1 TITLE OF I NVENTION Method for Multiple Cutoff Machining of Rare Earth

Magnet 5 10 TECHNI CAL FI ELD This invention relates to a
met hod for cutoff machining is a nagnet block into nmultiple pieces.
BACKGROUND ART - Systens for manufacturing commercial products of

rare earth magnet include a single part systemwherein a part of , 20
substantially the same shape as the groduct is produced at the stage of
press molding, and a nultiple part system wherein once a |large block is
.ol ded, it is divided into a plurality of parts by machining. These

- systens are schematically ill usffaf ed RvEh&Eold. FIG la illustrates the

25 single part _systemijncl udin ress [ding, sinterin r heat treating,
and f1ni shi MEtSeEpEoT AMALTHRIF BHPPTA ECHATLIT oF cAabT P PPEAFEd part
102, and a finished part (or product) 103 are substantially identical in
shape and size. Insofar as normal sintering is perforned, a sintered part
of near net 30 shape is obtained, and the |oad of the finishing step is
relatively | ow. However, when it is desired to manufacture parts of small
size or parts having a reduced thickness in magnetization direction, the
sequence of press nmolding and sintering is difficult to fclumsintered
parts of normal 35 shape, leading to a |owering of manufacturing yield,
and at worst; such parts cannot be forned. 2 In contrast, the
multiploe part systemillustrated in FIG |b elimnates the above-nentioned
probl ens and all ows press nolding and sintering or heat treating steps to
be perfornmed with high productivity and versatility. It now 5 becones the
mai nstream of rare earth magnet manufacture. In the multiple part system
a nol ded bl ock 101 and a si nt er F8CBRLIGAatFEHIdat ed bl ock 102 are

substantial ly i defld eakehisihaRea886 b 28 mbtibat Per ihsequeatnfdinigshi ng

step requires cutting.. It is the. f.or_ manufacture of finished parts 103
10 howto E(i:lﬂagpF%nggﬁ?%emﬁ?emﬁpg@kf%lﬁjt e “host efficient and | east

wast ef ul manner.
' BACKGROUND ART

Systems for manufacturing commercial products of rare

earth magnet include a single part system wherein a part of
, 20 subsﬁantially 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, 1t is divided into a
plurality of parts by machining. These systems are
schematically illustrated in FIG. 1. FIG. la illustrates the

25 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

30 shape is obtained, and the load of the finishing step is
relatively low. However, when it is desired to manufacture
parts of small siée'or parts having a reduced thiékness in
magnetization direction, the sequence of press molding and
sintering is difficult to form sintered parts of normal

35 shaﬁe,‘leading fé a lowering of manufacturing yvieid, and at

worst, such parts cannot be formed.



Tools for cutting rare earth magnet bl ocks include two types, a di anond
grindi ng wheel inner-dianeter (1D) blade having dianond grits bonded to an
.inner periphery of a thin 15 doughnut-shaped di sk, and a di anond gri ndi ng
wheel outer-dianeter (OD) blade having dianmond grits bonded to an outer
peri phery of a thin disk as a core. Nowadays the cutoff maChining
t echnol ogy using OD bl ades becones th& mai nstream especially fromthe
aspect of productivity. The 20 machi ning technol ogy using ID blades is | ow
in productivity becaudeast . atk¢ ngll€ipladearut systemadéustratdte isase of OD
bl ??e | rrulblktgl eltplétlﬁhﬂgatésp@%s?@o%e Jﬁ!a&lcznéd |pli‘§>BfLéiﬁ§5?:$H1 a%&%%l arﬁl g
mul tiple blade a ncl.udi.n p of f .abrasive bl ades
11 coaxi al Py® W%ﬁﬁﬁ%&ngnagﬁr%ﬁ%ﬁﬁﬁ% 28%s %%?E ?E%é&ﬂpgrﬁ $RT yFWiPPh spacers
(not shomnperﬁgﬁmﬁdbwa@b nﬂghrnﬂqﬂmcﬁgvatﬁom@ﬁIWQ§Sﬁﬁlﬂh§7foﬂﬁ1G@Wa thin
dﬁughn% gb@gor%fbd AR ?‘\Eiﬁé{ﬁﬁnggﬁi aakay@.ﬁrﬂa rHyndR @%hltl@fac?@fﬂe{)hehfl rim ]9]1:
the core : IS - ti ade asse | a 0 tiple cuto
nachining,%g%é?nfg?q?op %rﬁ St%?‘bﬁocﬁ |n 0 a(%bgﬁgl?ngllé;n$ o?gparts at
atime. or hefiprtrehsedaplddctidle a5k eRrabrndsialdyblidersicali 4@ond grains
gr edgener agiﬁap@%@@lbg tﬁﬁﬁetﬂeyliéiuﬁaabgbéﬂﬂi fﬂll%ﬁ&h@@ﬁé@cﬂd@il&gsr esin
onding Wt sin nder nmet al._bondi i.nders, . a
'electroplaflE gThegg CLH€§% et aBFdE?%%é%;¥u gsggrékn TSh 886 spﬁ)cuttlng
of f of 1¥ ar Boea¥q rutegAchaphbrksthe BlpgEnie vty Mmoghr asfveldltade@d are used
to machi nejgasaneearth nagnet. bl ock of certain size into a multiplicity

of parts, the rﬂ‘ogllsor}so Ianrél%‘%eﬁ%g“ th %é?(ta@ﬁ%l ){S%?%ﬂlé)e Ahe cutoff

bl ade is crucially cofre erla wor Kpi ece
(magnet Dbl BERS . & dl@PﬁﬁOﬁJd?ﬁlftgoWﬁﬁ%ﬂ»wﬁz’ée%W‘@itPﬁl(Vi’blhi-a&ﬁd
producti vi hyvhyg usiaigna guits ngprg@at twi kh anwémipeat. phbi¢ ks ss thamchi ni ng

at a hlgh gecuracy srh%pg}in&m%e &ﬁcagﬁhggﬁg}éﬁm ewﬂggyeduce chi ps, and

|ncreaS|ng ?ﬁ% nunbeéer parts avai | n or r-toforma cuttlng
part with aukesidiEmekedt hOP brokatien ey iedt €4 PSSyt r bedete &t 8Rdpoi nt  of
mat eri al ybetéer ﬁd&ap&ukgféfvmmlmmeknustabﬁ)ﬁml NNowatdshe thase of OD

Dblade 11 SHQWOS DofchBnsfr Lo Shfidty! LB1h GFUAdALTREELRL, Shge! material s

fromthe standpoints o erial cost ani cal strength. O these
steel mat efpdrstregm.opspeplaktedOMcFREsPFPRY &F SROISKEIVIGRD Bjer, and
SKH ace®r dmamimdmee&hﬁosb@f\d&nd& apebohiien issddw nncpnm@uctialitpr acti ce.

- However 9%1 & teht fdadRGR AR b d HRLELL ala3Uch g5 rare
earth nagne? a thin %E?%% %1 t he r?or art _core =
blade multiple cuttlng is p0551ble FIG. 2 illustrates an

exemplary multiple blade assembly 1 including a plurality of
cutoff abrasive blades 11 coaxially mounted on a rotating

25 shaft 12 altérnately with spacers (not shown), each blade 11
including a core 11b in the form of a thin doughnut disk and
an abrasive grain laver lla on an outer peripheral rim of the
core 11b. This multiple blade assembly 1 is capable of
multiple-butoff machining, that 1s, to machine a block into a

30 multiplicity of parts at a time.

For the manufacture of 0D abrasive blades, diamond
grains are generally bonded by three typical binding systems
including resin bonding with resin binders, metal bonding
with metai binders, and electroplating. These cutoff

35 abrasive blades are often used in cutting off of rare earth

magnet blocks.



20 of alloy tool steel is short in mechanical strength and becones

def ormed or bowed during cutoff machining, |osing dinensional accuracy:
One solution to this problemis a cutoff wheel for use with rare earth
magnet alloys including a core of cenented 25 carbide to which high

har dness abrasi ve grains such as di anond and cBN are bonded with a bindi ng
system such as resin bonding, netal Bbnding or electroplating, as
described in JP-A 10-175172. Use of cenented carbide as the core nmaterial
m ti gates buckl iWerdelseiat forapivsstladsasaturiangt 30 machims g Ta&Asuri ng
tha}] rare gafm nf@gf aet pi@d}?fﬁ@é&qr@@ﬂi petk g_int@ hi ghlecs oy, odowever, if
-a short su of _.cutting. id i ovided to t t r ri ng
machi ni ng §$r¥%'r etheeaf?lﬁa%a%%se P tO%eQ%%t% ?tlmegﬁgﬁagggg{%%/jgprﬁgékt %Jflpr obl ens
l'i ke dul | i hge asrkdidabiinde everramedalay corervictedntnt &8e drside 35 is used,
V\ﬂ! ch pg Obbga‘ﬁdic_rmltaaseoimmhim?igﬁg_tfmmﬂyr I0gi4 henppireeasstand induce
chi ppi ng and_bowi ng, ovij di ng. [ N ct...0 . state.
4 K?)%lr%%zceh%smgge%bag% é’%se%ldh?l}slapg%%?%%ﬁ%?uhg g?%lg garer%néﬁltt Qrg pl ur al
nozzl es nedprt HeldueorinbratddhFFnerdr cBMFY - FEgdRRgacit 88 iFTHard to t he
cutting patdsSmbichipeOXi Ba@M 0ing ahilghatapanid yeguap tRipeedna | arge vol une
of cutting,fluid.. Th I h_is.quite difficult to inplenent in
conbi nati ofi” W ?%Slggngpgiiﬁg%r é%ge’é"ggg +&€/ll|%lr%'ltéudi ng a plurality of blades
arrangéd at a cl Bs@TEBacrAgEF™ absiitt L mPREE dlisE foFihérat be
arranged near thienblradestind gdre)l arber tiappricadhoah tf eedhaigerdaallar ge vol une
of cutting i d, .10t ir r t .qun C LN ts
during rot 5{1%%&}1 otfh%t ﬁépgﬁfo }fes‘%l %gg @gggeﬁfk@%ﬁ ﬁrﬁlrﬁﬁ %:a gtgf Eféﬂ di vi ded
and scatt ePé@davey Sherpr&n i f1G edehdsst et vtk Ag b‘éi’lﬁg?yl‘?a% Rfgh pressure
i s appliedsteel henteut hingefdmiithd athodpethtys fefethaitbribhecqytessdre i s

det 1| M1 aho b0l 0B850 ACHMRRALDI N0 CGaUEE: his CAUISRY kR Cut off

bl ades 't o be bowed and generates vibrati on. To solve these

probl ens, FhpPbVSHamELhoEd For5%utt6ft ABRhiHiThg 229 SFE 2271 irdghet bl ock
have been pheposedtahiiahdsrestwdsticanuteddia emulercambuntaoficutting fl uid
to points gf,20..cutiof f, MRCALAING J R.2Beef fd &6 -MRAPEN mand-aghigug cut of f
machi ni ng at a hi gh speed and a hi gch_accurac as cor‘rBared with the prior
art. One pRBCERE GRTHRIPFPREL & 6f FoBcH? i iftfi%a FRFPePEAPT FHRGEE bl ock

i nvol ves poovadioyg tachustepl eldl=ddetassempdharZsalncitudnagh aarpl ural ity of
cutof f abr gsiyfe bl REESHOB UM EohRA f&ﬁ%g%@&@%@%ﬁg;aidé&n@paced apart
positions, and rotating the plurality of cutoff abrasive blades. A cutting
fluid is efBERFiERY Fgﬂu‘f%cfhe plurality of cutoff abrasive bl ades by
provi di ng. a cut tdmg dfoluitdohetd Hozy lperdvdeinngs aa cutoff wheel for use

with rare earth magnet alloys including a core of cemented
25 carbide to which high hardness abrasive grains such as
' diamond and cEN are bonded with a binding system such as
resin bonding, metal bonding or electroplating, as described
in JP-A 10-175172. Use of cemented carbide as the core
©  material mitigates buckling deformation by stresses during
30 machining, ensuring that rare eatth magnet is cutoff machined
at a high accuracy. However, if a sho;t supply of cutting
£luid is provided to the cutting part during machining of
rare earth magnet, the cutoff wheel may give rise to problems
like dulling and loading even when a core of cemented carbide
35 is used, which problems increase the machining force during
the process and induce chipping and bowing, providing a

detrimental impact on the machined state.



30 plurality of slits corresponding to the plurality of cutoff abrasive

bl ades such that an outer peripheral portion of each cutoff abrasive bl ade
may be inserted in the corresponding slit. Then the slits serve to
restrict any axial run-out of the cutoff abrasive blades during rotation.
At the same 35 tine, the cutting fluid reaching the slit and comng in
contact with the outer peripheral pordion of each cutoff abrasive blade is
entrai ned on surfaces of the cutoff 5 abrasive blade being rotated and
transported towakePrdaehssr tpheddresautitiiggppabie®finHadeursTangdmeasi ve

bl ad?f by tbe §ﬁgﬁef3i fnégahe§ On&Lr afng @}Jﬁbifﬁn}?la(ﬁiesa fo@Sbtcedhe matithgg fluid
is effectively. delivered t oi.nt Lni.ng 5 t magnet

bl ock duri ﬁlgﬁjm\r!ﬁfll iilp uédcg?og?gn%‘%}rﬁﬁl%nsg%g gn%%gﬁggﬁt%fpa glqu§(1)1ves

cor r espondFaBaebty mamp| Gpafeey dflaggeorplabe &7 V@ thrades at® f&f¢red in the
sur f aces of rbhgeairbabhotk, gench cavtrathlgreovienSemeas 1o restrict any
axial 1 un-gule U0 LOLATL o s e Ukl L. aBAS) YR ChLade, whose o outer
peri pheral "portion I's inserte i’ the cutoft groove. e cutting fluid
flow ng frBiteacH %00 PLadeherEaWedo s 8 ARFREPESINEhel sthTHces™Bf t he
cutof f abrBstaesdIrdei1bkonanidt kd herenyofif ngnoone anddes. t Henteat rai ned
on the sur _gut of I asi Vv |.NQ. £l .aby the 15
~cutting fl %%ggﬁq&pyégfﬁvé?yé?%gﬁa% % ﬁg@%ﬁiﬁ%ﬂgﬁ %lfnghg{é%gg uﬁr"’“ﬁg mul tiple
cut of f IirachPfi H- SAT$6™8 FFeptert|afdiRd APpafytiomy PGLsegh®mM™ for cl anpi ng
t he magnet rbtociord Rt kaenacte nf ng adickechiisa floy sedingngithe vvagaet bl ock
IS proposed. inthe Ll S89T8 r Ovi.ded LI,.Surfaces
with a pl ug%l I t%/éao%}‘dg%?ag{gf%%ves cor%%gggoﬁ%%%\{{h%%t ﬁggc%%lfng;br asi ve

bl ades so PREES t héfotit BtIh&HSHTECE 1PorRR iF Dt OeiBh CUtOFFS aB1aSi ¥R bl ade
may be i nsestesiintfeetihet cotiegpondiung gui detgmeosel Then the gui de
groove§5seﬁy§hlghgg§gb§lﬁgﬁﬁgyi_ !chaﬁggfQytcéﬁség5t%@ecﬁgéf%fbngQQS'Ve

bl ades during rotation. The cutting fluid flowmng fromeach slit in the
feed nozzl E°aPf RRWESs §fhEeREFTI R YIOF AR cut of f abrasive bl ade flows in

t he gui de grooveTanzhliw ttheseeptoliawed dmprheedundidoes d@brt heteft of f

abrasive b glgﬁj ' K t L%t BeoENt A AN dedeWi Brbgos0a elfieat 1 vel y
fed to the411 adlgﬁcdqu%t ir%léipg%%ﬁi%g}twl Fi pl e cut ofef %éc ?ni n .

