TITLE OF INVENTION Method and Apparatus for Multiple Cutoff

Machining of Rare Earth Magnet Block, Cutting Fluid Feed Nozzle, and 5

Magnet Block Securing Jig |0 15 TECHNICAL FIELD This invention

generally relates to a multiple blade assembly comprising a plurality of

outer-diameter blades for multiple cutoff machining of a rare earth magnet

block. More 20 particularly, it relgtesgodsy metegdasmultiple cutoff

machlnlng@@gaa%%t Q%&@%ggz&&@ﬁggd&q O%I%tt@%}]llildito thgf
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rrgachining by the multlae ade assem llly, and an appara 3 &%ﬁ%m@n‘i

such 25 units. BACKGROURBI&R F S te iR Mdni#4cturing

commercial products of rare earth magnet include a single part system

wherein a part of 30 substantially the same shape as the product is

produced at the stage of press molding, and a multiple part system

wherein once a large block is molded, it is divided into a plurality of parts

By machining. These systems are schematically illustrated in FIG. 1. FIG.

la illustrates the as 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) -1 103 are substantially

identical in shape and size. Insofar as normal sintering is performed, a

sintered part of near net shape is obtained, and the load of the finishing

gtep is relatively low. However, when it is desired to manufacture 5 parts

of small size or parts having a redueggtthickngss{g magnetization

direction, thesggguel S | sintering is difficult to form

sinterggsgﬁgtfff&g&%ﬁﬁé%ﬁéj%éﬁﬁ%g% é\?&/%?%gl]%%f ?nénﬁiuff%ic?&ﬁn iade

ykﬂd,an at ¥ of outer-diameter blades for
multiple cutoff machining of a rare sarth magnet block. More

20 particularly, it relates to a method for multiple cutoff
machining of a magnet block, a feed nozzle for feeding
cutting fluid to the multiple blade assembly, a jig for
fixedly securing the magnet block during machining by the

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

BACKGROUND ART
Systems for manufacturing commercial products of rare
earth magnet include a single part system wherein a part of
30 substantially the same shape as the product is produced at
the stage of press molding, and a multiple part system
wherein once a large block is molded, it is divided into a
plurality of parts by machining. These systems are
schematically illustrated in FIG. 1. FIG. la illustrates the
33 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 Ffinished part (or product)

wi-



worst, such parts cannot be formed. 10 In contrast, the multiple part
system illustrated in FIG. Ib eliminates the above-mentioned problems
and allows press molding and sintering or heat treating steps to be
performed with high productivity and versatility. It now becomes the
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diamond Graine are ganemifosRGed RrthrEd tcihdfif syimhsand

ﬁ?cludiﬁ@sr%sﬁ‘?‘% irig WA #Esin binders, metal bonding with metal

binders, and @@éﬁoﬁmi@t{m causfearth magnet blocks include two
types, a diamond grinding wheel inner-diameter (ID} blade
having diamond grits bonded t¢ an inner periphery of a thin
doughnut-shaped disk, and a diamond grinding wheel

25 outer-diameter (OD) blade having diamond grits bonded to an
outer periphery of a thin disk as a core. Nowadays the
cuteff machining technology using OD blades becomes the
mainstream, especially from the aspect of productivity. The
machining technology using ID blades is low in productivity

30 because of a single blade cutting mode. In the case of OD
blade, multiple cutting is possible. FIG. 2 illustrates an
exemplary muitiple blade assembly 1 comprising a plurality of
cutoff abrasive blades 11 coaxially mounted on a rotating
shaft 12 alternately with spacers (not shown), each blade 11

35 comprising a core 1ib in the form of a thin doughnut disk and
an abrasgive grain layer 1la on an outer peripheral rim of the
core llb. This multiple blade assembly 1 is capable of



abrasive blades are often used in cutting off of rare earth magnet blocks.
When cutoff abrasive blades are used to machine a rare 10 earth magnet
block of certain size into a plurality of parts, the relationship of the cutting
part (axial) width of the cutoff blade is crucially correlated to_th_e material
yield BRAREPAS iyt rmaghdnbhetk)tias iMDrMnM@GMW@@ck into a
matepdyield tn dofrqaiictivigeby usifg a cutting part with 15 _a_mlnlmal
thickness, maehining &h@h@b@ﬁ;&raﬁ/ @@f@@gﬁ@bfmégﬂqﬁmm
allow tti ingreasi e n ROLRANS  vstoms
agaiI%ﬁéﬁﬁ&gggﬁcﬁ%ﬁZE%iQ%%ﬁ% mgnirgg}v%éth %%r Jtﬁ%ne‘?
cutting part) from the standpoint of matefia PG THE oS RN R_PESRE
must BAThIRCHT e SASETT OB blBHETF SRBAACHIEIG. TR9Rec6Re R s
usualRPRAFEI of PdRdr fn 262i0S HomupedsthRdpeiritsnef méferisl coseandrth
mechagiEs tsthdglhs Of these steel materials, alloy tool steels classified
as SK, SKS, @i¢h, &ichrandSickiaecotiag 0 25thadiS stapdardsare rare
Qﬂené&%%h"hﬁ@ﬁﬁﬂeBﬂ@hﬂ“ﬂgkéérkgEMeﬁﬁ&énfﬂh@ugnﬂﬁﬂfhgﬁ for parts,
machiie et malcal sueh-AS tate sl magnelby.a g gy dlad,

in mechanical strength and

e PSRN g ANl e s ot e e g,

becomes deformed or bowe uri

dimer&BnEP HERUPEEy . BRABPESURLATE this Probfe iR OF BRRGT tehaertrize a
use WRthGEF8 earii®Hiagnét BNOYaebINPSingYa eote Ofcamented cartideith
6 whicrhigimhardhéssadrasivenghrdinsguchtas d’tegnoadcﬁlid@ﬁl\&carﬁinmize
bondedmeith enhingliag Sysiames el a5:3% 188INHARGING. Jnetakkoading.or 1
electropiating oas glescsibggh 1R J53-A H10-175172. Use of cemented

carbide as the_cor. ateri itigates_ huckling deformation by stresses
during -3 %fﬁﬁ% ,"{gnrg%rr%é%ﬁag% rare e%rr}l% r%%r%ngﬁﬁ:ﬁoﬁ%%ﬁhé’&dth

at a high aceuracy. However, iFE shott SlippREoFEARARP Mtidas Rratride!

£8 the?httfhg PRk GG MEBRRNGGTer&eSEaRR rRadhet, The Grroffagheef OD

may §ivedhséd to Presterhs FIG. 2, its core 11b is usually made of
steel materials from the standpoints of material cost and

mechanical strength. Of these steel materials, alloy tool
steels classified as SK, SKS, SKD, SKT, and SEH according to

25 the JIS standards are often used in commercial practice.
However, in an attempt to cutoff machine a hard material such
as rare earth magnet by a thin OD blade, the prior art core
of alloy tool steel is short in mechanical strength and
becomes deformed or bowed during cutoff machining, losing

30  dimensional accuracy.

One solution to this problem is a cutoff wheel for use
with rare earth magnet alloys comprising a core of cemented
carbide to which high hardness abrasive grains such as
diamond and ¢BN are banded with a binding system such as

35 resin bonding, metal bonding or electroplating, as described
in JP-A H10-175172. Use of cemented carbide as the core
material mitigates buckling deformation by siresses during
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5 like glazing or loading even when a core of cemented carbide is used,

which problems increase the machining force during the process and

induce chipping and bowing, providing a detrimental impact on the

machined state. Approaches to address this problem include arrangement
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rotation of the cutoff blades cause the cutting fluid to be

20 divided and scattered away before it reaches the cutting

parts. If a high pressure is applied to the cutting £luid to
forcedly feed it, the pressure is detrimental to
high-accuracy machining because it causes the cutoff blades
to be bowed and generates vibration.
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DISCLOSURE OF INVENTION
35 An object of the invention is to provide a method for
cutoff machining a rare earth magnet block by effectively
feeding a relatively small volume of cutting fluid to points




magnet block cutoff machining apparatus comprising the same. s In a
process of multiple cutoff machining a rare earth Imagne_t block by
providing a multiple blade assembly comprising a plurality of cutoff
abrasive blades mounted on a rotating shaft at axially spaced apart
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feed nozzle through the inlet and injected through the slits,

the cutoff abrasive blades are rotated. Then the slits into

25 which the outer peripheral portions of cutoff abrasive blades
are inserted serve to restrict any awxial run-out of the
cutoff abrasive blades during rotation. At the same time,
the cutting £luid reaching the sglit and coming in contact
with the outer peripheral portion of each cutoff abrasive

30 blade is entrained on surfaces of the cutoff abrasive blage
being rotated and transported toward the peripheral cutting
part of the cutoff abrasive blade by the centrifugal force of
rotation. As a result,'the cutting fluid is effectively
delivered to points of cutoff machining on the magnet block

35 during multiple cutoff machining. By effectively feeding a
smaller volume of cutting fluid than in the prior art to



In this embodiment, when cutoff grooves corresponding to the plurality of
cutoff abrasive blades are formed in the s surface of the magnet block,

each cutoff groove serves to restrict any axial run-out during rotation of

the cutoff abrasive blade whose outer peripheral portion is inserted in the
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abrasive blades mounted on a rotating shaft at axially spaced
apart positions, each said blade comprising a core in the
form of & thin disk or thin doughnut disk and a peripheral
cutting part on an outer peripheral rim of the core, a jig

25 comprising a pair of jig segments for clamping the magnet
block in the machining direction for securing the magnst
block, wherein one or both of the jig segments are provided
on thelr surfaces with a plurality of guide grooves
correzponding to the cutoff abrasive bladesz so that the outer

30 peripheral portion of each cutoff abrasive blade may be
inserted into the corresponding guide groove is effective for
fixedly securing the magnet block relative to the multiple
blade assembly

On use of this jig, the cutoff abrasive blades are

35 rotated while the outer peripheral portions of cutoff
abrasive blades are inserted into the corresponding guide
grooves. Then the gulde grooves serve to restrict any axial



run-out of the cutoff abrasive blades during rotation. 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 is then entrained on
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After the cutoff grooves are formed, the multiple

blade assembly is retracted outside the magnet block and

25 either one or both of the multiple blade assembly and the
magnet block are relatively moved =0 as to bring them closer
in the depth direction ¢f the cutoff groo?es in the magnet
block. While the outer peripheral portion of each cutoff
abrasive blade is inserted into the cutoff groove in the

30 magnetic block and/or the guide groove in the jig, either one
or both of the multiple blade assembly {wherein the cutoff
abrasive blades are being rotated) and the magnet block are
relatively moved from one end to another end of the magnet
block in its longitudinal direction for machining the magnet

35  block. This machining operation is repeated one or more
times until the magnet block is cut throughout its thickness.



-7 Accordingly the invention provides a method for multiple cutoff
machining a rare earth magnet block, a cutting fluid feed nozzle, a
magnet block securing jig, and a magnet block cutoff machining
apparatus, as defined below. 5 [1] A method for multiple cutoff machining
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20 assembly such that the outer peripheral portion of each
cutoff abrasive blade is inserted into the corresponding slit
in said feed nozzle,

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

25 and

rotating the cutoff abragive blades to cutoff machine
the magnet block while the slits in =aid feed nozzle into
which the outer peripheral portions of cutoff abrasive blades
are inserted serve to restrict any axial run-out of the

306 cutoff abrasive blades during rotation,

wherein the cutting fluid reaching the slits and
coming in contact with the outer péripheral portion of each
cutoff abrasive blade is entrained on surfaces of the cutoff
abrasive blade being rotated and transported toward the

35  peripheral cutting part of the cutoff abrasive blade by the
centrifugal force of rotation, whereby the cutting fluid is



centrifugal force of rotation, whereby the cutting fluid is -8 delivered to
points of cutoff machining on the magnet block during multiple cutoff
machining. [2] The method of [1] wherein at an initial stage of cutoff
machining of the rare 5 earth magnet block, either one or both of said
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delivered to oints,ebeutaft machiping on.fthe magnat hlgek during. £o

I fm Th thod of hereln atter the cuto
gr;rgél\?(la?sr %%%QJ ormggégl r%égl |p(lee%1ealaae assemg{’y 15 Metractet Suféid8the

25 mAgAY Btk SR B8 GRE GG 8?§éﬁf‘ﬁﬁﬁﬁp%°5l’é’cfé‘és§§n%‘t?
and ARG ARTRE LK ArB TRiRf Sy mbvesSeeds a0r Brintethess tidsdr my
the depiaHirsionsf e cheoftuhutlesinathbveagnetdsiock, while the
outer peripheted poutionrf eaeh euraibw3apbrasisbladesisringastadinto
the cuteff gieqye i dheumagnetia bleck Rithalone o hathof the multiple,

blade-cueperabl; and:iheJoaghet bleck elslaivaly moved f1am oge, eng,
to angih%r end of t@e m Igget block |n its Iongltudlnal wec‘tllon or

he cutoff abrasive blade
machlnlng the ma et block whlcﬁ machin
being rotated whereby the cuttlng fluid is delivered to

points of cutoff machining on the magnet block during
multiple cutoff machining.
{31 The method of [2] wherein after the cutoff grooves are
formed, said multiple blade assembly is retracted outside the
25 magnet block and either one or both of said multiple blade
asgembly and the magnet block are relatively moved so as to
bring them closer in the depth direction of the cutoff
grooves in the magnet block,

while the outer peripheral portion of each cutoff
30 abrasive blade is inserted into the cutofs groove in the
magnetic block, either one or both of the multiple blade
assembly and the magnet block are relatively moved from one
end to another end of the magnet block in its longitudinal
direction for machining the magnet block, which machining
35 operation 1s repeated one or more times until the magnet
block is cut throughout its thickness.



