutting fluid feed nozzle in combination with the

jig, the feed nozzle is preferably set such that the slits in the feed nozzle

are in fluid comnshmication with. thie gtide grppyes pithe:jigzFos asuppiéa

of cutting fiiduppentsainraest epdhessyrfacesiofthe:cytoffabyasive

blades,it dxjsaiantegeaus haldbeslisiadhe.fegd nozzle alg. ..

positioned.nal soemate.from the ayide giaves in fhe g, Joversely, tog,

clgse agearrgnagmentbeyjeen the,slis iy fhe feed pozéle and the quide
; - . . - ) ripheral

groovggf!@ifgesjangyemterfg% V\%rgn%gmgnt of the mulg%feeﬁla e

assenig%%n ' magnet 18'hi6ek, jeetion an&%‘ig?né}&gfb? tuttihig¥uid or

the liKeS Then the distAcd BethRBIF h& Kit& it th&ecti ez B 4R8 thie
guide GrbaVe AP G RFiIsTretBraBEEsatn thiafthe Histmcepetrecritine
feed EA/l1&%and thecoppefstrfdeee oried §ighsrt toB@ mereat theend of

rhachiPfiag speratforiifor20 ss@rmple sthefasic oz zletisggsitioaeshidn 50

mm higliectiamthecuppersutfacesaf thedgda thevllustrated-embadiment).

In muttiplesutelt machining ©f & magaekblack:ibesmagnat blockds.fixedly

secured:ky ameguitable means. In the prior art, the magnet block is

bonded to 2 sBPOTLPLAIGA (6 G.0f g2rhoRbase Mmaterial with wax ora

smiagadiesive IEN 20,08 Lamoveg aleLMachmag obelaton,

Wher%gy £Qes @gﬁntt k?ﬁ!gcflé z{geg(ie@m geaczjred prior t& magﬁllnnﬁﬁ operation.

This tegﬁni, Ue, however, require XA of BBR IR A< isIRgARE: °F

cleanﬁlgmgjﬁ%“l% iR FPEGTerSonts. P toniastentd igtsisdd frseimfor

clampgtRE RigTEt BRRRYSSiddly $@eamngaviPsisiackievbseasaving

of processing b 8k-bée agiser s stapsof biruinggstrpping:angroleasningn

dfe orffitteduyheh tHehvageet blockristounby the.multiple blade 33hey may

assernblyirrtizg descriked arsangementaf the:-satipieblade ASsembiHig

and magnetbieck, theygetde greaves indieligsanedosesttctany axigle 1y

runoué fdhescutoff alrasve s are formed in the tig segments and
support plate, which process iz known as co-machining.

25 In the embodiment using the magnet block securing Sig
and preferably the support plate as shown in FIG, Bz, the Jig
segments clamping the magnet block is retained as shown in
FIG. 8b, whereby the magnet block is fixedly secured. The
outer peripheral portion of each cutoff abrasive blade of the

30 multiple blade aszsembly is inserted into the corresponding
guide groove in the jig. In this state, the cutting fluid
from the feed nozzle is fed teo the cutofs abrasive bhlades or
flowed into the guide grooves in the 3ig while the cutoff
abrasive blades are rotated. With the peripheral cutting

35 part (abrasive grain-bonded section) in contact with the
magnet block. the multiple blade assembly and the magnet
block are relatively moved (in the longitudinal and/or

w25,



blades during machining operation, ensuring cutoff machining_at a high
precision and accuracy. Around the cutoff abrasive blades which rotate at
a high velocity, air streams are produced. The air streams 5 form So as t‘o
surround the peripheral cutting parts of the cutoff abrasive blades. Thus if
cutting fluid is directly injected toward the peripher_al cutting parts of the _
e sheE eI CUTA Ig s e AL STEAE 0
catte rther . layer - A
zuttingiﬁjid With%%e%%;ﬁ ng Efﬁfé %ﬁﬁ%n‘é%xatﬁ ettt s fpl s Sﬁﬁﬁ?
fluid. In conirast, mafé‘%ssgginsghﬁwwéﬁ tha Sater Sgripkfé}%zll potfiofieBrtheock M
cutoff ABraSive BiEl e APETHEBrBIFRES the FhEwglooTESs in #e jig
seyments, th&Rir'Sfeams e Mbeked By abitfedid segAientin combination
(grooVELdefikiry pertiolysd teat threzedting floikflewingyinsbe guide that the
grooves-ifay torithet feith the outer gesipheral portionsabine eutefifwitn the
abrasiveisladeswithout-obsaikugtian by dbeiciayer \When.beth thefeed ¢,
nozzle-and:hewig arenused, their sypergisticeffect epsures batthg 20, o 1+
custing fuickis.efiectively deliverad to-the,points,of cutoff g*oaz%!m'%%ﬁ
Accordngl. b eL4ing i pat bas.cqniadeg il the ouier peripheral
portior&,\p&@g&uto& gbé@glé/e_ bladgrs L%[egtrgrll led % e surfaces (outs e
peripheral surface and J5 radially outer porions o IG& S uTEcsy of the
cutoff abrasive blades being rotatsd, Hift trasortad tbihrpherntertere
peripheral chfify Fans of the drofrasradva danesemndsr e cermrifigal
fofce AU rotaHERGPIhE it abtasi e blates. iThefuting fuidtthatlixe .
has redttied-tife Periisttcralse eatting parts istransported ée Point 0 ana
cutoff ¥hackirirg m¢hewagneizbdogkalmagpmkhdf@ongtay@éhoftm cuiaff
abrasiestiades. sEhiesensures thatithe ewiting fleidis efficiently. delivered . .
to the pointssof cutotamaghiringsd his«in g, permits ta reduce the, for
amou ak%ﬁy&tin&ﬁwi@é’e%fﬁgzéﬁgitl%”%% t@?@ﬁe&%ai Ogomg & hgzgt!ngi%%gx et:han
eﬁeCﬁMQQIGQQg%dEUEf&GE of the jig in the illustrated embodiment).
In multiple cutoff machining of & magnet block, tha
magnet Tlock is fixedly secured by any suitable means. In
the prior art, the magnet block iz bopded to a support nlate
25 {e.g., of carbon basze material} with wax or a similar
adhegive which can be removed after machining operation,
whereby the magnet block is fixedly secured prior to
machining operation. This technigue, however, reguires sxtra
steps of bonding, stripping and cleaning and is thus
3¢ cumbersome. In contrast, the iig ie used herein for clamping
the magnet block for fixedly securing it. This achieves a
zaving of processing laboer because the steps of bonding,
stripping and cleaning are omitted.
When the magnet bleck is cut by the multiple blade
35 assembly in the described arrangement of the multiple blade
assembly, jig and magnet bloock, the guide grooves in the iig
serve to restrict any axial runout of the cutocff abragive

Y-



It is evident that the magnet block securing jig of the invention is effective
in fixedly securing the magnet block to a rare earth magnet block cutoff
machining apparatus. 5FIG. 9 illustrates a full setup. When a magnet
block is cutoff machined by the multiple blade assembly which is
combined with the cutting fluid feed nozzle and the magnet block securing
jig as inFIG. 9, all the above-described advantages are obtainable.
Speciﬁ%l%\lg%gg;fo a rézr? ctgrinnelﬁlgof) the %ﬁﬁ?ﬁ"g TR tE&Bh 523 an iRt ning
magnet biock i eXe RS otk tRE e RS GG iding the cutoff abrasive
blades and th& &8¢ PfesHifrfthe bttty Hurd pipentaismentionthet =
surfacEs ¥t the'CGtbTF abrasivisbiss aesntimedushyin tieerotationakeans
directibA6f the &GtoP 15:abrasidetblades: ibissnatedithat the gonstructiane
of the awiitipfe blade assemblyd, thenautting Huid feednezzle;2 and-the.1
magnetileckeseauning dig8d ifeliGn8:isthesame,asinkIGe. 4and Sore
with likesrefereacecharactess designaginenlike parts. Althoygh.a sinle, .
magngiplosisanachined i AL he.puyiple.lage assemiy ndne
efgbodigent s, in.£1G, . Jhenumber of magnet blocks {6 be in
machingd.is notpaaicularly Ipied, Tud ormore fagriet bibeks wifre»2
arranged in gna%alle"E and/or series may b& TREERiEd By & Sifgld-Hiditiplén
blade aSSeribly: 25ThHe WSKPIEtE dPadiiet BIotktPBE wRFiredtwireins
has a 20rfHe WHiGH fs Yeifsiany faedmstrermitalstige ol machmngyitie
cuttingHERY fFfedt téthe it Saefacet #f.chitmprfiuidis-mjsetedontadhediaby
stfffaceh:¢hé ¥ruidawitierstadity flove adei fallingpin-anceffestiverdeliviery f:30:ing
the flufd-wd-poits-obsuteff thachiniag. Brefetably.at thexinitial stage ofe cuter
machiping mie-mageetblack (er endhe ficst stigke of paghining) . sither.
one onbettefthemutiniehlade assemblyangd t@&m%@e%g%kngg%m na
relativehe mayed s themactining (Qplanaiidnal dieetion of the magnel
bigck 35:dromope,end fo anather, end of the magnet block'in s )
Iongitt&ql}jgg% wgﬁg&oj{kgv ereby the SurfaGe of the magnéﬁhﬁlcﬁf"kifétg of
machined to %'certaln dé&pth throughout the longitudinal direction to form
cutoff grooves i ?ﬁg%%b%ret%cwm%uﬁﬁ}%%ﬁ#hwmww with
securiﬁb&ji@‘?ﬁf%e%‘?%a%?ﬁihgp@ﬁé?é‘ﬁén% CHRtimEe 4 therppesiteLades
ends HetHE FfadRiRth §difeticisiiagrs state that theiqbtererphesale ana
Fortioh3 Bfhevc oteftabrasivicblades arednseres-iado the guide.gieeves
in the digres iveOhtedhe bulof grooxesaresfarmed n ibe:first sirake of .
mach@mgy’mélaisxv\éayr; thesegroqves sefue @t,%:g@ﬁdea%{%rs&h;% CHL%E@S under
abrasﬁﬁﬁbEﬁkﬁ%H%H@%ﬁuﬁﬁﬁﬂy%ﬂgsqgkgéyéticn of the cuteff abrasive
blades. The cutting fluid that has reached the peripheral
30 cutting parts is transported to pointe of cuteff machining on
the magnet block along with the rotation of the Cutoff
abrasive blades. Thies ensures that the cutting fluid is
efficlently delivered to the points of cutofs machining.
This., in turn, permits to reduce the amount of cutting fluid

35 fed. Additionally, the areas of machining can be effectively
cocled.
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10 machining for restrict any axial runout of the cu_toff abras_ive blades
during rotation, achieving cutoff machining operaﬂ_on at a high accuracy.