ei ther casBetRAFDIFAIEERANE N DFL (FT& g REt “BE oIl féﬁigetﬁe‘??%@%afat a
hi gh aecur asyo@nduectinghgspeeah whiflieciehfeveiver yarfdeedhagve smealifer vol ume
- of cuttingpfladithan LNh3gnt Hsedd 8k ar hib® AAHSOhscubRbd-dmchi ning.
Neverthel ess, the current desire for nore efficient manufacture of rare

earth sintBFEY MRS &ntafts a

One process of multiple cutoff machining a rare earth

In

magnet block involves providing a multiple blade assembly

25 including a plurality of cutoff abrasive blades mounted on a
rotating shaft at axially spaced apart positions, and
rotating the plurality of cutoff abrasive blades. A cutting
fluid is effectively fed to the pluraliﬁy of cutoff abrasive
blades by providing a cutting fluid feed nozzle having a

30 plurality of slits 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
s1it. Then the slits serve to restrict any axial run-out of
the cutoff abrasive blades duxring rotation. At the same

35 time, the cutting fluid reaching the slit and coming in

" contact with the outer peripheral portion of each cutoff

abrasive blade is entrained on surfaces of the cutoff



6 propensity to enlarge the size of magnet blocks to be cutoff machined,

I ndi cating an increased depth of cut. Wien a nagnet bl ock has an increased
height, the effective dianmeter of the cutoff abrasive blade, that is, the
di stance fromthe 5 rotating shaft or spacer to the outer periphery of the
bl ade (corresponding to the maxi num hei ght of the cutoff abrasive bl ade
avail abl e for cutting) nust be incredsed. Such |arger dianeter cutoff
abrasive bl ades are nore liable to defoimation, especially axial runout.
As a resul éprasirar dliedechbeity mejrdedbiog ktianspertpat i ddeof degraded

Erage a?d QéfE%Fﬂﬁ§ﬂagu?€ﬁM§Q§abt'Bﬁﬁtﬁﬁi@Mtdﬁﬂﬁﬁg&agi%aiﬁi&ﬁe oyt ehé abr asi ve -
ades to avoid.the or mation. i cker, cutg rasi ve s, however,
are inconv%ﬁﬁ%ﬁﬁ§W9?ltﬁgfc?nﬁéaﬁﬁﬁénggf i Feﬁ%§%dpbéﬁghf%$%gg8Then t he
nunber of fiagihketislBifeetéselutdeddiveppdat raghett shidcRuBPLE HECSaRE S ze i S
&ﬁduce?%asoﬁpﬂﬂﬁ%ﬁgn@ktBlé@kﬂhﬁﬁh@rEuibiﬁ&@\6hﬂ®f&dﬁ§chiﬁikg.the econony
ere e price rar rth metal s_increases. .a reduct] | .n_the nunber
of magnet pieceéﬁ%§1fgﬁpggt%ﬁo%xpﬁfﬁ?ﬁ%&ﬁBP%c%n éxE§§F 8?“?%&%Q%§?th nmagnet
products. QOt@E @hrasivn blades RareAPrDOE Utk MePSUEAECHOR UM Pat ent
Document Patgidt Racwkentafat aidodfoguaent Paiwi tboeusenictl anyPaAidD- 175172

2 IP-A 0771785 firad5 Rl 28023 thet EafoO1rhi08R0, Paae) Firpse010- 110851
10 outer peripheral portion is inserted in the cutoff groove.
The cutting f£luid flowing from each slit in the feed nozzle
and across the surfaces of the cutoff abrasive blade flows
into the cutoff greoove and is then entrained on the surfaces
of the cutoff abrasive blade béing rotated whereby the
15 éutting fluid is effectively fed to the blade cutting part
during multiple cutoff machining.

Also a jig including a pair of Jjig segmehts for
clamping the magnet block in the machining direction for
éecuring the magnet block is proposed wherein the jig

20 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 each cutoff abrasive
blade may be inserted into the corresponding guide groove.
Then the guide grooves serve to restrict any axial run-out of

25 the cutoff abrasive blades during zotation. The cutting
fluid flowing from each slit in the feed nozzle and across
the surfaces of the cutoff abrasive blade flows in the guide
groove and 1s then entrained on the surfaces of the cutoff
abrasive blade being rotated whereby the culting fluid is

30 effectively fed to the blade cutting part during multiple
cutoff machining.

In either case, cutoff machining of the magnet block
can be performed at a high accuracy and a high speed whille
effectively feeding a smaller volume of cutting Ffluid than in

35 the priox art tb points of cutoff machining.

Nevérthelass, the current desire for more efficient

manufacture of rare earth sintered magnet entails a



6: JP-A 2010-110966 DI SCLOSURE OF | NVENTI ON An object of the invention
is to provide a nethod for 30 cutoff machining a rare earth nmagnet bl ock
havi ng a substantial height into a nultiplicity of pieces at.a high
accuracy, using a multiplicity of thin cutoff abrasive blades havi ng a
reduced effective dianeter. The invention is directed to a nethod for
multiple 35 cutoff machining a rare darth magnet bl ock using a nultiple
bl ade assenbly including a plurality of cutoff abrasive bl ades coaxially
mount ed onprewpetsdttivngjostrafaras thei sliy of mpgacédripalks Yrodet C8R’LE each
sai d bl adeyjneldili Ngnai 69F Snd Mt Hﬁcf@éé@c@fde%thhbﬁ Q\hﬁk @hehhin doughnut

di sk and a er| her cuttln art o ter heral r he core.
The cut of fm t\j %I B MAr rrg’?ﬁ?‘gdh?l %E:{Ut & Y dl[ %}“gftelg net

bl ock i nt oo& thﬂtqq@bﬁélﬂwr%ﬁlqﬁ ddeade. THeal iventbe ﬁb%tﬁﬁﬁﬂuirpﬁth%he
0bl$0t ésfé%ﬁgﬁﬂﬁ%bkﬁaby éﬁaﬁéfdai Ebgtﬂac$uﬂurnge@m§haiyCUEfﬁh@nbuh@eupper
surface of .the magn ck, downyar r.r upt ini operati on
bef or e the(?ﬁﬁﬁﬁﬁp Bﬁécﬁ %5 Irl('i"'ea’mlnto %Ecég‘ P% %Qﬁ”ﬁﬁ%%“%agg%tplo

bl ock upsi deadroavaipkhée nEex r@lﬁﬁgﬁétm‘bﬁg%d}@ soeRepRal- t FEcBul8¥9°Igr ooves

f or med bEf@iéméHBi aliteert erdpsicdeidenn 44 Motg mBybbe wmertical ly aligned

w th each and restarti the g e r upper
surface ofg?g ﬁléfgé dotn ha af& %Focﬁg%ﬂagmagg %a&%orn1c§?%%$§ rooves 15
in thelwagﬂextﬁﬂmﬁﬂ@e@nbi¢ckrﬂﬁ(ﬂyﬁoﬂﬁt@rE&ﬁﬁﬁﬁ ér REETHesGr&ancd 28ft er the
upsi de- dow@lrﬁéﬂsldaﬁlrra&g@rawh eaé hpoiderartt heeebynnikdr rgtbhe magnet

bl ock into, 'aesgl%sedb?é kithe Addid R0 ALeohfRSIP! Crsld Ob kb yEpi N the

magnet bl 0 OWNn ensures t arare earth net bl having a
20 subst angbadshe gRedps. c@ﬁTﬁWGQﬂaéﬁPnéﬂc??ﬁﬁ?%fnﬁuFP|EW?FH%%Feof pi eces at
a hi gh "accusesyiaand spregloeédd ist Youttishgg anwel thel dehter @ff thignetut of f
abrasi ye blades, NAY! 0 8.k CAURaMRT heGLi var AIRTBLAE. oAeCOdingiy.bhe

i nvention Provides a met fio tiple cuto |n|ng arare earth
magnet bl ogk ¢AMAFFe] WﬂFFlE#%PtﬂQ%Séfaégéﬂ%&Kﬁ|q%?ﬁﬁaln §em GP&lity of

cut of f abr asbvanbhades enaxpraidey oFouaredeantia meobati hycsdadds .ak axi al |y
spaced apa{—ém{? i %Sthsaﬁ%nﬁ% %fblnagﬁet NGl diding 2,601 Ecidh the cherm of a

thin disk or i'n doughnut
manufacture cost of rare earth magnet products.

20 Citation List
- Patent Document 1: JP-A 10-175172
Patent Document 2: JP-A 07-171765
Patent Document 3: JP-A 05-52420
Patent Document 4: JP-A 2010-110850
25 Patent Document 5: JP-A 2010-110851
Patent Document 6: JP-A 2010-110966

DISCLOSURE OF TNVENTION

An object of the invention is to provide a method for

30 cutoff machining a rare earth magnet block having a
subgtantial height into a multiplicity of pieces at a high
accuracy, using a multiplicity of thin cutoff abrasive blades
having a reduced effective diametexi.

The invention is directed to a method for multiple

35 cutoff machining a rare earth magnet block using a multiple

blade assembly including a plurality of cutoff abrasive

blades coaxially mounted on a rotating shaft at axially



30 peripheral cutting part on an outer peripheral rimof the core, the
met hod including the step of rotating the cutoff abrasive blades to cutoff
machi ne the magnet bl ock into pieces. The nethod further includes the
steps of starting the machining operation fromthe upper surface of the
magnet 35 bl ock downward to form cutoff grooves in the nmagnet bl ock
interrupting the machining oper at’i on before the magnet block is cut into
pi eces, turning the nagnet bl ock upside down, 8 placing the nagnet bl ock
such t hat smmﬁqﬂnaphﬁtgpeevtgpﬁﬂar#é&hbeﬁeﬁeb¥ﬂﬂ9 dnedpdite aEsicdeidown

turning rmynebefdi%r tatfcal tivigl d:onedrwich bn edelyrottesisangnd est arting t he

machi ni ng o ti t he upper surface of gnet 5

bl ock dommﬁg %1 ofﬁrg%?%f%agrégvgg P%g?%gxﬂg'%eggglogk unt1l the cutoff
grooves forpesl bEhereuteff abresivhetlpdtdergoRAtetrhititg G¥EPE§E with each

ot her, %he:w&ynwtthlenﬂagﬁet Nt ibkeck hat©iiieces. of npedqusef ermed
enbodlnent SI e .of the 1 ubj ect
to the nacﬁ?%?ﬁb opera |on8|EP%f|E§Fer§Hce graﬁghggﬁgw%% efﬁﬁ#QE §is .
turned upstile mpsrindnd pPetetludiorhabet P eferénce pt ares "ig)ebe

al i gned wi pho@achweliher, bef esa-andnafl the hieimsigdepeost diunritagewher eby
the cutoff_grooves, f bef or d e u ning are
vertlcallyta?lgﬁeft géﬁcgac é’é%d@& lggg 51%45% Qﬁk Engoﬂﬂék%‘ Hﬁent a

jig fotosebledhgpsidendgniet H)]rftf‘clwfﬁ Fhpl Beengs %%ﬁo%ﬁhsﬁ&t &t a side
surface of chhers iggdoseparathed deFdraeantt aftg phanapsidéhwowmgnet bl ock.

The side surface is a.re n j 4 e W 20 the magnet
bl ock secu?edx¥ﬁ%r§§yb b %?%%%J%l%ﬁgg ggaﬁig%éﬁgghég ésuciﬁmthat t he
ref erence peakrsEtimgy the ﬁF?EﬁR&PQMQHﬁréééﬁno¥¥ﬂﬁ q&@fBPEeﬁn%P%ﬁQQ§’°Fhe

upsi de- dowshé Wi ieg -Wbenhehyghdie vIRgRetiobhoskd it thornedutipsi deradowa and t he
cutof f ?r ogyes,d g[{&f%%tbﬁi%ﬁ xgr{\ﬂllaft%%r chiRE e MRS HRrdOWE Ui ¥ AT € 25

vertically allgn th eac I'n a nore preferred enbodi ment, the
jig is despRherf sy $BCuRRSAIPTIRE it IPINBYTREL BIGcRECh APt he ji g
t oget her wrhérddie quitttiabi tiye afagregnet okbkotkse seicuresd tdreelbgpei s t ur ned

upsi de- dowg,uch{ hat chiles b of oy Og%e§uf:9£ﬁ@¢rienmragﬁe§0bﬂdﬁal'ty of

magnet bl oC ore an ter the u si de- down turnlng be aligned with
each ot her UB$19h RN SRERRES that a rare earth magnet block hav1ng a
20 substantial height is cutoff machined into a multiplicity of

pieces at a high accuracy and productivity, using a
multiplicity of thin cutoff abfasive blades having a reduced
effective diameter. '
Accordingly the invention provides a method for

25 multiple cutoff machining a rare earth magnet block using a
multiple blade assembly including a plurality of cutoff
abrasive blades ceoaxially mounted on a rotating shaft at
axially spaced apart positions, each said blade including a
core in the form of a thin disk or thin deoughnut disk and a

30 peripheral cutting part on an outer peripheral rim of the
core, the method including the step of rotating the cutoff
abrasive blades.to cutoff machine the magnet block into
pieces. The method further includes the steps of starting
the machining operation from the upper surface of the magnet

35 block downward fo form cutoff grooves_in the magnet block.
interrupting the machining operation before the magnet block

iz cut into pieces, turning the magnet block upside'down,



When a rare earth magnet block is cut into pieces by machining from both
upper and lower directions, there is a likelihood that cutoff grooves
extending in the magnet bl ock 35 fromthe upper side and cutoff grooves
extending in the magnet block fromthe |ower side are shifted or

m saligned at the tine when they nerge with each other, leaving a step at
t he connection between upper and | owdr side cutoff grooves. In one

enbodi nent, the side surface of the magnet bl ock which is not subject to
t he machi nbhapioperthei nagist dloskesppetiptaride CHECHRRGIRIOUSS0ERTTRE t ur ned
UDﬁi debd?\/\ﬂeﬁw atnflaaaffe@ﬁ tnd Qlfpgﬁ_agc@o@llx anesimeynbe & iwtedoalin each

ot her before and after the upside-down turni.ng. ernative

enbodi nent?fjagr]‘e]%g K ﬁ 83¢ r?ﬁlfrt’hgnﬁaﬁ%% alglglg’kt%lﬁ % %t?e&l?]sqndi sgosed such
that a si depstatfizoefopmt Hee juRpeirs spafare &t t'det HEséte 14T PPIR_T of t he
matgnefjI ] o_g(fj@c}% %W@L\,gg%s\gﬁ fﬂﬁ_enhic&ta]{ff efes@naL jjnatﬁbarﬂ@gnaﬁtnlcﬁ-lbbﬁdj ig ihs ]
turned upsi de. such_that the refer a igned with eac
ot her bef O?Iét]aln%\[t%f f:lel(rf\m?hegﬂopoﬁegeﬁagmmﬁgﬁeffn&r? gﬁlan t eéggt%nbodi nents, the
step at t hepgimdorRofubet e ditngspEl tAneRT o\ esi dERTRIBF FCU§dBYes i s

m ni ni zed. ths\Wame2 babek eardd pegaet bl ock is cut into pieces by

machi ni ng fromboth y r .. gl tecty oo d cli vg di anmeter of
the cutoff ,abr gfs)ﬂl ve p%?% Iéggga%]rﬂbv&?lfngé&ée hf%)o deests;%'g:_%%%gt#e tﬁ‘eﬁ ght of the
rare edtt hmagrpletblgcbcrbighdienet £BPapBLttThdle BRCRRRIMRIYRE26f he rare

earth magnes bHl.esdere3B8e Thednd hehepaagnéhabidikstisbeudedd ngds iseodnen t he
magnet bl ock.for_ all ow toff [ | _IDVE By Pe
reduced. Tﬁré% cﬁhae(:%éll %ﬁ%}(@)?ﬂ{x{ﬁ tg%t %%e%g%ﬁ?néllﬁaéggygtggngjﬁay bggler edﬁced. In a
further enbadh mtfterwhefers ¥ §htgTi §18SPiiss doyns RGP E"S B STaghet bl ock
by cl anpi nghatcdthtEropposvée simies Bbrfotetfwed neret thkoeks sin-fdawe subj ect

to machl ni pg,, £he Lengih of. o1 La HLANAEe Laednbp the |19 to al low for
e Ccu

entry of t o abrasive bl ades nay be reduced. Fromthis aspect, the

jig and hence thE® cuttPreRaghi PRSP Stenfcdhd bt SFTEEd P ntT ze. 30
ADVANT AGE GHlSEE BB o0 1h NYEMT G dilsphged st i platcit yio6 surifaceutdf f

abrasive blades, iay 00,8, fefuced.ef Leeting MR end hagSCnbixagnet

bl ock having a''s ntial can be cut into a,35nut|pllclt1}/ of
pi eces at &R YHAGHLEES. 1T THRPERTPENPIE0f JPBad hordde thRTt et

industﬁy. the magnet block secured thereby is turned upside down and
placed such that the reference planes may be aligned with
each other before and after the upside-down turning whereby
the magnet block is turned upside down and the cutoff grooves
formed before and after the upside-down turning are
25 vertically aligned with each other. .
In a more preferred embodiment, the jig is designed to
secure a plurality of magnet blocks, and the jig together
with the plurality of magnet blocks secured thereby is turned
upside down such that the cutoff grooves formed in the
30 plurality of magnet blocks before and after the upside-down
turning may be aligned with each other at the same time.
When a rare earth magnet block is cut into pieces by
machining from both upper and lower directions, there is a
jikelihood that cutoff grooves extending in the magnet block
35 from the upper side and cutoff grooves extending in the
magnet block from the lower side are shifted or misaligned at

the time when they merge with each other, leaving a step at



10 BRI EF DESCRI PTI ON OF DRAW NGS H FIG 1 schematically
illustrates rare earth nagnet part manufacturing processes including press
mol di ng, sintering/heat treating and finishing steps, show ng how the 5

shape of parts changes in the successive steps.. FIG 2is a
perspective view illustrating one exenplary nultiple blade assenbly used
in the invention. FIG 3 illustrates %ne exenplary nultiple blade assenbly

conbined with a cutting fluid feed nozile. FIG 3a io being a plan view,
FI G 3b beikng aosidateiehevatwesaluppeewandntlowGsidie betagt sgfqonsts-vi ew of

the nozzl e ghgui ngulditdnt Fl e 4lde! g%&%é&@so@&%eeﬁﬁgpé@rmm%&cbl ock
Securlngjlg FIG 4a being a plan view, a_side view, and