35 operation is repeated one or more times until the magnet block is cut
throughout its thickness. -9 [41 The method of [3] wherein the depth of the
cutoff grooves and the distance of movement in the depth direction after
formation of the cutoff grooves are both from 0.1 mm to 20 mm. 5 [5] The
methdd lof [3Fbe [#pwhedeirfa Machiningistress alepgithetmtvingutor s
direcieecheingiide thachiningoperaiondseapplied-f0dhe magnetdlocktson

beingamashineghina gi egHop, oppositertathe,naving JigRation-ofthe 1 m to
multiglg blade assembly relative to the magnet block. 10 [6] The method

an eo to [5B] w the peripheral cutting part of the cutoff
%ras),flvgep blag %ase[aa]l\?v% V\? Qné’ ? & Hlit WARE 188 e BiRoa SHibEs S
of froﬁ'?'%%r&l’tﬁaﬁ%ﬁﬁn‘ﬁf@ﬁ%ﬁnﬁ?’ﬁ??h@ﬁéﬁﬁ&&ﬁﬂ? VviRSEaA ko0 is
jig cofRBtRfota faie P8BSy Ségaiersipe cambingthd magdstbidcion
in theoppashisngdictiomate prayiced ieseedre: Hae magnet blagiaane

or bots sétiae Jigrsegmends esequovided On theiksurfaces with a plurality

of guide; groomes ﬁ@@ﬁé@%@mf of{le plurality %C%;’f éﬁé@%‘yﬁ bc'éges

suché@g&%ggier aQ poagtlgg of e%ct}cut% ab ra3|€/§% lad e
five" Cuito

may serted into t e corres onding groove, raswe

blades ara rotate(rjl WHRE 1158 Guidd 611;‘(?06q ﬂ]tﬁ%ﬁﬁc‘ﬁ {1 ofter S RpREr&irom
portiSifE 6t ERESH YaBfasive Hfééés%l‘e inserted serves to restrict any axial

25 ruhIdut offitre BefdtPabedsiVe blabesedurirg jotatiomsthwe tutting flaigair
flowirg i thye sputeryreorer inclasing the suttingfutd fovirg frorarach

slit innBaif 1 7a0@ NOZAR- enshaers e, sidaces Qfdbercltpil.afasive piock,
blade is entrgined,emauurfaces ‘foéh?fé;'tgg asive bla %go Qg n their

cutting flui elivere omtso CUtOH mac ining
L?wtatlﬁ%%%\g; e%gtb >t; B%deﬁrﬁ:%a muftl ple Cutd jLrﬁgc ﬁ&e@]c?ﬁg?ﬁgﬂf@&%? to
[7] WheFelﬁl[HIéa &18% &%&}gsor#t@ﬁ631ve blades such that the outer
peripheral portion of each cutoff abrasive blade may be
inserted into the corresponding guide groove,
the cutoff abrasive blades are rotated while %he guide
grooves into which the outer peripheral portions of cutoff
abrasive blades are inserted serves to restrict any axial
25 run-out of the cutoff abrasive blades during rotation,
the cutting fluid flowing ir the guide groove
including the cutting fluid flowing from each slit in said
feed nozzle and across the surfaces of the cutoff abrasive
blade is entrained on surfaces of the cuteff abrasive blade
30 being rotated whereby the cutting fluid is delivered to
points of cutoff machining on the magnet block during
mulitiple cutoff machining.
(8] The method of [7] wherein the guide grooves in the jig
segment extend a length of 1 mm to 100 mm from the magnet
35 Dblock which is secured by the jig.
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segment extend a length of 1 mm to 100 mm from the magnet 35 block

which is secured by the jig. -10 [9] The method of [7] or [6] wherein at an

initial stage of cutoff machining of the rare earth magnet block, either one

or both of said multiple blade assembly and the magnet block are

relatikély moVed frefrhode® ehdltocandthkereretefthe magnet block in its

longitudinal diresationn therebysmaphiningihecsurfaseafinagnet biaek {are

form eutafh aragves of mpiedetermined lerih igdhg WALt bIRCK: 1p1e blage

surfags s ih P &.RE LA haLALLNGLBAENINRg AL e PARORIGERIRIBING,
achérgllggtg’lrggtlggégrheeo#teorflcgkpeerrllpahenrgtpgrtlgns 0 cut_o a ras!tvt:{edinal

rbr%ades are inseried into the correspontﬁng gwa@ é‘rojo?/ejs i th%nﬁ

segnfeiie S thetuthReGow e Rimehthe GEr IR e grtfioRddk to
the ciftfifaBEaSivE e o serienk detarti redtfierdny dxigivermeghet
of théréatif abrdsive, blatids, ketherouttirng fliiatl|@wiinin thepiiolg at the
groowesinshuding-ibe auftiogeluiddowingranreachsl insaidfead
wzzlgaangdacrass dhesifaces ok the sktqlf, abrasive, plade is gotrgioed. . 5
on suffases. gt the sylafl abiagly e Rlsgle Deiglgtated.whetgby fae,citing
fluid is delive‘[_lgd to 20 Efoints of cutoff machini ofi thé Maynet BIgek

n
during multipfe ctor macHinme” 16]“?%"’%’1%’1’#0&%‘? SRFBheRST 7 TR5T8T
wher8F&ft8Pth& fc s § aheSiied Paarkem ARSIciBReIEadseRly to
is reffagted ehitsioe trelmagnut otk ahdbrherbpéforbots bf25mdaides ,
maultiple bladerassermbipantitheimennet-hjock ataerelatively srauaetso as
to bringdbes sioseieincbecdapth ditectian ok e sUiRff areaves ik the saia
magnatdiogk, while.the gutererpheral nartion ofeq¢h Pryé%fiﬁ(%b% SIVE ve
blace, 5 fseriec, o loe GUIoH qrooye I he, 30 magnetic blad andior
the guide groove in theélig s%‘e ment. aihar ohe o both-of the: FGITPIS

blade” 3588mbly BHe tHY et Bl SR BréR8Idivel? midv &8 Hormwsde Bhd
8 anBH& End= of it FirdraaithiRgidt Hibek Heard6nbkadmalwitection

multiple cutoff machining.
[10] The method of any one of [7] to [9] wherein after the
cutoff grooves are formed, said multiple blade assembly is
retracted outside the magnet block and either one or both of
25 sald multiple blade assembly and the magnet block are
relatively moved s¢ as to bring them closer in the depth
direction of the cutoff grooves in the magnet block,
while the outer peripheral portion of each cutoff
abrasive blade is inserted into the cuteff groove in the
30 magnetic block and/or the guide groove in the Jjig segment,
either one or both of the multiple blade assembly and the
magnet block are relatively moved from one end to another end
of the rare earth magnet block in its longitudinal direction
for machining the magnet block, which machining operation is
35 repeated one or more times until the magnet block is cut
throughout its thickness.
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for machining the magnet block, which machining operation is 35 repeated
one or more times until the magnet block is cut throughout its thickness.
_11 [11] The method of [10] wherein the depth of the cutoff grooves and
the distance of movement in the depth direction' after formation of the
cutoffidgrbbveBteretedtiefiond Ol L hinvwte20.mmhé @& thhemethodof any
one offabte=El Hneherrina smachiniey sisesmalang therBoyidireetigBt 1 on
during #he -mashininthaPeratian isapplieddodbe.nagnetloek 8iNgs 1 mn to
machi %p a direction opposite to the moving direction of the multiple

b ade relagcg (o] the magnet blgock. 10&13] The method of any

one o @‘ wherein tﬁe BefiphatalEutting part'drthe 85itH-Bbfasive
blade"74 én dtif e sAdahergitiithB st SrAesri@rh defuiae gropve

in theMjfFRepisnrBeHriA0R 4 widtrdiidntmdieetivaue bl dok(\Web)g
mm. kefbdpkricennectionamithannugtipkei bladecassembly fag mulid€ion of
cutofftmehtwﬂgpommaeeamaﬁm@etrelgskmsaiohanyﬂgoleﬁage block.
assembiy compuisiag 2alsalishof Ui AYasiveDiadss coaxiall o
mo“%@@&k@é&i""mﬂ@ %gﬁ X|aItLy ggaced osm ns, each sal

blade G r |n% core in the form of a sk or ﬁnn c?oug NGt Bk @

and a ge{wné)rﬁera ROttAS pEFt5n*gh Bﬁ?efﬁ?ﬁpﬁ@?&ﬁﬁn%h@ec(ﬁ%iﬁe groove
cuttint flitSeeten S8Rt feelind avcutiny1Ath &F the Pruliphe biade ¥ mm
asserfdly &fid fB8e nozzle having 25 a cutting fluid inlet at one end and
aspluraligy of Shtsfemmert ddanethar enshand soerespordingdedhe,pkgality

of Cuh&ﬁ‘ad:;ra&\kﬁzlalﬁm&ﬁuﬁﬂﬂklﬁba&@lét%&?é'mﬁ@lzHQ&BQ@‘:OEEQQQ, said
cutoftalrasive b&aqwaxmwr&%q\m@en%oqesgeggw oMLl

The fged 1 le.af [14] wherein e peri cutting part of the ¢
abrasgl\% Ip&;‘e‘3 hbgls% véldthviflafg'JL dthe st |n tIe e %%%"z’té‘%a?‘é%d?ﬁ

ofﬂon1nu% ﬂﬁﬁ?ﬁ??nﬁ?ﬂft positions, each sald blade comprising a
20 core in the form of a thin édisk or thin doughnut digk and a

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

a cutting fluid feed nozzle for feeding a cutting
fluid to the multiple blade assembly, said feed nozzle having

23 & cutting fluid inlet at one end and =a plurality of slits
formed at another ené and corresponding to the plurality of
cutoff abrasive blades such that an outer peripheral portion
of each cutoff abrasive blade may be inserted in the
corresponding slit,

30 {151 The feed nozzle of [14] wherein the peripheral cutting
part of the cutoff abrasive blade has a width W, and the slit
in the feed nozzle has a width of from more than W mm to
(W+6) mm.

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

35 block, comprising the cutting fluid feed nozzle of [14] or
[15],
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(W+6) mm. [16] An apparatus for cutoff machining a rare earth magnet 35
block, comprising the cutting fluid feed nozzle of [14] or [15]. -12 [17] In
connection with a multiple blade assembly for multiple cutoff machining of
a rare earth magnet block, said multiple blade assembly comprising a
pluralidy éf cdipfCeirasiioplatddd coariilyimbantdddm asormlidy sfetft at
5 axially spptedayiad HositibnsieachSad:Hade comprisiygrat coledk theaid
form i a-tn €lisk saéhinsdengnut sligc aadny Rernhetal uiting RO
an O'Hﬁfilié‘{@%%&% ofihg 16958 a;agg&%&xea'tyaigsegegn@es&t?#&e%h

ag comprising a pal ig. segments for.clamping the .
e s R e e L R

one GPB6tHBf {1Fjig T2y rRents bIRg ProtidRe SA-halPRapaibsttil gnd 2
pluraRfF dPYafR-g e 4 PESiTr e8P ofBliriy tG the prikitey o ctitsffor the
abrasivg®lades so that the outer peripheral portion of each cutoff

abrasive blageit@ytoe insereryinte the nogrespondipg guidengmovet[I8ock
Ihe jipebildiwhereipdhe geide greavesinthelis segments exenthanet

lengthofck My 10,100 nam from the magngt %%P!%%%M}iﬁq I$PEGUEL Y
the ji 1 1& The jig of (17] or (18] wherein the peripheral cutting part of the

cutoff abrasive blade has a width W, and the guide groove in the ji
segment has A wigth B FbRimtE thaf WW(W@WF’%%?%] h

appaf&fisTof CtReR Mathifing P dakh wlgpiet dbloskoeowprising the

}ig forsecadngrtiénaatpetisloph wfaanyoref ob[HEH R0 [Ai9fasive blades so

ADVANFAGED UStEF Fi=CTih &fa INVENT N30 Byeaffestively teadipgwa

Smalﬁé@UWOEQUEMJMQ tbﬁﬂointtﬂ@ %%QQMW @izﬁk@o%roove.

machjing, hemagnel dlock myliinle cuteff machining method facilifates,
segments extend a length of 1 mm to 100 mm from the magnet

20 block which is secured by the jig.
[18] 'The jig of [17] or [18] wherein the peripheral cutting
part of the cutoff abrasive blade has a width W, and the
guide groove in the jig segment has a width of from more than
Wmm to (W+6) mm,

25 [20] An apparatus for cutoff machining a rare earth magnet
block, comprising the jig for securing the magnet block of
any one of [171 to [191].

ADVANTAGEQUS EFFECTS OF INVENTION
30 By effectively feeding a smaller vclume of cutting
fluld than in the prior art to points of cuteff machining,
the magnet block multiple cutoff machining method facilitates
cutoff machining of a rare earth magnet block at a high
accuracy and a high speed. The invention is of great worth
35 in the industry,

-13-



cutoff machining of a rare earth magnet block at a high accuracy and a
high speed. The invention is of great worth 35 in the industry. -13 BRIEF
DESCRIPTION OF DRAWINGS FIG. 1 schematically illustrates rare earth
magnet part manufacturlng processes mcludlng press molding,
sintering/heat treating argRfiRE REPS Tvowrise 5 shape of
parts changes the BHE@&S&W@a&t@PS&lE{@tZd&@SPQE&@@&&w%gnet
illustesding RRg, £XeoHR!R: "%Qly@é%&%d%@éﬁ&&m'y ysed i fhe daygntion.

FIG. §1ﬁ9§¥§ﬁ%?f?@§te)@@£’ ?g %ttc{‘gfﬂu{j t%%gg nqzzle 'ns%%winglzlluéw the

embodiment of the invention eln a pers ective view

3b belngpa plan A& SF?@a%%eﬁel% 5??0&‘\7?8%?%‘63#@&% being an
enlarged vieW'5f cifciESX 3InPEREPSEE Fies i ftistrhtus Bisthag exasnplary
cuttirfFfuRt FeBde2Zinin dieémbedanbitofdwalinveritien iEk&@ngaon.

being 15 a plaa viewj FlGS.rétedc and dddnring:erosstaaeiipmrahMiewsed
takemedeng lineSdR dmvfod 8AehR-BeNRS 1dRerosnactivels. FG B ing a
{ustiates.a.furiher exepplanscutiing, fluid, feedingzzle dn O%EméedFmE s
of the jnyen qb nFIG; ef‘dngsé Rerspective vd;EW . FIG. 5b B being a <
view FIG 50 elng ront view, 3hd A% B %e%g a s'l%ie V|ew I‘E;le in
isa perspecﬁve view showing a combination of the multiple blade

assembly of A& Awith et EaliRfy AORFTREJSTGAN T IGLES Lndthrduidf
abradiwedolaeleslisciby tmserediddionshits imtthefeethmenzloo®?5 FIG. 748 deing
perspectiver viewsidlustrating dhat the ande aarte Dhagrebblockistaolli views
machigrehusing-iber crgabipation-otmultislebirdg,agsemily With QUG oo o

fluid feed F I h
o 3(%‘?;350?#??%;#%@%%%%% e tloce 'Rigb At

magnet block securing Jig inanother embodn%léﬁt:b‘? FRRentfort 5 being
a perspective v ew, FIG. 5b being a plan view, FIG. 5¢ being

20 & front view, and FIG. 54 being a side view.

FIG. 6 is a perspective view showing a combination of
the multiple blade assembly of FIG. 2 with the cutting fiuid
feed nozzle of FIG. 3, with cutoff abrasive blades being
inserted into slits in the feed nozzie.

25 FIG. 7 is a perspective view illustrating that the
rare earth magnet block is cutoff machined using the
combination of multiple blade assembly with cutting fluid
feed nozzle in FIG. 6.

FIG. 8 illustrates in perspective view the steps of

30 cutoff machining a rare earth magnet block using one
exemplilary magnet block securing jig in another embodiment of
the invention.

FI1G. 9 illustrates in perspective view the process of
cutoff machining a rare earth magnet block using one exemplary

35 multiple blade assembly, one exemplary cutting fluid feed
nozzle, and one exemplary magnet block securing jig, FIG. %a

-1 4



FIG. 9 illustrates in perspective view the process of cutoff machining a

rare earth magnet block using one exemplary 35 multiple blade

assembly, one exemplary cutting fluid feed nozzle, and one gxemplary

magnet block securing jig, FIG. 9a -14 being a perspective view, FIG. 9b

beineipareyipsr P tdvebeiny a Sile. view, st |6 @chbeinga, front. gc

viewbkiBg18 grmmioaléy:pI@mFﬂaccum%QBH‘lisk%&ﬁ@f\rmﬁgnet

pieces cutofirfpExampes s 6A1¢ Qggﬁréﬂfxeaﬁégg%féﬁs%ﬁe?ﬁ%@k&éss of
raphicall e r S ac

e R PhORr ot LV Srample 2.