If cutoff grooves are initially formed, the cutting fqu that has reached the
surface of the workpiece or magnet 15 block flows in the cuto_ff grooves
and in the case where the feed nozzle is used, the cutting fluid flows in the

cutoff grooves al I ing.fluid which has been trarns orted by
Ry S e D6 I e i (o e 3t
the feed ngzzle* Ihe 20 cuifing Ui i Turthet 8t ARGt oR thEPSumaERs of
the cu?gf? %Era%ivae biades BeiRg VoTRESd PNAEH< r STARRSTT oPtRE e
abrasiVeHBAEYEE the cutting fluid is transported to points of cutoff
machining on‘the-maghetBlsekesehis nddresthat-themutting-daickis bl.ock
efficienfly HelvereBete e hointscR6 of:gutaft machining=Fhisin winen 1s
permitecefedidcerifie ameuntiofisutting: fluid-tac: Additienally. the areas of
machibingican:be:effectivelyseoaieAs.compared with a.situation that
cutoff absasive-blades goniinue- machining ofan overall fla surface of 2 30,
gy eigtsipriogiristoos s AU Rt

0 during_
o ke S e e?f?egcﬁrfvé’iz Feiiveriig the Tty fluid

Stmk_eaggg%%%r#r}%idaefﬁ.cgr% r%%l% fﬁoxg};effzt c;ox? %&gﬁﬁﬁ‘f %%e BF&gl;Vég fluid
to points %n%gt%nr?%% inin .V Ith rotation of t 4 a e
blades. the cutting fuid & e CtRIET Haiéd ot Fie-poinsBredus :
machiig s tﬁé‘cﬁ?&ﬁ@%m%ndiméaﬁ irthecrotating
difectRFBF e Sdffrabrakive blagesd Toyethebaitvtecutting:fluid, the
machiffif§ Stiageisfiectivelyldrdineththroughithe cutalt greevess s 2
offersa §odeenrachining eavirormentawhighscauses little 0rnNYIZING Of. 45
loadingrof flee abrasive grak:bisectinreference characters designating
like parts. &lthougn & single magnet block is machined by

20 the multiple blade assembly in the embodiment ghown in FIG.
9, the number of magnat blocks to be machinad is not
particularly limited. Two or more magnet blocks which are
arranged in parallsl and/or series may be machiped by a
single multiple blads agsembly.

25 The weorkpiece or magnet block to be machined herein
has a surface which is generally f£flat. At the initizl stage
of machining. the cutting £luid is fed %o the Fligt surface.
If outting fiuld is in-dected onto the fliet surface, the flinid
will readlly flow away, failing in an affective delivery of

30 the fluid to points of cutoff machining. Preferably at the
initial stage of machining of a magnet block {or on the first
stroke of machining), either one or both of the multiple
blade assembly and the magnet block are relatively moved in
the machining {or iongitudinal} direction of the magnet block

35 from one end te another end of the magnet block in its
lopgitudinal direction, whereby the surface of the magnet
block is machined to & certain depth throughout the

Peg



The cutoff grooves initially formed preferably have a depth of 0.1 mm to

20 mm, more preferably 1 mm to 10 mm (depth of first machining by
movement in the longitudinal direction of the magnet block). If the cutoff
grooves have a 10 depth of less than 0.1 mm, they are less effective in
preventing the cutting fluid from being scattered away on the magnet

block surface, failin deliver the cutting fluid to points of cutoff
machi%ir?igﬁ %ncalj%o rﬁgg&gg have %rﬁeﬁf'ﬁﬁﬁiﬁngﬁeo B4 20 nifif magnet
machiRifg %‘peFﬁ%%%?g%?dgﬁﬁnlgh@umm%ﬁT@%?ﬁ)r?ﬁ@ is
under‘f&%orf‘?ﬁﬁﬁﬁﬁ&ﬁcﬁﬁﬁ?@?ﬁﬁﬂ, i&ilingrh grepieteutiieg ezehigls ends
accurdéy.the mPpladst roevesiavéra Widthswich 15 determineddyy

thé widtr ofithesdutofirabrasivetblade s:usaallypthe: width pidhe qutoff
groovesss stightly-greates thandheyddirof 20 the-cytoff abrasive blades
due to the vibratien:aftha:eutoff ahrasive blades diring Maghining. . cvroxe
Operaﬂ@nmﬁ&@iﬁ%gif@'|mﬂst%£@n9§e%%%gw&e@a§&m% VQQtBﬂcithe for

cutoff akyasive, ripher ti rf).1o 2 mm, and 1ore
p{gfergggygi@iﬁg%%%%gi%%ﬁéﬂ c&%ﬁgifgo%v%s a%?or?medﬁge mfag net

block li%fr_urgiggre m %(%jnxé%ﬁbg‘ e multipfe blade a28entbly RtFHiE S
completaly cut into diserete pretds TBor Banfster after L atdt trebvass
are foPRFEGETRB RbIfHIB SR ELER by is retracted outside the magnet
block and eittér GREGELBRYBTS0 #Hie rAukiple Bladecassembiyand theng
magnetBisciaré reftivisigrhedetheosas febeingfthem closeriadhe-deptinmet
difectivkrok té wesoffrgronyes:in tite mnagnes bieek {fhedistance hatweenne
the lowesdtip.of eachieutefbabrasive-blade ane the upparsyrfacgofdhe, s«
magnet-bleek becomes ranresd Regative): While Jheputer peripheral
portion.afk-eaeh iioffakrasive plade isinserted, into the gutqff groove in
the magpetic. block, and in.gase,he jig.is used. the outer peripheral
peyton,egeh sUied abyagve blade i scried i the GUide Hroden
the jig?cj)tr into th the guide (groo‘ve_ and the cutSt PGB ERfiet dife The
both of the mUIfipfe DIade Aesainbiy 3R HerRignet bidck are ttativélyse
move§ihthe AREETAITRY Bidtion HohgitididaEdfeeitnisl trantagreed to-
blockPiEPT O efid @ AnBiivei-eReEoP thé mragnet ok ivits |ohgitudinaires
directigi-forchtachififigeh & nagnet H6Eke This: hyackining oEeradiomis points
répeatdd oriedf merdtimes untikthe mageethlogkisieut oflthroughoutits
10 thigkness. Fhe-moverertwlistance inthedepth direction.of cutaff -
groovesder-autefi-dapt afier dowpward.movement) is preferably in the
range of 0.1 ﬁ}arnc,@ﬁ%gf@@ ~ARd @Oéﬁt%@%%b'léhla@ rélutcoc}%g %rgé:srzll?e
ro'tat'%ﬁ%ti\égloc%yt%l&e QQQH&Q{? Scls\‘ée ezt)rlaggaraii flat surface of a
30 magnetl block To a deeper level, the mode of initially forming
cutoff grooves has the advantage that the cutoff grooves
function, during the subseguent stroke of machining, as
channels for effectively delivering the cutting fluid to
points of cutoff mechining. Witk rotation of the CULToEL
25 abrasive blades, the cutting Ffluid is effectively drained
from the points of cuteff maghining, through the cutoff
grooves, and downstream in the rotating direction of the

-



15 during the formation of initial cutoff grooves may be different from the
rotational velocity of the cutoff abrasive blades during the subsequent
machining of the magnet block. The moving speed of the t_)lade assembly
during the formation of initial cutoff grooves may also be different from t_he
20 moving speed of the blade assembly during the subsequent machining

of the ggﬁg@@t Dlock s v LPUING m,gchlr%@ opers %@} éma%nzlnln (o form
initial %% igroove{f}l%dlor subs, dfeq:utc-%nefs mégrhlnln by the m ﬁge piad
mn

assembly moving 1tjlhg?on ithdnal direction %ﬁ‘itﬁ%ﬂzgl?ﬁa‘éﬂét*ﬁiﬁcﬁ"&ﬁff
cutoff ﬁrooves Thereln g“ﬁ‘?ﬁﬁﬁlrﬁn@gﬁ?eg}%%!ﬁﬁgﬁﬁe%ﬁﬁﬁ@?ﬁ?@cﬂ@ﬁ%
appliedTBTRE Mmagst BodkChERE FECRI o THeter sy then eliesstior srain
opposit&tbittie- moving direction of the multiple blade assembly relative to
the magnet bi&ek. 3OMEEhivingepetaticn 48 pyreforabbys pﬂ&ﬂm@dm@l&ve a
that a fergehired direction apposiie (oibesmeying:diresion ah the multiple
blade asspmblysretative tadhe:workpiece.orsranet blagk (relatlyesinar
movememmgaﬂsothaizﬁéﬂ}%&t@cﬁ%@%ﬁ% b|0(i|§ 0{&@6%&@8 bl%dr%s have a
assembly may:be Jmeved).may b&,35 appjied from.the multiple biade

f toff a ve blades othe ma netbock he
?esassegr%sg %%J‘gﬁaé?‘%g%cé ahf‘edgl% t“hg orw%rtg FOvin at (SESh Bitheon the

multiple e assem réﬂla Ve (5 e TnagnSEBIDEE theSc (ot abFadivetd to
bIade? Feceive’s r"é%E?%% W%Fﬁ%ﬁé%agﬁet BIBRKCEFREh G5 e Sutbfive o
abrasiVERbAdES FEESVEPREHApFBSsTRFbte 48 Slf e eontprassionastrbssdeD
appliefte™S the=amstrabrasive isiadkssthé bindes areshowedylgadingsto a
loss ofHidchinifg eicturfieyldnd side abrasion-bycantact of theseo afthe,
cutoff abrasiveneladerusth the magnet®loeK wiath which is determines by
the width of the cutoff abragive blades. Usually, the width
of the cutoff grooves is slightly greater than *he width of

20 the cutoff abrasive blades due to the vibration of +he cutoeff
abrasive blades during machining operation, and specifically
in the range from more than the width of the cutoff abrasive
blades (or peripheral cutting part) %o 2 mm, and mors
preferably up to I mnm.

25 Once the cutoff grooves are formed, the magnet block
is further machined by the mult iplie blade assembly until it
is completely cut into discrete pleces. For example, afrer
the cuotoff grooves are formed, the meltiple blade assembly is
retracted outside the magnet block and sither one or both of

3¢ the multiple blade assembly and the magnet block are
relatively moved so azs to bring them closer in the depth
direction of the cutoff grooves in the magnet block {the
distance betwesen the lower tip of each cutoff abrasive biade
and the upper surface of the magnet block becomes morse

35 negative}. While the outer peripheral portion of each ountoff
abrasive blade is inserted into the cutoff groove in the
magnetic block, and in case the dig is used, the outer
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being machined. This not only invites a loss of machining accuracy, but
also causes temperature elevation by frictional 10 contact, detrimental
effect on the magnet block, and failure of the cutoff abrasive blades. If the
force applied from the cutoff abrasive blades to the magnet block is in a
direction opposite to the forward moving direction of the multiple blade
assenplly; s1e1BICOMPIESKIQNE SHRSS i applieddoihe.cuioff abragive certea
blades.npeventing side ahyasion and dngreasing the machining, ag gycggcy
Since fQ,coMREeSSian forge 43 applied beéxv&g&t%%% d%ff elel égswfe lades

dt t hi | , J
i e e (D 230 R e SR Bl a?é”%% ooy

In order 10 roduce "2 torce invarSE 8 tha R riar B ThovHd B ki bt the oF
multipi& B A& SR )th%rﬁgérlmrﬂéff%p‘@é(ﬁﬁ?ﬂ?@%u%ﬁ dHradigenagnet
blade& & ct8sd st chiit Giekr 8t niaehffiAg(nfachinksg Height P8 magnet
multipfigerby wiitheofegloin abrasies blade), iand the fopdardenovingre
speedtéftite untftipl étblademsse mblyiare pertinert: [thepesipherat speed
IS higher cierce inversentor the dornaasdameyving dinectiga.ef.the bladeds o«
produeed-ayededhesfrictionalresistangs hetwesn %%Qa@&aﬂ@ge@éxg@) is
and the-gragnet plack dlowewrs. astiess isPraducedn the fopwa (f
moving.dirgclion.dye fq the fparvy&(d movement of the multiple bla
assembly. Thilg Stress n&lhgke crogs sectlonal area of mac Fg;@r;g
giyes a force i thefforwara movm di dcfion."OF 1S “foree® TS &t

acting, Averse o thea"}:hmbavﬁcgmd?gcﬂ%f‘l FAfE (G HheTotERORSPfofta oPthe
cutoff Abragive blatst riigt BREGrtonat (RahthéStress BietHe insverramsive
of the it abiddne Hases R mieat tRedbovie tegdirshremedopt block.
examphe therpefipheralispéethof tHedutoH sinasiveibiades ispreterally &
at leas€20uises. Fouethice-theerossyseckenakarer of raaehiniag, the
width e thegcusipitabiasiveeblanies: (i s dhswidib,efRerphe rakeuiting, »
part) isspteferablyeup 40sl S Ifithe.plade width is less than 0.1 mm, the
cross-sectionakareaohRashinino Jpayedgduced.at the sacrifice of %latde

lo strepgths ss,of |menS| naI ac CY, Then_t
mdth@{é@gﬁ&?ﬁﬁ%%ﬁ?@ é%a%e%ss& i & Width oF pgﬁ %Eralhcu g -ee

Y B Riclerably 0L To{EHy g’;ooiizni‘i@;w‘%ﬁ*ﬁ%ﬁ““g

prefera X & machining stress
g the mov%ng girection is applied fo the magnet block
peing machined, preferably in & direction opposite to the
moving direction of the multiple blade agssambly relative to
the magnet block.