FIG 4c befAghatfFynitec EG\/ bie tr?‘?éﬂ]ﬁndngeﬁﬂpéﬁ?tWoﬁsna ﬁ%f%ﬁﬁrﬁ:ee gr ooves.
FIG 5 ill usatnat eshaneigher ekerplisr yuragietprhldrcldoyacarfngtiidig thel G 5a

bei ng a, pl %Qfééf&%e aﬂl%n%EGnaéboéJE‘dﬂ%n%dshﬂ%hVéé‘dﬁ th@§ pbfo@NGGb are
gr aphs shovm ng thi ckness vari ations of nul t| ngg% emsDtrl Q{s cut in

Exanpl e 3 éﬁaeﬁo%r‘ﬁﬁl\?@ @%pi}%m}ngr estectt \7‘& ?rn asuréd ve
poi nts shoanjig 15 seGuriPESCR FHIONTORIENBODE NENTS 125 nspired @Iulcbvm ng

descriptioRyabiKes{gf %ru%@‘aeeqh@r% %ﬁ,@ despgraiel itketpe e@fraspondi ng
parts thro figures s also

ughout the several v i.n the
understoodptgLﬁﬁ‘P e SGORShSP i‘iﬁ\l\% 2 'sllge FULEASLER adm%'a:[:envfi}élerd"
"verti.cal " pland, tdml |thee jap el sworidmedf U@@ﬁ@en@mémcgothﬁé e not to be

construed agekightd rt&atn%rsnﬁa F&éedlmgn%dmgﬂﬁteé&rp@thaaswﬁ@ﬁé aid | oner
surfaces and the maqnet bI vggl ch is ty %d up5|ge do Iso

descri bed &5tRaviigy 1Wé’rlnsqurfaces 55 RBUGH The u er surface of
the origi naltenagt\eithebloar@kmb‘é?e@néseﬁw@fﬂ @mﬁrs@ﬁ‘? a?@é’eé‘f Sife Sutoft

grooves is minimized.

15 When a rare earth magnet block is cut inte pieces by
machining from both upper and lower directions, the effective
diameter of the cutoff abrasive blades can be reduced to less
than the height of the rare earth magnet block, and even o
about half of the height of the rare earth magnet block.

20 Then the space thait must be defined around the magnet black
for allowing the cutoff abrasive blades to move may be
reduced. Then the size of the cutoff machining system may be
reduced. In a further embodiment wherein the jig is designed
to secure the magnet block by clamping at the opposite sides

25 of the magnet block surface subject to machining, the length
of slits which are formed in the jig'to allow for entry of
the cutoff abrasive blades may be reduced. From this aspect,
the jig and hence the cutoff machining'system can be reduced
in size.

30

ADVANTAGEOUS EFFECT OF INVENTION
Using a multiplicity of thin cutoff abrasive blades

having a reduced effective diameter, a rare earth magnet
block having a substantial height can be cut into a
35 multiplicity of pieces at a high accuracy. The invention is

of great worth in the industry.



35 upsi de-down turned magnet block. Also, the term"vertical" refers to-a
direction between upper and | ower sides and need not be construed in a '
strict sense. 11 ' The nmethod for multiple cutoff machining a rare
earth magnet bl ock according to the invention uses a nultiple blade
assenbly including a plurality of cutoff abrasive bl ades coaxially nounted
on a rotating shaft at axially spaced®apart 5 positions, each bl ade
including a core in the formof a thin disk or thin doughnut disk and a
peri pheral cutting part OBREEF QRSSRIBEBELOWHRE ARAWINGSf the core. The

nul tiple blade asggmil chempl 86ed y ahabkveatds the-omagpeh mdack The cut of f
abr asi ve bl ades ar tated to cutof flnc héle the g nfé io block into a

mul ti plici PY* of™ ﬁgguﬁf‘%%e%mcﬁﬁrsleﬁg rachi nihg, cutof T grooves are forned
i n t he nagsettdstigek heAlytpediomdaendnwi-pifibwh sHePsi pF}éO"bjrfaﬁélOa’s%‘Prbl y nmay
be useds i nshiise fBﬂ Haphe exdfds Machhai Bgcaaésm@ Aseghown in FIG 2, one
exenplary nul ti p]fe bl ade assgnblé/tlven% uweslii 42 r%%atl ng shaf t 12 and a
plurality of cut’oft abrisivBR biAdes Vot Fades P ¢8aki ally mounted on

t he shaft qzzelmlt@yna!péltypwtW%%@a@éﬁ@mPéliéplP%etdednatth:‘EBlWﬁrlﬂPGn 3), i.e., at
axially spaced amgt @Qs_llhh@ﬁétesEaﬁi’é kixage1ddy inncliiges Bl&@ée lib in the
formof a thin X slgo% tQ dt%u%hnutttdl Ke ddafe%%%%?i@' cytting part
or abrasiv E"Sger"éu . 5SRGaacSett on KA on n ou peripheral rimof the core
11b. Nbt e b&#ng th@lmdniiéevwofF Kt SFf PaBREsE Vel &4€¥a1101&1 ngteWpartfcul arly
limted, aFidough Héi@gnanbﬁén@fv1lamde5tgemﬂﬂey shanges £riom.2 to 100,

with 19 bl ades 'Hé‘suﬁtl‘li% Pa‘%l m% @Jﬁﬁ“é’? gb’{é réh 251he .ﬂéé@:{l%l ons of

the core are not Ppartic e core has an out er

di aret er 03180 Bl -256@ ﬁﬁinﬁﬁ%éﬂﬁﬂbﬂéﬁﬁbl§Iﬁ00“t&e296 nF i d &Y hi ckness
of 0.1 to 4dnd mrg. nRr ecpref erohint @i2wt 6£ltife Mg Feemeot eshawitnlge f orm of a
thin deghngt dl%#)%%% a bore having a dianeter of 30 preferably 30 to 80
nm nore p?e% ab to 70 nim The core of the cutoff abrasive
bl ade nmay be madel®f SarylHESTRERF mRdHiea §*EBRHON Vagded PRO®ut of f bl ades
i ncl udi ng séeetisnSKigSKBIc SKIY teihoard pSKh, vadw henghFtor eSb dfeimgnent ed
carbi de arg, ﬁgq{ Jed because the cutting part or 35 blade tip can be

t hi nner. Sur e cenented carbi des of which cores are nmade include alloy
forms of powder et Ehr 5idd88%0PP %l FAHNSGeBAPE Y VB WiB®&Ad VIB in the
Peri odie Tadtestidhd s@chuasiME mEICetMsCridhCutld@, EaadpTe 3Cxnanhi ch are
cement ed ) = - e t hese,

WC- Co, \%¥Jb%%%}g%5 thpﬁ@_ C%?F%%?t§gg$gt2%%g§%gh?§gl%gjféﬁh preferred
for use heP%%?FS shown in FIG. 6C.

DESCRIPTION OF EMBODIMENTS

25 In the following description, like reference

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”,
*jnward", "vertical", and the like are words of convenience,

30 and are not to be construed as limiting terms. Herein, a
magnet block has upper and lower surfaces and the magnet
block which is tufned upside down is also described as having
upper and lower surfaces although the upper surface of the
original magnet block becomes the lower surface of the

35 upside-down turned magnet block. Also, the term “vertical”
refers to a direction between upper and lower sides and need

not be construed in a strict sense.



5The peripheral cutting part or .abrasive grain-bonded section is fornmed to
cover the outer peripheral rimof the core and consists essentially of

- abrasive grains and.a binder. Typically dianond grains, cEIN grains or

m xed -grains of dianond and c¢BN are bonded to the outer peripheral rim of
10 the core using a binder. Three binding systens including resin bonding
with resin binders, nmetal bonding wi fth netal binders, and el ectroplating
are typical and any of them may be used herein. The peripheral cutting
part or abrasi vergg aiethbanded b tSedki onthfis remohiidtinhg\Wii matdeatttihckness or

axial direg e s high 0 4 mor e
or ef er abl y %%ﬁ%}(g Jﬁ@ aggéfa %%]HB ths 1APMAEH ugéﬁ Q“&&i%ﬁ§E§ b14

m Frow ded t f% he corbgsairé\?s a t hi ckness
T. An out eﬁsﬁ‘%ﬂ‘ﬁyoﬁn&fl“?h‘ég pserﬁlﬁﬁ arY ot t$HY aﬁprﬁ?l‘éﬁ)r
gr ai n- bondedasectiyomotihaéd prrojeeciosalOng ashail yptoathal ty fsmwnedheraut er

pe“ phe{Sa' Lim Qfnd, h%aeﬂrﬁ‘lél?é l%cﬁhekﬁgtaoc;bl@ iha@ﬁé mrmﬂ % @mﬁer abl 'y
. nore prefer Ihe Si

abra5| ve g%ﬁlﬁs‘mc dhge BBH%%R ﬁr’rsﬁnﬁﬁg ?)o‘?eﬁ]t?ﬁ‘e&agt Ré E 16| ﬁ?eraf) cut ting
part or abaasewemgparnphendedigectti ohet hate 25Thadiral tiplextéads on the core

Bag ? Cgveségénﬁiys %n%ﬁa%a%la%l%e&sreﬂ@ém&;nktt 8140k MMrheDEer PFef erably
(0} mm

aci ntt%ﬁ %tvveen cu gff %ﬁras ve bl ad%s may be
sui tably sBPERIEt dépendi A &9t HPcRMES “Hagret pi'€Ces "af t er
cuttingy antlogk efrgroabl puseiplicidvdost magrenigeess IMminagght |y greater
than the tm&&%ﬂﬁﬁﬁ;OEqugﬂeﬁrﬁﬁd%%eﬁrefQBmﬁéﬁmﬁiQhebMaQnéﬂ-ﬁlbd& 4 mm
For machi ni ng operatian, Lﬁé;)g;_‘ abra]éive bl gg ‘geareepr)nrb ferabltye r ot at ed
at 1,000 to 15, 0O pﬁrﬁ“nﬁ?’é i el i m 35A Tare
earth rragnesedblnclthlesmhet:cbm cgﬁegénnat@gln}@ﬁeme‘alwdil o%rsw dBes. The
magnet bl ogkqi s; Maghi: Qﬁ ﬂEﬁ:yCthltﬂﬁPe a 184t bpkisbiy 10finpieees by rotating

the cutoff abrasive Al cor ng t n ent| on, hi ni ng
oper at fon FeEHHY @&aiflto Eﬁ’éisgl Wg focggog%r AESTSF %%feﬁang%e

bl ock downwardladesf drirrpg@mﬁllegme@vé%dlqtﬂ t’qai)é’— ﬁﬁ@ﬁ’étl%laéé?rnWWmCm ni ng
operation {$th né;?e[delaH%t @ée@i%db%ftow iherrmgnet b.d) ock hsidiw ded into
discrete pieces, A Lhis polnl. themanel blogkscLusned snside, down.

The machi nFR3°D earpﬁfttoﬁol s-testar fromt he 51 de he uppér surface of
t he upsi detdewiormgpietr bhml@%v\ﬁﬁ/a’ﬁ%lllﬂ AqerpiEutbid grosvBSTiRRaTe nagnet
bl ock upti buthend Waehf ogr somes vogproh bediea andtien afit=ewnt Ae wpsirde- down

t ur ni ng mehgi: v%th e%gg 8% %{Ogﬁgg@% c&g];)ttgngh&@emgagﬂﬁg?pl&ck into

pleces magne | S nachlne I n_sequence rom one surface
~side and tngﬁoﬁ (ﬁhrtaﬁévét‘hb#d%rlﬂaéé ypieparticularly limited,

although the number of blades generalliy ranges from 2 to 100,
with 19 blades illustrated in the example of FIG. 2.

25 The dimensions of the core are not particularly
limited. Preferably the core has an outer diameter of 80 to
250 mm, more preferably 1006 to 200 mm, and a thickness of 0.1
to 1.4 mm, more preferably 0.2 to 1.0 mm. The core in the
form of a thin doughnut disk has a bore having a diameter of

30 preferably 30 to 80 mm, more preferably 40 To 70 mm.