EMBODIMENTS 17 thd 60wy desBpion. IReRISHIRR 1 difarittarst

desiJRARHRES8r BERREPOHUIAGITRE throtigh ARmpse 2 EeraFwieres-ehdwn

in the figures. It is also understood that terms such as "upper", "lower",
"outward”, "inward", and thadiker are ;oS aiveamremense, and are not

to be construed esdimBng-ianms sEhe-Aepr: sixial i diseged5aHith respect
16 theenier of-a duulgr blade {(or the aa%%&&%ﬁ&i%flfda%td'f%%%% hqut

parallel th e term "radial" is usgd with respec to the center o
a cir(l}gilgr %%%e%k%nﬁhg%o%? nﬁﬁltiﬁé% cutdhmachifing 8 rat€®arth 20

maghat Block accoraiy 18 TRE ifvehtith Jé’é?ﬁliﬁulti'ﬁlé"tﬁﬁae AQUEHMWG" -
comprSHEFR plurdity B?‘%u’t&ff%\tﬁfﬁ%i\?@ﬁ%d@ RN PAGENIteRhdnage not
rotati¥R) Shafiutbaamd spacktiabans positions, Gaeh tiade "COMPLISING used
Gore i theferpeofta thintukskcentbin deughoutdisleansiageripgherahe axis
cutting parsRah aguter parhew rin.Qf thecarg. By rotaling the.cytoff
abrasivgdalagles, ine saaonet plagic s cutafh machined.along. multile ines.
Any prigg art well-known multiple blade assembly may be used in‘the
multiple cutoff machining method. As shown in 30 FIG. 2, one exemplary

multiple blade*8sB&AIG 1£ /I TS B rStatin g SHafashaRdns phurafifpoparth
LutoffHtatiR -BRHACHTSE Bldtfeshe dawsialiy proustes entthetsipdk I2lade
alterAAfEpbly comprising a plurality of cutoff abrasive blades

coaxially mounted on a rotating shaft at exially spaced apart
positions, each blade comprising a core in the form of a thin
disk or thin doughnut disk and a peripheral cutting part on
25 an outer peripheral rim of the core. By rotating the cuteff
abrasive blades, the magnet hlock is cutofs machined zlong
multiple lines. _
. Any prior art well-known multiple blade aszembly may
be used in the multiple cutoff machining method. As shown in
30 FI1G. 2, one exemplary multiple blade assembly 1 includes a
rotating shaft 12 and a plurality of cutoff abrasive blades
or OD blades 11 coaxially mounted cn the shaft 12 alternately
with spacers (not shown), i.e., at axially spaced apart
positions. Bach blade 11 includes a core 11b in the form of
35 @& thin disk or thin doughnut digk and a peripheral cutting
part or abrasive grain-bonded section 1la on an outer
peripheral rim of the core 1l1b. Note that the number of
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with spacers (not shown), i.e., at axially spaced apart positions. Each
blade 11 includes a core lib in the form of 35 a thin disk or thin doughnut
disk and a peripheral cutting part or abrasive grain-bonded section lla on
an outer peripheral rim of the core llb. Note that the number of -15 cutoff
abraSe B deF 23 iigndiddei uldrly-finmedd, Patthdayghsthim L indaredf,
bladed Yenagiallyrangsstfeontv? tolbdes witndSdiladesallystateddn thee 100,
examplenof & 161 2adde dirasesions: of the cere 48148 Rartierdary 5
limited. Pref@fé%bLyim@n%qr@ngas@rt}r;]ﬂykt%g@n%%@frgj@%59&991@919“0fe
t and a thickness of
e al p Bl Map s s eten o%%ﬁnuf B

f b| 0 2t
grgoer(ra ?1aV|hg aoalarﬁ’gf%?eﬁa%fg‘giégI)?%Oltﬁ%ﬁ%rrf“?ﬁoF‘e SfaraphF4pf 0-1

to 70fhrh: L0%FheMtTe EFHEEaR abrasive Halehay Beemarkeofirarfpe
desiRRrm At mls komdomy st dibssutEsbadesrintading stedlsaBKrer of
SKSp&iar 8K T al SKHcaltinquaghmsoressafe camanted wbide;ﬁ_re
preferred bemasisesthe euttingparierdlagde i ganhethinpey Suitable ¢
cemsn&ﬁc&&gigua@mft&mlghc%mﬂﬁ Jage ﬁcr'lgggl gé%%%&:rgd ,

arbi
_ﬁ)_g\tl)\/%g suc mg ggl bg‘}@ éC\é%% %égﬁwhﬁéﬁlﬁgg cores of
cem&nted t\?/ﬂhclf‘é:bége NERIG %Eef"bessﬁﬁ?%lﬂﬁﬁsqﬁ%ré’%@?&é?é‘ t or
WC-ERWER, T5E-E8, SRhtPRE-TiICH4RIEs syshembedrecpidde20whd
prefeirédforereshemsnnife padphérakduttingitamor@brasiiered carbides
grair-bonsled sseoticrrisudesnB {0 eoveidhe nuten periphesal im of 1hs1e |
coresaish consials assentially okabrasive orains and-a, binder, TyRicAlen e

diamgng, gFains, SBN  grajps oeguxgg giaing, J.25agL:m|am%Hd arg)(_tiB NAE cce.
bon(;&d thﬁCoLHer pgrlghgral rim, of 'the. core using a b binder.Th

binding. systems In¢luding Tesii rbonc?nqé ith PSR e i &St bbRARG:
RRith ?‘ﬁ‘&% rBﬁﬁfé:rgdaﬁarel'éﬁﬁo‘bﬁﬁﬁﬁ are typical and any of them may be
used herein™80 P8& PerRferafehifting peatdr abrasivesjrein disridedonded

section is formed to cover the outer peripheral rim of the
core and consists essentially of abrasive grains and a
binder. Typically diamond grains, cBN grains or mixed grains

25 of diamond and cBN are bonded to the ocuter peripheral rim of
the core using a binder. Three binding systems inciuding
resin bonding with resin binders, metal bonding with metal
binders, and electroplating are typical and any of them may
be used herein.

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

35 cutting part or abrasive grain-bonded section that projects
radially outward from the outer peripheral rim of the core
has a projection distance which is preferably 0.1 toc 10 mm,
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section has a width W in the thickness or axial direction of the core, which
is from (T+0.01) mm to (T+4) mm, more preferably (T+0.02) mm to (T+2)
mm, provided that the core has a thickness T. An outer portion of the
peripheral 35 cutting part or abrasive grain-bonded section that projects
radialpXritiesdsremitheCodterpéripheraleimoiithe coretimszagmopegction
distarbeasiich isquriferaily K1 sonkRmm,arxl 6 shete peeferahlyw8. 21 8

mm, gepepsing or-the:sizg gh.abrasiva,graingdodha DONdGhh AN KRG on that
pocgt'%eigﬁypeﬂ@gﬁ&%' %ﬁt'ggeg%%% gl%@sgg%m@agg“929@%%0%@%5 is
radia en e cor

pgrefe?)éb%< gEoylr}.}) mmE me%)re ‘Dreférably %rf % Rirh. The $8a&ng™
between cut@ﬁ%b?&%ﬁ/’é‘ﬁla‘b%%“’ﬁﬁy Bgtgﬁﬁaﬁﬁfééljeﬁeﬁjoség‘@n&lﬁﬁ &%

the tHiERNES DI TRABREE PR aRinepan pritesaslyofermaoaet pieces
distanééswhichtisistightngreateicthavlthesthickness &f magnet picees, for

10 exammpte; iy 8:@kteH.41am. fher Machinvgoperatiomdheguiedt, ror
abrasivedladesnare psefergbly. wtated at 1,000 to 15,000 rpm, more

ferably 3, Eluid f ring multipl off
maching o 99%‘*?&%%%%%3@%?%%%& o i e e

cutoff ahrasie ﬁ?a&é’s 1S TS mab%?n%é T%) this & n@’f’he ﬁ’ﬁfentlon
uses HEGRTRPAFI L rRP 622 n 80 B utting 20 fluid inlet at one end
and a plurality of slits formed at another end and corresponding to the
pluralifuafciedt alomsbee blades such that an outer peripheral portion of
each cutoff aheasiveraladegnay hebrzeradin fhe gosresPendindes shiti25
As showndn FI3x3 %%ét@l%&uﬁi%gil%&e@e”%@&% '%%lé'd&?t%ff
holloaazzlon 43023 anEla 1Al CoUul 2b, Jhe fondUL2B s o,

one end Whlg is open to define an In %ﬂwd arid anotHer

end TGRS D SRESife T ARER REFG 2P/ prévibleMHE e

fluid inlet at one end and a plurality of slits formed at

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

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

30 communication with the hollow interior or fiuid distributing
reservoir 23 of the housing 2a. A portion of the hollow
nozzlie housing 2a which is opposed to the one side (or
conduit 2b) is provided with a plurality of slits 21. The
number of slits corresponds to the number of cutoff abrasive

35 blades and is typically egual to the number of cutoff
abrasive blades in the multiple blade assembly. The number
of slits is not particularly limited although the number of
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30 communication with the hollow interior or fluid distributing reservoir 23
of the housing 2a. A portion of the hollow nozzle housing 2a which is .
opposed to the one side (or conduit 2b) is provided with a plurality of slits

21. The number of slits corresponds to the number of cutoff abrasive 35
blade®tahd ig2psEai)eqaacRsthe-Alintherofdfof HifrasR esBibees in
the nivifipletbkibelassenilslyeFarepdembet Biskts i3 mrotiparticiarlydimited
althopghhesnuhbasiaire17 slits geaesably:ranges &orp:12 80 400 with 18-teq
slits #lustraiaddndhei@xamplas of HGS. %@ngﬁ.tg%glg}ebgumg{- than
09ntrfeﬂ@gnm@b@m%9fasu§'rggof'ta&aia%%gﬁngﬁ BALBSR'E: BEe nozz1e
numbg{ of 'EchPe greater tglean 5d§h§ number o esg,o that dqu.nings are
operation 5nghe fiozzle when the blades Are Hedie S T8I oS
outsﬁ&’gflté’g?@ left open. The feed nozzle 2 is combined with the multiple
blade assenibi§y F2t@hndakkth duler semshiard portibntdlecadl témirofflade
abrasivediade 11 svap behmsentedbintethpe cormespanding sliv2 loif dech
feed nozzles Ehenriheslits 2de are arsgnged sisespaingwhiche
correspepdsIontiensraging mt%?{hgu@r%a%@\éfé)_:_aiﬁ%éltﬂ@débfts 21
slit X | n ach other

S %g &%@n@t&a% % %]E)géQH\% tW ? %. correlsl%lte to%t%oigsge Shg cmg

posmgn Of the Eﬁ le, § ItS and Inlet are not wn 1N
e

FIGS 3 PR Siary t2iig Hid 80 s A1 I r a8 HERe
FIG. 5tﬁ1§ﬁﬁtﬁ?§flﬁ?ﬁ?éé&%o%lé’?°ﬁﬁcﬂﬁ@§a hollow nozzle housing

Pa and a stafBhFeoneuitih PPé tomd WE 2120 Fasdameppes erxd itichnd

is openledefire notiniend2 4ar uttingshiidmnehadawereand attacdheg, to

an uppsstval afxie holpveneezigghewsing 2ade provide ld 111 ystratea 1n

comrggalcag;lon Twith tggttg_gul%wg ngrg)rfgggu id distribyting Jgggrvow 21;% ]9{
the housing 2a, A front ortlog of th %!low nozz e 25 housing 2a which

FerT With & ?urajrf 87 slit ﬁ‘ﬁ’euit b

remote %om the COI’IC?UI'[ ib IS I’OVI e

HumBEof é’lltgp%ﬁe%‘b%ﬁg?ﬁf’tﬁ@ nCRTBe8f éﬁt%’ff‘ﬁb?&sﬁ/éltﬂ&d%% &g

is cutting fluid and a lower end attached te an upper wall of
the hollow nozzle housing 2a to provide fluid communication
with the hollow interior or fluid distributing reserveir 23
of the housing 2a. A front portion of the hollow nozzle

25 housing 2a which is remote from the conduit 2b is provided
with a plurality of slits 21. The number of slits
corresponds to the number of cutoff abrasive blades and is
typically equal to the number of cutoff abrasive blades in
the multiple blade assembly. The number of siits is not

30 particularly limited although the number of slits generally
ranges from 2 to 100, with 19 slits illustrated in the
example of FIG. 5. The front portion of the nozzle housing
2a which is provided with slits has an upper wall tapered
toward the distal ends of slits =so that the nozzle housing 2a

35 (or hollow interior} has a reduced size (or thickness) at the
slit distal ends. Also in this embodiment, the slits 21 are
arranged at a spacing which corresponds to the gpacing

-18-



typically equal to the number of cutoff abrasive blades in the multiple
blade assembly. The number of slits is not 30 particularly limited although
the number of slits generally ranges from 2 to 100, with 19 slits illustrated
in the example of FIG. 5. The front portion of the nozzle housing 2a
whiche$ peeridedtndh disdasyanalgdeswall tapededhowanidtthe distatend
endssafrsiitsiso that theraaazle heusiag?a Bhe®r hakowrntereddasaz1e
redugad size: (enthigknesshat e it dislal £565: ASQdN thiSerea, the
emb%@ﬂ@%%tgﬂ%&éi'&s iyt %&@@9895%!@1% '%W@é%%ﬁoﬂ%? g{]d:%to

and the sllts

the spaci etwe toff abrasive bla

extend gs?r%fl %?andl argllrlieal#lo eac? %?ﬁer il thISO FodBHRIR3EREPEIN the

Slit ORI BEHE okRin 1o Mo R TRE® LDir] A AR BEAhoTBEoUSE the
positRrehf fhjeEtsd ToWhed thé 5 &ltoff apradivedladesrLikenisthfoptimber of
purpbdedtscentrolimy the: angowpeoktdtimgoifuithajecteditbrotgh thee blades
slits, dire nisbetod slits s12y He greriesifian the aumberst bladessehat
during operaing Qf.the-ngzzlg.whem the.blades @feéQéﬁr%@é"tébéggl%
outside Jifs gre leftopen.fo The quier p&@hggglrg%%tlor&% each, eutof J.n the

abra?ve blade XVhI%h IS mserted into the correspon ShitTn he fee

nozzle TunctioHs SuER RSt BS BTy ﬁﬁ%céﬁﬁﬁnﬁ%t%Bthfét%ﬁh‘fﬁ@ing in
cutofFabraste"bistethe é’f‘i‘t?&ﬁfeoaBﬁafﬁéV%uH‘éﬁ@%s(o%ﬁeﬁﬁé%'ﬁﬁ%ﬁl on the
portiGhsfarer Eawitabrasivebistiidpszirictrahspbrigetecpbiftt eboatofire
achibapenahe trageptbieck.tther the slibbaswe wddthnadlich tagsbhethe
greatgsdhas theowidth ohthe exdofé abragive hlageate. withenwvigth Waf the

i o Bl T o o et B i aad L

ctive
?Sélgﬁéoﬁsé%%ﬁn%Iu%(d%r%gy%}]aer cuutg from the. :ﬁts Providea that ‘thdaving

In awa
periphetal &dfhg ? pXABfthe" E‘frto?ﬁﬁﬁéﬁvg bBidde Tk wotilth M ERFR} eIy
’{Pme sheth e Fét—?d %‘z%fé plefetabRehisadesdin dfdravrmoteananon afin
to (WeReEame, Motedprederaislyi2s fromy (Tved 1)imnsid {W/+6Fmemided that
the peripheral cutting part of the cutoff abrasive blade has
a width W (mm}, the slit in the feed nozzle preferably has &
width of from more than W mm to (W+6) mm, more preferably
25 from (W+0.l1) mm to {W+6) mm.