30 Machining operation 1s praeferably performed such that
a force in a direction opposite to the moving direction of
the multiple blade assembly relative to the workpiece or
rmagnet block {(relative movement means that either the magnet
block or the multiple blade assembly may be moved) may be

35 applied from the multiple blade assembly (specifically cutoff
abrasive bladesg) to the magnet block. The reason isg that 4if

a forve is applied in the forward moving direction of the
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The feed (or forward moving) speed of the cutoff abrasive is blades is
preferably up to 3,000 mm/min, and more preferably 50 to 2,000 mm/min.
The rotational direction of the multiple blade assembly (cutoff abrasive
blades) at points of cutoff machining and the feed (or forward moving)
direction of the multiple blade assembly may be either identical or

oppogite. L20 Th ebwatkp e hizh 18 datdvde & heretn ne anabdffokerihinéts a
rare eartivPiagmethloek bThéerareseaithremagretcas the fivorkpieeenisgnet:
particulady linaited » Guitable rase earthipagness ineluce skvered rare earth
magneés.aid3hieB systems whergindhisaideast one-tareseadhaloment
23 inclysive, of yHIIWM,. - s ve SHilRRIE Sintered fate earth FIagRets Olaing to

R-Fe-B systems ae ma%mg@sﬁgmwgw %@9@%&?@%”&&%@ of
40% qf R, 50 to 90% of Fe, and B,.an Js%%\/l%ﬂa one or n%g)rg

addltlveeelgrfxfgnf)s“se eectgﬁ%irgm &blﬁsge% &%rw

Ga, ZFeRY M8“RG %En, aF°15, o Wl?vorifhvg‘bﬁ?p%s% o rr?ﬁrd?ﬁ‘ﬁﬁming
magnHR s Her R aRbCo FEERAT réSIRaREE “The ARG o PAdERIVE Lonal
el meinitaddedaieréBrvEntiondf oot eraifiptemapror30Witof Gbd afrt tigre
to 8 wif of the othet tlenrawsy T he-adieltive elements, if added 35 in extra
amounts, ratiér gdverseheaffpot magnetic prepertiests abr&tlitablelades
sintered rare eadbanagnels ofRiheE Sysiemsmaybe:preparedHforeerwara
examplashy, waighing soweednetalmaterials, maltings sasting ingo an

alloy inggt.-finely pulverizing the.glloy Jatq pagicles, with.-an, AYeIage i ages,
pa”'%@:é@% i%f 149 éﬁo %@:aﬁcms'%%re‘% R-Eg:B agnet powder,

compactm rin a magnetic fle smter act a% 1,000

to 1, 200 % SVX? ours anlggﬁ reatlng E AngO (o} E’lgﬁﬁé) stwesh the
10 EXRW@{% abms EYEriaRaesn 8‘@0%’6&1%% ERififtes BrEgeRDEMH e
for furtieFiRFStFAtTRG EhesRvRRT oHPARABEE HEHE irfenforT i mot Tikiitdd and
thtretd?d SFENaHA piP T 25 1ve [ biddes Featbsribreisiee blades) were
fabricated by*grovidiriy dodeugldngtshapeddiskheersoftootsteckSKdra

(dIS designatiem)drensing ark otiter giameates 120:mmziraebpiameater 40

mm, ardthiskness@&ame andkbeading, by:the: resin: 2 bonding

technigiugs Agificiabdiamond.abrasive araing toanQuier pesiphgral rim of

the coge:tosfo. Loy a@&%%@(%ﬁ%é@%@@%%ﬁ%@ﬁﬁ)a Qngiping

0
25/6*%%%&&&? 8& a”“%%ed of the multiple blade assembly are

pertinent. If the peripheral speed ls higher, a force
inverse to the forward moving direction of the bhlade ls
produced dus to the frictional resistance between the

30 rotating blade and the magneit block. However, a stress is
produced in the forward moving direction dus to the Fforward
movement of the multiple blade assembly. This stress
multipiied by the cress-sectional ares of machining gives a
force in the forward moving direction., Of this force, the

35 stress acting inverse to the moving direction dus to the
roetational force of the cutoeff abrasive blades must be
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grains with an average particle size of 150 um. The axial extension of the
abrasive section from the core was 0.05 mm 25 on each side, that is, the
abrasive portion had a width (in the thickness direction of the core) of 0.6
mm. Using the OD blades, a cutting test was carried out on a
workplace which was a sintered Nd-Fe-B magnet block. The test
conditiresdre athfollows. Atmeatiplerblade assenably 36 was marwdactured
by coadiaty: meuntiage39 OD blades on a shaft at an axial spacing of 2.1

mm, with spagers.sderpeseshihesepetweamJhe spacers.qach had an
outer diametesr,BO %@bdnﬂer&%”@%éé) Ma%t@@g&aeg SJ..% 1m rgera.bly

The multigl bly was.designed so that the magnet b%c?(was
Cl?;e 3533&%?&%5@ aé‘fgff \;%%% |€I%né%§so S0 mm Tt érfolbg oate

that the, thickn: ss of @ magriet SHip'is a Sizeof ﬁ?gﬁfﬁﬁﬁn%ﬁﬂﬁ%tﬁi ©-, the
dlrectlon 0 o? ngPﬁﬁnc}k mtti%é’?ﬁﬁlfld@ Bagec&ESdmpy to 1.5 mm.
consisting" 8?3@16% BiA4ER difd B Epaeats Giterfatekbmaotites-endtheonal
shaft &8 T othohFed Withs fe&d fo ZA8uss Shatvitie FI&:3 Btk suchthae
thé outér pesipherdd portiverof-eadht®Deblades was Mmserteddnto Stheiracy .
corresPerditysslititthe-feathaozzie as shouws ik FiGa G sSpecificallynans: aun
outer portier ofithesOR:bladagagialy extending8snm from the blade tip
was inserted dato.ihe stit-Theslitnortion.gf the fe cggal%%é-g @agé@ %algg -
thickness afe2.6 TR, @J%Qi%%ﬂ%bﬁ? idth of 0.7 Sy JNe. OB blade
10 ext@pggéngh gpiwith the slit., The }’r\'ﬁ{ piece was a sintered
Nd-Fe;B ock hi\vmg %Ien ath 108 i itith36 MRT St RERFFC LY
17 mm nﬂlc was p Joitehed at an acctuartjCV’&IO%ﬁ‘fﬁﬁﬁﬁ &VeHigarutitiple
doubleé: da sk poshs Yto&)‘f"‘@%e RIUHIRHE bRdE ek ethibRR 125 theimeyete
block &gt &ﬁ%lﬁf‘ﬁuifﬁ*ﬁﬁ d PrUF ot agnEtstripsret-2 mme the
thick. @ﬁe&ﬁ&&ll;‘?l&ﬁé AERFTEEhloeRWES clttines 38enagnet stripspposite.
Fcause two Betsitdeknipswerei ekclud e danthis teskdhe magnetlock
was seeahdd<0ia carberebase suppaiivits owax aghesive. Withay! 2Qcner
using @sjigrkovsrashiriegrepatalign.-a @utingAuid:wasfed at.a flow rate, .
of 30 kdmim kiighdhe mudtinle blade assermbly.wag pesifioned ata. » .. o
retracted pasitigndndhe forward. dirgction, i.e. ’r%%ﬁs'ggﬁl&? Q0 ent © e
Qrkpﬁ¥3§£§9ve of gttrium.

Suitable sintered rare sarth magnets of R-Fe-B syatems
are those magnets containing, in welght percent, 5 to 40% of
B, B0 to 90% of Fe, and 8.2 to 8% of B, and optionally one or
more additive elements selected from ¢, AL, g1, TL, VvV, Cr,

30 Mn, Co, Ni, Cu, 2n, Ga. %r, Nb, Mo, Ag, 8n, HEf, Ta, and W,
for the purpose of improving magnetic properties and
corrosion resistance. The amounts of additive elements added
are conventional, for example, up to 30 wth of Co, and up to
8 wt¥ of the other elements. The additive elements, if added

35 in extra amounts, rather adversely affect magnetic
properties.
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25 that even when the assembly was fully descended, it did not strike the
workpiece), and moved downward to 18 mm below the upper surface of

the workpiece. While feeding cutting fluid from the feed nozzle and

rotating the OD blades at 7,000 rpm, the multiple blade assembly was
moved at a speed of 20 mm/min 30 from one and to the opposite end in

the machiningsdirection foncuteld pacbiningthedaagnet BIOGK IS systems
longituginabeireedinn:«At, the.engd:ekihis, sokg. the aAssembly.was maved
back tpbe-aneLndsidewithost changingts,helght, as Fxampls 2. A
multipls: blada asserohly. 3 Gypting Ui feed nozzle, and & sintere

Nd-Fe-B magnet block as in Example’T were used and similary set The *®

magn&tBlockwhs et lirél to'a tarbdibase S UbpsniviReefaradfesive,

witho ARG &g FRerimeddiniby eperatienia cutting, flaichwasiferd ata 5

flow rateeR30 Lamin. First;dhe.rmultiplecblade. assemblyswas, pasitionad at

a retractedtpasition knthedonwasd-direction, i.e., outside the confines of

the workpiece (so that even when the assembly was fully descended, it

dig not strike the workpiece), and movegd glgwnward to 2 mm below the 10

upper surfac orkpi h'LgTe@n“ cutting fluid from the feed

assembly \gg{gir{;oget af a speed of 100 mni/inifi-ioRi Bhe dhd iy pggton s

opposite end in the Machining direction for cutoff machining the magnet

block in its 15 longitudinal direction. At the end of this stroke, the

ﬁserﬁﬁ%ﬂ%&%—ﬁqoved back to the one end side without changing its

height. Cutoff§rdeves of Zatrtdeeprwetedoimetkin themagaetblacka by

surfacesdvestt; thesmisttiplerblade assembikatthe retracied 20 HOSIHAD (15

was nievadko: mm) dourwaredn daedhicknass girectiongf the Workpiege, « -

Whilesupplying.gutiingifhddfranythe,  ans bonding, by the resin

20 bonding technique, artificial diamond abrasive grains to an
outer peripheral rim of the core to form an abragive section

(peripheral cutting part) contalining 25% by voluome of diamond
grains with an average particle size of 150 mm., The awial
extension of the abrasive section from the core was 0.05 mm

25 on each gids, that iz, the abrasive porticn had & width (in
the thickneses direction of the core} of 0.6 mm.