The core of the cutoff abrasive blade may be made of
any desired materials commonly used in cutoff blades
including steels SK, SKS5, B5KD, SKT and SKH, although cores of
cemented carbide are preferred because the cutting part or

35 Dblade tip.can be thinner. Suitable cemented carbides of
which cores are made include alloy forms of powdered carbides
of metals in Groups IVB, VB and VIB in the Periodic Table,



The cutof f machi ning nmet hod ensures that even though a 15 nmultiplicity of
thin cutoff abrasive bl ades having a reduced effective dianeter are used,
a rare earth magnet bl ock having a substantial height can be cut into a
multiplicity of pieces at a high accuracy. The invention deals with a rare
earth magnet bl ock 20 having a height of at least 5 mm typically 10 to
100 mm and uses cutoff abrasive bl adé3 having a core thickness of up to
1.2 mm nore preferably 0.2 to 0.9 mmand an effective diameter of up to
200 mm . noeecipraf e\rtablrycaiomm 8@, nraCNoaad | Gr,Ci heshéheeté veergingmét er i s .
the di stange,f am the 25 rlqgatélpg P%haggl Qf é;tp_@g{%r tharbbhe. odkegpeslge of the

bl ade and corresponds to the maxinmum hei g et bl ock .that can be
cut by theWbretie "orién £hE" 'Fr%gr?é’cd BTFOE‘:F&CC ?C'bcé’ @LY‘LS& anﬁﬁ%lﬁ%@&cﬁ a hi gh
accuracy andd hpgpfesfreidc fencysasheomipared with the prior art. 300nce the

magnet bl ock is fyfned. #ﬂ%‘r‘i@ ngnd tpalr% Bl ageeh sueh gi-hah - tdgadapper and
| ower cutoff grooves be

ore and af ter 55|de down turglg\%[l (}Foetgllflcally
upper gr 0oV8STHh A WieFMeBet rathi e 4 End F oW TgRE6v 8 ¢ Ve been
nmachi ned atotdisdaionsietst emegnigied lyepti sbfdsivien gaiganent .2 35 Al i gnment

before andyafier. ups %;;d@aﬁpwh tawoaangrarms b%B@@@QHQﬁEdof MisRdegfdinaher ei n
the side surface of net Eh ot sutllkect to cutoff

machi ni ng P§ GEEWREs 234 Tﬁgr%]f%réﬂ‘gg pltﬁn € it FhE S ragRet ™ b ok ® Ifs t ur ned
upsi deidowhhanchyd acddgsachindet . tﬁém@f@rréh@e pirahess meyeiiyéiali gned with

:mch ot heL IQ@{@r@oﬂ@lgam%ﬁ i@@ltﬂﬁﬁln@érgo%ﬁéﬂ rﬁdﬂ]@anﬁrwiﬂl ede(2) f
ereint e re uc t hat .t e surface
of the jig %’gg%ﬂ alalnéil 58‘3?5 ]g%ijtnlg 8¥8I a%%gc‘?sl ndSanénef {}f I?g Ythe side
surface i sbasesedsegxeraf.erence plane, and the jig with the magnet bl ock
held therein is ﬁﬂé ned-ippside Qﬁif\fhrﬁﬁ(i)d%'taﬁedaﬁt@ﬂﬁ&@tra&hebéﬁieei’ ence

pl anes may be all ed Wit ot.her  bef re and 10 a t |de down
t urni ng A§e?51n‘b“ 1l &ﬁﬁ%ﬁaﬁﬁsn condugL "BY° el ﬁé{rla gf“ﬁ%se no t he

magnet bl othke cerrde WEChi mtsofiaow'lhoplﬂlldl oy ot ﬁ'*e%)eﬁ‘mw reBRIt | eaV| ng any

step in thgreponactd Qirpebyeedn ced it 191 ﬁmvep‘rckxeif@r@ tand eafié efortehe
upsi de-do t ur ni_n 15Pa&,t| CA.II arl ity of magnet

Wﬂ?%cﬁrgﬂl 57 ERe i d anéltgﬁ pog%& 0 ik pgrg%’ﬂg{lag own, then the

bl ocks are I's turned ups
cutof f groevesitererd ion ehsapiie ématlyl @Pnﬁﬁ%nﬁc“’d{%%§a5r@f%19rﬁflst aneously
al i gnedoW thaeachy hdieiaraekobr andl afteer pbbeptpsi de-idowa ths nidxg. 20A rare

earth nagnggsbéQ&#ﬁfé%tgggoﬁgsgggggr%ﬁidhn&g Ereferably 0.1 to 8 mm,
more preferably 0.3 to 5 mm, depending on the size of
abrasive grains to be bonded. An inner portion of the
peripheral cutting part or abrasive grain-bonded section that

25 radially extends on the core has a coverage distance which is
- preferébly 0.1 to 10 mm, more preferably 0.3 to 8 mm.

The spacing between cutoff abrasive blades may be
suitably selected depending on the thickness of magnet pieces
after cutting, and preferably set to a distance which 1is

30 slightly greater than the thickness of magnet pieces, for’
- example, by 0.01 to 0.4 mm. _

For‘ﬁachining operation, the cutoff abrasive blades
are pfeferably rotated at 1,000 to 15,000 rpm, more
preferably 3,000 to 10,000 rpm.

a5 A rare earth magnet block is held as presenting upper
| and lowef surfaces. The magnet bleck is machined and cut

inte a multiplicity of pieces by rotating the cutoff abrasive



mul tiplicity of pieces by rotating cutoff abrasive blades (i.e.. OD

bl ades), feeding cutting fluid, and noving the bl ades relative to the
magnet bl ock with the abrasi.ve portion of the blade kept in contact with

t he magnet bl ock 25 (specifically noving the blades in the transverse '
and/ or thickness direction of the magnet bl ock). Then .the nmagnet block is
cut or machined by the cutoff abrasi$@ bl ades. : In nmultiple cutoff

‘machi ni ng of a magnet bl ock, the magnet block is fixedly secured by any
sui t abl e neamdes.| nAGGowhimarebholde theemugmet the ovdchiniygndedrablan support
plate (e.g;s Of5GaKbERRASE NMBIRS bal 1n¥l b6 u@Eade SbM H1d a@hesi ve whi ch
can be renpved after nachi nlqnﬁ%h%ﬁerg ion Wner.eb)é t he na%rjrg{ O%(%ock IS

fixedly seBH?Ed FPERTE ot el Hihitg® %e?ﬁ??vo?f’. Fn BRoPATY et §SE; a jig is
used for 3Bhelmmpiingnthepemarien bBlsodtktéoruisdedingesbeliprndgtiet magnet In
nmachi ni ng gf, & MagRel 1 BLOCKntd idiskretthglfe&ile Oft botik qfoitthe emétiple

bl ade assenbllgeﬁand t he na,glget%dﬁl ock ar e 15 ';rﬁl atévrtlalr}/inno\éegrgpit he

cutting or "RFMHSWPIPSE §F r BT Eh BF Fhe “REynet "Bl 8% TFom She eéndt o t he

ot her end of tdw-amagdefrihodie silder eby thheurgriesusipfacet ofta he magnet

3! ock is nﬁg@if&-&fbo% ﬁ?gﬁéﬁl%ﬂdﬂ' _@@e}nﬁg@a hed rE’dlgPI&QEbff hﬁdd’@_’?S‘iﬁl’ se f5f
irection to formcu rooves . in the_pagnet ck, cuto

gr ooves na§h%é“?%¥eﬁehgﬁflkgmﬁjhlglstg Sraeht Al n%oooﬁreersa PoReGr® jix“r%%@%ti ng

pl ur al 1t i neStemdiieniupgidpedent srrrangheehge ghitthdiepebt Pohedf tedeRugnet

bl ng- grecgﬁﬂﬁb g:fg;t h\f@gﬁéﬁ O%qucg{] qwfesp%éc@gef ﬁaﬁb}y, E’lﬁld alg@a%: rm%]

preferably ut, o of the. height o e ne e

width of tR -thtlﬁf f“aﬁgbfﬁ s ss%e Serm %E B@% hstélr\l/%\nagtghs'% ec%lég#%legbr asi ve

bl ades. Usfimpth ythet phaidewridce ddeut of f grooves is slightly greater than

the wi dth of theprcaitefthrabnashvei dy adasiocduenterdheantdtbeathomaigit he cut of f

abrasi ve bl ades dur.ing 15 nmachini oper.at _ L Ei iLp the

range ¥ onf"HorePtivalt ﬁ% Wdtho Or%t%hgl 53?%1{‘%)%%&?%% @ggg{l%d%?é%lﬁa

peri pher al eEfreting gapnpted arenisednd anbree RhBtidr FHFPtpPierD Ve The

nmachi ni ng gpgimdiRtias hoight upiieheonee betore wleipaghetybdoakiecssdi vi ded

into di screte ie e%bc]l'ggcnagnet 20 bl ock is turned upside down. The

machi ni ng Spe‘_‘?a Toh S réH art ed fromthe side of the upper (originally

" lower) surface ofhe Hevigpsige- deaks fediet® PREEkeFohRGEetLPkRHrior to the

upsi desglowRat ik dliNGeight her belisthat hmof tyhecaniyt iypl eobledemassanbl y and

t he magnet bl chut%rf%-%ﬁkg%%\\égllﬁa@esﬁ?x\é@qngn?g : SULLIRNAQL LF s \er se

direction of°the magne K fromone en e ot her. end of 'the magnet
bl ock, whePebymthawogsperesartate bf? five OndghBt2H Gk StEerbthtned to a
predet er m pedmsept bt hipoughootd e rorengprersealdiy et iton 180 fwor m cut of f

grooves ingthe nagnel. BEACK:; bl KEWiRSerl B8 the distance from the

25 rotating shaft or spacer to the outer edge of the blade and
corresponds to the maximum height of a magnet block that can
be cut by the blade. Then the magnet block can be cutoff
machined at a high accuracy and high efficiency as compared
with the prior art. ‘

30 Once the magnet block is turned upside down, it is
placed such that the upper and lower cutocff grooves before
and after upside-down turning (specifically, upper grooves
which will be machined and lower grooves which have been
machined at this point of time) are vertically in alignment.

35 Alignment before and after upside-down turning may be
conducted in mode (1) wherein the side surface of the magnet

block which is not subject to cutoff machining is used as a



30 cutoff grooves may be fornmed by a single nachining operation or by
repeating plural times nmachining operation in.the height direction of the
magnet bl ock. In this way, the portion of the nagnet block left after the
first groove cutting is cut off. 35During the machining operation, the
cutof f abrasive bl ades are pref erably rotated at a circunferential speed-
of at least 10 msec, nore preferabl y420 to 80 Msec. Also, the 16 cutoff
abra5|ve bl ades are preferably fed at a feed or travel rate of at |east 10
m1 m n, norFefprefes aiiape20and BU0 MAFPRItnPL2ek arft d4€Ba91 YPSidfe G%Penti ve
net hod capabhepoicdd Fucaperdr nﬁ@‘é’llﬁ’ﬂfﬁgeﬁﬁsugiieﬁm& hiaghBe atogiecyiand

hi gh ffi
i gher e ICI ney, IO'%% L,ng Q’R&héf‘do tthaH ear-Fb;%!w‘?lr tﬂﬂu Ozl%d%g cutting

During . mul EFpTt el FECHT NI N arare
fluidis g@ﬁéea{w Whegretls the rmr@rtf b&BPBsF%eg%”&&@sb@’oafé%‘i’ 159% e
machi ni ng. thetct the e, sarﬁu&élcnxg freuiid gf eedparazizled its pnefertabing used

phi ch Nas 81480 Cot LI bLHLE LINEL g&noggdgnﬂl besBl ypaki by HF slits

formed at Another e correspon to t ura |ty of cutoff
abrasi ve blfaééfée%‘%ﬁzrpltaﬁét aﬁdo‘ﬁﬁ%rllﬁeﬂlﬁﬁefi%‘f‘ “ﬁﬂﬁnﬁtoﬁ 8Fk el cut of f
abrasi ve bkadesimy:dedrnsar tpdide dde eanr pspondlisnghskhat 1One exenpl ary

cutting f1yidofeed n2zLe iyl bl USLEALGC By FLGn Senlhi Beputd e f1 ul d

feed nozzl & 2°Tnc Y ow housi ng has an opening at one end
servi ng®as aétéﬁt’flﬂ?lglﬁﬁléieddf”f‘i?e*fu%n&nd % PV Eded AT otther end with
a pluralityocafiustéed 2kithbe afimMtesseoincsielt stitonrsgseanddot® gan thee nunber

of cutoff géafh%c? @'rﬁ’?ﬂﬁtﬁpﬂ?ﬁ? c!!fy@l(\e@esywﬁglyﬁ.{t tl,%atvﬁﬁgnﬂﬂ?eétéﬂ jgut of f

abrasive bla bl ade assenb heé nunber of slits
i s not partheuFarRrsEian Pegvare h‘b‘b‘iﬁ'f‘ft I‘?goﬁvﬁﬁe‘?‘e res Ialnfis aBEﬁ%rgﬁ y ranges
from2 to LPe;iaw ddweltenennglits illustrated in the exanple of FIG 25 3.

The feed nozzle ga{:&.&ﬁ@l@egﬂmgﬁet@) mulet i,phen bk ade, 355 hye 1 EUCh t hat

an outer peripheral portion each cutof f abra5|ve ade e
i nserted i ﬁ’t18cl‘ﬁea%rsre€é‘ﬁﬁﬁdpﬁgﬂ§?|3c192fn|dn Phe’ ¥R H?Fg 2PSHfen the
slits 21 amewalramgedhat catspacgnopws dloroedr &sporedpltwailhey spaci ng 30

bet ween CUEn%Le@bﬂsfééxeée a%agﬁﬁuiéanmltyh%ﬁbhéé wlkrexkendoshsai ght and

parallel, to each othe I't i1s seen fromFElG. 3 that spacers 13 are

di sposed oﬁeFHEEr"E‘J‘[‘%tE}fﬁ@rs’HBFtuli%l‘if’et‘%ﬁé"éln PhEMt of f abrasi ve bl ades 11.
The outzer peri pherabrpordrtdn mabnedchleck ofs cabprasiwecBBdsl dd&owhich i s

inserted inpQ+ RBE:L&PH esPerdLag %lfoﬂa{h&l@ecﬁegﬂf NNz7lsa vhusehaons such
that the CUt tl ng l Com n.lg.eeglng Cu%tlnvg\; tftﬂl.l]t.ge Off abr%ﬁl ve bl ades

is entrainéd-8n- t‘ﬂ% lf‘fies 4 Qlo188

blades relative to the magnet block with the abrasive portion
of the blade kept in contact with the magnet block
25 (specifically moving the blades in the transverse and/or
thickness direction of the magnet block). Then the magnet
block is cut or machined by the cutoff abrasive blades.
In multiple cutoff machining of a magnet block, the
magnet block is fixedly secured by any suitable means. In
30 one method, the magnet block is bonded to a support plate
(e.g., of carbon base material) with wax'or a similar
adhesive which can be removed after machining operation,
whereby the magnet block is fixedly secured prior to
machining operation. In another method, a jig is used.for
35 clamping the magnet block for fiﬁedly securing it. -
In machining of a magnet block, first either one or

both of the multiple blade assembly and the magnet block are



surfaces (outer peripheral portions) of the cutoff abrasive blades and
transported to points of cutoff machining on the magnet. bl ock. Then the
slit has a width WhICh must.- be greater than the width of the cutoff
~abrasive blade (i.e., 5 'the width Wof the" outer cutting part) Through

"~ sliits having too Iarge a width, the cutting fluid may not be effectively
fed to the cutoff abrasive blades an#®a nore fraction of cutting fluid may
drain away fromthe slits. Provided that the peripheral cutting part of

t he cut of f ratiaisiane hbade hastheo catwi dfhotWi(rmmeyvetrhe &lfdctiont he feed

" nozzle pr efd?é qp&{%\ﬁr}a%igcw an c(gnef );3931 ora,d Ran W opy t @ (M6} agHa Mor e

preferably from nm The slit has such a | ength that
when the obtegk pé‘?hieﬁﬁéfth%d%RRe&n sgFfefe %t%’fef mEEREEi AP dde is inserted
15 into th:&acSlL'lrIe,d ttloe aOptede ipemiiplar abpiortimugheytcone franfsyelkseont act

with th %4&9101" W, df%ﬁhé&&ﬁegﬁsssqegozle&e ELRB: thwms! it length is
out él/o

preferably % of the outer dianeter of the core of the cutoff
abr asi ve bI ade. Thf t%olfr@t B5ECYHT MAY PPpF8TRTR O IndCRPAF AP HPdPE 20
eart h magnepetdtocie, oa bagnepeddiogk pdecul i igngs gacbnsisy i owpreftianpam r of

g Segﬁenfaﬁ Pl &@Qlfylme& fak mha H@tﬂ&&é&e nﬁwe&ep%osk e the
machi ni ng rection I xed é? ecuri ng t he t bl ock g bot h of

the jig sefieditls HPEVEFovT TP AR # sﬁ?féaoces thﬁefffliﬁb Y| °%F gui de
gr ooveso 255coraespentdienght oof hehecutrghbtabiasi v bleades. s@hehwidtthe out er

peri pheral ,pantd %é&t%%fegfgogég of f d%l%i‘ﬁ e{@a bdyact%errwale@ wsceftbe@ into the
correspondl ng gui one net

e,
bl ock secufPTRFHYSy bl?ﬁésfl djel‘ﬁ‘i‘&llﬁdeEh% ‘%tﬂ%’o?gm%?%t e r?r\%};%% nmagnet
bl ock M 30sisgitest esdreandratipan rthaf wilobkoprdssiougoségaentsiael bl3dedi sposed

~on opposi tauélﬁ&sch%f vaheaehéﬁ eof?’?theTB%tQ@f rafadivg seaAEAtSrdhg 31 are
adapted to press; 8net bl ock Min g‘}achl 'LWQ di recél on _(transverse
t

di rect F?)n)m?%ti‘”f]r%(?lp?r &COR i P ﬁé’eﬁﬁsﬁ‘éf‘ 67t R% SUpPpdrtepl ate 32

whi |l e 35 thiegn artee medahned tihé |dutiofd sbreskve dilaies, (phebeminheral
hydraulic gyligdehmrtgr thaX fhotars@WR:. pFbeeddid ySegnests. Skn 31 are

rovi ded on their sur es With a Iurall i_de ove 31a
Eorrespondl ng to' %%t“&ﬂ‘cfahlé‘&?gs??/%r% Xt?rrmﬁlfteag &b gﬁg asztenbl y 1.