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

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

35 2la of the feed nozzle 2 has a wall thickness which varies
depending on the material of which it is made, and preferably
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The slit portion 21a of the feed nozzle 2 is defined by a wall having a
certain thickness. A thin wall has a low strength so that the slits may be
readily deformed by contact with the blades or the like, failing in a stable
supply of 30 cutting fluid. If the wall is too thick, the nozzle interior may
beconre tos nasrave terdefine atfiewvpall ang theseuter pesipheral PRI .1 to
of thes crtipfrabrasing hiade whichis ipserieddntq.he slifmay not come in
porion 35 2L s oo T 2 has Dt e, (0 VR

ortion a of the no /| ]
ool LT e B CtGLal of G CER R e ah e AT PP 18 Arpeipec

10 miF e the Wall-is A RE bR pI RGP RFTPS. PR B FnPRR PP falfull
is matRPSRATetdl FintERalSuThéngit fhsisus Biigngthehdenhareard euter
peripB€ksirportion efithie ¢ataifiabiashesliladebsyinsbutet Hiinte th.e%sl'ttf. the
the outerepedpharad portiontmayeesain il contastewiibrbeeuttingafiuid 1+
within ¢he feed azzle.Qften dheyslitdength isrisfefally ahout 2%.19 30%., -
of the.quigt diamelgl of I8 Gore of the Guioff alor ‘E‘ﬁ? %gz%' %1%:6“8*; e slit
prefelr)red trg)attwh%r_l tgg o%er %r _heg:akl paortion o the cufoff'a résggentact
blade’is inserted ifto the siit the slif be sﬁB@ta%f%‘?&’blB‘&eMﬂ”tﬁe

blade" Bt WRRoBt-88fitact Witl the BHEBES EoPfhé HiRpoLRD FPECtRfy the
some B ti@ o filing 3 ddirsdy to thdewtoff eifasiverbblace, thedeaghet
blockubeirgtmzshietieand amagnetblackisecuangdig adebeadeselibgd;ig
later tbesalitquay Naveasuehex lenglh et twhep heeueIRedPReitn that
portiqiof the £UlRH abrgsive, flade Isdnserigdptq e Slit gpr éér@%'ﬁv%
portign gh he sliis ot uphigeked, The ed nozgle 2 < combined Wil the
multig & lade J‘Zofgssem ly 1 as shown'in _FIE%). é’anaa_ UC tlhéft_t

outer: peripheral portioh ot th&tutoff abrasive blade 11 is inserted into

the slit 21 in THE fEEGHIYAE 1R IR this BRLrefting Huidhs impddiped iblade
e f@eEFmRYI 2 SRosRAVNEINBIED. akd dmiécled tatoughnthe skt ater

and peripheral portion of the cutoff abrasive blade 11 is

inserted into the slit 21 in the feed nozzle 2. In this
state, cutting fluld is introduced into the feed nozzle 2
through the inliet 22 and injected through the slits 21, and

25 the cutoff abrasive blades 11 are rotated. Then *the magnet
block M is cut off by the peripheral cutting parts 1la of the
blades 11. The feed nozzle may be opposed to the magnet
block with the cutoff abrasive blagdes interposed
therebetween. Alternatively, the fzed nozzle may be disposed

30 above the magnet block such that the cutoff abrasive blades
may pass through the slits in the feed nozzle vertically
downward or upward. It is noted that the construction of the
multiple blade assembly 1 in FIGS. 6 and 7 is the same as in
FIG. 2, with like reference characters designating like

35 parts.

A relatively close distance between the slits in the

feed nozzle and the magnet block is advantageous in a supply
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25 the cutoff abrasive blades 11 are rotated. Then the magnet block M is

cut off by the peripheral cutting parts 11a of the blades 11. The fe_ed

nozzle may be opposed to the magnet block with the cutoff abrasive

blades interposed therebetween. Alternatively, the feed nozzle_may be
dispd¥e 30 € id tnAgnes bisdkipath that the catdi Ebrabimeshleeiaslade
may passahesughrilie Bhits il dise feedinazaie v antigally: tdawerardidh motion
upwasel. Hrie retesrhaiihassenstpiclin of fhe mawtinlelade assembly dn ana
in FIGS, fragd Gis mﬁme 2540 F'@: %ﬂwm}é@ ref@ﬁ%nﬁgpﬂ%gt%gtween
d@Slg{@lr&%@ 33,Payts fﬂ\eeec;atlve c ose g\ance between the slits in

the feed nozzle and fhe mag netp |s a vanFagegus n a suffpl -20 of

cuttify fitier BY %t?a.%ﬁ?é‘ﬁfioﬁ‘{ﬁ& ctlﬁﬁﬁ asive bRide S6iees, bhetdeed
close’8 HistarfmiBiPirieReTe Sl #76ti6% Shteragrsit abtaskeilslatiesthe
and et dloék tinjddtiom axidl trairrge of cu#taigfling;, drithe:like. The
distantewstwernn BHamplits intthe feed nozzla andsthesaagnat Blockdsmm

prefesphiyrselesied sychohat thedistancs:behwegndhefeeth qozzle and o.q
the uppersiiacs.gh the magnet block is in the range of 1 to 50 mm at the
end of machplngém th%%h str%tgd ex mple the feed nozzle is spaced 1

to 50 mm 10 apart from & dpper surtacs o%%ﬁ@lrﬁaah%?%lga?ﬁwﬁ:ré’en%%d
of mACKTATG)ETS tF8 L&HinG RS tRE tn GRS BRI & 2. 2ePRBRD %@ PABS 2l
and fixtiet Biscrata’hispbsaaiss desefibedarisowe taiisifo thed tutaffone or
Horadwetblafettaranstated sebhedenesseid hothafthes@ultipie hipderees
assembiy combinethwitiathe teed oarzae-a3e 1ae 108YHELHIARK 4G the
relativelymaed Gn t&@a}%&«g%@@@l@m/aiﬂaemgﬁsé’ér%ﬁ%@ BI3MSt i n
bIocl@h\gltgumggttg&Qgrt,?e%eptl@ %%c?E ct Wlth he {Eagne g Josk,

wher‘%)g thg m net block |% machine ent e mag ne

machined in thIS PR Righ aggtirad %?%ﬁfﬁﬁ%acﬁﬂﬁﬂgtf?p’&g&ﬁé block

Bincd ﬁ1é“§ﬁ&i§8R/e’¥t’b Fé%r?m‘t’%ﬁy il FunReR ST aRE Qfioffdietsinachining

Madé§b%ﬂﬁ§?8&ﬁe6?nce the slits serve to restrict any axial
runout of the cutoff abrasive blades being rotated.

Around the cutoff abrasive blades which rotate at a

high velocity, air streams are produced. The air streams

25  form so as to surround the peripheral cutting parts of the
cutoff abrasive blades., Thus if cutting'fluid is directly
injected toward the peripheral cutting parts of the cutoff
abrasive blades, the cutting fluid contacts with the air
streams and is scattered away thereby. That is, the air

30 layer obstructs the contact of cutting fluid with the cutting
parts and hence an efficient supply of cutting fluid. In
contrast, in the setting that the outer peripheral portions
of the cutoff abrasive blades are inserted into the slits in
the feed nozzle so that the cutoff abrasive blades contact

35  with the cutting fluid in the interior of the feed nozzle,
the air streams are blocked by the feed nozzle housing {slit
portion) so that the cutting fluid may contact with the outer
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Around the cutoff abrasive blades which rotate at a high velocity, air
streams are produced. The air streams 25 form so as to surround the
peripheral cutting parts of the cutoff abrasive blades. Thus if cutting fluid is
directly injected toward the peripheral cutting parts of the cutoff abrasive
blades: thpreitingghid Lardacts wilh the-ai£SHeaEss astbisascaiterethout
awayo@ﬁggggt]:ggxtgg, thgeais 30 haygsobstructs the contact of cutting fluid

with the cuttipg,. hence | I ofc ttlng fluid, | .
contraﬁ in tr%eg s%?t%?g?{%t tﬁ%ou‘?gr&qﬁgrgﬁ%?%%lons of the cUto off

abraswe%a es are inser %o?h its |Mt?|c d”ﬁ&?zl??o?ﬁﬁ?ﬁe

cﬁtof?ﬁﬁ?‘&’&%%a&@?&?ﬂﬁcf’§5t\}i<‘/ﬂh‘iﬁ'é°<§ﬁtlHbzfﬂﬁél‘fﬁ theaResrideof the
feed ABEZRELNEE BiF Stheamisrirebiodkatt by thefipbarsdz|eurdasiogafulit
porticradsa tiat theteuttipmgridichmayf centact aitis slhe outer -Rlepenpberal
portieng-akthe culefiabrasivegblasias-withows  ohsliuctienrdy-the: airdayer.
Accoedipgly.dhe qutingliddhat Pas eachaskthe,slits i%h@:fgsgyozzle

d canpciedvdi be,gulera peripheral portions of the culolf AVaSe coyoee

?ﬂdes IS entrained %e surfaces o%ter heral sSuRace and ra aif

outer por?%’i’ls ofbéiﬂg%mfa%lé?) B thatd ué r&&oE B’IaﬁleEelf?éﬁﬁgdroﬁQf‘ed

and, BRBEPRRE TRt ofdeEtdud fo FoenfRPHE tide ERItEF Hbashfe cutofst
bladema it nims portcthwaah e beoiphoral Cheineupais elthesdumfblades
abrasteediladesrihe eutting:fuichthatiras teached theuperiphesalkeautting: 1 v

partsds fransparted tepoints: akeuiafl Jnashiningan the magnet bloek asrn,
the cyioff, abrasiye blades E%@t%mwé&e%%‘?&@l%th&‘ﬁ% 'ngeﬁu'd s
effICI%Ia%X-g{) deli\ﬁerediigthe Qomts fcu b“frin%gh)i%ggbe IS, in't

permits to reauce the amount 6f cOtting i |t|onaeiiflf?ﬁe é’r%%\% of
macHifitigP8an be effectively cooled. It is evident that the cutting fluid feed
nozzle of 20%thelifiverliBpns éfedtivém raddingcditingd figsd agzzle of

20 the invention is effective in feeding cutting fluid to an
apparatus for cutcff machining a rare earth magnet block.

Jig
In the method for multiple cutoeff machining a rare

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

30 fixedly securing the magnet block. One or both of the fjig
segments are provided on thelr surfaces with a plurality of
gulde 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.

35 FIG. 8 shows one exemplary magnet block securing dig
consisting of a pair of jig segments. Disposed on a table 30
is a support plate 32 on which a magnet block M is rested. &
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apparatus for cutoff machining a rare earth magnet block. Jig In the

method for multiple cutoff machining a rare 25 earth magnet block, thg
magnet block is machined by cutoff abrasive blades while feeding cutting
fluid to the cutoff abrasive blades. In the process, a magnet block
secupadfjigfcdisistagratt paklof g segen@itspisspreferallynisachfamal 1y
clamping tha reageebllodkei st Biachining:dwectiendor d0yfixedhe pair of
secusing kwymagnetlock; One op bath of tg Jich SRIRDIS.ALG @._roxpoecq: M
on thejr %Héfa&%ﬁ%*lﬁgp'a’{éﬁ%%rw?&%r OVERS C‘lff%i@of‘@{‘c%g 88

utoff abr ve bla att e outer perphera portion o
;Sbraéf@e %JSI de may%eglnsertet? st ("i’(?#)egpé&iﬁdﬁ{be(ﬁﬁ&’é“‘@r88véF 35-
FIG. 3 2howd Bnd &by PR RthIBEk 3 & Pfig Id6n SREREPGFa
pair 8§ LePmERE. PISPESetifon HtAarsmis alsuppbrtigaie 82.oronce the
whichiiz nsagreniiockiM isrested pAac22 pair of fgsegiventsyddt 3diake: M
dispases at tengisudinaty a@aase&xengsgaféag@wrﬁpl%t@e?»ae(%é@néﬁ)y
1bhe painekdigieeamenisidle oot adapied Jq clampihe m%gn%teepﬁkﬁwhe

in th hj irecti al dlrectlon r5f|xed ecurin e
‘magﬁi?%il%ocgl}ll\aﬂgl '§1e t%%l%qélgé F%ﬁ b Eob Sya[s%of agcu

8 fr“? Often Consis

of jig se eht§ gﬂ\nough%ﬁe SourtibRr 6 sg’an?éhtg% rﬁ)’f‘?ﬁﬁ&é‘&n@% FiG.

the fig s Eﬁf'élﬁnglr%ﬁ%“}ﬁlak%d’f&c%ﬁé’%ﬁé rBgRet blodai theni ks

OppCHENERts, BRYjiGSctpruntsi3liare detauhiahly 0 sedlted g the table

130 bythreadihg scremsidibl keeptrg sheeblock clamped. Although Fhe

screws 31b are used teesneiaes the jigsegmensl i ihedable.30 in dhe, o

embpgiment Qinlﬂg’lﬁyﬂ@i 9&&@9@9@5@8% UBLEARSIBD, PG o

e Se

Jr:gdfgﬁﬁgg rgggh?%a The ji 'S &g men%é%qjé);f' are prgvﬁ?%%lgn{t) eiM8frathat

with & pIUTARYSf é’wd%uél%eov%?g‘iﬁ coTBspEniy RAEGHTRIABEVAmLted,

ZBIadéé@PBF}PnLﬂﬂpFérB%Wa%@n’?Hﬂ/l@Wé@ﬂ@tntﬁélﬂLﬂ!ﬁb@pbég@ﬁdé‘IG .

grooves 31&Renotysanticoradplierisddportion of each cutoff abrasive
blade may be inserted into the corresponding guide groove 3la
in the jig 31 as will be described later. Then the guide
grooves 3la are arranged at a spacing which corresponds to

25 the spacing between cutoff abrasive blades 11, and the guide
grooves 3la extend straight and parallel to each other. The
distance between adjacent guide grooves 3la is egqual to or
less than the thickness of magnet pieces divided {cut) from
the magnet block.