Using the OD blades, a cutting test was carried out on

& workplece which was a sintered Nd-Fe-B magnet block, The
test conditions are as follows. A meltiple blade assembly

3¢ was manufactured by coaxially mounting 3% OD blades on a
shaft at an awxial spacing of 2.1 mm, with spacers interposed
therebetween., The spacers each had an cuter diamatar 80 mm,
inner diameter 40 mm, and thickness 2.1 wm. The multiple
blade assembly was designed so that tne magnet block was cut

35 into magmet strips having a thickness of 2.0 mm. Tt is to be
neted that the thickness of a magnet strip ig a size of the
strip in the widith direction of the original block.
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feed nozzle and rotating the OD blades at 7,0_00 rpm, the multiple blade
assembly was moved at a speed of 20 mm/min from one end to tgef "
opposite end for cutoff machining the 25 magnet block.‘At thg end of this
stroke, the assembly was moved back to the one end side Wlthou_t i
changing its height. Example 3 A multiple blade assembly, a cutting flui

feed 30 nozzleyan interegh Nol:Fe-B me neéog!gglét%s in Example 1 des
g]neda%gé%ﬂ goif]f%g %Qh r%g.%ee maghet BlotR \ﬁﬁg fixedhf skcufeehto-hasuppert
by the Jig 6 that the %’?ﬁﬁﬁgofﬁrﬁb\i@% et iRtrebisee with thesma@k?nmgm
linés as ShERIFRFRTEIEN Thé Uppeitsareecontzjig (on thesideofthe. 6.
multip@BRide Fa5Em B ) whs T optararwith theuppen surfaceafihe,
workpieeeebf-FdgAetibl Sekrfotith e sig: of the vaultiple hlade assemBlY) gy 1+ .
For maehiriagtoperation; acuiting:lid wasfed ata flowrate of,30 L/min, .
First, thesmuitipteblagie assembly® waspesitioned at a retr gegg%ig%g :
I.€q, am\temjigrsggq@megpqqmve&goﬂ%@rd in the depth direction
nsertad2 i T e e PR R
insert%g‘%gynaini%%glgli:?éa i%noove oV :éﬁe ee (ﬁlj%%; C bt;fhg e
feed ngzzle and rotating the 1 m;%C)ﬂlb ades af'7, rgyﬁﬁ é?:thgg@ther ,
blade assem ?L was moved &t d SpEeddf 180 Mty towae jig
segment gide T the TRACRHRE aﬁéttlor??orfélﬂoﬁzmmrﬁgme megREily
block It Tt TeftuctiarYirgetiorense s bnelifthis stioke; thepassemidly of
was nf6v8a &k idtheorte figree girient. sidepdbasitbeut £hangingsis.c .
heighblCatoif groevesiofia men nepp were-foread indae magnallogk
surface:Riext sives multiplediaderassamblyvas pasitigned.abgye .

sscured to & carbon base support with a wax adhesive, without
26 using a 1ig.

For machining operation, =a

cutting fluid was fed at a
flow rate of 30 L/min.

First, the multiple blade asgembly
was positioned at a retracted position in +he forwarg

direction. 1.s., cutside the confines of the workpiece {so

that even when the assembly was fully descended, i1t did not

strike the workpiece), and moved downward to 18 mm below the
upper suvface of the workplece.,

25

Wnile feeding cutting fluig

from the feed nozzle and rotating the OD blades at 7,800 rpm,

the multiple blade assembly was moved at a speed of 20 mm/min

3¢ from one end to the cpposite end in &

he machining dirsctien
for cutofr machining the magnet block in its lengitudinal

directien. At the end of this stroke, the assembly was moved
back to the one end gide wi

thout changing its height.
35  Exampls 2

A multiple blade agsemdly, a cutting fiuvid feed

nozzles, and a sintered Nd-Fe-B magnet block as in Example 1
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the one jig segment and moved 16 mm downward in the depth direction of
the workpiece. While supplying cutting fluid 20 from the feed nozzle and
rotating the OD blades at 7,000 rpm, the multiple blade assembly was
moved at a speed of 20 mm/min toward the other jig segment side for

cutoff machining the magnet block. At the end of this stroke, the assembly
was meyed hack Qxﬁb%%ﬂgmﬁﬁ%@nt side nggé% Cnh.i.ao%in%gagssze%ureﬁ to

heighty oz Exampl 10,3, net blocks each were cut into a
plurali%é&f magnet strir%gif%sing tF:e multiple b?a%g %gé‘gaemglﬂﬁ/?hf’ﬁg R ds

of each strip gt a Ion%i;[udinal center was measured by a micrometer. (As
noted above, the fhickness BroRFEHTII8 a GiZAUSH NG sEBiA theswigh ot &
ditection’8f H7& DrifindP i@y ThEsifip wiks dfed rpaks el afherstrebly
meastifed itk was withie bregt siz e toléfance of 200.05maralf the
measHiéd Hilckihess-was outsidédhetiolerarmtastherarrangementi of-Q0 so
blade$veés ¢aporet- by 3badjusting:hethickness afsspacees Sa thatthe, o+
measeuted.thicknessomighttall within e e lReR:HdNeSRAGES neiow the
adjusiupest was rapeatad mare 1A e imeg for e same OR blades,.q
these Qbiblades wreduiged ashaying as) Sabily, aod ey e, o,
replacefd yAew,OD blades, Under,these conditions, 1000 magnet blocks™
were giit, Table 1 tabulates the rggtﬁg c?fz evajua?iog of & Fidchining
state. & Comparafive E@m&ple 1% P Gafifé procEtrBsg i ing
Exar;_ffe except for et ol thitftfgedL BT HRaghbt Hloéks Were
it. THEPFEITE BF bVAITEESADE thé nABRIMAG Sthte ke alsoosieowthin
TablefB15™PLY TRE CintiRg fhaidkicer Hoyztewaschanlredriasfeednozzieg
havingeniesse ope Rirkp Mitvadeesight & mmmandawid thkQ0 mprdapening.c
area 860rsite ) Ive cattirig #kid was externally injected toward the OD
blades through:the nezzleuls openingse aJhgmagnet blockwas . ..
secursskio: actarRon RasesuRPar With-awax adhesive, without using a jig.
of the workpiecs. While supplying cutting fluid from the
feed nozzle and rotating the OD blades =zt 7,000 rpm, the
multipie blade assembly was moved at =a speed of 20 mm/min
from one end to the opposite end for cutoff machining the
25 magnet block. At the end of this stroke, the assembly was

moved back to the one end side without changing its height.

Examnle 3
A multiple blade assembly, a cutting fluild feed
36 nozzle, and & zintered NE-~Fe-B magnet block as in Example 2
were used and similarly set. A jig has 39 guide grooves
corresponding to the OD blades. Each groove has a length of
30 mim, & width of 0.9 mm and a depth of 1% mm., The magnet
block was figsdly secured to a suppoert by the jig so that the
35 gulde grooves were in register with the machining lines asg
shoewn in FIG. Bb, The upper surface of the jig (on the mide
of the multiple blads assembly) was coplanar with the upper

T



For machining operation, a cutting fluid was fed at a flow rate of 30_L/m|n.
First, the multiple blade assembly at 20 the retracted position (outside the
workpiece in the machining direction) was moved downward such that the
lower end of each OD blade was positioned 18 mm below the upper
surface of the workpiece. While feeding cutting fluid from the feed nozzle

and roﬁaﬁaedéleo@Q%%%@i%@@%@%&ﬂ@@%i@‘éﬁipﬁz@@ﬁig A3REMHY i he

was mgyved g1 2 speed Qf:2Q.pm/min from one end to the opposite end in

the machining gdjrecti r.cutoff machining the magnet block. At the end

o s S1ge. 1 SESETTIN s veh Bebk L e Fog Ao B i °
the one end side without tHanging 1ts Tieight™ TABIEPAC the _ ‘:-?_'
spacel 20jHSHHIEHEE: the AunteroFefDREEE plaéefenabove Mesisiiy
eviderﬁ@ﬁiﬁﬁ??am&fi,ﬂtﬁﬁ%mﬁﬁr@%ﬁofﬁm%ﬁirﬁmgﬁhe@h@@lm of the
inventi“ﬁﬁf%%%%ﬁés%téénﬁh&e%%himmm@r@énmmigm@m@ oD
accuraeypdrereeiendperiogof ime even with QDildades-baving amile
reducéeaitith afutd ouitingyartswihile:minigizingdhe:aumber-at $pacer e
adjustonentszasd the nuotereh ORHlade raplacements. Tisleads 10 al, es
improved Prasictivity. 100 M RBMPIGS 23063, .%?&P%Ii%{@es %&%E"s@a? in
the 1000.15magne blacks werg,measured for hiciaess, Tre ToSirps of -
Example 2,shqwed. a &E%cka‘rkesd%_ }_@Q@%ﬁp of 9 g@ , y@vﬁere’as e sat?@% ]ge
Example, BE%hsowe%at ickness vanation of 51%Af *Hnonsttafingracke -

higher acctracy oFmachining: EXARHIE% DEOPblades (eahsT abtadive
bﬁgdeg)i%%c?%tfa%?ﬁ%ﬁéﬁgbﬁm height. Cuteff grooves of 2 mm deep

were formed in the magnet block surface.

Next, the multiple blade assembly was pogitioned above
the one jig segment and movesd 16 rm downward in the depth
direction of the werkpiece. While supplying cutting Ffluid

20 from the feed nozzle and rotating the Oﬁ blades at 7,000 rpm,
the muitiple blade assembly was moved at a gpead of 20 mm/min
toward the other jig segment side for cuteff machining the
magnelt klock. AL the end of this stroke, the assembly was
moved back to the one Jig segment side without changing its

2%  height.

in Ezamples 1 to 3, magnet blocks each were cut into a
plurality of magnet strips using the multiple blade assembly.
The thickness of each strip at & rengitudinal center was
measured by a micrometer. {As noted above, the thickness of a

30 BLrip 1s & size of the strip in the width direction of ths
original block.) The sirip was rated "passed” when the
measurad thickness was within a cut size tolerance of
2.0£0.05 mm. If the measured thickness was outside the
tolerance, the arrangement of OD blades was tallored by

25 adjusting the thickness of spacers, so that the meagured
thickness might fall within the tolerance. If the spacer
adjustment was repeated more than two times for the same 0D



providing a doughnut-shaped disk core of cemented carbide (consisting of
WC 90 wt% and Co 10 wt%) having an outer diameter 120 mm, inner
diameter 40 mm, and thickness 0.35 mm, and bonding, by the resin
bonding technique, artificial 25 diamond abrasive grains to an outer
peripheral rim of the core to foim an abrasive section (peripheral cutting

part) eeataiRiNgGRa% %Mﬁﬁ&%@@%@&a% Wit a0 WL ani 11ty
partlclgﬁzg@légﬁﬁemgc@ga{%@@s@g % bgbrq?l\ée seqnlon from
the a

the co m each si tis asive secti
width %%Q{éqe%thlglgne%ﬁﬁectlon% th g corefof 5m \{E Bre ?Gagul?ﬁes

oD bla &s 2 cutiing testwascarreout Bh 5%8?1?&%%@%?& was a
sn’?tered Nd Fe B magnet block The test conditions are as follows. A

R BlEde-asSerBifivas-manufactured by coaxially mounting 41 OD
blades on a l%l?sﬁaﬁ &taﬁﬁ diarspacmgof ]l inamphithispacers: for the
interpésedahergbetweens THe 8pacersacil baicbanauterdiameter BOsuits
mm, lefepdiametesdbmmpanththicknegsstdcmn-d he pultiplebladersnie
assemhly was designed so that the magnet block was cut into magnet

strips having axhickness of 2.0:mm.1a The multiple, bé%‘l%@e%?ez!@by feeéi
consisting.of 41.OR plades g 49 spacers, ai&?fnan%%%@ R QBN o
shaft was Gompineg j%lth a feeg&ozz as C?xown !tnt t3 suc tfﬁ F
the outer gerapl eral portion of eachn% blade was iHget tgd i
corresponding st in the 1ead ROZAE ad &hoWi P ETE. %‘W@bé&ﬁc’&ﬂ%ﬁﬁ
otter §8ﬁ? 5%t the OD blade radlally extending 8 mm from the blade tip
was inserted Tid fFREERE THE <t PRTtiSRGIER feed rozdehdtsenalbport
thickngs§ o2 Wi mdagsi it shts-haetawitkly of 3.6emm. The OD blade
extended in dignmentiviththestita25¢he woskpiecsyWas:asinieretd at a
Nd-Feslesmagnetdsionk having. a kength, 108 nm1widthe30 1m0 and beight -+
156 mmnwhiek suasolighed asan sgeuraey of 0.5 mALby a yertical
double-gisk-nolishingdool By theamultinle Rlads, assembly. {hg magnet. .
b|OCk¥\fﬁiS lzp‘ngzlélé@r@yyb%gn@t%e%pé)% aélt.ymned 18 mm below the upper

surface of the workpiece. While feeding cutting £luid from
the feed nozzle and rotating the OD blades at 7,000 rpm, the