Not e t hat hhenesturierckofisgdidedet G@i@s d@iar%e rwtecﬁa‘ert i T @Eepetimited,
al though el,eyen O QQ¥@SaahBsidd Usdwnat ethd Mddhe nexgnpperfionl & 4.
restarted from the side of the upper (originally lower)
surface of the upside-down magnet block downward. 'Like prior
to the upside-down turning, either one or both of the
maltiple blade assembly and the magnet block are relatively
25 moved in the cutting or transverse direction of the magnet
block from one end to the other end of the magnet block,
whereby the upper surface of the magnet block is machined to
a predetermined depth throughout the transverse direction to
form cutoff grooves in the magnet block. Likewise, the
30 cutoff grooves may be forﬁed by a single machining operation
or by repeating plural times machining operation in the
height direction of the magnet block. In this way, the
portion of the magnet block left after the first groove
cutting is cut off. .
35 During the machihing operation, thé-cutoff abrasive
blades are preferably rotated at a circumferential speed of

_at least 10 m/sec, more preferably 20 to 80 m/sec. Also, the



5FI G .5 shows anot her exenplary nmagnet bl ock securing jig. The jig
includes a pair of block pressing segnents 31, 31 disposed on opposite
sides of three magnet blocks Min parallel arrangenent. The pair of jig
segnents 31, 31 are adapted to press the nagnet bl ocks Min the nadhining
io direction (transverse direction) for fixedly securing the magnet bl ock
Mto the support plate 32 while theyl1@re retained utilizing screws,

cl anps, pneunmatic or hydraulic cylinders, or wax (not shown). AIthough

t hree magneitdiroaksadl v elsiiesnara PtaGeriblyhéedumber fefednagneradsiiocks i s
not limte gﬂ% heeLp. lé%tm% I m$ R I RIS p%fe%&bﬁfechr&v'sdedm@mim r

surfaces acent tot net bl ock w t%:é» %I urfl i t% gui de. gr ooves
3la corr eshOHRIIERGePBS £t dﬂe ABVERFLE gdes TP imitt i BPadde assenbl y
1. Note t hadctimanguabenraf agl}uldeegrWmanﬂshh@hemaﬁfﬁﬁ@t}ﬁawy limted,
al though elgven, 0hOOYEE, A &80 thel sisalad ithbesexample of FIG S In

t he enbodi nent de .grooves 3la _verti cal I enetrate

t hr oughout t he sPé’gfﬁ'é‘ﬁt m‘Sjitlﬁ'%eeqﬁtﬁ Of PERT P ESh S GcFOh Has the advant age
that the jmgpndd bibhe, rmagnettibgoEkeideburasdierpétgi fedalp t?élet GeReEE upsi de

down wi t howt A iReed: L84 e{@\e%&lhetmnﬁcﬁalhbockﬁo fyram éhe jag, and
machi ni ng operation may be soon_restarte usgggwa %gkg inthe jig.

During macHiiifg 558?‘%#%91‘1 BOR 246t &F PETiph ablgl portion of each cut of f
abrasi ve bbaiteinyl fiisidnsekdtedt one ehe mﬂr @e@ééﬁéih‘@l’g‘iﬁ dé-igFoove 31a in

\tAﬂe lh ig Seﬁmdd%% alaameé%ﬁdﬂ%ngr @@ﬂﬁ@sﬁﬁﬂl@;@etar ta@gﬁﬁu&fllaysﬁiil ng .
ich corresponds:to S n tween cut _ an
the grooveS*¥if @)‘?F@ﬁﬂ"%tt?g%ﬁ %é‘ilﬁg )égr al e %tt géﬁfﬂa}%’% %$Ezlspa0| ng
bet ween guoﬂezagnm@uesfﬁlabzsawq@albl@@eomaﬁre"s%W&ﬁt?ﬁel% hﬁftamess of magnet
pi eces cut  fr.amddieFggnet+ bl ock M 35 The width of each guide groove

shoul d be greater than t each cy sikye; A t he
width &Ff the perqlﬁn@?‘&f“pgﬁf‘"?l%u mrgtf PF oV d&ed1 ?Z%rl% &%e Jgiel?s?%hgetra 19

cutting patt BFGtRe cThisf foudliiagi fhult drechaszalei gt HAWEHH 2 the gui de
. groove ShOHJ)ﬁlcm Q{o%ahbymhﬁa@ I Madt Bpehim@rar tdnan eWd meet ol fd/\ws) amm and
more prefera The Length, (i LuttikRg
direction) C‘émfy 3 Jnle%lc an% éwg%%‘glv%eda%gt écgeect edf such that the
cut of f abr aspmddllé;deOﬁaylib‘és rﬁi‘vedTW tHParh 8 gat4ES FOFAEPAULT NP

machi ni,ng Qﬁetﬁﬁhﬁgﬁgﬁﬁtcﬁf@ﬁﬁ abr351veThEa&EHWQﬂded$ whbtbalksy ieguended

herein to cutof f machine.is, S-8a6tb llr;?&fgstmlm gkthgh@uiﬁrpqeeart h

magnet as ﬂet rnt?& §Ee°T s°© no artl cul ar Suitable rare earth
magnet s i nblade aisemeigdlr arTéleeﬁflf“He?ra%é’t]slt&f =3 F‘%t Py St¥E wWherein R is
at | east 0m§m£@é£ zﬁ&hbhgﬁl efendurivee] usi ¥eitd gdrteralily San¢eblieogi At er ed

rare earth nmagne nekhs1& e @itk ng, in
wei ght peréf%n%J '5 to 4 ﬁs?J?Réy%&eq&lgét%@e&%eﬁ@g ﬁl %ofI B, and

opt i ona$ | y3en&her fApf e @Eft @ i4 dSePRMRREY B {tBE ?‘Pgﬁ? ad§| , Ti, V,
Cr, Mn, Coasgllgmbﬁp 1 ZdchGana?ran Mutekb peAgph&ml Hfortian aﬁdewhfor t he

pur pose of gggfw 9 g@gng ggegfdpgfgg,t i8S 1 ARG €O Te8iPRn0 resistance. The

anount s of “& ive e are conventj onal for teg(argll €, up to 30
wt % of Co, cantiesgrndgng Wi 21 in the feed nozzle 2. en

21 are arranged at a spacing which corresponds to the spacing
130 between cutoff abrasive blades 11, and the slits 21 extend
straight and parallel to each other. I+ is seen from FIG. 3
that spacers 13 are disposed on the rotating shaft 12 between
the cutoff abrasive blades 1l.
_ The .outer peripheral portlon of each cutoff abrasive
35 biade which is 1nserted into the correspondlng slit in the
feed nozzle functions such that the cutting fluid coming in

contact with the cutoff abrasive blades is entrained on the



of the other elenents. The additive elenents, if added in extra anounts,
rat her adversely affect nagnetic properties. Suitable sintered rare earth-
magnets of R-Fe-B systens 25 may be prepared, for exanple, by weighing
source nmetal materials, nelting, casting into an alloy ingot, finely
dividing the alloy into particles with an average particle size of 1 to 20
um i.e., sintered R-Fe-B magnet powdiér, conpacting the powder in a '
magnetic field, sintering the 30 conpact at 1,000 to 1,200C for 0.5t0 5
hour s, andsineadcelsr ¢atteny ari4fErad o O00@s JEXAVMPRE cutoff abrasEgranpl es and

Conpar at | V&a@mhast%&s;mf@a l%%l gt 08 o35 chidbEBefadhi Sy ahi pge t he
i nvention although the invent §S§,£}aés L im, d t.hereto. 5 EO Exarrple 1
t \Y

OD bl ades TRATT P146F asiVE bl 8e§ PaBtit ‘ghlcﬁ& 8i ng
doughnut - s¢megrekrditbkn ctre vofdtdemEnthe cardifddebfasnss slvqu@ dft - V\G 90 wt % Co

10 wt % ha’t‘.’l’l@gu@ihowtgf Q{@Qﬁ{t%rr éu%’g_@nmaﬁtﬂnerﬂﬂicﬁ@t anig4o lﬁﬁﬂln@nd

t hi ckness 0. I he re bond| ng Lec e rtificial
di anond ab‘f%&l:'\%g&r ai ‘ﬁjsg{lb g%‘ OLT\{% l%%rl p‘hera Yr flcr)n 0 h%le%%r ge?% form an
abrasive st iton thperiphief abmagivenglades )arcont abPhe n@r%%dév ofol ume of

di anond gr@iMsiny thuas zﬁ’e\ﬁﬁr@:gﬁnp%'ivbycfﬁo@lt& @fii250 kQ-owmyedhenaixi al
extension of the a ra5£ve section fro 1% ach si de,

that is, tHE AFAEFFE o o h&d s W d IIlle 8%£Wa§r?swet kr?e?atgﬁl ckness
di rection afwidid Hofej). the slisiipgthhel<ad rmoaaég PEekeRatiiygheest was

carried oub; ®h »WREKRI RGE WHLN was 8o Simter eﬂ,l\@lofg-;ﬁ:m@mybl ock. The
15 test conditi ‘?,;P§ %e as folm% A mul tipl e bl adeassenbly was

manuf act ur ]EP“b)f a aWy m)(untl ng g 41 OD bl ades on a shaft at an axi al
spaci ng of 2.1 ri#he wilih b@ﬁc%‘#%h|qqt1€ﬁ§6§eﬁhﬁﬁ1éﬁ’@@ett%@eﬁm%e spacers each

had an outgsrdiraiRtepoBbidiNof LS cdtafPt @rasd@enblaandid hirckeress 2.1 nm
The rrul t| pl e ZQcth age aststganbllyt V\B.% desh@P&?ﬁfp%%tEjgﬂt mg{; 6@@9% fgﬂ)ck was
he

cut into trlps haV|n mul tiple
bl ade assequ,fowsitbtﬂh@ @tWPmlﬁFﬁd‘éktfhlﬁ’d the §pagerez&d-ernatel y
mount ed oot sShakt swes cadimead wrebefal tabagtfl bai do f e afozrbe as

shown in F%é%er’dlameger of the core of the cutoff abrasive blade.

In the method for multiple cutoff machining a rare

20 earth magnet bleock, a magnet block securing Jjig consisting of =~
a pair of jig segments is preferably used for clamping the
magnet block in the machining direction for fixedly securing
the magnet block. One or both of the jig segments are
provided oﬁ their surfaces with a plurality of guide grooves

25 corresponding to the cutoff abrasive blades so that the cuter
peripheral portion of each cutoff abrasive blade may be
inserted into the corresponding guide groove.

FIG. 4 shows one exemplary magnet block securing jig.

The jig inciudes a suppbrt plate 32 on which a magnet block M

30 is rested and a pair of block pressing segments 31, 31
disposed on opposite sides of the plate 32. ‘The pair of jig
segments 31, 31 are adapted to press the magnet block M in
the machining direction (transverse direction) for fixedly
securing the magnet block M t¢é the support plate 32 while

35 they are retained utilizing screws, clamps, pneumatic or
hydraulic e¢ylinders, or wax (not shown). The Jjig segments

31, 31 are provided on their surfaces with a plurality of



25 that the outer peripheral portion of each OD bl ade was inserted into
the corresponding slit in the feed nozzle. Specifically an outer portion
of the OD blade radially extending 8 mmfromthe blade tip was inserted
into the slit. The slit portion of the feed nozzle had a wall thickness of
30 2.5 mm and the slits had a wdth of 0.6 nmm The OD bl ade extended in
alignnment with the slit. The ®@rkpi ece was a sintered Nd-Fe-B
magnet bl ock having a |l ength 100 nm w dth 30 nm and height 17 mm which
was pol i sheghqn galobvsis X3§a1rdoa&esspahdaﬂgamwmyfoiabﬂasﬂﬁremmaaebyla

vertical double-disk polishing.toal ; By he mul thal . hlbadecpssentl v, the

magnet bl 0 ransversely nac ongltu inally divided into a
nul tiplici glyo%#esné@ﬁe%s ot SEEtAEUSRT DY oL HI U c RITRRE 1S1CHPPY, one
magnet bl ogkodnass %Mte i pt o= omagnat therépsuple of FIGThe. sintered Nd- Fe-B

mRgnet Dl ock vasy e Qgﬂo‘%lg,g&%y ExShilsy Rabhler GHiddngedhesel fon by a

jig (shomn in FI Ing a pair segnments I n gU|de
grooves ha¥itg Ehﬁeﬁgi Hn6Ludes nRaR Pﬁeb%?%s}?\?é’rs%n%l?eéﬁ"fi%ﬁ Frthe
bl ock), a wi diltsp@fsea &n m‘p;(dsﬂtéheldiémgjﬁ txchn:aalmamt;rree:cbllonk@fl‘f! time bl ock),

and a hei cgrm‘Tt of A9 myere defifed J.n t 8 Efé’rese%gggg {r4k) gsethe OD

bl ades an 05|t|ons correspondin bl'ades . |'o such that the
cutting po%‘iiaél?t@rﬁ}s tRePESH |‘7§’ﬁ’eﬂaﬁi“f’h *’Ehffé"kﬁu?“déng?rt?o\%’é’hlflhn%ecurl ng the
bl ock, 1al |@ﬂfmjmomstpmdxmrmeedlnecngan}hefosl fiexsiinf aeeuoing hdemagnet bl ock

appeari ng e fLaRt N Aot B ef RS @Ree. atd Adtagnexanpl e,
t he upper IRQ 1#%(:618?13 Mséodethe gﬁi) he gﬂl)lde eof the. mul_ ti §I% bI déEl gssenbl y)

.15 was flﬁ"éhlwltnﬁ Fﬁ%e‘tr“p'p a@ﬁ?fa@%ewaﬁlﬁeoﬁa%%ﬁa%l&ﬁyf ‘irﬁe Stde of
the mul ti pk&x birade sassenbl }) thsugwritpieecwagnet blockFoM arpe Bhpivngin

Opﬂ‘ at : Oan‘fG Cuét t 'tﬂg ﬁl!lrh%éi: \Q@meagge@tbfoéﬂsov\t’sr%@ quml:%gdl-’(:m]fbtd:' rst, the
mul tiple

ade assenbly wa aced above one se mhlch the
nmagnet bl o€k 21}3/\15’59@%’65’?63& iﬁdaﬁ%v%wmlf‘dg?ﬁéﬁaw Fi% fragnet bl ock so
t hat t he Chapdades twetiee imgprettedléckmwitiom pheralitiyp dfnvoidhesrpovge
gr ooves. V\Qiéeccfﬁ%%eﬂaﬁ&& tﬂonguftbyfdaﬁfmaehglas@g NOBE! au@mb:;_reot ating the

D bl ades at 7, gm ci rcunf erenth:ran gmﬁ?ﬁ()f 44 Hisecgdv gul tiple
bl ade 25 a?%"é‘i’ﬁ)lafs\ﬁ‘é‘ el alole e 518 M FHEH FHE one £ the
other jig segmentparoicabehimiligithe. natetudy 6&RVEN IO VEFaBEY er se
direction. ; ff,, 418 2Rd; R el dlicatibli BkEs #he. @Ssem)ltme\/\@ﬁb&@;dnéaﬁtcléfto the one

jig segrrent si de wi t hout . chan ht._ I n_this way ff,9rooves
of 1 mm 30¥8&ep weé FBHediY %Wfa%eglﬁ‘@g‘ﬁ%]f‘%b K. PR ratéabglflle &%ne jig

segnment, theemddnepite3bl adde jig of this construction has the
advantage that the jig with the magnet blocks secured therein

may be turned upside down without a need fto remove the magnet
25 ‘blocks from the jig, and machining operation may be soon
restarted on the magnet blocks in the Jjig.