30 When the magnet block is secured by the jig and the
cutting fluid is fed from the feed nozzle, the cutting £fluid
that has contacted with the ocuter peripheral portion of each
cutoff abrasive blade within the feed nozzle is entrained by
the surfaces of the cutoff abrasive blade, introduced into

35 the corresponding guide groove in the jig, transported to the
magnet block and thus delivered to the peint of cutoff
machining. In the case of machining with the feed nozzlie
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20 although 19 grooves are illustrated in the example of FIG. 8. 'I_'he outer
peripheral portion of each cutoff abrasive blade may be inserted into the
corresponding guide groove 31a in the jig 31 as will be described later.
Then the guide grooves 31a are arranged at a spacing which

correspeadstokihe spAsING beiwgereutaliabiasive blades 1L and the
guIdecgggogeﬁ&%%&%{Eﬁ%@%&%@mﬂﬂ% Liaegeh tfeﬁé I0€, s

dista ac nt |de roo |se ual to or less than the
thlckr:{gzggg# ;{%&% |e2es ° % ema nef%lotékagotWhen

the magnejtrtﬂo ?&%e’ﬂﬁ?’e&ﬁ)”tﬁéﬁﬁﬁ tk%‘:‘cqﬁtlﬁﬁ"fﬁ}ia%s f&8%PorFthe
feed FU2AEM8hE Bitth GIRTGhatHdd cohtaced shitrene mwior bepiptigrans of
portiokbef eathffutdffabiasivelsaels within tHefeednozzimigentimnedide
by thersurfasesnf thentiaffabrasivebladedaboducad koRE-theral
corregpendingguide gHROVE 1€ jig-Jranspasied i th%:%%QC%cwawa
and thys %Ay@g@dgegﬁﬁ pom&o&gmfég@@c@'m 'rgthetcsa%eﬁo
rpachmmgiw th the Tﬁf nozzle -23 used or even W|t out Using the

nozzle {for exatple. i case S THIG ftfd §8r?‘e%ﬂﬁﬁjﬂé’8‘f8 tﬁg"c’:’dt%ﬁ"e
abras%??%?f&e§f‘?a??8vfﬂ€ﬁ?s af8Sucittthabeafirity flbidftayi-e-
flow ifRPIE Gthdefribeedetirharal cuttingriuidasuntactsfvitiiehevitter of
peripkerdl portidn saofdve clkoffabrasive blades wiher: e\ il dhedight be
the geitie=@roowes, Eantraingd op-Hr sUHBERS {QLQIRRHPNE¥ALvi ded that
portionsy Cﬂéﬁﬁpﬂé@éfla*&?&‘i%”%@%% H@n{?ﬁgrtg&itt{?y%ar&é 1vgg£]%aﬁe ]}13.3
blockaaggdqgl\@erﬁgntp théerbgmnt; é)f cutoff 10 &aat%# Then the widt

each au é% govgrseho eage?ﬁ?gﬁr Thé Wi eac%raﬁt]&ff have a n

abras|vi %gge (FR=e e ihath BRe pElisherBRcaRhJPpaR) PRIAERARRN Jimo

each Hiide GroBYetis 168189 the cutting fluid cannot be effectively fed

to the cutoff dbrasivé GladeoPrevities thatekistite peripherakcuttinghpart of

thte cdtofbablasiverblate imnpmenddtv V¥ (IM)Hbeguise groaveshosld oo mm,

prefeeatdyriave grayddiel maradhan W b mude, (Wa §JR5 A8 BIYE the

prefefaliyftoBh ook which is fixedly secured by the jig. If the
guide groove has a length of less than 1 mm, the guide groove
is less effective in preventing scattering of the cutting

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

36 the machining area and the effect of providing a sufficient
strength to Xeep the magnet block Ffixed are no longer
enhanced, and the overall machining apparatus becomes large
sized without merits. The depth of each guide groove is
selected appropriate depending on the height of the magnet

35 block. Preferably, the guide grooves are formed in the jig

segment slightly deeper than the lower surface of the magnet
block secured by the jig.
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(W+0.1) mm to (W+6) mm. The guide groove has a length in the

machining 20 direction which is preferably in the range of i mm to 100

-mm, and more preferably 3 mm to 100 mm, as measured from the

magnet block which is fixedly secured by the jig. If the ggide groove h_a.s a
length of les@th&Rmkt tAid Guide gEbovEuRDest eflettive i preventiiged
scattering of theregttimgrZdriier brmccormodating tfe godléng fluid when

the cutiingefhidds-tielivereddodhesnogriese Hrimagnet flgck .anddess
effectmaériﬁouidima@;SHH@QHE%Ff%ﬂQtQJEIL%ﬁ]egghrﬁnrﬁnt %%ﬁé’%%%%“égdin

It the.guyidegr re.than ,
dsélivé%i:&rg%f %E% ﬁggng%?u%%l%g ﬁﬁrﬁggﬁ%}ﬁ arjé%cgnérfﬁeoélf%a Gfripheral

provilling 4 sutficlent stréngth o ?%’é%sljh‘éenégar?&sbl%’éﬂ%@d Bfe e the
longer®Efhafitetr Sh @ hé B PP RFIC AT apbarBtu bRednidepr get
sized®WRABEL MaSHEN R e pthoframieguifeogtoodissalectatks offer
apprepiatesdepeadingronitieheightmfdhednagnesdbeblosk: fyedewbly,

the gpider goaeves afrdosmeskin terig 1seomamislighthindegper dhansbe
lowersagtace Qhitbemagnate black.gequred by the g, -24 As shownin,,
o Bathe s RO DAL 1R IS RSO HRP L S JETE s
pluralll_;é/.ofi rooves corresponding to e.gwde grooves in heTi '

segmeenztr§ ?ﬁa\%ng a width equal to the width of the guide grooves in 5

FIG. 8, but nGRfinitetl FRSRAB | Sifee PR Bade iripharaapericds ohtdng a
Butoff &brasive Fladestprdjeotbelbwrthiedlofvercewfape afdhennagnet
blockhagthestinahstagendiasieiimachiaing lsthe magneihlocke fes8eel or
grooweseifeinspasesHeaseamaodaie e praiecting,auigr peripheral 19, 4
portigng;ef the cuefl ayasive-blades, E@%Qéeé%ﬂ% yed: su £°£tr%n‘i‘§ 18

preferred begause extra load for the cut,o_ abraSive blades _
machipe the%%%pp%?f%a rﬁogﬁ?niggté%l.e‘rﬁé ig*SSY R is gy B fivgde 1n
&

i ag HateRAR Taftd s T8%tRh Gttt RRAStand damafgTetdes, they may

pref abﬁprmed in the first cyvecie of cutcff machining by cutoff
machining a magnet block or dummy workpiece which is properly
secured until grooves are formed in the jig segments and
support plate, which process ig known as co-machining.

25 In the embodiment using the magnet block securing 3ig
and preferably the support plate as shown in FIG. 8a, the jig
segments clamping the magnet block is retained as shown in
FIG. 8b, whereby the magnet block is fizxedly secured. The
outer peripheral portion of each cutoff abrasive blade of the

30 multiple blade assembly is inserted into the corresponding
guide groove in the 3ig. In this state, the cutting fluid
from the feed nozzle is fed to the cutoff abrasive blades or
flowed into the guide grooves in the Jig while the cutoff
abrasive blades are rotated. With the reripheral cutting

35 part {(abrasive grain-bonded section) in contact with the
magnet block, the multiple blade assembly and the magnet
block are relatively moved (in the longitudinal and/or
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high-strength engineering plastics, iron, stainless steel or aluminum base
materials, as well as cemented carbides and high-strength ceramics if a
space saving is desirable. The guide grooves in the jig segments and
grooves in 20 the support plate may be preformed. Alternatively, they

may heitareed inihedirsbayele eheltpiignachiniperly cutell MaasRining &ex M
magngt hlaek ofSumpmyworkpiace which &P&QBB”%&@EUE%O' Bl s
grooves ar %forrg_eLd é]n the e %tﬁegmeints ssucppoghplat%hwhila%h roc 100}; "

is known as co-machining In t e embodlment using y'the ma% qaf bI

secuftfig fig® a%tﬁreef:é?ﬁﬁﬁ/tﬁ]de BapF6#H [ﬁﬁtesﬁg"ghdxﬁnfi‘ﬁq:l(f a, the jig
ségments cldMpiifteé nagnetbiderdistrbidihetrad SHwdd ¢n 1FIGoBbination
whergbthshmaghet bidek fefidedyzsdeurbs. fitw eqatel peripheratiportien the
of eash ctroffralmasivebinde of the 80midtiglehlade-assambly isinsatad the
into tha casrespRAding Yuide Qrogve WutheyiguliLiys stalg, thedthing  a vy
fluid é%?éhﬁﬁ&‘?g Razzie.isdeddo the gutoff abr X%éjl%%%ﬁ ar foped.s, s

to the rooves in_the ji whllet ec toff rasive es are
rotateg %Vi‘nt e per %er%ﬁ'gu iihg f% part (& Dbraswe i BARtRLTS

secti®RFhEESREE With TRe TATR et BISEK Hire ARAAHISERRIEassBnitly Jia-
and tRBYRESPEY - bIERK &SP RElafive RImRRERNGR thedsHeRN S arld/os 25 the
thickifessi diretiba efthethragneidslogkpoe, magret blogkidyisintertere
machined bysthenpetipheraheuting-pats of thecwolembrasivedblrdas.as
showpniadr!G 186 e Ebesrthenmagnethigek i '&f%ﬂi'ﬁéo £longated pIgLes, sy .
as shayn in£1G, 8d. 5,0n Hé@w%& et%éﬂ'ng Lsggrg?bﬁghn%z 041 ozzle and

ith the |ig, the feed nozzle is p set'su

gﬁt@?ﬁ%%té%f%jé%ennglejv%re il (1e cgnﬁn&ﬁlc%ﬁ%ﬁ %/l ﬁfﬁd@ﬁﬁo%@

in thé'ft§ “RBFa SE5Hor mnﬁemﬂdwzéﬁr&ﬁ%éﬁﬁoﬁﬁﬁé%m%%f°f the

the cdfedf &Brdsive Biades, at 10hs ahvriguscithitshestits i tre (dect

Hozzlexarppesitiomed et snoemeteifrops Hie goida groaves indheliggher than

Inversaly, i9p£loseaihaly asgeraent bgtwaengbe slis it the feedinoazifn: ) .

andthegﬂﬂdqﬁﬁﬁgy€§ﬁméhgdgbEyﬂﬁggﬁﬂﬁﬂig of a magnet block, the
magnet tlock is fixedly secured by any suitable means. In
the prior art, the magnet block is bonded to a support plate

25 {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. This technigue, however, reguires extra
steps of bonding, stripping and cleaning and is thus

30 cumbersome. In contrast, the jig is used herein for clamping
the magnet block for fixedly securing it. This achieves a
saving of processing labor because the steps of bonding,
stripping and cleaning are omitted.

When the magnet bleck is cut by the multiple blade

35 assembly in the described arrangement of the multiple blade
asgsembly, jig and magnet block, the guide grooves in the 3ig
serve to restrict any axial runout of the cutoff abrasgive
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with movement of the multiple blade assembly and magnet 15 block,

injection and drainage of cutting fluid, or the like. Then the distance

between the slits in the feed nozzle and the guide grooves in the jig is
preferably such that the distance between the feed nozzle and_ the upper
surfage £idbeaiidind ieRmimatdBeand ghmashining opretaties (f2Qning
examg{e,atq%ﬁg%gggygi@npgﬁlélogg 119 0 mm higher than the upper

surface of th%i_lgulg&he llustrated embodiment), In multiple cutoff

machining of & MAGnet Blodk: & RRGRET Biock-RRCe MR S hatrls 4% 2
suitaPEPReEHEe %ﬂﬁe BiBr SFEABSEEh R BITIE R horided 85 SBpaRs
pfate E25Te P, BF chfbGHtRmmhdtesiadpwithhear brautimilar pathesiveg the
whiclroanife sbmevideatierdeachirmhgopderatiotn: inefebydhesmagnettly
blockiis fixeely seswred piiey iveFaaaRINNg Operatignpdhis teghRigbery ot s
s S A B

thus erso contrast,.the Jig is,u .

magr%!t%%%% fgsfézeggl %Sgﬁﬁﬁa%_%g a%ck?ﬁé:\% a gg\ﬁﬁglosf’prtog:%s%ﬁg
fshor BECHUSPIE et SPBoRUMGE stippMtanadIsiiy Giebnifecutting
WheP#ié na&getBRITk RcHiHy eRufipRPbTa®é 39 HsisemBRrikithe In
descriisgd 2rfngemetitof thtthudtigibadiatbe agsemiblyejigrrd-alagoetc ions
blockethe: griide goaovesinthedigp seive taresiniciansaxialysinew ofihee
cutofipabeasive :26hladesylwdaadnashining operalione eRsULRg €40tk ea by
machining; 2% a;Righ. reqigion,andAGCWAGY. é&gléggl{?es%ug%?bl%%vgutting
blades, e olgle at gﬁgg Velogly, al Steoms afe pioduced. Theal 2
streams 5 form So as t0 sliTo e Penpheral cuttiiy parts 8y Ebfor?

abradiV& tRGEE I TRAE QB fIGRPISHTECHy ARfEtRHRcHadeMhert thout

peripRBFATHHHiAGThYs BRthé LutefY Bbrasiespldeis: thbecutting fhaidzle and

contahs witistrerairustréambeind mrseattered awasrtherebysdiwed ishhe the

air todayenobseuatsithe: coptaciaheutfingfuiderish the auliting, perts ard

hencegrvefficiarhsywaply.of cutting fluid. In

Accordingly, the cutting fluid that has contacted with

the outer peripheral portions of the cutoff abrasive blades
is entrained by the surfaces (outer peripheral surface and

25 radially outer portions of side surfaces) of the cutoff
abrasive blades being rotated, and transported toward the
peripheral cutting parts of the cutoff abrasive blades under
the centrifugal force due to rotation of the cutoff abrasive
blades. The cutting £luid that has reached the peripheral

30 cutting parts is transported to points of cutoff machining on
the magnet block along with the rotation of the cutoff
abrasive blades. 'This ensures that the cutting fluid is
efficiently delivered to the points of cutoff machining.
This, in turn, permits to reduce the amount of cutting fluid

35 fed. Additionally, the areas of machining can be effectively
cooled.
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contrast, in the setting that the outer peripheral portions of the cutoff
abrasive blades are inserted into the guide grooves in the jig segments,
the air streams are blocked by 15 the jig segment (groove-defining
portion) so that the cutting fluid flowing in the guide grooves may contact
with the outer tpegpbeapartionsot e autnft abrasive Rlases:witheud os
obstrygtion e aif layers\hen hoththe feednozzle.and fhalg Algn.+
Lordy gl syBelgialle £GP Sl Al 108, G.OURINO Ui, B gligctvely
delivered to the points of cutoff macﬁlnlng. ccording y,"{ﬁe cut m% fluid
that H&S %5%%&1(:5‘[% with the outer peripheral portions of the cutoff abrasive

blades is enfrifned bl tHesSamRaee sy otiter pEffHRral ¥hfRace Ardmss block
radiafly ctheEppbrihaeh biefddsurixcar)dfithéecitbiflabrasvebbiaddsich is
being:rotateddamd trartsported tonmrdithed pesiphetakeutingpattseofthghet
cutofbabeasiveddadag underadharerntrifugal ferce dugrto kefation of the
cutoff,ghrasiye s Bladesy The cutting fluidthathas reached the peripheral, .y

cuttin rts is.trapsported tq points.of cutoff machining on the magnet
Bloc Ao R i et ok PedB HarhlE Ao e

ng wi

thg(t:lt(ﬁ%eg&ﬁtiﬁﬁgﬂtﬁﬁ% CEHRIERUY e IR ETES To the PUiRidar Eifoffutofs

mactRTREITRIL 6 FPErRE t6Featieethefas@®imt dhautangtiog F3uid

fed. Audrivrrayntes breas tienavhfingarebetaffectively eboledv@bltades,
is evident thabthel pnagnetislockieaauing jigiafe the davertiends effestive in
fixedrseeinrg the daagnei tblack o asare garihmagnpetblackicutoft <1

machiaing, 8poafAls. 2 EG. Jlustralgs %@k%%%pfg’\%”f%@a%‘z%e 2

block i%C%%Off mac%l .eiglb ]E:heeng:ugkprlxe b?‘. € ass:i?x{nr-‘rl Whl&]‘ o the same as

combined With the tu tlng%ldﬁeeg noszld shd thd hdgfet bidtk an
secufifigifas shoitif FIBL G atiife ZTRREBES CRBREPAAPASR AL gPeting
obtaihibfe Popésificaliytise gD arrsirfernemeghtte elofg feiddsbdned by

Hozzihanduheipagnelade assembly in the embodiment shown in FIG.
g, the number of magnet blocks to be machined is not
particularly limited. Two or more magnet blocks which are
arranged in parallel and/or series may be machined by a
single multiple blade assembly.