25 multiple blade assembly was moved at a speed of 20 mm/min
from one end to the opposite end in the machining direction
for cutoff machining the magnet bloak. At the snd of this
stroke, the assambly was moved back to the retracted position
on the one end gide without changing its hneight.
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30 magnet strips of 2.0 mm thick. Specifically, one magnet block was cut
into 40 magnet strips because two outside strips were excluded. Ajig
has 41 guide grooves corresponding to the OD blades. Each groove has a
length of 30 mm, a width of 0.9 mm 35 and a depth of 19 mm. The magnet
block was fixedly secured to a support by the jig so that the guide grooves
are in register with the machining lines;as;shqwn in FIG. Bb. The upper
surface_af the jig (on the side of the multiple blade assembly) was
coplanar with the ypper surface of the workpigee-ormagnet block (onthe
side of the multiple Y)‘fg@%‘asseﬁmly)} SFpEdTaghinigiy “opeTatigy; a-cutting:
fluid was fed at a flowsratel of*3€FImjn. M3t the hialtiple bladeiassemiabgxs

at the.retracted paosition, i.e? abo¥ve one igsegment, was moves | z | »
downwakghindhe deptkdirection of the wd rkgiecesurrtil [he quter Qenggeral
portions-ef-the-Obi-blades werel inserted. 10. 2 mm into the guide gra oves.
feeding cutting fluid frem|the feeg nozzle androfating the PO
blades ; ; Auttiple-blade-assemply.was moved at a spee
of 100 FmatAn*towardethe other jig segment sidesinthe rhaghining | 0
direction, Jor CHQff machinny tire magnet:block-At-the-end-25-6f-this
stroke,ﬂ*massem&)ly tias mdved backeto|the o[néSJig segment side|without:
changing it height, Cutoff grooves of 7 mm deep were-foimed-in-the

magnet bloek suaces: o Nex, 106 Bditiple blade assembly at the
retracted position above the one jig segment was moved 16 mm

déwnward 20 in the depth direction of the workpiece. While supplying
cutting fluid from:thesfestbnozzieantkrotating the QRagdes at,7,0Q0 rpm,
the muktiplediaderassembly was mevedata spesdof 2Q mm/min toward
the otherjig.segmant.sids,for cutoff g};ag%higﬂ%th%omggget block. Klt“ the

over .a long

end o[;.gyg,,%S&grogﬁ%athgvggsggjc@yo\ga%rgggsed back to the one Ji

having a reduced width of

Sﬁgr”%HE§E§%V§Q¥%9t%Q?EQ"%%QEQQ%EQQ the number of spacer

adjustments and the number of OD biade replacements. This
leads to an improved preoductivity.

O

In Examples 2 and 3, magnet strips cut from the
1000-th magnet blocks were measured for thicknesz. The
i85  strips of Esample 2 ghowed a thickness variation of $3 um,
whereas the strips of Example 3 showed a thicknessg variation

of Bl um, demonstrating a highesr accuracy of machining.

Example 4
QD blades {cutoff abrasive blades} were fabricated by

providing a doughnui-shaped disk core of cemented marbide
{consisting of WC 40 wts andt Co 10 wtg) having an cuter
diameter 120 mm, inner diameter 40 mm, and thickness 0.35 T,
and bonding, by the resin bending technigue, artificial
25 diamond abrasive grains to an outernr peripheral rim of the

core o form an abrasive secticn {peripheral cutting part)

20
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After magnet blocks were cut into a plurality of magnet strips in this way,

the thickness of each strip at a longitudinal center was measured by a
micrometer. The strip 30 was rated "passed” when the measured

thickness was within a cut size tolerance of 2.00.05 mm. If the measured
thickness was outside the tolerance, the arrangement of OD blades was
tailoretbysddibestindy théthickness of spaoersdsgthattherorasiiraderage
thicknesscight Sall withinithe [plerapce. 4&%3@;&@@%@%@@@@&%%
repeajed mare %Q%@ %% t@ggg for thg %gn:e oD blad%s these QD b

were ed as having lost Stabifit ey Were replaced b HMew'Bp e
bladejéjgu&iﬂger es‘lér}%on?cﬁ%ns 1%%8 maBnER BIGERS WERE cﬁf"‘”’f*%i*é”? of
tabulates the raésfflfs Bt &%/ dMation of the machining state. Table 2 5AU the
number of spatetaditstifertsSthe riufibet BfDDBlade fephaudments Asn
is evide P SPEb 2 Cth & A uRtiplé rotrofii O'én dehhimgamethbtleefkthe The
invenfi6ferrsts iowontinuemachihimg at a consistenrt highssizessembly
accurasy overadongrperiog obtime:evensith:QR);biades of ceroentada
carbide:eote 1N g=anLvensedhgeg-nidth %Cuumpa%gégpgeintar ased
minimiziig:the suunberat spacer adiusiments and the number of 15 0D
bladesgplacements. . This Iﬁ@d%grpaaggm%oved ? qézluctlw andt{’;}L in1e
Incre%%.ea%@%pgrﬂb%f St?)% CUt ?’[ atgn S E'Xaéryp‘thé m&g‘nbag gfmg}y twaa out

r HCEHe
abrasivet bladesgewe erins hav:s,ng a thickness of 2.0 mm.

15 The multiple blade agsembly consisting of 41 OD blades
and 40 spacers alternately mounted on the ghaft was combined
with a feed nozzle as shown in PIG. 3 or 4, such that the
outer peripheral portion of sach OD blade was inserted inte
the corresponding slit in the feed nozzle as shown in FIG. 6.

20 Specifically an outer portion of the OD blade radislly
extending § mm from the blade tip was inserted into the siit.
The slit portion of the fesd nozzle had a wall thickness of
2.5 mm, and the slits had a width of 0.6 mm. The OD blade
extended in alignment with the slit,

25 The workpiece was & rpintered Nd-Fe-B magnet blook
having a length 100 mm, width 30 mm and height 17 mm, which
wag polished at an accuracy of #0.05 mm by a vertical
double-disk polishing tool. By the multiple blade assembly,
the magnet block was longitudinalliy ocut into a plurality of

30 magnet strips of 2.0 mm thick, Specifically, one magnet
biock was cut into 40 magnet strips because two outsilide
strips were excluded.

£ jig has 41 gulde grooves corresponding to the 0D
blades. Bach groove hag a iength of 30 mm, a width of 0.9 gm

3% and a depth of 19 mm. The magnet block was fizxedly secured
to a support by the Jig so that the guide grooves arse in
register with the machining lines as shown in FIG. 8b. The
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20 providing a doughnut-shaped disk core of cemented carbide

(consisting of WC 90 wt% and Co 10 wt%) having an outer diameter 130
mm, inner diameter 40 mm, and thickness 0.5 mm, and bonding, by the
resin bonding technique, artificial diamond abrasive grains to an outer
peripheral rim of the 25 core to form an abrasive section (peripheral
cuttingaparty contaming25%nby Melunes afidiamoend grains With an,averaqs,
particle sizewi 1 56-a cdbeaxial @RNSION pf e ahrasive sectign from

the coraas 885 smm.ep-each side, that is rasive,secti UQ a
width (i dhgthickness di%éction of BOE?h%e %%e)gc%.?%m%a mil s*?ar% the*e
OD) blades, a guffing test was carried out on a workpiece which was a

sintered Nd-Fe-B r&ag;&eéﬁ%cﬁ?ﬁae %é’é‘t’cc?n&‘ﬁ%?@%@a%l_%s.fﬁﬁ at a
multiplzel;bﬁadre assembly \N’é%“ﬁﬁ’anaf&'&'ﬁreﬁkb"i/ BB akiAhe nioaftng EeODY at
blades B8R & BraR&ftHt &7 L4PEpakitRy of B P¥ANPRithispacersinterpesed
therebBT/RR T & 3 cET stegcHIRid afiloatetidiametemZOvwanp iaRer unt il
diametéPA0ThET, andthiekirdse 8yt mne. Bife thaltiplethladie: assemblywaseq
desigriedsoithet theemaginiet bioskvwas cub.inte MagnelsEps:haying & 4
thicknéssmoft3e memalodhea muliple dladeassembly consigling of 1400, .
bladesmad-i3spacersiaiernatelymoupied on the shaft was combingd
with adfepdinozzie.as shawpiRdG . 3 Q.4,s\ch that the %Eé}gfgﬁ%%%h%ra'
portion a2k b Alade uas lsgiied 1iq e comespand it S e~
fegd ngzzle as é@g\%pein 1G. 6, 16 Specifically ar?out‘erﬁ%?ffdn GEtHE B4
blade radiall teé%e%jﬁ ing,8 mm fom s B HE Walafseted o S
The s@t dégrtlon 0 e"%e%f’ﬁ%z?féaﬁgﬁng waiFthigkess ofgteifinyrandahecs
slits hAd"B WIBER of 08 ™ tAe' o5 MafewaEntizerin alighnrent with the
slit. 20The woikplecéRPaFd Sirtered NdsFeB:mmagnet blotk haing @ ea
lengthPR7IRAR2WItHPIVE0 nen @l hisiglse2flemm wahichvwas polished ab @l
atfcuray G405 mmiby-avesticakdenbleslisl palishing.toal. By the,: ng
multipte biade asserabiy-she tagredblaskvas lonoitudinally cupintga, - .
pluraligy of 26 maghet stiips:of 3.0 thiek. Spegifically, one magnet
block ygaseub iniey LA PRANELRILIRS Regausg wo outside Strips were
exclud@dors machining the magnet blook. at the end of this
25 stroke, the assembly was moved back to the one jig segment
side without changing its helght.

After magnet blocks were cut into a plurality of

magnet strips in this way, the thickness of each strip at a

longitudinal center was measured by 2 micrometer. 'The strip

wasg rated "passed” when the measured thickness was within a
cut size tolerance of 2,0:0.05 mm.