During machining operation, an outer peripheral
portion of each cutoff abrasive blade 11 is inserted into the
correspending guide éroove 3la in the jig segment 31. Then

30 the grooves 3la are arranged at a spacing which corresponds
to the spacing between cutoff abrasive bladés 11, and the
grooves 3la extend straight and parallel to each other. The
spacing betweén guide grooves 31 is equal to or less than the
thickness of magnet pieces cut from the magnet block M.

a5 Thé width of each guide groove should be greater than

' the width of each cutoff abrasive blade (i.e., the width of
the peripheral cutting part). Provided that the peripheral



assenbly was noved 1 mm downward toward the magnet bl ock. Wile feeding
cutting fluid fromthe feed nozzle and rotating the OD bl ades at 7,000 .
rpm the nultiple blade assenbly was 35 fed at a rate of 100 M mn from
the one to the other jig segnent for nmachining the magnet block in its
transverse direction. At the end of this stroke, the assenbly was fed 22
back to the one jig segnent side w th®ut changing its height. This

machi ni ng operation was repeated 9 tinmes in total. In this way, cutoff
grooves of cOttimgleaptl bomideutpper asuad oce bieke hasnedvidiht We (mmpnet

bl ock. 5Th€ di¥e g&ggvgqgﬂﬁhﬂbbgggefﬁﬁl rHH%erglﬁﬁéﬁg d# optehenkh 9. The
magnet bloc s turned upside down such he side surface of the

magnet bl o¥k™MapisedMithd BR He "PFSnPI@F%at?W I'—flr(é;’xm B8+ 9 Hht™h58edF*Bh t he
front sidemagaiThealéegtit Nenupsitdendcin-dairimnngand\ hegmmaniofwasciconduct ed

using the &S’lc%é dgero%%f ace Qélé&%aﬁegeﬁttMQ%eaee%eff Ngh:Ak ke piagat side

in FIG 4a as the reference, net bJ ock was secured _in QI ace
again by tH&¥ j‘?eg moyeLt Wi i ftbr‘Fe gﬁ‘é@‘ﬁl f %@V%rﬂjélrréf’?oﬂa‘ﬁlejfw e t?

upsi de- dowmagnenimgekt.he mul ti pl e bl ade assenbly above one 15 jig segnent

was noved downwafl towahdetbeimanel bheekase ddiddint tae @@t@f@des wer e
inserted 1 mmfromtheir tip into the guide gr Qoves. feeding cutting

fluid fronPeREteed RoZ2fe by B‘FQP?ﬁgb{"Fl%kﬂD BF altree® etar;hoﬁﬁgn t he
mul ti pke bhadehassakpligcuass fred gardicalerbf OO ted mSviftaddet herone 20 to

the other Ljigs el sf %cf@ﬁllglln@gréaeraﬁer@ém@ll Aeknkbs i 45 RIFangver se
direction. At the end of thjs stroke, the a I)éﬁ Ef fed back to the one
i

jig segmenf?SFIE WREAGIE %hja%gfltndef‘?g ﬂ%?grrﬁ‘re 155 Y cut of f gr ooves
of 1 nmm deepciwsierd efngdtiriunehe nmagnet bl ock. 25Next, above the one jig

segment, the mul &iplg ikl @ﬂﬁt@ﬁéﬁ%&:& é@ﬁtm@leismdomr dybouas d the
magnet bl ock. VWile feedjn ttln%flwd fr the f%ed ngzz% o'}_d

rotatihy tAe® CBBaBEg LS 61Pf) t'He ‘M pli)ercfﬁ ade "assenbl y was fed
at a rate Bf SMComIPAi af fromanielohea BY Ing §t hard jang igoasdygnet oFor

nmachi ni ng hbe. nRreNgt vbl Qfé’inérﬁsi E81sE@s aiose cdli AectdionTiAt vi he emsl, of this |
stroke, the assenh y éed ﬁachbt Qud heA one j |lgfsel%rre%t shd %é/_xé ttggut

changi ng i 8 H\e]rg i s hachini ng operat’i on’was reﬁea ed 9 tTimes
total. In phmosm;pr empm\flrger sevestierrrdrerikdds| #nd HOTFR§ABE bl ock to a 35
depth of 9881 d¥LBel hertippabusits fHACaamher ot perendift scutiaéd grooves merged

with each Ogrt]\?éritforﬂ% '§¢-r ter;{%mrﬁgnetp bl ock, vas SHtcé,nta?lddhfsc&?tz? Shrips.
of the other elements. The additive elements, if added in
exfra amounts, rather adversely affect magnetic properties.
Suitable sintered rare earth magnets_of.RuFewB systems

25 may be prepared, for example, by weighing source metal
materials, melting, casting into an alloy ingot, finely
dividing the alloy into particles with an average particle
gtze of I to 20 wm, i.e., sintered R-Fe-B magnet powder,
compacting the powder in a magnetic field, sintering the

30 compact at 1,000 to 1,200°C for 0.5 to 5 hours, and heat
treating at 400 to 1,000°C.

EXAMPLE
Examples and Comparative Examples. are given below for
35 further illustrating the invention although the invention is

not limited thereto.



23 After magnet strips were cut using the OD bl ades constructed as
above, they were neasured for thickness between the nachi ned surfaces at
the center by a mcroneter. The strips were rated 'passed” if the neasured
thickness was s within a cut size tolerance of 2.00.05 mm If the neasured
thi ckness was outside the tolerance, the nultiple bl ade assenbly was
tailored by adjusting the thickness 2 spacers, so that the neasured

t hi ckness mght fall within the tolerance. If the spacer adjustnent was
repeat ed mmsnghilan 10 two tines for the same OD bl ades, these OD bl ades
were j udged as %V?E'ng%gs(tcﬁtoﬁP %ﬁg%l@@dbim@c%r@yfmc@@eal@pes Under

t hese conditions ocks were cutoff machi ne The eval uati on

results ofPRQWédﬁﬂﬁhWrﬁﬂPQ?P&Fes%ﬁﬁ?dsﬁbﬁ% F9reTSb| ESMCNPS E3hpIati ve Exanpl e

1 {d&nrmgﬁeﬁg bloeic waswcuttel fiomachl mediby aheuwamedprdédure as in
Exanpl & 1 £x¢ Lg@é tél%m%rt’éfez{cﬁ S €8nd ntﬁl@%negyléljolnﬁ bhagde assenbly
each had an outer I a

nmet er 20 i nner. di anete and t hi ckness
2.1 mm an‘éPftqgté‘gﬁaBYletihebIrﬁéknm%%“drﬂgh?:ﬁ‘él&llt%%uaﬁ%ﬁl ltagn%veranldl hei ght by
repeating dthesivenyneold nmngnopamatp@nlnﬁbnahﬂgsmlwfﬂéﬁabomﬁthbéprmurnlng

t he magnet_ bl | dedewn h%k slﬂgg I 4 > t
bl ocks mer%péﬁﬁéfypé ﬁ%gh (ﬁ@rfb gl ¢ cﬁﬁhggkggjﬁﬁg%ﬁgg zigﬁgg?gge The

eval uat i onV3'8E6| £§ %&?P9£d38x§ﬁ%ﬁwVﬁtﬁ FATETITRB 6T ° “Nifber strips

After pachifi Nhe Q@1 extension of the abrasive section from the core
was 0.05 mm on each side, that is, the abrasive portion had a
width of 0.4 mm (in the thickness direction of the core).

Using the OD blades, a cutting test was éarried out on
a Workpiece which was a sintered Nd-Fe-B magnet block. The

15 tést conditions are as follows. A multiple blade assembly
was manufactured by coaxially mounting 41 OD blades on a
shaft at an axial spacing of 2.1 mm, with spacers interposed
therebetween. The spacers eachxhad an outer diameter 95 mm,
inner diameter 40 mm, and thickness 2.1 mm. The multiple

20 blade assembly was designed so that the magnet block was cut
into magnet strips having a thickness of 2.0 mm.

The multiple blade assembly consisting of 41 OD blades
and 40 spacers alternately mounted on the shaft was combined
with a cutting fluid feed nozzle as shown in FIG. 3, such

25 that the outer peribheral portion of each OD blade was
inserted into the corresponding slit in the feed nozzle.
Specifically an outer portion of the OD blade radially
extending 8 mm from the blade tip was inserted into the slit.
The slit portion of the feed nozzle had a wall thickness of

30 2.5 mm, and the slits had a width of 0.6 mm. The OD blade
extended in alignment with the slit.

The workpiece was a sintered Nd-Fe-B magnet block
having a length 100 mm, width 30 mm and height 17 mm, which
was polished on all six surfaces at an accuracy of *0.05 mm

35 by a vertical double-disk polishing tool. By'thé multiple
blade assembly, the magnet block was transversely machined

and longitudinally divided into a multiplicity of magnet
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cstrips of 2.0 mm thick. Specifically, one magnet block was)
cut into 40 magnet strips. ’

The sintered Nd-Fe-B magnet block was secured at
opposite sides in the cutting direction by a jig (shown in FIG.

5 4) including a pair of segments in which guide grooves having a
length of 30 mm {(in the transverse direction of the block}, a
width of 0.9 mm {in the longitudinal diiection of the block),
and a height of 19 mm were defined in the same number (=41) as
the 0D blédes and at positions corresponding to the OD blades

10 such that the cutting positions were aligned with the guide
grooves. In securing the block, alignment was performed using
the side surface of the magnet block appearing on the front
side in FIG. 4a as the reference. In this example, the upper
surface of the jig (om the side of the multiple blade assembly)

15 was fiush with the upper surface of the magnet block (on the
side of the multiple blade assembly)} as workpiece.

For machining operation, a‘cutting fluid was fed at a
flow rate of 30 IL/min. First, the multiple blade assembly
was placed above one jig segment by which the magnet block

20 was secured, and moved downward toward the-magne§ block so
that the 0D blades were inserted 1 mm from their tip into the
guide groocves. While feeding cutting fluid from the feed
nozzle and rotating the 0D blades at 7,000 rpm
{circumferential speed of 44 m/sec}, the multiplé blade

25 assembly was fed at a rate of 100 mm/min from the one to the
other ji¢g segment for machining the magnet block in its
transverse direction. At the end of this stroke, the
assembly was fed‘backltb the one jig segment side without
changing its height. In this way, cuteoff grooves of 1 mm

‘30 deep were formed in the magnet block.

Next, above the one jig segment, the multiple blade
assembly was moﬁed 1 mm downward toward the magnet block.
While feeding cutting fluid from the feed nozzle and rotating
the OD blades at.7,060 rpm, the multiple blade assembly was

35 ‘fed at a rate of 100 Mm/min £rom the one to the other jig
segment for machining the magnet block in its transverse

direction. At the end of this stroke, the assembly was fed
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back to the one jig segment side without changing its height.
This machining operation was repeated 9 times in total. 1In
this way, cutoff grooves of 9 mm deep from the upper surface
were formed in the magnet bLOCk.

5. Thereafter, the magnet block was once released from
the jig. The magnet block was turned upside down such that
'the gide surface of the magnet block appearing on the front
side in FIG. 4a might appear on the front side again after
the-upside—down_turnihg. Alignment was conducted using the

10 side surface of the magnet block appearihg on the front side
in FIG. 4a as the reference, and the magnet block was secured
in place again by the jig.

Next, like the machining operation before the
upside-down turning, the multiple blade assembly above one

15 4ig segment was moved downward toward the magnet block so
that the OD blades were inserted 1 mm from their tip into the
guide grooves. While feeding cutting fluid from the feed
nozzle and rotating the OD blades at 7,000 rpm, the multiple
blade assembly was fed at a rate of 100 mm/min from the one

20 to the other jig'segment for machining the magnet block in
its transverse direction. At the end of this stroke, the
assembly was fed back to the one jig segment side without
changing its height. In this way, cutoff grooves of 1 mm
deep were formed in the magnet block.

25 Next, above the one jig segment, the multiple blade
assembly was moved 1 mm downward toward the magnet block.
While feeding cutting fluid from the feed nozzle and rotating
the OD blades at 7,000 rpm, the multiple blade assembly was
fed at a rate of 100 mm/min from the one to the other jig

" 30 'segment for machining the magnet block in its transverse
direction. At the end of this stroke, the assembly was fed
back to the one jig segment side without changing its height.
This machining operation was repeated 9 times in total. In
this way,-cutoff grooves were formed in the magnet block to a

35 depth of ¢ mm from the upper surface whereupon the cutoff

~ grooves merged with each other, that is, the magnet block was

cut into discrete strips.



14 68 24 105 34 A nunber of spacer adjustments 30B: nunber of O bl ade
replacenents 24 - -~ “As seen from Table 1, the nmultiple cutoff:
machi ni ng nmet hod of the invention maintains consistent di mensional
accuracy for products over a long termdespite the reduced bl ade thickness
and is successful in reducing the nunber- of 5 spacer adjustnents and the
nunber of CD bl ade repl acenents. Thed3an increase in productivity is
attained. Exanple 2 OD blades (cutoff abrasive blades) were fabricated by
e} prOV|d|ng a dauighnubgséiaped igiss wereor eundfusigreerhedOap bidks (consi sting

of WC 90 w3 s%u%‘%e&ﬁe{é en?a«}engtaayoué@é rpéaas.rﬁe;te@r £445: Bk derrer di aneter 40
nm and t hi ckness nd baondi n he resin _bondin chni que,
artifici alb?ﬁ“%ﬁ?ﬁn&hﬁb?%%l?wdgrsé‘m@c?% %ﬁ 1é'tﬁ &FUBEF i Phet é[flcf%ﬁ\eg?rt he core

to 15 for nren shriasi versectiiedn "ppesepheral theumeragredr thidents vang 25% by
vol unme of mw% %@I 08, Wi 4} 30 nBYEHRTL. PAT losChR . Size ok h8Qsiraa The
axial extension of the abrasive_section from
thickness was outside the tolerance, the multlple blade
assembly was tailored by adjusting the thickness of spacers,
so that the measured thickness might fall within the
tolerance.' If the spacer adjustment was repeated more than
10 two times for the same OD blades, these 0D blades were judged
as having lost stability and replaced by new OD blades.
Under these conditions, 1,000 magnet blocks were cutoff
machined. The evaluation results of the machined state are
shown in Table .1. )
15
Comparative Example 1
A magnet block was cutoff machined by the same

procedure as in Example 1 except that the spacers used in the
multiple blade assembly each had an outer diameter 80 mm,

20 inner diameter 40 mm, and thickness 2.1 mm, and the magnet
block was machined throughout its overall height by repeating
the l-mm machihing operation 18 times in total without
turning the magnet block upside down at a mid stage. In this
way, 1,000 magnet blocks were cutoff machined, and the

25 machined state was evaluated. The evaluation results are

also shown in Table 1.