25 The workpiece or magnet block to be machined herein
has a surface which is generally flat. At the initial stage
of machining, the cutting fluid is fed to the Fflat surface.
If cutting f£fluid is injected onto the flat surface, the finid
will readily flow away, failing in an effective gdelivery of

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

35 from one end to another end of the magnet block in its
longitudinal direction, whereby the surface of the magnet
block is machined to a certain depth throughout the
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block jig exerts both the effect of guiding the cutoff abrasive blades and
the effect of feeding the cutting fluid by entrainment on the surfaces of the
cutoff abrasive blades, continuously in the rotational direction of the cutoff
1s abrasive blades. It is noted that the construction of the multiple blade

assembly . [3¢.LLItRYfLid fe6d0Zgle 2 ofi’ﬂ%él%e_ﬁ?%g%& blgck. RECHLDYe

jig 3L in FIG. 9 is the same as_in FIGS. 7 and 8, with like reference ]
el e LA ol B e Koo RerBiaRe te 2o
macHifi&d by 36 HB e IRRE B hH ad8e AR T HRE eFibSBinERPERbT RRAS
FIG. i tReendaBelomaatiet HideRs tdbehtaciiingd isht pasticubey
linitepe TApborahorenidgnet biockewhich &ife aarranies mlparalleland/or
seriesmaay fieimachinedd)yai sngleorwdtiple:blade assembly. 25 The
workpiece olox@gnaldlack ie He;machivedheraln has 4 sygfaceubichis. oxe
genegall g Al iie inlialas, of machining. e culing ud sfedda. «;
the fl surfageigf cgttir;%_ﬂui 'saggecge onto the ?Igt surface, thgﬁg?

will readily oW away: Taming in an etfective deRRY 58 th& 1itid to

boIntBHFERSFMARRIMAG  Pteferably 2t iRd FtRaiage Staeradg of a
magrietisiBERgopEceRe fistisgoketefirchitioy) saither oneodfbodrining
the nuatipket slade tassenbly anditheamagnet block are relatively moved in
the machinings(asdesgituginal)diyection af themagnelhleek 3nframang g
end t@l@lfath@ﬂaeﬁ%gét'?c%mgﬁeftQ@%E&_E%é%‘g'%&%”%@'ﬁ%ﬁ%% or magnet
whergby hesuace of lhe magnel blockg macined tg a cerian geptn .,

e

. 1 r
througho t the -28 Iong|tud|r?§ﬁ direction 16 Torm cutort grooves’in

magnet: bISSE P EriTIATT WhéR thEHhahREt hIociesELaHRAgiRy ISt ote
macHIRRRY BPefdtiR? iFébhtihbedTb Ha8pposité eftsctinkae Maehining
directisArRPHRE sthtbhat tretuter s peripheralpoitions oftheheutoftots
abrasiveddadestrednsarted intotha guida graaves dadhe dig: Qncedhe

sutoftgeaaves are farmedsn-thedfirst strake, &f BACRINING IR ADISWaYs the

thesecg%@fe%ﬁ.@gé%@é gﬂjggégoigeing rotated. With rotation of the
cutoff abrasive blades, the cutting fluid is transported to-
points of cutoff machining on the magnet block. This ensures
that the cutting fluid is efficiently delivered to the points

25 of cutoff machining. This, in turn, permits to reduce the
amount of cutting fluid fed. Additicnally, the areag of
machining can be effectively cocled.

As compared with a situation that cutoff abrasive

blades continue machining of an overall flat surface of a

30 magnet block to a deeper level, the mode of initially forming
cutoff grooves has the advantage that the cutoff grooves
function, during the subseqguent stroke of machining, as
channels for effectively delivering the cutting fiuid to
points of cutoff machining. With rotation of the cutoff

35 abrasive blades, the cutting fluid is effectively drained
from the points of cutoff machining, through the cutoff
grooves, and downstream in the rotating direction of the
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the cutoff abrasive blades in the subsequent stroke of 10 machining for
restrict any axial runout of the cutoff abrasive blades during rotation,
achieving cutoff machining operation at a high accuracy. If cutoff grooves
are initially formed, the cutting fluid that has reached the surface of the

workpiaee & eeanetvi5dilagk flowsdgdhg Lutlf grooyes.and in the gase
Wher?nﬁ_?:ﬂ%ﬁ%‘%ﬂ%%% “§§d¢€%‘2§t“ 9@9#'“&9:3 Ney! q?%&ﬁ Off, Jrooves; .
along with the cu;%glg fwdpréc has been transporte I y eftrainment on

the sUTFACES of the cutotr a%rasﬁ/egﬁ%dd&aﬁsﬁ{‘fﬁ’é’ Sshty i fddd Yo e |
The ZPETRMHgAGENS RFtHS SR 8F thediisces of fife 280w ve grain
aPrasf®¢Blitfes being rotated. With rotation of the cutoff abrasive blades,

the cutting flultiés transpriethtyepoints of £Li6 oaskiningarctho agaet a
blockaépisensures that the nuiting fhigds sHigiepty delivergddg e mm
points a8 Akcupmachining, TSI, HoDEHINLS 1redhee e, Armonnt

of cutgngbydJed, Addilionaiyg,a(cas of Hacang,can de Sleclvel ve o
cooleg. As compared with a Sityation that cutoff abrasive Bladas o
fhachiiiRg bfan overalt 13t stifad®of 525 nffisnee51H koS e

level, BRETABELNGF iFRtalfHOrime gt Ll ffosves g grastivanfageaiapn the
the ci@#giodverfumetidncdurifgithinguliseggdntstrokesofomachigingiuid to
as chmrimeis fof effectizelydeliveting the eutting Buiebier paibtvy ek cHiol a
machirpen Vith retatiomeh the auioffmR-abrasive Hladgs. the sutingfuid.,
iseffeaiveie dgafiedt Iy Ngnoita al il aachiing (rough e o
cutoff 9r \Aesfﬁir}g Cgovggﬂiam n the. gg@tm |rect|9n of the - . CCLJCESfrfaCY.
abras?ve% ades Togéther with The c HiRG Huid. trﬁ%%ﬁlrﬁﬁga_slﬁaaa i8°C
effectively drépﬁ‘l%octhﬁiﬁﬁ hFHRPESD P D ove ¥ Fhis BIEFS di§odgtermined by
machififig"efifoihetsviFee Eauaesariisoriicdiszingenidddingtdktheidth
abrastfe ghaincBredctiamoPhesuteffsgronvebyingialhriarmedipreferablyath of

have Bhe cutoff abrasive blades due to the vibration of the cutoff

abrasive blades during machining operation, and specifically
in the range from more than the width of the cutoff abrasive
blades (or peripheral cutting part) to 2 mm, and more
preferably up to 1 mm.

25 Once the cutoff grooves are formed, the magnet block
is further machined by the multiple blade assembly until it
is completely cut into discrete pieces. For example, after
the cutoff grooves are formed, the multiple blade assembly ils
retracted outside the magnet block and either one or both of

30 the multiple blade assembly and the magnet block are
relatively moved so as to bring them cleser in the depth
direction of the cuitoff grooves in the magnet block (the
distance between the lower tip of each cutoff abrasive blade
and the upper surface of the magnet block becomes more '

35 negative). While the outer peripheral portion of each cutoff
abragive blade is inserted into the cutoff groove in the
magnetic block, and in case the jig is used, the outer
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depth of 0.1 mm to 20 mm, more preferably 1 mm to 10 mm (depth of first
machining by movement in the longitudinal direction of the magnet block).

If the cutoff grooves have a 10 depth of less than 0.1 mm, they are less
effective in preventing the cutting fluid from being scattered away on the
mag reiri vk face; tadin @ £o eativerithe i ttibhgdkicdo bpadysiof cuiséirted
machining. dhéhereuipif groeves finvma flapthof et Hoam 268 Puide
macf&;ame&ﬁati%@féy@élf@eepc%%&ut%ﬁﬁ&QQV%én% heperigEmed
undeﬁmﬁgrﬂ SOt UG [l JA0 Lgrove culling al 2 hgﬂtmly

&
accura(?/ %#1 I’OOVGS ave a WI W ICN IS determlned B
0]

width'of the cuit abraswenbjfé%les ﬁ?ﬁ&ﬁﬁ? &SR USHiR ﬁf‘dﬁctmn of
groovB€ i S3AgRty tester FEpmRPGisifof 2RI Ratoftabradiversldranet
due telpvitafibf cfeneicinéirabrative Biades thrimpaidatinnghe magnet
operatiorkandrapecifisaly niththeo rerge fromimore pean dhesniddtboftbee
cutoft phsasiver Dlades (ekpespherakeuiting-part) £ 2-MFBLaRg Nole s
preferabbinnde 1 i 220066 ha cutgff arooyes,aredormeds e v 5 on of
magngtblpgl, s yiher machined by fhe muple bade assembly trt
ary

IS com Ietel% out Into discrete pleces. For examp e, a e CUt

grooveS SFEIoihet’ & aRPIE H1Ad8 ds bR RO rBifachRt RSe the
magReEHRRCHd Litffer ghe Bri¥bth of 30 the multiple blade assembly

and the maghiez biedle bterelhtikaly rhovedsoths towbririf thdmasibser il ades
the depthndirestion @fitheicitofffgionvasin the:ammnatdaoek (#ae ve
distancedntyeenthmawer Hpweheash cuelf abrasivesblade and e prasive
upp%%@%&é&% "%@QH%Q%QEEOHA%%ME S Pegative). Whll%éock

outer, %rlghe S[Portlono f eag l{kﬁ abrasive b ade is mserte |ntot
c

cutoff groove in netic block- and 7 2558 the Ry ids S8 et BhRson

-30 peripHerat %rﬁ&’f%;%ﬁeﬁfo?f Bi¥asStRDBBedsTReERRE FRotHee

ﬁhldé‘@Y&BQef?ﬁ?ﬁ@ jifoittobighethis gaRicl yréevéranditite Betefquent

grooveceithérsneforthbetimebtive: mlitisle blade assembly and the magnet

block are relatiwelng mechining operation (machining to form initial
cutoff grooves and/or subsequent machining) by the multiple
blade assembly moving in the longitudinal direction of the

25 magnet block or cutoff grooves therein, a machining stress
along the moving direction is applied to the magnet block
being machined, preferably in a direction opposite to the
moving direction of the multiple blade assembly relative to
the magnet block.

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

35 applied from the multiple blade assembly {specifically cutoff
abrasive blades) to the magnet block. The reason is that if
a force is applied in the forward moving direction of the
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5 moved in the machining direction (longitudinal direction of the magnet
block) from one end to another end of the magnet block in its longitudinal
direction for machining the magnet block. This machining operation is
repeated one or more times until the magnet block is cut off throughout its
to thiBRAE481FheLRéTchATasIiib A med &t Hive deptlyidirevtrebf tiutck, the
grooves (dt catafkdepth aftedcowewatdenavement) is: Feferably indbget
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block® TREMRVIAG SPERISE AR BT a8R8mbN AR e PoltWafiGRtBFT ©f
initial A ftofPgfoRfe SSRfay Rt Be Hhfdfdiefratrife 2OHRoWSy Bpeeetoblock
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movigg iniibedapgitbdingl ditetion of the 25hma9ne_t blgpk or cutoff o
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?c:(zﬁgeriz;hneft I%%ﬁ %gfncger%g&flﬁg ,%ﬁg erg%?y %ug%Fe&Pﬁ?ﬁbﬁ%s%%as
the moVitt dRERBh SEEE TR FalirasidnbIyrartiEettthehe forward
magMEBREKIBEHEEPMIAG Sherdtor iprefeialdly gedembiy.sweh that a
fercedpprifeetion gppesite 16 themdvihg direbtionwfofite muliiplebladades,
assemidy«etative to the aarkpinne ananagiedblesk (welativesneoyement
meang:fiateiiher $iasaagnetdigek ariihe rultinleshlade assembly may 1y,
be mQM@Q}fnaxé}?s§§@%‘1‘%HOQA&“?}{1QU!§%%§P§§3§ erpnta)..thininc]:; sludge
(spe |f|ca@éé:g_}:of€re§ﬁ)rr é\ée,?é dgats to the m _%%et oCK. The reason S na
that it a force is apphied 1 The Torward Aovity dird&forF b e 93t Miftipia
Had&A_ BRI e {o thé hesGfe BB ke Rive SBaH abrasive blades
receive a readtici #em Heepiiagnee & force inverse to the forward
moving direction of the multiple blade assembly, the
peripheral speed of the cutoff abrasive blades, the
cross-sectional area of machining (machining height
25 multiplied by width of cutoff abrasive blade), and the
forward moving speed of the multiple blade assembly are
pertinent. If the peripheral speed is higher, a force
inverse to the forward moving direction of the blade is
produced due to the frictional resistance between the
36 rotating blade and the magnet block. However, a stress is
produced in the forward moving direction due to the forward
movement of the multiple blade assembly. This stress
multiplied by the cross-sectional area of machining gives a
force in the forward moving direction. Of this force, the
35 stress acting inverse to the moving direction due to the
rotational force of the cutoff abrasive blades must be
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block, and thus the cutoff abrasive blades receive a compression stress.