30

If the measured ¢hickness
was outside the tolarance, the arrangement of 0D blades was

tailored by adjusting the thickness of spacers, so that the
measuraed thlckness might Ffall within the tolierance. If the
spacer adjustment was repeated more than two times for the
same 0D hlades, thase 0D blades were judged as naving lost

35

stability, and they were replaced by new OD blades. Under
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A jig has 14 guide grooves corresponding to the OD blades. Each groove
has a length of 50 mm, a width of 0.8 mm 30 and a depth of 22 mm. The
magnet block was fixedly secured to a support by the jig so that the guide
grooves are in register with the machining lines as shown in FIG. 8b. The
upper surface of the jig (on the side of multiple blade assembly) was
coplantesithdheuppen suriaoe afdbes35 warkpiece & magnethlogk fon
the sudmeﬁma&@@lQﬁ&aeesa@a&%n%ykvalua€ﬁﬂn§§hﬁ@%@@ﬁiﬁ&ﬁ@ eate,
cutting fluid was fed at a flow rate of 30 L/min. First, the multiple blade
assembly at the retracted position abqi(eﬂgne zug segment was moved
downward in the depth direction of the“v‘vﬁi%pmce until the 5 outer
peripheral portiond of the D blades Were inserted 7 mm into the guide
grooves. While feedln% utting fluid from the fE6d o2 218 ARd rotating the
OD blades at 9,000 i1 (61 rm’@vec) ithe snultiple blagte assenably Was 1000
moved at a speed (ﬁ‘t?@mm/b ifa) n\/\far(qlﬁﬁ%soﬂ‘ Prbﬁ °§éame?‘?f’§’i‘de n_fiecks

machining 10 direc¢tion forjcutoff maﬁ;hml g the maghet biogk AtBthP end

of this|strokethe-assemb y-was-moye ck-to-the n@_} side
withouteraEriging its h@ighi @uioff)g%ocw s of 7 mm deep were f@rm:ed in o
th magnet blocK surface, Next;the multipte-bltade-assembly-at-the
retactd TEpAGH §bcliE e, B8 1 Sedment was moved 14 mm
downward in the depth direction of the workplace. While supplying cutting
fluid from the feed nozzle and rotating the OD blades at 9,000 rpm, the

multiple bladesassendblyswas mayedat a.speedf 20 rpmymin tfoward the
otber ja.seameg! side.dar 20 oM MAGhingo lie maone bIO% jidne

end o Ahe.a was,mav {0 the one en
wﬂho@fé&fﬁg&ig |tt§he|§§gg}‘ el grln?%e achinng operalish 8T ﬁ"i’é’g’

magnét block, a compact clittin PSR r G2 SETRICHSY) Shak 168 atsee
below?fgrfhg maghe ?rblggﬁ%?#ﬁé%ﬁnﬁ*th‘éu%égg A5plied Bihe magnet
block P& Si7eSE aldiy THBHHDVAT TRASGIOR6f HseTRniplenslatkes sumber of
assen By dGARghREREIRPS forPhikitidbguidecgreovesmvas s N in the
forwaif attnihgvdiraction ebthieblade assamiblyr and the sieess:alerg dheine .
moving direction of 30 the multiple blade assembly during subsequent
machigagygas 2140 N in the forward moving direction of the blade
assembly. op biades {cutoff abrasive blades) were fabricated by
20 providing a doughnut-shaped disk core of cemented carbide
{consisting of WC %0 wit% and Co 10 wi%} having an outer
diameter 130 mm, inner diameter 40 mm, and thickness 0.5 mm,

and bonding, by the resin bonding technigue, artificial

diamond abrasive grains to an outer periphersl rim of the
Z5 core to form an abrasive section (peripheral cutting part)

containing 25% by volume of diamond grains with an average

particle size of 150 pm. The awxial extension of the abrasive

section from the core was 0.5 mm on each side, that iz, the

abrasive sectlion had a width {in the thicknmess dSirection of
30 the core) of 0.6 nm.
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After a magnet block was cut into a plurality of magnet strips using the OD
blades, the thickness of each strip at 5 points (i.e., center and four corners
of cut 35 section as shown in FIG. 10d) was measured by a micrometer. A
difference between the maximum and minimum thicknesses was

computed, with the results shown in FIG. 10a. Example 6 A sintered

Nd-Fe-B magogthlpdkuan rashited asdpirapniess exeeptior g o

following <F ng qperatio ting flul Was ed ata
flow ra%g Liin&éﬁgs% t%@ gli[tl% eE%Ia Q&é;gem IV 2T the ratPadied ™

position above on Segiment was moved doHNrER thedepifeenbly
direction of the wo?%gl%\c% Bt GEY gutiHeRy phtithsterits op &
blddes™Waté ifiSeffe P+ iRFiBRNE glide Yroovesh\Whitedoedingsrrossa
cutting"fiEfEER®HT0 the Fee cFRBZ2Iks aptibthtifigth OB hlddeseat=@, 0G0 mm,
rpm (647Hse ) athet piultiplenbladedssembhewnassmoved atraspead 0f1e
1500 rabaifrinstowald the-othes figpaegment-side immthenmachining direstion«
for cutoffumaehining the-rpagnet-black. At the.end of this strgke, the
assembly was-mowed backtg thed % 0na80d Sidgwithopt changing its, .
heightaGuiteff graoues of 0.25.mm feep. were formed In th@a%”et DI9CK e

surfacg; Next, tinle blade assembly he retracted Ion above
the ongi%se y%%;\%%a%?nov gf)%% rzr]}"m anar% in‘the’ e tI’i"EﬁFe&i?ﬁ‘n

of the Sle's pﬁ‘ylng 287 GERG AOPREHT (e TeltFRb 2k AREP
rotating The G5 HRARS 4P 100 i, e ARADRPBe ASsERbly Wag 0. &
moved Bt ALEHERUST BBOBHHRR/ART tOWRra Ehatsthed jijesgnrent sider for
cutoff ATAEAIRIRG tRemabifet BibekbMadhetémdwithis:stroke] thetassembly: « .
was nitved batkoerthieronetjigseginent 2:sitke withoutehangingitsess of
height? Thendowm@arthenevementand Hansyerse MAVementioros vizae
machiaingndaas mpeateshaeeyclesiuntiihg:magnet block was cutoff.

20 The workpilece was az sintered Nd-Fe-B magnet block
having a length 47 mm, width 30 mm and height 20 mm, which
was polished at an accuracy of +0.05 mm by a verticel
double-disk polishing tool. By the multiple blade assembly,
the magnet block was longitudinally cut into a plurality of

25 magnet strips of 3.0 mm thick. Specifically, one magnet
block was cut into 13 magnet strips bescause two outside
stribs were excluded.

& jig has 14 guide grooves corresponding to the OD
blades. Each groocve has & length of 50 mm, & width of 0.8 mm

30 and a depth of 22 mm. The magnet block was fixedly secured
te a support by the 4ig so that the gzide grooves are in
register with the machining lines as shown in FIG. &b. 'The
upper surface of the jig {on the side of multinie blade
assenbly} was coplanar with the upper surface of the

35  workplece or magnet block (on the side of mulitiple blage
assembly).
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During the machining operation of the magnet block, a compact cutting
dynamometer 9254 (Kistler) was located below 30 the magnet block for
measuring the stress applied to the magnet block. The results are shpwn

in FIG. lla. In the graph of FIG. ha depicting the stress along the_ moving
direction of the multiple blade assembly, the stresses in a diregtlon
perpendicularsiorgiawing;dugetionand 'n g3 axiar dugclion otine. .

he bl Iso.depicted, Th ess tﬂ(!essmovmga
e e S S TR SR i

d and the Stresses along the o %?Sth‘%‘}l‘fﬁﬁtlple
gllgdg ggzz\r/ﬁag]y ARG s 58S guSAT FTALATIAG <t %%SW%FTOW‘N% ghe

directiSh Gip&siteRBthe ot itoifigtdite ok Biinhe bierfe snsenibly*7 mm
SAfter Ehtadiiét Biddle wis etieinto Epharafine6f neagnet stgps usingthen the
OD bl&@es, five thickmebsroteathostrizadh poits«i.er, center and fosr
corners/ebelt sestionas ShownindslGsi0e) was-sreasuRd DY @ speed of
micrometes: A diffecsiaca belweandhe MaEBERR AN MBINITWIN, machining
thicknesseswas 10.eogputed m\élgﬁm.%ge%ﬂés xﬁQ%% '%ﬁ!% 10,,p’t: the end

C xample 2 .he A d-Fe-B etblock was -~
m(;r:kﬁgga%%%i g&m@%h:%c%%t%?ﬁe fgllo%;‘f'n dn%l‘:lar% es. QI% The cutti r‘?g

fluid feed nozzle was chan A tead nozz e onT Bhie BPRHIRG ©F
wl:tlh aeﬁelght mm and%ﬁ??ﬁ%l mny (5BERMY argﬁgﬁé’ﬁ‘lﬁ% The

cutting fluid was externalifih éé’ﬁa% Fd\ﬁi Fd #FEBDBlddes Wroifgh aheed
n%zzé% Ehifg. 2B H’égﬁé?bm frsweREUved tocaehrbonrbagevnward

suppotfwitttadfBkiadiesive: Wwitkdutbsingakjigece. Wnile supplying
cutting £luid from the feed nozzle and rotating the OD blades

at 2,000 rpm, the multiple blade assembly was moved at a
speed of 20 mm/min toward the other Jig segment side Ffor

20 cutoif machining the magnet block. At the end of this
stroke. the assembly was moved back to the one end side
without changing its height.

During the machining operation of the magnet block, &

compact cutiing dynamometer 9254 (Kistler) was located below

25 the magnet block for measuriﬁg the stress applied to the
magnet block. The stress along the moving direction of the
multiple blade assembly during machining te form initial
gulde grooves was 73 N in the Forward moving directiocn of the
blade agsembly, and the stress along the moving direction of

3¢ the multiple blade assembly auring subsequent machining was
140 N in the forward moving direction of the blade agsembly.

After a magnet hlock was cui into a plurality of

magnel strips using the OD blades, the thickness of each
strip at 5 points (i.e., center and four corners of cut

3s ssotion as shown in FIG. 104) was measurad by & micrometer.
A difference between the maximum and minimum thicknesses was
computed, with the results shown in FTC. 10a.
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For machining operation, a cutting fluid was fed at a fIO\_/v rate of 30_L_/m|n.
First, the multiple blade assembly retracted at one end in the machining
direction was moved 25 downward such that the lower ends of the O.D
blades were positioned 21 mm below the upper surface (_)f the workpiece.
‘While feeding cutting fluid from the feed nozzle and rotating the OD
blade<at®p0@0 §pm, the multiple blade assembly was moved at a speeo_l
of 20 mm/minafreatese-antao-the oppasite 30 end of gmﬁg}éa# %ef%t bloc n_’n

ashiaing d t a the,) the &f
gﬁhrlns stro&@?ﬁ%ﬁ?&%ﬁgov@ﬁ%% Kot ng%ne end side Wlthout

Ders %6Cﬁt

n ight..Dyri & 'machining Gperation of the et
ggécog&g;%t c%%‘?ngg ;ril)rarr}%ometer%’ﬁf (K@%ﬁ%&?&@a@@%l&ﬁ%@w at
magnet Blockfor 1 meaé?ﬁﬁ%é IRB &qrage Histictito freTragnerblocksThe
results AT EHSIW I N BRG S48 57 |1fthie graphodt K1, Hbdepiotinguthe: stress
along ?H@%o@ﬁ@@‘ﬁ%ﬁfbmwwé%uﬂﬁo@maﬁe assemblys the Stesaesin . 75
a direfffofrperperrliculartostivemevingdinectiossansyinothe: axialdireelien o
oftthe Yotating Shedt of ¢hesdlades-ate alsad depicied.Tha syessalong the
movingy/ diettionmef May@m@l@ﬁagea%%g@b}y%n&%%ch@mg Jvas %9(%
N in the dorwaremoving diyegtion.of the ﬁgdge%%%mb ftg 3% magne

lock m trips us the S the

?hlcknﬁiéggﬁfﬁgﬁgy gl%q{aﬁ%g %Eeé YI‘({:)en{:%lerr}él%n% ol ggﬁ?@%ﬁiﬁﬁ"ﬁﬁ .