Table 1
After machining

Number 200 400 600 8O0 1,000
of strips blocks © blocks blocks blocks blocks
A B A B A B A B A B
Example 1 40 0 0 0 0o | ¢ Q 0 0 o 0
Comparative 40 18 3 31 | 10 | 51 | 14 | e8 | 24 | 105 | 34

Example 1 . ;

A: number of spacer adjustments
30 B: number of OD blade replacements



the core was 0.025 nmon each side, that is, the abrasive portion had a
width of 0.4 nm(in the thickness direction of 20 the core). Usi ng
the OD bl ades, a cutting test was carried out on a workpiece which was a
sintered Nd- Fe-B magnet bl.ock. The test conditions are as follows. A
mul ti pl e bl ade assenbly was manufactured by coaxially nmounting 42 OD

bl ades on a 25 shaft at an axial spaédfng of 2.1 mm w th spacers

i nt erposed t herebetween. The spacers each had an outer dianeter 90 nm

i nner di aneter 4G meenahdon Hfaikieeds Phe mwatipde pukefhlmaddiiadedassenbl y

was desi gr}ﬁ‘@km b@athéhfznmgﬂ% Rk ocks was oulkibBEet NBgnRelsishailps having a

t hi ckness o ade asse stli 42 OD
bl ades anoaqflursaﬁé’ng]% %W‘g"}c:%t grr’r‘:'i‘)un?ne(‘;ij A Eggéh né’{v?/ag:eggn%:i ned with a
cutting fleiafief gbdchnezs exredb l§h§mc¢$}smialn3 regyehng h%ﬁe tHELBH

peri phey al shordd ae ek tracts GRabkadenvmser llﬁebbedlhdilé ordgraceaenespondi ng
slit in the feed nozzle. 35 Sr%%luf :(L:‘z?aljt Aan Eegortl on of the OD bl ade
radial |y exXt¥hdng"8-RATT romMine etip vvas “'Mseited into the slit. The

slit portion of the feed nozzle had a wall thickness of 25 2.5 mm and
the slits hagmeanvdth of 0.6 nm The OD bl ade extended in alignnment with

the slit. e i ec ) @nggf dLock havi ng
a length 99 %);g)qh ﬁ'r%] \r/]vglra %ékn{)%@eds)weg% was polis gd on all
si x surd ac@smaitdlaiﬂ acémﬂmiyﬂbﬁh@!?e@ W}bf%e\/éﬁft FERFPERAIBIZEPAREK pol i shing
tool . By thﬁorfﬂilsttllﬁt;eob|W@legcasmecenrtnbylotdmeg magrehgbhockutas dieansaer sel y

machi ned | ongi.t udi nal ‘f(eitde i,deg,i ni0s atbr[g,gk&leggl 61y @f nmgnet strips

of 2.0 mmthi &K~ énemfl ca one nagnet was 10 cut into 41 magnet
strips. Theewligiont éWeHhNdrﬁF%UBbﬁ’&éﬁ%% B‘F‘Hb‘}@é?{‘\ﬁer 8T imbed FA™8 ¢ r ansver se
-directi Onabfl'athqxz@g&ahnbl ﬂ@lﬁraromagepeﬂipmﬁﬁalsmmr ed tite oppesitbe sides in

e iy S EC bhelol 7o LIANSNS! 2B ELARELL OBLcng pLo: { paMALIET S 0)

|nclud|ng 215 . segnen e grooves having a |ength of
70 mm (in he btyr émésa@fas@f d@%@él&rﬁdoﬁre%n% h‘él‘b‘} GO FVeRaqF R 6. 81Fm (i n

the longityding mm.raﬁﬁé<¥%£%& Lhehd Qak)or and apheiBA section from
the core was 0.025 mm on each side, that i1s, the abrasive
portion had a'width of 0.4 mm (in the thickness direction of

20 the core). )

Using the OD blades, a cutting test was carried out on
a workpiece which was a sintered Nd—Fé—B magnet block. The
test cdnditions are as follows. A multiple blade assembly
was manufactured by coaxially'mounting 42 0D blades on a

25 shaft at an axial spacing of 2.1 mm, with spacers interposed
therebetween. The spacers each had an outer diameter 90 mm,
inner diameter 40 mm, and thickness 2.1 mm, The multiple
blade assembly was designed so that the magnet- block was cut
into magnet strips having a thickness of 2.0 mm.

30 The multlple blade assembly consisting of 42 OD blades
and 41 spacers alternately mounted on the shaft was comblned
with a cutting fluid feed nozzle ag shown in FIG. 3, such
that the outer peripheral portion of each OD blade was

- inserted into the corresponding slit in the feed nozzle.
35 Specifically an outer portion of the OD blade radially
" extending 8 mm from the blade tip was imserted into the slit.
The slit portion of the feed nozzle had a wall thickness of



‘of 17 mmwere defined in the sanme nunber (=42) as the. 0D bl ades and at
posi'tions corresponding to the OD bl ades such 20 that the cutting
positions were aligned with the guide grooves. The jig segnents had

di nensions of 100 nm 100 mm and 17 nmin the | ongitudinal, transverse
and hei ght directions of the nagnet block, respectively. The gui de grooves
were fornmed in the segment adjacent £8 the nagnet 25 biock and extended
vertically throughout the-segnment. In securing the nagnet bl ocks,

al i gnment s mper RBANERE UBHG PRE 3iBurfaled oft t héPRaghdtiBi®ocks
appeari ng &icdriiear ear asidenddt RiGh HBee asitthe reference. In this exanple,

t he upper surfa of the.|l] on .t he_si the i l.ade 30
assenbly) was f?%s‘ W\?mrpﬁl%gﬁl% éjap%é_ar ggﬁ?%gﬁ%qﬁdf %?h_gmngaﬁélﬁ %SLP)S%[(S (on the

si de of t Heawvimiat pplengthd® asseihiyY Hs "RorRBi %%?h%%d e Bppdsite sides
of the graghet Jiaeksai on tdme lsapgktiuthded adi mechicmrarye gfosiot pdmed 0.5 mm

i nward of the o Sl i of. the 4. S. j i g

operati on,b% aClYFa?i ﬁ'cgzgflc?ﬁ m?a?lfse{ds%jfi%lﬁ%gv%g?%fe B%EFC%(% fﬁ/@%@iﬂﬂe& rst, the
nul tipl e briafle assenbly. e plageell Bbofe “Gife tFRGSERLHEM "By WATeh t he
magnet bl ogks 1026 18REEnSECH rdd,i dandimoy ed mldwipai di towet chaghetmagnet bl ock

so that theg | ades [.nsert Amfrom theif LR Lok the gui de
gr ooves. V%ﬁqgs?g%d?h%vﬁﬁl}lr@gsf I%?eé%‘ rom tg'e feed ar?ttl){zezl e and rotating the
D bl atfes @it AZ0dO04E pRES§eiTddRPerenti al speed of 42 misec), the multiple

bl ade assenbly was-ckediatened ai® ref-B20agme mldokemvehe armearntged he ot her
j1g segmen Lnjnge, Bope! lReksSyi Bt Neivaddeagvesse direction.
 or e e ot O P

At the en Is stro e assenbl .ed hack to the one jig
segment si tREWHh Bt OPBOHEMGI NG Si L8 HRT JIEE P ERFECTERP ‘Cut of f grooves
of 9 nMm deepanmereaskodmeec ot hdymagnes bilesks in FIG. 5) Trerleginerga the jig

was tuHﬂ'edp ioge sg?fﬁ@n‘%m{h tatcnt Bgiéé dg?rcﬁiﬁefsaﬁﬁvi?ﬁgf[@%dﬂg&paaﬁe@di ng on
the front side in FI'G b5a m ght_ appear

on_the front side again_after the
15 ' upsi de™oMit tBenFREPSETGhIfERECWaS cBndiiét &&Oﬁ ?hgat‘ﬁlgaqgi gt éugff ace of
t he magnetmbl Cok tappeangigudimalhdirearish de itheFb&rchah. and Feheedlet ence,

and the jigeswas Secuiedsfol,diplidi Reet BondaaRMe Dl 0gks 44 fHleace again.
Next, |ike the nachini ng %ge,r ation bef ored_t he tZOtHgsbgeBldao M tchrzﬁ” ng, the
mul tipl e bPERAESAELENBF yPAHbLVELBhEortesponding to

20 that the cutting positions were aligned with the guide
grooves. The jig segments had dimensions of 100 mm, 100 mm,
and 17 mm in the longitudinal, transverse and height '
directions of the magnet block, respectively. The guide
grooves were formed in the segment adjacent to the magnet

25 block and extended vertically throughout the segment. In
securing the magnet blocks, alignment was performed using the
side surface of the magnet blocks appearing on the rear side
in FIG. 5a as the reference. In this example, the upper
surface of the . jig (on the side of the multiple blade

30 assembly) was flush with the upper surface of ‘the magnet
blocks (on the side of the muliiple blade assembly) as
workpiece, and the opposite sides of the magnet blocks in the
longitudinal direction are positioned 0.5 mm inward of the
opposite sides of the jig segments. 7

35 For‘machining operation, a cutting fluid was fed at a
flow rate of 30 L/min. First, the multiple blade assembly

was placed above one jig segment by which the magnet blocks



jig segnent was noved downward toward the nmagnet bl ock so that the OD

bl ades were inserted 9 mmfromtheir tip into the guide grooves. Wile
feeding cutting fluid fromthe feed nozzle and rotating the OD bl ades at
7,000 rpm the nultiple 25 bl ade assenbly was fed at a rate of 20 nm min
fro_mthe one to the other jig segment for machining the magnet blocks in
their transverse direction. At the emdl of this stroke, the assenbly was
fed back to the one jig segnment side without changing its height. In this
way, cutofferdy gevesedperand afoved 36wiwardtdcheowagiethdlmkett dlackdept h of 9 mMm

from their h“af%p%esH;Bft?faaé'!_‘%%‘épﬁlﬂsé%dﬂét ] fgaﬂomm&ge@n% theeach

ot her, thaE the was cut into discrete stri
After magrEtidst SEpEveRs eW@&tleug??@“‘tghé’u@El’b?a@é%ldc(fﬁé’f“r uee eef]s above,
they were seaser addfostdtimk nessoB5hbeiaseern rTheobacdm ned surfaces at the

cent er by 9. /I GLOMELEE o T edly LS, YGkRdcAL dpipasserd bukbe measur ed

t hi ckness si ze tol erance of | f the
neasured FEEIRLEKHeSsIshE oG §”PHE thert &“‘épéﬁcgroql h?errﬂntel P e" bt ade
assenbl y vwendraijligr edgimntadjars manyit ey tinec kingsst oblegecdmnsithedrt hat the

measur ed t%&éﬁ%@%%éen&£ggcéfﬂd mﬁ%*%ﬂ% tha E@lﬁﬂéﬂug%rdkk thﬁeSDacer

adj ust nent "'was repeated nore than two tines for the sa des, these
OD bl ades #®T@PLydyed =4 rﬁ%ﬁ%q 68¢ b F?gﬂﬁﬁtr?p aggg ygnew oD
bl adesio Undeimdiles et s amneli gtitons In 1410060 wmgneut@fbcd@qmseOéu?dﬁﬁf machi ned.

The eval ual on yesubisndd 4feumehined siase are shown in Table 2. 10

Table 2 strips After nachini ng 200
Thereafter, the jig was tufned upside down such that

the side surface of the jig appearing dn the front side in
FIG. 5a might appear on the front side again after the
15 upside-down turning. Alignment was conducted using the 31de
- surface of the magnet block appearing on the rear side in
FIG. 5a as the reference, and the jig was secured for holding
the‘magnet blocks in place again.
Next, like the machining operation before the
20 upside~down turning, the multiple blade assembly above one
jig segment was moved downward toward the magnet block 5o
that the OD blades were inserted 9 mm from their tip into the
gﬁide grooves. While feeding cutting fluid from the feed
nozzle and rotating the OD blades at 7,000 rpm, the multiple
25 blade assembly was fed at a rate of 20 mm/min from the one to
the other jig segment for machining the magnet blocks in
their transverse direction. At the end of this sitroke, the
assembly was fed_back to the one jig segment side without
changing its height. 1In this way, cutoff grooves were formed
30 in the magnet blocks to a depth of 2 mm from their upper
surface whereupon the cutoff grooves mergéd with each other,
that is, the magnet block was cut into discrete strips.
After magnet strips were cut using the OD blades
constructed as above, they were measured for thickness
35 between the machined surfaces at the center by a microméter.
The strips were rated “passed" if the measured thickness was

within a cut size tolerance of 2.0x0.05 mm. If the measured
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thickness was outside the tolerance, the multiple blade
assembly was tailored by adjﬁsting the thickness of spacers,
so that the measured thickness might fall within the
tolerance. If the spacer adjustment was repeated more than
5 two times for the same OD blades, these OD blades were judged

as having lost stability and replaced by new OD blades.

Under these conditions, 1,000 magnet blocks were cutoff
machined. The evaluation results of the machined state are

shown in Table 2.

10
Table 2
After machining
Number 200 400 600 800 1,000
of strips blocks - blocks blocks blocks blocks
A B A B A B A B A B
Example 2 . 41 G 0 a ] 0 0 0 0 0 hj
A: number of spacer adjustments
B: number of QD blade replacements
i5

As seen from Table 2, the multiple cutoff machining
method of the invention maintalns consistent dimensional
accﬁracy for products over a Jlong term despite the thin
abrasive blade based on cemented carbide core and is

20 Successfﬁl in reducing the number of spacer adjustments and
the number of 0D blade replacements. Then increases in

~ productivity and the humber of cutoff strips are attained.

Example 3
25 OD blades (cutoff abrasive blades) were Ffabricated by

providing a doughnut-shaped disk core of cemented carbide
(consisting of WC 90 wt%¥/Co 10 wt%} having an outer diameter
145 mm, inner diameter 40 mm, and thickness 0.5 mm, and
bonding, by the resin bonding technigue, artificial diamond
30 abrasive grains to an outer peripheral rim of the core to
form an abrasive section {(peripheral cutting part) containing

25% by volume of diamond grains with an averade particle size



Exanple 2 41 0 00 0 00 00 0 A nunber of spacer adjustnents B: nunber
of OD bl ade repl acenents 15 As seen from Table 2, the multiple cutoff
machi'ni ng met hod of the invention maintains consistent dinensional ,
accuracy for products over a long termdespite the thin abrasive bl ade
based on cenented carbide core and is 20 successful in reducing the nunber

of spacer
I NCr eases
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20

25

30

adj ustments and the nunber 28f OD bl ade repl acenents. Then
in productivity and the nunber of cutoff strips are attai ned.
of 150 um. The axial extension of the abrasive section from

the-core‘was 0.05 mm on each side, that is, the abrasive
portion had a width of 0.6 mm {(in the thickness direction of
the core). | )

Using the OD blades., a cﬁtting test was carried out on
a workpiece which was a sintered Nd-Fe-B magnet block. The
tegt conditions are as follows. A multiple blade assembly
was manufactured by coaxially mounting 14 OD blades on a
shaft at an axial spacing of 3.1 mm, with spacers interposed
therebetween. The spacers each had an outer diameter 100 mm,
inner diameter 40 mm, and thickness 3.1 mm. The multiple
blade assembly was désigned 50 that the magnet block was cut
into magnet strips having a thickness of 3.0 mm.

The multiple blade assembly consisting .of 14 OD blades
and 13 spacers alternately mounted on the shaft was combined
with a cutting fluid feed nozzle as shown in FIG. 3, such
that the outer peripheral portion of each OD blade was
inserted into the corresponding siit in the feed nozzle.
Specifically an outer portion of the OD blade radially
extending 8 mm from the blade tip was inserted into the slit.
The_siit portion of the feed mnozzle had a wall thickness of
2.5 mm, and the siits had a width of.0.8 mm. The OD blade
extended in alignment with the slit.