If a compression stress is applied to 5 the cutoff abrasive blades, the

blades are bowed,.leading to a loss of machining accuracy and side
abrasion by contact of the core of the cutoff abrasive blade with the
magriEiasibek beftly M&cHIFEE THE rfdtcomyVamas arbsthef mizkdfifing
accurdosa hiealbbagirsses temperature elevation by frictional 10 contact,
detrimental eftecteent thaenagoet bieglgangtailires of theghiof ahmsive
bladgse 4 fie farcesgpplied framdhe ol abrasivedladgselo the Qa%%ably
Hockels a5y RRoSiR o [Anald mavno.diselian o102, 5

multlgle Pb"ﬁ[l e ass%glblx ng 15 om ression stress is a to the cut

abrasive preven |n side abrasion Brd ?r?c’f%%lﬁg MEMEChihifg -
accuW‘&ﬁEe"i‘?ﬁ‘EﬁﬁﬁP@ss‘f&ﬁ%F@e REZpPlies RSP Aok l 5 mm.
abrasife Bladesasied e thadpel piscikchpachiningsludige reffectvelyional
drainedel®getheewitin the cuttin g uick carne @ Oath etbstofhabiasive hiadesade

are keptehatp., IwBIder iaprodisee eofarcedaweese i fhe fouvand Jpeving.y .
dlrtei&aerpfgﬂs mwleﬁﬁl%a%%%@%y,a%]@amgowgﬁége?ﬂ e pe yiatn
cuto cross-sectional are achining (machining
helg %@ %%y h% g%y% th of gutc?fj %raglve%la% a%dl[hgé‘gfgwar

movin speeci1 3ttile niliftigfe Brage 2 KRBE 4 pﬁﬁﬁﬁ’éﬁ%ﬁtﬁ@ to 20 mm.
perlp“h'%?alfﬁ?geé 98 HGREARE fHTE. M e BRERARE foiiara kR AN ¢ efasttion

BT the bige i prerrfcstiye tortheofribtioal registancebitween thee86rably
rotatifg ade.and the/magnetiteckoticwweven aistressisnperduced ikihepie

forwasd=meving shtesfion-dus e thefoswardymauament %éﬁ%i@uﬂiﬁ'%toff

ﬂiﬂﬁ“ﬁéﬁgwg Ie i%%ﬁﬁe%&fﬂ?@%(?g%%%Cﬁ%?%ﬁ“%%g 5300 the
| V

106 GYE Wil e DaRent fentrcal pr chRptLte.

35 StI’ESS a tln% mverse tO t OVI |rec on Cﬁj

Bt the cutoff ABradiVE MARRR l’f%’s%e £35rRatE U AT e strRr<Sup fife

rnovéﬁﬁ@ﬁ?%?ﬂ%§C%t6ﬁre earth magnet block. The rare earth magnet
as the workpiece 1s not particularly limited. Suitable rare
earth magnets include sintered rare earth magnets of R-Fe-B
systems wherein R is at least one rare earth element

25 inclusive of ytirium.

Suitable sintered rare earth magnets of R-Fe-B systems
are those magnets containing, in weight percent, 5 to 40% of
R, 50 to 90% of Fe, and 0.2 to 8% of B, and optionally one or
more additive elements selected from C, AL, Si, Ti, V, Cr,

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

35 in extra amounts, rather adversely affect magnetic
properties.
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abrasive blades. To meet the above requirement, for example, the

peripheral speed of the cutoff abrasive blades is preferably 5 at least 20
m/sec. To reduce the cross-sectional area of machining, the width of the
cutoff abrasive blades (i.e., the width of peripheral cutting part) is

preferably uPw 128 emeiftheddadenwidthis e satihan . ¢ FileR systems

crossmagctienah-apaa«d, moahisbagnpey, be yeducat aithersaedfiecr of1
bladend @esthenath, melichipay-eaeto.a 183 of diNeNnsionaLAcCcURGY 1
Theng@m&digiqigtheh%ugﬁ "35lve blades (., hewidih g Ofﬁlmﬁh%&l—%cm

cutting part) is preferably 0.1 to 1.5 mm. Additionally, the mac

i pre?é?ﬁol?%pg tF 20 ™ The feed (oF F6AFE RnfsviRgapeet apifer.
cutoftaprasivarid bledesicigreforablynapie 3 000imhd/min etd-meyethe
prefesablyab0 tor2, 000 mmémin 2tbegotationalditectionof the mukinleat+

blade.assenily 4eutnfh absasivedelages) at points of cutoff machining and
the feed (or forward moving) direction of the multiple blade assembly may

Pe either identical or opposite. 20 The workglece which is intended herein
{0 cutoff machine is a rare earth mag The rare earth magnet as

the workpiecEF@FRIGFa Ry ST RATIR VSuFHBIRPLRE BEptPhvagndRlow for
incluf&Siered Yars eeati nadghetsioiRrfed® sydternsiwideinivisiton is
leastorie Edmicarhlensant. 25 inclusive of yttrium. Suitable sintered rare
earth magnets of R-Fe-B systems are those magnets containing, in
weightagcant; 5 to 40% of R 50 to 90% of Fe, and 0.2 to 8% of B, and

optionally on e a le ents sel from C, Al_Si, Ti, V, Cr,
30 Mn, Co, N8|D0Cuﬂzgr? SGa %ﬁ) ﬁ %Clﬁg °Pd, ¥REWFofrifated by
purpcg’se o’-hmp?ovm% Wl@ﬁ@ﬁ&t%’s‘;%d’%@rr%glc*fr??és&fz%‘?ée SfRe (JIs
amofEISRAdditie SRMeRCRdqEdeardEBReEnTtiohdd for example, Upreter
30 with GFCoapAdhld t5n82419%8 GF the .ottt dlemiints. The atlditivesin
slementsiihgddedidh duextra-anmiyiis] ratharadyersehs afectmagnetic an
DFODQHEﬁk'ggripheral rim of the core to form an abrasive section

(peripheral cutting part) containing 25% by volume of diamond
grains with an average particle size of 150 um. The axial
extensicn of the abrasive section from the core was (.05 mm

25 on each side, that is, the abrasive portion had a width {in
the thickness direction of the core) of 0.6 mm.

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

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

30 was manufactured by coaxially mounting 29 OD blades on a
shaft at an axial spacing of 2.1 mm, with spacers interposed
therebetween. The spacers each had an outer diameter 80 mm,
inner diameter 40 mm, and thickness 2.1 mm. The multiple
blade assembly was designed so that the magnet block was cut

35 1nto magnet strips having a thickness of 2.0 mm. It is to be
noted that the thickness of a magnet strip is a sigze of the
strip in the width direction of the original block.
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Suitable sintered rare earth magnets of R-Fe-B systems may be

prepared, for example, by weighing source metal materials, melting,

casting into an alloy ingot, finely pulverizing the alloy into particles with an
average particle 5 size of 1 to 20 pm, i.e., sintered R-Fe-B magnet

powder, confpacting thepownesdn ssmagsefichiele: SiRegingEth® op blades
compagt afsl 998derk 200G Hak 03 JOrhAvE: 6&1?{3' beat seatingat 4000neq

1,00 0 P I Ex mple arg give
belogﬁiﬂ ffrt%é;%é 115%%%3@? %%é&;tlgﬁrgﬁ?r g8 the ?nventlsgn %g‘not&

limited thereto. is xampl BI& es?cuto?P FRSG RAdRRT SRRt into
1abricRE BT THRRAMNEPE dOuidhrith-SREpEE AR eBFE DI 160 BRIE SROFIC.
(JIS TRETIHAFSA) HadmPabesuRtHantetef 100enR, birvetedinaddmt 120

mm, exntetrddiateds Orb fmom dridk boheliteg, iy tha sesins28+bandingo the slit.
technifjues attifigiakdiesnoad arasive @ravszioeanauterperPhREaNQf o ¢
the core tadormRN ahiasivesealion a(Rernherat cHttmngart)rﬁgnB?gnmde
2% by-vQlyoae of diamand graing with an average particle size of 150

pm. The axmll extenﬁ%ﬁn of the abrasive section from the core was 0.05

mm 25 on each side. FREaBrd0E FortioN HAS 2BWVRRRIGT Pk
thlckﬁggg’%ﬁre%tlb?‘f’gfthel%ré%f BIE R U g 3RE OBLBhides amuttiig.ch
test Wa8 qttitahast 61 awengicaewhithifas s simterec NebFeLBal
magerblbekd Tile pesticbadfionsare ag fallowsuA tapliplebladeassembly,
Bssentlyndinas m&ﬁaﬁw%bgm&%ﬁp%@Q%@P blades ona. -
oo 08 3¢ J‘%@rﬁzﬁvﬂﬂ ou e I one magpet
e R e e B acturie

dlame er 40 mm, and ness &Mu

was ae5|gpne3' soe[haf{ﬁ%‘g?‘ﬁggnert’bl%ﬁvﬁﬁﬁt 35 ﬁt&‘ﬁ&ﬁﬁe?é&?ﬁ"s was

havirt§ S thickies LoF 2B MRnPatR £ BRCRbteY thatttieathickhess vf a without

hagHEL8Fitisidsize of the strip in the width direction of the original

block. -34 For machining operation, a cutting fluid was fed at a
flow rate of 30 L/min. First, the multiple blade assembly
was positioned at a retracted position in the Forward
direction, i.e., outside the confines of the workpiece (s0

25  that even when the assembly was fully descended, it d&id not
strike the workpiece), and moved downward to 18 mm below the
upper surface of the workpiece. While feeding cutting fluid
from the feed nozzle and rotating the OD blades at 7,000 rpm,
the multiple blade assembly was moved at a speed of 20 mm/min

30 from one end to the opposite end in *he machining direction
for cutoff machiring the magnet block in its longitudinal
direction. At the end of this stroke, the assembly was moved
back to the one end side without changing its height.

35 Example 2

A multiple blade assembly, a cutting fluid feed
nozzle, and a sintered Nd-Fe-B magnet block as in Example 1
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The multiple blade assembly consisting of 39 OD blades and 38 spacers
alternately mounted on the shaft was combined with a feed nozzle as

shown in FIG. 3 or 4, such that the outer peripheral portion of each OD

blade was inserted into 5 the corresponding slit in the feed nozzle as
showreire FiBe 6. aBpesificallyray osser. partienmidherOR bladersadigdyured to

exterdisg:-Boampled ipbladedipwas pserteghiniasae shit+Jhe slit ing a

portigq of the feed nozzle had a wall thickness of 2.5 mm, and the slits
had a width Ef 0.7 mm, The OD bl%%g 10 exten eqtln ag ent Wlth the
IL

hi
slit. The wor Eleceavc\:/azs" a sfhtere Fe- Bamagn avmg a Ie%

© 700 AP WIGtH3G AP aHdTHE ghtFEF fifm Wﬁcﬂ%&?ﬁ@hgﬁé‘ﬂ%ﬁaﬁ?e‘“bw
acculacy BPo¢3 merfbea 9eﬁ%§?aﬁéﬁélélﬁﬁsi¢aeﬁsﬁF19t¥€mlfBW
multiie-bRidensséntbly, 26tthbdmatretdsioch veas tahgited mayrciddatd ao
pluratihaof evegnet stripaof 204001 thieks Sperificalbs enmamgnet Hlackot
was gutinte 3he1ERAILIRS)DeGRUSA VOO UISIHG 2SEiPS WErgexeluded 1.
1p thisggst WePannesplack Was:aauued QA GARONRRSE SURRQUWIY .1

a wax a adhesive W|t§out 29 usin Ining ope fation, a cuttlng

or mac
fluid was fscj.‘ St a°fiow rate of 3 %/%!)lga I8 RRSUfii aﬁl%%eaésger?%fy TPm,
was PB&itfBHT 8L S RIERTATESHF iNARcIOKrd tdife SRR 6 diRBide
the CBR{HE: FPe RBPkSRECtEO-2S thakesehavhed the dbsembiyivdsig
fully déseended, ftadidmnuto 8friketie miork pidee namnd: maedxosvn\vwasd to
18 mmhplewdhes Lppersiviace ofdherwerkpieces While feeding cutting
fluid Jsethe fead ngzzlesapdJdptatingihe QP hlagdes;at 7,849 tpm, cﬁ]a.%gzx.n

multlgltesb@q_ g.§seraglé/ was moved. at eed of 20 mm/min 30 from one
end to the gp%gsﬂje{ end c|’nt nggc mm%?pectlogn eI%r Cutof macﬁlnlm the

the ma netb cKin ﬁsfongl?udlnal direction. At the end of this stroke, the

assembly wASHiovet R I BhE dHeandrSaemRitboat cRRRgHsg RBCted

HeigRoSEEERANHHE MAVATLIfflewlatvassembly, arouttihgdiuiddeedirection

nozzte, e avsinkersebhd-FerBlmagnetiblosk asiteExgnilieik from the
feed nozzle and rotating the OD blades at 7,000 rpm, the
multiple blade assembly was moved at a speed of 20 m/min
from one end to the opposiie end for cutoff machining the

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

Example 3
A multiple blade assembly, a cutting fiuid feed
30 nozzle, and a sintered Nd-Fe-B magnet block as in Example 1
were used and similarly set. A 3jig has 39 guide grooves
corresponding to the OD blades. Each groove has a length of
30 mm, a width of 0.9 mm and a depth of 1% mm. The magnet
block was fixedly secured to a support by the 3jig so that the
35 gulde grooves were in register with the machining lines as
shown in FIG. 8b. The upper surface of the Jig (on the side
of the multiple blade assembly) was coplanar with the upper
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-35 were used and similarly set. The magnet block was secured to a

carbon base support with a wax adhesive, without using a jig. For _
machining operation, a cutting fluid was fed at a s flow rate of 30 L/r'n'ln.

First, the multiple blade assembly was positioned at a retracted position

in thesforfearel directionyeekpaatsidedhesepniines ebihg workpeca §800f +the
that exar vden theassesdlisyeas fully descended, it did not strike the
workpiece), gid mgggqm/&nxe%gé@i%%mb%@%u@% 1&&98%&8@&? gt &
the Wﬁlé% %peﬁvglipgesfgeg é}% cuttlpgr_ﬂtt,lFI Erom t %ﬁee n%iz assembly

ades at 7,000 rpm, abie"asséinb

rotati e ngt:%

mové'bgﬁt% SRR AntRHFARERTORR TG B3 the oeppoﬁf?é’léﬁd%ethéig
macrﬁﬁﬁfbe’tﬁrecﬁfti?‘] RV ofPHRIEHIRinptHE M atpRatbIBERaA Pl of the
longitriikaligirection it the end:of tinsrstpdies;dhepassionizlyofashaoved

backtadhesone eadisiderwiihont whanging ths heiglle Gk aenoVas Of 2
mm ct%mwect@fmdgIrfmdn@g&@ttblec:kééﬁf%ﬁ%xtaﬁﬁew%mg tne
bladeygsgemby athe | f@&f@c}EfA 2‘199%’%%?%3 Olve&’ ssemﬁ’fgv ward ea

in the hlckness |re|t;:t|£)5|8 of the workpiece

supplying cuttin
from § eafe(fdanozz rOHERG the "Bﬁdbla%es écthg% gplﬁe?ﬁ'gnt side in
muIt|Héebf%‘%h&%&%b‘?}}%Fﬁ@v@&‘ét‘ﬁ’EBgédr?ﬁ%Wm‘iﬁefrﬁﬁ%ﬁ% block
end tSth& EpPasité Bt c bTemiaetiinind tha s srgred bibtk. Atthee.
and dhisistekel therassenvisly wask ntovetkdackeoithe ergmend Sidae

without changiegdissheight £ xungle 3 Aaudipleplosieeassempliindgeep
cutingsdi e d0nowe, ARghR einiesed N magnet block as in
Example 1 wetg used aq,@[fgwﬁg ot K LERI9 QHde IOOVESea _anove
corre&?ondlng 1q the O rogve has glengt of 30 M

width"of 09 i Ehd 28&BHh aflﬁgu}%'fﬁ The MR ERLk \fbﬁstﬁ'&?ecﬂﬁpth

secufed 5 Eiﬁ?pﬁgrtWtH‘é’ﬁﬁ%’c?ﬂ'%ﬁ th& By fiergibove civeténg £luid
tegisternitithefernmtingihanasrohawinm EIG. 8b. Fheiappet surface rpm,

of the:fig (owithipdideblade assembly was moved at a speed of 20 mm/min
toward the other jig segment side for cutoff machining the
magnet block. At the end of this stroke, the assembly was
moved back to the one jig segment side without changing its

25 height.