sgction,as shown.in FIG Was measursd By Amicrormatss A

differgncf Between the maX|muﬁ%%ﬁﬁdﬁﬁﬁ?&ne%@fﬁaﬂ%ves of

compufe% With fHeP r&SiTes SHOWH inFF ke 1 pesnstsdandtommERBc4 0, the

multiple cutoﬁ?ﬁ*échm’iﬁdm‘ltiple blade assembly at the retracted
position above the one jig segment was moved 0.75 mm downward

in the depth direction of the workpiece. While supplyving
20 cutting f£fluid from the feed nozzle and rotating the OD blades
at 9,000 rpm, the multiple blade assembly was moved at g
speed of 1500 mm/min ‘toward the other fig segment side for
cutoff machining the megnet block. At the end of this
stroke, the assewmbly was moved pack to the one Jiy segment
25 glde without changing its height. The downward movement and
ransverse movement {for machining) was repeated 26 cycles
until the magnet block was cutofif.,
During the machining operation of the magnet block, =
compact cutting dynamomster 9254 (Kistler) was located below
30 the magnet block far measuring the stress applied to the
magnet block. The rTesults are shown in FIG., lla. In “he
graph of PFIG. lia deplcting the stress along the moving
direction of the mult tiple blade assembly, the streszes in =
direction perpendicuisar to the moving direction and in the
35 awial direction of the rotating shaft of the blades are also
depicted. The gtress along the moving direction of the
multiple blade asgembly during machining to form initial
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15 method of the invention achieves a significantly improved accuracy of
cutoff machining. A further improvement in accuracy is achievable by
effecting machining operation such that a stress is applied in a direction
opposite to the forward moving direction of the multiple blade assembly.
CLAIMS: 1.A method for multiple cutoff machining a rare earth magnet
block §8aftE nsEtstEEomMsrisitg testeps cfisproviting e maltipledtaden of
asserhbgy !B?@h‘#pﬂémgvéqﬂaraﬁmﬁmt@iﬁahngsmba;ﬂestmwmg steps
mountedsor alrotating shafi atiaxietyspagedapest posiiensceashsaishing
blademesprising« core inthe-farsafw thin disk or thin_ doughnut disk
and a periphgralutiing.pad:onaeulet 10.perphsral tm,of fhe cqre,
proviging.a cutfing luidJesd ppzzip having 2 cutling fLiginiel at,ong gnd
and a,plgliy,of siis, farmed at anather.end and correspanding (o fhe
plurality of cutoff abrasive b ades such that ah outer penp‘heral porﬁoﬁof
each 15 CULOH ABrasve biadé may e fngﬁeg‘?ﬁfﬁﬁe&ﬁgsﬁﬁb‘?ﬁ@mﬁﬁ?r"
combfnifif SATFRSE RBYSRE With SRt & ol asanisy Suar gt was
tHe oGfEESERPhetaBorthsn D 8HEdF Stettoff-abFasivetbiade is inserted

into the corresponding slit 20 in said feed nozzle, feeding a cutting fluid

into sawtess oz |EdemnliighZ

& sintered Ni-Fe-B magnet block was machined as in
Ezxample 5 sxcept for the following changes.

18 The cutting fluid feed nozzle was changed to a feed
nozzie having only one opening with a height 3 wm and width
i00 mm (opening area 300 mm’). ‘The cutting fluid was
externally injected toward the OD bDlades through the nozzle
opening.

20 The magnet block was secured to a carbon baze suppoTt
with a wax adhesive, without using a jig.

For machining operation, a cutiing fluid was fed at a
Llow rate of 30 L/min. First, the multiple blade aggembly
retracted at one end in the machining dirsction was moved

23 downward such that the lower ends of the OD blades ware
positioned 21 mm below the upper surface of the workpiece.
While feeding cutting fluid from the feed nozzle and rotating
the 0D blades at 9.000 rpm, the multiple blade aggembly was
moved at a speed of 20 mm/min from one ead to the apposite

30 end of the magnet block in the machining direction for cutoff
machining the magnet block. At the end of this gtroke, the
assembly was moved back te the one end side without changing
its height.

During the wachining cperaticn of the magnet block, a

35 compact cutting dynamomeler $254 (Ristler) was located below
the magnet block for measuring the astress applied to the
magnet block. The results are shown in FIG. 11b. In fhe
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the inlet and Injecting the cutting fluid through the slits, and rotating the
cutoff abrasive blades to cutoff machine 25 the magnet block while the

slits in said feed nozzle into which the outer peripheral portions of cutoff
abrasive blades are inserted serve to restrict any axial run-out of the cutoff
abrasive blades during rotation, wherein the cutting fluid reaching the slits
and 3@Twrhing iF tontactwithpthe: oogerperiphasakperien of:rash cuigff
abrasivedsladeis entrairechar: sprfacas.ef the suteff.abrasive blade heing
rotated ardchtrastsparied tavaudithe. peripheral Gutting part of the cutoff .
abrasiyg:hlade; bydhecentrifugal fores of rotation, whereby the cuttlgge ise
flujd is;35delivered;ig p&f%ssgf cutoff machining on the magnet block”
during multiple cptoft énacglegnilg%. ggrihe method of crafi Whet&in

at an ipitial stL?gr&-:- of:cuto f machining of thé Fare&4fth HifyrieColbde dittfer
one or 5ot of said MEIthIESIEHR" a8Ee sty i thé ThaREt block are
relatively moved frorft SHEEnBerknBife cand ofithexnmgmetiblockein its
longit it tirdetion: theteby hachimirg:tves sutiace:olnragaet bloekta
fafm ciitsifegove ot atsredeterminegtdeptnin themagnes hloslk ssyface,
the cuteffabrasive diages arerfurthenmtated tadefurthencutoffmaching, ...
the magnet bleekwhitethe suteffgreavesinta-whieh, he.puter perinheral, .
portioas:@fithescuteft abrasive.blades atg insered serve,to restrict any

axial run-out gf the guteff.abrasive pladgs, the cutting fluid flowing in the
cutoff grpgyve 15 i@ﬁ@digﬁg%gtt&ﬂ% ;Iglv‘f/%% rgqgm_&e‘lag LA o
feed nozzle and across th suﬁ%ces of the cddif BBrasiarbistd §=oved
entrained on Surtaces of the Cutot abfasive BIHT beirgRBEIREEHheeby
the cutiing g i dSREETR poftsSSE BtitotPeacTRing oh dreTaageet such
block tRiting: 28 R Afip s caRsH Hedchiningdis eTie anethod Tftelaim 2he
wherdifaHe it s Bt Gropvbson of the multiple blade assembly.
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are formed, said multiple blade assembly is retracted outside the magnet
block and either one or both of said multiple 25 blade assemblly and the
magnet block are relatively moved so as to bring them closgr in the depth
direction of the cutoff grooves in the magnet block, Whlle the outer
peripheral portion of each cutoff abrasive blade is inserted into the cutoff
groove-itk i 30 magnetic block, either one or both of the multiple blade
assembly and the magnet block are relatively moved from one end to

th doft net bloc d its lon |tud|nal dlrectlon for macthn
;’jlhneomzlr ﬁgt ?éé:%f%gigh%gc w%nﬁigera%on |S“f%§lﬁ?€8%ﬁe O horasth

times ungﬁt?we ma nét BB B0 iEkfiB&s°F 4. The
méthod of claﬁﬁ%%ﬁ%%lﬁ tﬂ‘é*&é“ﬁﬁ%ﬂﬁ@%tﬂéﬁ%é’s@ahwg a
distan&e BFrhbvEmMéntH € deptedivectibndstecloniation ofthetedtaff, a
groove¥ A Ythsrefit 021 ramt¢6-20 romeSd Safihe npethiad.of £)aisac ok o
wherelrt adnaetimirisstress along the meving:directiandliufingibe or thin
machiningioperationkisagpliedde thesmagnaidiogk heing machingd.in.a
directipaappeste tedhe-mayagdiraction of the multiple blade 10

assembly relgtive-tQithe maghet gggcgugdm% é’aeg}) g} %( %ne of cutting

h Ic tt| a fthe cut rgsw
gllzldr?ggéféi%m @%@:’iﬁ&ﬁ?&%&éﬁt Inlétheqflg (5 %%z?e Has & width o

15 more tha F W mmto \zzch) gi R 7 P he metod SFakiyL hEtEREA jig

at an outer peripheral portion of each
consmﬂw%%ff abrasive blade may be inzerted in the corresponding
slit,
combining said feed nozzle with said multiple blade
assembly such that the ocuter peripheral portion of each
cutoff abrasive blade is inserted into the corresponding slit
2¢  in said feed nozzls,
feeding a cutting fluid inte gaid feed nozzle through
the inlet and injecting the outs ting fluid through the slits,
and
rotating the cutoff abrasive blades to cutoff machine
25 the magnet block while the slits ir said feed nozzlie into
which the outer peripheral portions of cutoff abrasive blades
are inserted serve to restrict any axial run-out of the
cutoff abrasive blades during rotation,
wherein the cutting flvid reaching the slits and
30 coming in contact with the outer peripheral pertion of sach
cutoff abrasive blade is entrained on surfaces of the cutoff
abrasive blade being rotated and transported toward the
peripheral cutiing part of the cutafs abrasive blade by the
centrifugal force of rotation, whereby the cutting Fluid is
35 delivered to points of cutofs machining on the magne® block
during multiple cutoff machining.
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pair of jig segments for clamping the magnet block in the machining )
direction are provided to secure the magnet block, 20.one or poth of the jig
segments are provided on their surfaces with a plurality of guide grooves
corresponding to the plurality of cutoff abrasive blades s_uch that _the outer
peripheral portion of each cutoff abrasive blade_may be inserted into the
corresponding GultEgRSoGE, SAHE chitsHeifHive blades are rotated
while the guidé gtdotvesSits VTIPS oRdPSEripherat bostions Ofcuteft
abrastErbladeszeé inderied séhves torestrictany acialsameout Df 4hee vlade
cutoff @rashe bladesidurimgretatidnsth awttﬂ%giluie}é@v_mg,&t%gy idge
groove:B0 tncludingdhesautting fuid floydag fram-each slitdn;sajd; feed.. .+
nozzle anckecsass the:upfaseswfthe.cutolf abrasive bladg, is,entrajned on
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gg mﬁﬁ%%ig%{%g@ iggf 8¢;j'!'hee ethosd of cIaim__ﬂ? wherein thg guide
in the Jig seqment extend a F;lr?dit% of TG 50 iR the
grooves in the Jé%_ﬁse‘_ ment e t e
magnet block which 15 SECUTEE b e g5 irietnathiots of efaifs
wherdin®®V*® at AHPintlidrStatie oPRETST RRBE RIIRG OftE fares eaftthe
magn&t biGek 2EftABH the dP both Biesditsmuitidlesblade assembly:and:the
magn&¥biéck #recteiatife jhmover frormione end mmhe_r _end of the
magnet blockw itsuiongimdinat d0mdisection; thereby-maghining dbe
sarfacecfmagnet:block dodfosmecutal§ grepves okapredatermined denth,
in thesmegnethlocksurfaseouaththe provisq thatd EHQ_gg;g@ocgn ing at ;gfg
opposite endssinthe mackinipg dirsgtion. fe guter peripheral portions of
Cumffb@@;@@@é&'?@&%ﬁﬁ%@:gﬁre%%g cutting fluid ig deliversd to
points of cutoff machining on the magnet block during

20 multiple cutoff machining.