The workpiece was a sintereled—Fe—B magnet block
having a length 47 mmn, width 70 mm and height 40 mm, which
was polished on all six surfaces at an accuracy of £0.05 mm
by a vertical double-disk polishing tool. By the multiple
blade assembly,rthe magnet block was transversely machined
and longitudinally divided into a multiplicity of magnet
strips of 3.0 mm thick. Specifically, one magnet block was
cut into 13 magnet strips. '

The sintered Nd-Fe-B magnet block was secured at

opposite sides in the cutting direction by a jig (shown in

-_FIG. 4} including‘a pair of segments in which guide grooves

35

having a length of 100 mm, a width of 0.8 mm, and a height of

.42 mm {in the width. length and height directions of the

block, respectively} were defined in the same number (=14) as



Exanpl e 3 250D bl ades (cutoff abrasive bl ades) were fabricated by

provi di ng a doughnut - shaped di sk core of cenented carbi de (consisting of
WC 90 wt% Co 10 wt % having an outer diameter 145 mm inner- di aneter 40
mm and thickness 0.5 mm and bonding, by the resin bonding technique,
artificial dianond 30 abrasive grains to an outer peripheral rimof the
core to forman abrasive section (peE¥pheral cutting part) containing 25%
by volunme of dianond grains with an average particle size 28 of 150 hm
The axi al &« emsbandes ahe abpasiveosectimresbrofithetedite WAsPO2BT nm on

~ each side, _thato s, fbe.abrag ¥esPershonsd1ad :21wheh hiofn Grb gL N the

t hi ckness direction_of the ‘core%. SUsi_ng ﬁihe OD bl ades, LA Sul ing test was
carri ed OUETWYOE -wobk FTSUERAI ERS LK s PALEPEE NI Fe PETBGhet bl ock. The
test conditdions thresade f oitiws. oA hiw thadrethbddekasseediiinaved ¢ uf act ur ed

by CO?‘XJha' F Yo OWRELNG, 14 D f adesnon-arshalde . atranmy akaspasj ngeof 3.1

mm wth spacers interposed 10 .t herebet ween, The acers. each-h an outer
di anet er 1BRPSFINSYFARER Of amt &9 Oﬂn{:h%n%{}{%iogkﬁ%gsm‘éi.tfp%% %'}'ﬁggnul tiple

bl ade assemddambigs desi fhesh 3G thhahet hepemgattageoek Wes ma#eitnt o magnet

- strips havingua (Lhi ekbessadfoS thei1 Fhs1dnd tdgel abkadergpsanbl y consi sting
of 14 OD blades 15 and 13 spacers alternately nounted on the shaft was
conbi ned WHE®EGtting fluid feed nozzle as shown in FIG 3, such that

the outer periptRnmamagbining efemsddhnoDebbatielMas livddereedehtd fhe
corresponding, sl LR henLfead nBzzie, PReaufitepld yoruowseempoyti on of
tthe OD blade radially. 20 extendi ng 8 from t.}%% l% drg %111& $cinserted
into the sY#% .pl?ﬁgds'ﬁp?vﬁo??? ol efﬂﬁgﬁ 2t o571 & %a B vva}‘h%('i Thi ckness of
2.5 mm andas hecireds had mowdddeweiapd stewrrdHEeOnRBRaE e teifed in
al i gnment  wiih daeopl bl aadheswer kpseseetas mn SirokerrdiNd: fre-iBusagnet bl ock
- 25 having a |length 47 mM__wi.dth 70 nm and . i_ggh.élofm M (_‘Eg was polished
on al | *3i x9S é’é’vﬁf‘ar{'ﬂ%&@ur@%giﬁ %u%ﬁql%m by a vertical doubl e-disk
pol i shing towile Bpdt hetating pie BPaléa838embl Y, 0%Ch&PRagnet bl ock was
transver sely; fam¥eredcand Lo tosdisnalnl yed) vitdad muntopae middepl i city of
magnet 30 strips of 3. hi ck.. Speci 1‘5bc,gr[1 an QI n@ggegnﬁltq)clghgvas cut
into 13 na@ﬁ%efnp@tyr "B, 2ed"ht Iﬁﬁeegsn;lere )I{%l-nFe- “magnet bl ock was
~ secured at obpposiite segaiest i fox WachipdpAgtEr reedisdn PB9CR it ¢tShown in FIG
4) i nchydi pgaRsRAIe @firs8ENBA! SAkNtMAI €fid (i deigr covelse, the
'assembly was fed back to the one jig segment side without
changing its height. In this way, cutoff grooves of 1 mm
deep were formed in the magnet block. |
Next, .above the one jig segment, the multiple blade
25 assembly was moved 1 mm downward toward the magnet hlock.
While feeding cutting fluid from the feed nozzle and rotating
the OD blades at 9,000 rpm, the multiple blade assembly was
fed'dt a rate of 150 mm/min from the one to the other jig
segment for machining the magnet block in its transverse
30 direction. At the end of this stroke, the assembly was fed
back to the one jig segment side without changing its height.
This maéhining operation was repeated 21 times in total. 1In
this'way, cutoff grooves of 21 mm deep from the upper surface
were formed in the magnet block. 7
35 Thereafter, the magnet block was once released from
the jig. The magnet block was turned upside down such that

the side surface of the magnet bleock appearing on the front



35 having a length of 100 mm a width of 0.8 mm and a height of 42 mm (in:
the width, length and height directions of the block, respectively) were
defined in the same nunber (=14) as 29 the OD bl ades and at positions
corresponding to the OD bl ades such that the cutting positions were
aligned Wth the guide grooves. In securing the bl ock, alignnment was

. perfornmed using the side surface of BBe nagnet bl ock appearing on the 5
~front side in FIG 4a as- the reference. In this exanple, the upper surface
of the jigsidm irh&I§i déaohiqite appeal ppe Blaadeoassentt Hoadds 2fFesh with the
Uppe:m lsu;fﬁgee @s&ﬁ!&edﬁﬁﬂﬁrﬂf@qkhz_(ﬁ&rgrﬁﬂé@ltskgg_@cﬁnddl&é@uh_tsﬁ.@él?tkﬁ! gde o
assenbl y) as_workpi ece, or machi pni ng operati.on, a gcutt was fe
at a flow THi% BF36°LPhi He Mager {Hn%gknu REe5ie Bl 3r(lje&éessfenglty£¥\%% pl aced
above one ji ¢$egrenesbyhetireiernence nagmettis FelRn®ash sedured, saferebyved
downwargd towayididchegamgnet bl ock so that the OD bl ades were inserted 1. nm
fromtheir tip intg the 15 gui de_ grogves. Wiile f i.ng tting fluid from
the feed nozzle I\r{;eﬁ{ 't GtEF Eget'ﬁaec lBPaﬁ%%r%‘floél, 8%%g%en;c§é| rcunferenti al
speed of S5@sidsedornt hermingi pihe BRAHELbe Jefsiey aRas™P &Y ahove PRte of 150
m mi n frogd heRatt fat hRowdid &lowhivers egienta froke mAGHE DI BB dkheomagnet

block in its 2Q.transyerse direction, o] LS. Str , w4t e
assenbl y V\IL'/a%a? %élebggkgﬁ%g?%eweo?nee ljnlsargegi@nfegﬁltgn gﬁ:}gg \%vlh(tg oﬁgtlspcﬁgﬁgi F]%QI ts

hei ght 10 | nowHies apgpveeut Silgr devekrbfcut timadédpihere™ dhfedeth t he nagnet
bl ock. | Nexézziabewe rbeadney|ilg ©egpRatss tAxe amolobi phe, bttedeu2biassenbl y
was noved 1 do t he et bl i | e ng tting
fluid f ron?%?r?eg faé's%%%%gz%%%e ragt g??%ggt%ﬁ_ %%kglfn\é\@'léé fa%%cgélgooﬁgm t he

nul ti pl e blfadéeassdndl jigasesraftat o Patel B I SHenrALAt fHO AB one to |
the other jig tseg®Bistodinachidi.ngat henaragidebrbtiotk dtrokes thansverse 30
direction o fledii GAd eLalhlox SIS A ohdesAssriRkhcvBLal & BRck o the one
jig segman‘—fL e wi t hout changing its height. This nmachini ng operation was
repeat ed 29hanging ilst Behyht | n IRhFRISHIHAY < OPFE gFBRES 6F gl"““hﬂ deep from
the upper gdp aggenebembar Nedtiien rakbee maghetk bl ock. 35Thereafter, the
magnet bl ock wasgance aﬁo%bsaigg ér{eor?itgh%e%;hltgrﬁtT%M&%&p?é%ﬁd@as turned

upsi de down such that the side surfacCe o e magnet bl ock appearing on
the front 2SPRide Vol BPEEdsh M JRFPUBPRAFOGFG 12 ef PBAReSi I Sgai n after
t he upsi dewiovn feadcinggeuit ign nEnt dwason otickicieed norzpfetdmel siodetsugf ace of

't he nagnettQQSﬁﬁﬁﬁ‘B%§r59999ﬂﬂihﬁmirgﬂ£ ﬁ&géuh@ %h@ﬂe4ésﬁﬁﬂﬁﬁewﬁgference1
oc

and t he magne was secured i.n place again. Next, |ike the
machi ni ng Bperat ifofabef BFel?%ém‘t{ﬁ&iﬂdE?a%mFP Ui 4G, HRe° it i43fe bl ade
assenbl y abesseroneor gaskymend ties mapret dbewineird ittewaransversgagnet bl ock
so that thg; OD.bladesyyeng idebednls mAoHQm thei hsdddbiytast bea
25 back to the one jig segment side without changing its height.
This machining Speration was repeated 20 times in total. In
this way, -cutoff grooves were formed to a depth of 20 mm from
the magnet block surface whereupon the cutoff grooves mexrged _
with each other, that is, the magnet block was cut into
3¢ discrete strips.
The magnet strips cut using the 0D blades constructed
as above were measured for thickness between the machined
Surfaces at f£ive points {center and corners) as shown in FIG.
6c by a micrometer. A difference between maximum and minimum

35 thicknesses was determined, with the results shown in the

graph of FIG. 6a.



10 guide grooves: Wile feeding cutting fluid fromthe feed nozzle and
rotating the OD blades at 9,000 rpm the nultiple bl ade assenbly was fed
at-a rate of 150 mmnmin fromthe one to the other jig segnent for :
machi ning the magnet block.in its transverse direction. At the end of thls
stroke, the 15 assenbly was fed back to the one jig ségnent side wthout
changing its height. In this way, cuBbff grooves of 1 mm deep were forned
in the magnet bl ock. Next, above the one jig segnent, the nultiple blade
assenbl y vesmpamwedvd Examiovnwar d toward the magnet bl ock. 20 Wile feeding

cutting fluid frem, Pﬂ@tf@facw%@ Suffls (ARG bhetkD dades at 9, 000
rom the multiple b

ade asserg’fb1 was fed tta Eate of {1;11 ﬂ‘eromthe
one to t he®RIFEFTR| §° sEYMETRAT G SnBRFTH ﬁ%’at h& ‘ﬁa@%%‘ferbﬁ inits
t ransver senditrigdei bhad@tagsdranbdydeoth timd ast ogker @h@m%@%ﬁﬁl ynwas fed 25
baCE tg thﬁr@}etfﬂlhge@&grmﬁtmsl @g%ﬁ{@eﬁe@@nglm i 415 h@ieghgndhi o
“machi ni ng operation was, r ines in cuto
grooves me?]é)%ﬁﬁﬁdm?%hjd‘edjgﬁo&gnﬁbt i ¥ CSRE EeLa%'rrea:fﬁ"lhnttme Ee%ﬁlr Hce
wher eupon thee lcomoffclyimoveneegédn wht Hieweh 1ot hers! tW‘FéthOU§ t he magnet

bl ock was Gty indt @ndOnd Q;tl%c%t tbPSde Tcﬂﬁmrragnatmﬁarﬂzﬁgecut'rwl ng the OD
bl ades constructed as, a rr}e:gguer eagL:Iréc or thickn sgg%l&? p the
machi ned sUrFH¢Es Oht lf”r center-and corners?g owh in FIG 6c

by a moromstesb.A differ ence bet ween maxi mum and m ni nrum 35 t hi cknesses
was determ ned, 'Miet RrhpRsr 68 Uik shawananet hergiapkaot fids tha. 31 )

~ Conpar ative Exa I y the

sane procedtie?, ?é FHg%rﬁﬁcemélmfceeﬁb?%a%t h\egagngg;el?g%segﬁeggg 2

mul tipl e béede fasesibiypreecdnandd l&n%@t@?mﬂi%ﬁ‘e?ér ceboRmmaChiiAkRg - di anet er
40 mm and thickness 3.1 nm and the nmagnet bl ock was machi ned throughout
its overall height by repeating the 1-im machining operation 41 tinmes in
total w thout turning the magnet bl ock upside down at a md stage. The
results of thickness difference are shown in the graph of ioFIG 6b. The -
graphs of FIGS. 6a and 6b denonstrate that the ; ‘



mul-tiple cutoff machining nmethod of the invention achieves 'a significant
i nprovenent in the accuracy of cutoff machining. 32 CLAIMS: - 1. A nethod
for multiple cutoff machining a rare earth nagnet block using a multiple
bl ade assenbly conprising a 5 plurality of cutoff abrasive bl ades
coaxially nounted on a rotating shaft at axially spaced apart positions,
each said blade comprising a core in3%he formof a thin disk or thin

" doughnut disk.and a peripheral cutting part on an outer peripheral rim of
the core, swaxMawet hod conprising the step lo of rotating the cutoff
abrasi ve bl ades to cutoff machine the nagnet bl ock into pieces sai d

nmet hod further conpr|5|ng the ste startin nachining
operation from thé gﬁr‘?‘é]cfelH}Ft ﬁBtﬂﬁﬁrfﬁ‘c}ﬁn&gﬁ Howh re@fui 0 form
cut of f gr@ﬁmﬁ&ﬂi&lmnktheunngnemltbbbekblade assemphy e¢eptisigat ARe nachi ni ng

operation pﬁiﬂletg;hefneef@éf t&&%wé @yéaégwt&a&ee@e@méwtrumentae magnet

bl ock upside d g % E%Qe ck squnﬁpat 3he cutof f
gr ooves ZOr?FﬁFﬁﬁﬁ ﬁ@?ﬁ?ea%ﬁﬁﬂéFﬁé? AU PRt ng Way b

verti cal | ybadegnetpniishneat h-astehdm, thﬂdfwzﬁn%ﬁﬁuﬁ@lﬂh@lﬁ%dﬁiﬁpﬁ@ oper ati on

from the uppefnapr Lace Qﬁatglepéigyneeaﬂomm@netarbl egkaslowusar d to form
cutoff grooves .in the et. bl ock unti mee} cut o

ff grooy 2 r med
bef or e andp%ﬁ%gﬂeﬁﬂﬁerﬁ%sg oW Cur AFnG Werge wi th- ea&% gﬁh 2et ?hereby
cut ti ng t hef negrestingl bbk ¢wtaEpiabresive. bwsnétoheéteff clﬂfa?kﬁanf Wherein the

side surfage;Qft tiecRRIRES ghégég whi ch is not subject to the machi ni ng
operation 30 is a refergn t he mag net bl o urned upsi de down
?@?@H%% i ne%

and pl aced such T3t F&° cﬁf“gﬁég Fie Sa wi th each ot her
bef ore and afte$t¢ﬁﬁanup$hdememhwpxnﬂ’@Pﬁ@aﬁheﬁe%ﬁpﬂ eCUPBE¥ grooves

formed bef grerand af k8L higndiSi 18R xd WA iy Foi vatsiealdopvaki gned
W th each ot her . 3
in the magnetf ‘block, )
lnterrupt;ng the machining operation before the magnet
block is cut into pieces,
turnlng the magnet block upside down,
plac;ng the magnet block such that the cutoff grooves
20 formed before and after the upside-down turning may be
vertically aligned with each other, and
restarting the machining operation from the upper
surface of the upside-down magnet block downward to form
cutoff grooves in the magnet block until the cutoff grooves
25 formed before and after the upside-down turning merge with

each other, thereby cutting the magnet block into pieces.

2. . The method of claim 1 wherein the side surface qf the
magnet block which is not subject to the machining operation
30 is a reference plane, the magnet block is turned upside down
and placed such that the reference planes may be aligned with
each other before and after the upside-down turning whereby
the cutoff grooves formed before and after the upside-down

turning are vertically aligned with each other.



3. The method of claiml wherein a jig for securing the magnet block in

pl ace is di sposed such that a side surface of the jig is parallel to the
cutting plane of the magnet block, the side surface is a reference plane,
the jig together with the magnet bl ock secured thereby is turned upside
down and pl aced such that the reference planes nmay be aligned with each
other before and after the upside-dowA turning whereby the magnet bl ock is
t urned upsi de down and the cutoff grooves forned before and after the IDb
upsi de- dowh. t ur ity methoderf | Gimy lavhghed vit tH % 4R BPHETLINIAYRe net hod
of clai m 3ppheseiviobheihighdde deskgppdsé® SRGULRaB Plardd isyfate nagnet

bl ocks, and the ji.g toge rwith t iy lLogks.secured
t her eby isgg%h%%%fglga%%gﬂaeiﬁbﬁﬁesggﬁp%ﬁ%ﬁhfﬁé g%t%&?%%%g%&eg ormed in
the pl ural thy gidengyhéecd|otks Ygérsrecandlai®er the , upsi de-down turning

may be 4l igned V@ﬁé1ji@chdgéfﬁﬁrEﬁiﬂhheh&aﬁﬁgﬁéﬂnhlock secured thereby
is turned upside down and placed such that the reference
planes may be aligned with each other before and after the
upside-down furning whefeby the magnet block is turned upside
down and the cutoff grooves formed before and after the

10 upside-down turning are vertiéally aligned with each other.

4. . The method of claim 3 wherein the jig is designed to
secure a plurality of magnet blocks, and the jig together
with the plurality of magnet blocks secured thereby is turned.
15 upside down such that_fhe cutoff grooves formed in the’
plurality of magnet blocks before and after the upside-down

turning may be-aligned.withleach other at the same time.