3. The method of siaim 2 wherein after the cutoff grooves
are Tormed, said multiple blade assembly is retracted outside
the magnet block and either one or both of said multipls

25 blade assembly and the magnet block are relatively moved zo
a5 to bring them closer in the depth direction of the cutoff
grooves in the magnet block,

while the outer Peripheral portion of each cutofs

abrasive blade ig insgerted inte the cutoff groove in the

30 magnetic block, either one or both of the multiple blade
assembly and the magnet block are relatively moved from one
end to another end of the magnet block in its longitudinal
direction for machining the magnet block, which machining
operation is repeated one or more timas until the magnet

35 block is cut throughout its thickness,
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15 into the corresponding guide grooves in the jig_segments, the
cutoff grooves into which the outer peripheral portlons of the cutoff
abrasive blades are inserted serve to restrict any axial run-out of the qutoff
abrasive blades, the cutting fluid flowing in the cutoff groove 20 including
the cutting fluid flowing from each slit in said feed nozzle and across the
surfacés of thEPCuliFatRash & bide s ermrsanadton stefavesnfthe cutoffs
abrasifETERRe Bethghotdibstwinaredi therentting fluictie dediveredtPection
pointséftemotbrmadchiming i tlee anagnet hHlack giring Z@ngl'ggjﬁncytgffm to
machifigwl0.The method of any one of claims 7 to 9 Whereln after the
cutoff grooves are formed, said multiple blade assembly is retra_cted
ousids the magnebioek S0 9160491120 of o mulple bl
Closer I i oot ot e b 15l T Renk dgpetiokion
e ety Il
\(;Jﬁﬁg r#%:gnlﬁgr gféri%ﬁe r%?j)no%o%lgfz ga%ﬁ%lﬁo‘?ﬁﬁﬁf‘é‘ﬁ%%laﬁ&@iﬁ@é@d
into the Buto ?%ré“gvgki% {6 385 miristid Bl arfor e ridetgmbye in
the jig SEgMent, TiterShe ' bth BERE mbkipts blade assembly and the
magnet block are relatively moved from one enq to another gnd of the
rare efrth materbldekirvitsdongitudinal directienfoLsnachining:ihe: ne
magnetbicéiezwhich machiniagoperatian cﬁx@@ga@g%gr yRQke times
until theanagnetbiackds eutthreugheutdtsthickness, .L1.Thg methad of
claim Af-wherein thandepth of the gutoff

7. The method of claim 1 wherein a Jig consisting of a
pair of jig segments for clamping the magnet block in the
machining direction are provided to secure the magnet block,

26 one or both of the jig segments are provided on their
surfaces with a plurality of guide grooves corresponding to
the plurality of cutoff abrasive blades such that the outer
peripheral portion of sach cuteff abrasive bilade may be
ingerted into the corresponding guide groove,

25 the cuteff abrasive blades are rotated while ths guide

grooves into which the outer peripheral portions of cutoff

abrasive blades are inssrted serves to restrict any axial

run-out of the cutoff abrasive blades curing rotation,

the cutting fluigd flowing in the guide groove

30 including the cutting fluig flowing from each slit ip said
feed nozzle and across the surfaces of the cutoff abrasive
biade is entrained on surfaces of the cutoff abrasive blade
being rotated whereby the cutting fluid is delivered to
polnts of cutoeff machining on the magnet block during

35 multiple cutofs machining.
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grooves and the distance of movement in the depth direction after

formation of the cutoff grooves are both from 0.1 mm tp 20 mm, 10 17.The
method of any one of claims 9 to 11 wherein a machinmg stress along the
moving direction during the machining operation is appll_ed to the_magnet
block being machined in a direction opposite to the moving direction of 15
the méittiple b SWRIALHF refetive fo Hhe Prignebolockad JPhesnethodne
of anyléfie BrEElahse? toui avReraifithespériphetal auttingnparbaf Hie magnet
cutoff abresivebad e hasaumidt oW  tavad the slit in the feed nozzle and the
guide groove 20 in the jig segment both have a v_vidth of from more than W
men te (W+6)menmdéhda eenpestipnwith & multiple blade assembly for
multiple cutofgmgghmi@gig&ag@égggq;@ fnagpet Qé%%g_h%g d%g @gétl@l%a
blade assempl;romprising aplurally.gf cuoff abrasive Diades coadally
mounted on a éog%tgqqgig%ft ai'% axially s}gacx@ed aég?rtﬁ)[o% %)ns, ‘FeﬁﬁJ B e ove
blade@cnoAn@{r}ism%t core in the Tormiof a thir ofsk oF 1 atiy

and a periphefal cutting ParCn &t JUtEP peripHetal tfin b theee- corél zel
citting e a8B nG2ofesfoT fsdihy @ eutting Turdaethetnmitipks blddek to
assemBfy; S2d ¥68d%T825Rs hading eredeirrfiaisinléeat one:etideanddot
plurality ¥Fs|itsf6aned ut dihother mnorand corzespondingdadhenplyality efe
35 cutsfbebiasiverbiades suchithatianexter pesipheral pastion-af-each
cutoffrabrasive blagde:maynbedasestaskin ha-corasnonding sit. :ncortes
15 inteo the corresponding guide grooves in the iy segments,
the cutoff grooves into which the ourer peripheral
portions of the ocutoff abrasive blades are ingserted merve o
restrict any axial run-out of the cutof?s abrasive blagas,
the cutting fluid flowing in the cutoff groove
26 including the cutting fluid flowing from each sli% in said
feed nozzle and across the surfaces of the cuteff abrasive
blade iz entrained on surfaces of the cuteff abrasive blade
beling rotated whereby the cutting fluid ig delivered to
points of cutoff machining on the magnet blook during
26 multiple cuteff machining.

Ia. The wethod of any one of claims 7 to © wherein after
the cutoff grooves are formed, said multiple blade assembly
is retracted outszide the magnet block and either one or both
30 of galid multiple blade asgembly and the magnet block are
relatively moved so ag to bring them closer in the depth
direction of the cutoff grocves in the magnet block,
while the cuter peripheral bportion of sach cutofy
abrasive blade ig inserted into the cuteff groove in the
35 magnetic block and/or the gulde groove in the jig segment,
elther one or both of the multiple bhlade azgembly and the
magnet block are relatively moved from one end to another end
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15. The feed nozzle of claim 14 wherein the peripheral cutting part of the
cutoff abrasive blade has a width W, and the slit in the feed nozzle has a
width of from more than W mm to (W+6) mm. 16. An apparatus for cutoff
machining a rare earth magnet block, comprising the cutting fluid feed
nozzI%{)f %Ilgim 14 or 15. 17. In connection with a multi@le blade assembly

for myitiple cUtof MachiRNG SF & rare Sarth mAbhet TSRS AR dftiret Lon
blade Fss&RBR 2R ASH AT ahhP ¥ cUtBH Shrisrie Bladesrsmtiaty s
mount&@HH-§Fotatin G R &t Hikiafydpdde dFap arepositiddscsath saitd
blade "¢HiTipieRiG a-E6r&iehederm of a thin disk or thin doughnut disk

afnd a peripheral cutting part on an outer peripheral rim of the core, a

jig forffixedly meeuting:the sare pasth magnet blockcorpgsing A pair ofjig -+
segmenisfeeClataping the sagnetdiogkla:ibe-machining dirgction far, . ..
securing the saagnet block and asupporplatt.. ..oNeor hoth ofthe jig .

segmeptg,peing provided on their surfaces with a plurality of guide
grpoves corresponding to the plurality of cutoff abrasive blades, and the
suppart plate being provided on its upper surface with a plurality of
groo%%cqr%%ﬁon ?n[’é‘v’ fo ?ﬁeaéﬁid“élﬁr%vg%’?‘r’r‘"fﬁe?jigtgeginé’ﬁféi% that
the ol &P I TBIcH BRI CltSH 2B radias bidde tray e Wiserted
into & EotreisondiftrGtiide trotvil1e8. Thetiig oflairn bievitereiinthe
guide"grdovestin-thetjigiseginentsexterid a lengthofibmapta100mmn of
from the rmagnebblookladichds secyred by thedig.cl $nEhesiigof claimsl7
or 18 wherein the peripheral cutting part of the cutoff abrasive blade has a
widthW, andrthe guidegreevedn the jig:seament has.g widiy ot from more
than YeeagLia A Gldains AN aPRAALS [8: eulal [Dachining.a rale
earth,magnef blggk, camnrising,the jig for ggcur%%ghe magtr;lgt ag{cii;é osfr
apy one gfglaims 17 to.19. TITLE OF INVENTION Method and < s=oove
Appa&tg&igg MUItpIe Cltoft MAching of R RarfrRiagieeaibar ¥ me
Cutting Flui I)—“enéla'Nozzle, and Magnet Block Securing Jig ABSTRACT In

a method for multiple cutoff machining a rare earth
14. In connection with a multiple Blade asgembly for

miltiple cutoeff machining of a rare earth magnat block, =zaid
25 multiple blade assembly comprising & plurality of cutoeff
abragive blades coaxlally mounted on a rotating shaft at
axially spaced apart positions, each said bhlade comprising a
core in the form of a thin disk or thin doughnut disk and a
peripheral cutting part on an outer peripheral rim of the
30 core,
a cutting fluid feed nozzle for feeding a cutiing
fiuid to the multiple blade assembly, saild feed nozzle having
a cubtting £luid inlet at one and and a plurality of slits
formed at another end and corresponding to the plurality of
35 ocutoff abrasive blades such that an outer peripheral portion
of each cutoff abrasive blade may be inserted in the
corresponding siit.

-



magnet block, a cutting fluid feed nozzle having a plurality of slits is
combined with a plurality of cutoff abrasive blades coaxially mounted on a
rotating shaft, each said blade comprising a base disk and a peripheral
cutting part. The slits in the feed nozzle into which the outer peripheral

15 .portigas ploytoff abrasive blades are insened.serye R Lesict a0y @a@ltmg
run-out of the cutoff abrasive blades during rotation. Cutting fluid is fed

Paziho ffthe st 8221 tRFETGH it &5\ th & Potafing B hbraRe Pigdas it in
thearfgaventualbetdpsints eidtitofh fndchimingon thbanafnetblork (FHG) 3.

is6. An apparatus for cuteff machining a rare sarth magnet
bleck, comprising the cutting fluid feed nozzle of claim 14 or

15,

17. In connection with a multiple blade assewbly for multiple
cuteff machining of a rare earth magnet block, said multiple
Ilade assenmbly comprising a plurality of cutoeff abrasive blades
coargially mounted on a rotating shaft at axially spaced apart
positions, each said blade comprising a core in the form of a
thin disk or thin doughnut disk and a peripheral cutting part on
an outer peripheral rim of the core,

a jig for fizedly securing the rare earth magnet block
comprising a pair of jig segments for clamping the magnet block
in the machining direction for securing the magnet block, and a
support plate,

one or both of the jig segments being provided on their
surfaces with a plurality of guide grooves corresponding to the
plurality of cutoff abrasive blades, and the support plate being
provided on its upper surface with a plurality of grooves
corresponding to the guide grooves in the jig segments, so that
the cuter peripheral portion of each cutocff abrasive blade may

be inserted inte the corresponding guide groove.

18. The jig of claim 17 wherein the guide grooves in the jig
segnents extend a length of 1 mw to 100 mm from the magnet block

which is secured by the jig.

13, The jig of claim 17 or 18 wherein the peripheral cutting
part of the cutoff abrasive blade has a width W, and the guide
groove in the jig segment has a width of from more than W mm to

{(W+5) mm,
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20, En apparatus for cutofs machining & rare earth magnet
block, comprising the jig for securing the magnet block of
any one of claims 17 to 18.
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TITLE OF INVENTION

Method and Apparatus for Multiple Cutoff Machining of

Rare Earth Magnet Block, Cutting Fluid Feed Nozzle, and
Magnet Block SBecuring Jig

ABSTRACT

In & method for multiple sutess machining a rare ssrth
5 magnet block, a cutting fluld feed nozzle having a plurality
of plits iz combimed with a plurality of outoff abrasive
blades coaxially mounted on a rotating shaft, esch said blade
comprising a base disk and a pariphers]l cutting pars, The
slite in the feed nozzle inte which the outer periphersl
e portions of outoff abrasive Dimdes are inserted perve to
restrict any axisl run-out of the cutoff ambrasive blades
during rotatlion. Cutting fiuid is fad from the feed norzie
through slits to the rotating cutoff sbrasive blades and
eventually te points of cutofs m&f::him,ng on The magnet blook.

FIG. 3A
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