In Examples 1 to 3, magnet blocks each were cut into a

plurality of magnet strips using the multiple blade assembly,
The thickness of each strip at a longitudinal center was
measured by a micrometer. (As noted above, the thickness of a

30  strip is a size of the strip in the width direction of ths
original block.) The strip was rated "passed" when the
measured thickness was within a cut size tolerance of
2,0£0.05 mm. If the measured thickness was outside the
tolerance, the arrangement of 0D blades was tailorsd by

35 adjusting the thickness of spacers, so that the measured
thickness might fall within the tolerance. If the spacer
adjustment was repeated more than two times for the same OD
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of the multiple blade assembly) was coplanar with the upper -36 surface

of the workpiece or magnet block (on the side of the multiple blade
assembly). For machining operation, a cutting fluid was fed at a flow rate

of 30 L/min. First, the multiple blade assembly 5 was positioned at a
retracteskipesitithie £€. 0BLOYA DAL H#9:52AEBb ARG Maved govawasddn i1 ity,
the dgpth girsptiparaf tt@pﬂae@@iegeﬂmlabemeweri%e@ pgtigns of

the O er e he guide. groo Ie fee
cuttlngﬁgg%ﬁﬁthgéggd%% Zle andgrégté meqrtﬁe i% OII\)&e oT'es at% 82

rpm, the S mdftipte blade assemabl:)L/ Was m%v%d 68&1 BFG0 mm/min
téward the other jlg segment side in the machlnlng direction for cutoff

: FgraEilock i its longitudinal direction. At the end of this
stroke the &semblyme moveekoaek 48 the dheajig Segimentsigle or the
withogs Thawngieg disdagigh!. Cedolfgreavesimmwdespcwere farmeddnts
therQQQQ%%E@ﬁ%ﬁSHTQEetﬂgxﬁégﬁﬂgEﬂwmgéﬁég 235eMblY Wasn in Table

pgsitipned above the one jig segment and moved 16 mm downward in

the depth dll’T ction of the workeolece While supplying cutting fluid 20 from
the feed nozz1&°aRd T6iathg e D OBARRAR T otRF s P miftifiet eed

blade*3&&&MmBKWES n?&}éfd MY SPERYUNST 20 Findntig iBtrad He eldemjigth
segnietft sitle fopentafs naxehindig the’ maghiet bioci LAptHs ehd ekthis
strokextreermssemhbly jeas emovackbackie tbe anafigsagmensisidaavitioule
changpuhits g25 height. In Examples 1 to 3, magnet blocks each were cut

into apluralipy of Magnet SRS UsNg &%Hy&ap@obtéd&@éés"hbdxe Meport
thlck%e%%of each strip at.a Ion%&&n center was, measured by a

micrometer W%Xs hote above t |(:kne§§“£(“)“rlI 736 sc‘frlp is a size of the
strip in the

dth &Fé:&?&tﬁ?tﬁé’eﬁﬁﬁﬁ% bIBcKY THE Surf Wik 1 fed at a
"pasdePWRRRethet ni@advrdd: thidkiess whBavithihtamie SZedslcranentoly at
2000.0Bemne tif v ede asuridd- tnicknetsias tutserthel doteramceh¢he
arrangernent 6f QD bladeswasiailaeeely Gownward such that the lower

end of each OD blade was positioned 18 mm below the upper
surface ¢f the workpiece. While feeding cutting fluid from
the feed nozzle and rotating the OD blades at 7,000 rpm, the

25 multiple blade assembly was moved at a speed of 20 mm/min
from one end to the opposite end in the machining direction
for cutoff machining the magnet block. &t the end of this
stroke, the asgembly was moved back to the retracted position
on the one end side without changing its height,
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35 adjusting the thickness of spacers, so that the measured thickness
might fall within the tolerance. If the spacer adjustment was repeated

more than two times for the same OD -37 blades, these OD blades were
judged as having lost stability, and they were replaced by new OD

blades. Under these conditions, 1000mtenmet blocks were cut. Table 1
tabulates--the results of eyaluation of the machining state, s Comparative
Example 1 By the same procedure as in Exahfpte hexceptidor the

following changes, Nf@@?fmagmeﬁ blocks weere cut. Tdae resuliSsed 1000
evallation of the (retehiming S8 are A4A ¥ Aawn WoFahlel 1¥E9ckFhe blocks
cuttirg.ﬂuLd.tee;Umz_zle%isAcharﬁJed fo a féed rfozzleBhavig brity one | B
opening.\With a height mm and width ;100 mm (gpenigg Area BOY Mn2)
The cutting fluid was externallylinjected towardithe OD blades through the
nozzlexisopening. tee magnet Rlock yvds gequrgd to a carpon base 0
supper-with-a-wax-adhesive withoyt using a jig.. Eor macghining

0

operatieaqpaecuttirg feid was fed at @ flow rate|ofe3Q Lgmip. First, ghe 4 0

le-blade-assembhat-20-the-retracted-bosition {m.fcirlp the
mUltl 1 UIGUC (@t e Ullluly U T o trastur - oot ot

workpfé&%;fﬁ‘iﬁ@ madalnmgﬁcﬁrection) was Mmov d@lcmeardzsucbmthabghe.
lower—end-ofeach-Ob-blade-was-positored-18-mmbelow-the-uppe
surfa o "tﬁe“b\‘z‘%ng é”\ﬂﬂ‘fﬂeﬁ%ﬁ“ﬁ@‘t‘iﬁtmg fluid from the feed nozzle
and rotating the oD Biades a7 008PERT e 25 multiple blade assembly

was moved at a speed of 20 mm/min from one end to the opposite end in
the machlnlr}gsdg_'ectlog for cutoff machlnlgl% the magnet block. At the end

of this stroké the aSSamBly Was Thév8d hack (e FetFAers f8&Roh on
the oMRBHA Side TatRAR @r‘lr/ AGhgHAY HRiGRT -3BSTalse FAfRNRERfNINg

machining at a consistent high size accuracy over a long
period of time even with OD blades naving a reduced width of
i6 ocutting part, while minimizing the number of spacer
adjustments and the number of OD blade replacements. This
leads to an improved productivity.
In Examplies 2 and 3, magnet strips cut from the
1000-th magnet blocks were mesasured for thickness. The

14

32

15 strips of Example 2 showed a thickness variation of 93 um,
whereas the strips of Example 3 showed a thickness variation

of 51 um, demonstrating a higher accuracy of machining,

Example 4

20 OD blades (cutoff abrasive blades) were fabricated by
providing a doughnut-shaped disk core of cemented carbide
{consisting of WC 90 wt% and Co 10 wt%) having an outer
diameter 120 mm, inner diameter 40 mm, and thickness 0.35 m ,
and bonding, by the resin bonding technigue, artificial

25 dilamond abrasive grains to an outer peripheral rim of the
core to form an abrasive section (peripheral cutting part)
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Number of 200 400 600 800 1000 strips blocks blocks blocks blocks
blocks ABABABABABExample13800003050110 Example
2380000000000 Example3380000000000 Example 1
Comparative 38 17 3 28 9 45 13 62 20 98 32 A: the number of spacer
adjustRfEts B Alinte VoL O bdd  Fephrérgoatn s witls evidentrage

from gabte di.dhepultideisisiofis maghining rmethad of 4BeN¥eNil avrasive
ensug%%tﬂggnyg&g {HQCQ% no.at ﬁogglstent hlgh s;jge curahcly %1(3; a

long E[:Berloq_of t|me even lades havm ) a reduced wid

cutting part, While mlnlmlzmg tﬁe num%efjorl‘ s&%e?héaﬁfﬁﬁferﬁ%%’tﬂﬁ of
AUmBEPoFeRS bigde fepfad@nents. This leads to an improved
productivity. #§ Béarkbre$? Hi@Semagnetstrivmctieibnwélse ca®@0eth out on
magretiolocksenerernicasured forshicleess. Nhed SesttipgnefiExasple 2The
showeska tbigkaessoviariatien £f %mmwyvheﬁeaﬁxﬁrtqﬁw%gé@(%%aﬁly
P AL TR e%ﬁe‘i%racy

a
%fbr:%%%m%t Era{c?|n91|}'|%!L do %act? Ut- sr%la &d disk c6 cor?‘ofsc%arﬁ%ﬁ od TaFhRRESS
(conss?‘ Ing oe'rf\%ﬁ? qf/e ane € fo %g/“) RadirRfaR e Sdrrases £90mm,
mm Wd%‘fﬁ@ﬁéﬁ% i ERsckRéSEe3S Ani, BRd bBkelimy sy nhe
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periphetal magoémetmmtm&vm@naabrasdmwtigﬂ (;p.a_fimmgral cutting
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partiglgsigg ikl M2 -Q*ﬂ@e@ﬂﬂltgﬁ?%éﬂﬂpéé RSN, %%Ctlon%frgrpnbined

the corewas 0,08 mm on each %t,fo%t at s, the abfas'v.e sectionhadd

etICkneSS Wecnon
VWdﬂ]£nth peripheral portion of each OD blade was inserted into

the corresponding slit in the feed nozzle as shown in FIG. 6.

20 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
2.5 mm, and the slits had a width of 0.6 mm. The OD blade
extended in alignment with the glit.

25 The workpiece was a sintered Ng-Fe-B magnet block
having a length 100 mm, width 30 mm and height 17 mm, which
was polished at an accuracy of +0.05 mm by a vertical
double-disk polishing tool. By the multiple blade assembly,
the magnet block was longitudinally cut into a plurality of

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

A jig has 41 guide grooves corresponding to the OD
blades. Each groove has a length of 30 mm, & width of 0.9 mm

35 and a depth of 19 mm. The magnet block was fixedly secured
to a support by the 3ig so that the gulde grooves are in
register with the machining lines as shown in FIG. 8b. The
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5 the core) of 0.45 mm. Using the OD blades, a cutting test was carried

out on a workpiece which was a sintered Nd-Fe-B magnet block. The

test conditions are as follows. A multiple blade assembly was

manufactured by coaxially mounting 41 OD blades on a 10 shaft at an

axial ¥peemEot 22eemat Wil sheelstintdrposdde thdrclietvwesit. ffle blade
spacessseabhacdvan cutEtadiametet80:runuppaer siameter 40 rawa, and
thickress: 2k samorT i gidtinia Jlrdecasseabiy wasdesigneg: sesthal theage
magrggstgggg?lgas cut into magnet strips having a thlckness of 2.0 mm.

15 The multi blad gggmbl concs stlng gf 41 (%)g ar‘;d 40 ed at &
spacers alternate 3/ ounte r¥ ?he shaft wascom f X388
nozz/e*8¥ shath fif FE. I?/B‘Fﬁ s tHat tﬁﬁeo’ﬂ‘t‘e'rtﬁgﬁﬁh’éjréfiﬁoﬁﬁﬁ?’é\"ly at

each &0 BEHATESGnReREELRRO theecorreRpvndeag skt th deeread nowde

as sheavisth e XD Spediicalapah cliteepbitionaf theeObrbladece until
radiatipeextersing S-aphdram the-blade tipsvasdnsertedHate the shit. i Toe-teq
stit portian ehie ferd gozale hashaavall thicknessal 2,9 anLand ﬂ%@ﬂ'&s
had a-width gk 04 MM, Je OR hlads, extended,in 9# RN with “? " cpm,
25 TQ%Work £%§gw%§a£|ntered % vaeaa% ma net b avmg a en t

100 mm WldEf) mm and height. W‘ﬁ'lc WS oIk alant
acch‘gy‘)}“ 16VERIMBY °58ﬁ|’%a1 1@036@“3%}( Sfenig (ot Bythdning
multipfeBrRtasSEMBTEE M08 Haghtr iock asrrgrptudibatiyf cutintdze end
plurafity 61:36 magriet strips ofs6mhhy thick. Speetflicalhy one mmgrel 1ig
blockswaseaiit ini@dOvnagnet siHpsdiecpusastwe yside celfipseWeroves of
excluglags Aiighas 44 @l&%ﬁear%y%@ﬁ(&i{%@@dﬂl%& thgLAR. blades.

Each grooveyis.a length,of A0, g"}fa%dtasofe%%mm 32,3nd e gf
19 mm Th magget bIo%k was Iy secured 10 a%’u ppor %giﬁe JIg’s

that th grooves ars in Tegid®r WA nfaehmTRg din H@‘sﬁ%‘(‘iﬂ‘i’axd

| FlénsgB h%eEﬁB SpErsdracefofthe fPsRiReSideBbidr AmmEpRing

blade&SHSSEHEbRA Wids Boptatae witethaappée semficerbitti@g the OD blades
at 7,000 rpm, the multiple blade assembly was moved at a

speed of 20 mm/min toward the other 3jig segment side for
cutoff machining the magnet block. At the end of this

25 stroke, the assembly was moved back to the one jig segment
side without changing its height.

After magnet blocks were cut into a plurality of

magnet strips in this way, the thickness of each strip at a
longitudinal center was measured by a micrometer. The strip

30 was rated "passed" when the measured thickness was within a
cut size tolerance of 2.0%0.05 mm. If the measured thickness
was outside the tolerance, the arrangement of OD blades was
tailored by adjusting the thickness of spacers, so that the
measured thickness might fall within the tolerance. If the

35 spacer adjustment was repeated more than two times for the
same OD blades, these OD blades were judged as having lost
stability, and they were replaced by new OD blades. Under
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workpiece or magnet block (on the side of the multiple blade assembly). 5
For machining operation, a cutting fluid was fed at a flow rate of 30 L/min.
First, the multiple blade assembly at the retracted position, i.e., above

one jig segment, was moved downward in the depth direction of the
workpfaegeu e i Errer pettheraspetidiektheoB slutes Rapae 2
insertexbt0£ asmtineo thewilid et coveba ¥thibe feedittg:cuttig ity feante .
the feed nozzle and rotating the OD blades at 7,000 rpm, the multiple

blade assembly was moved at a speeg gf;100, mm/min toward the other

jig segment side in the machining direction for cutoff machining the

magnet block. At the end L5 of this stroke, thgfggsemrgqlly was moved back
to the one jig segment side without changing Its ﬁelq%t. Clioff grooves of

2 mm deep were cﬁ’fﬂ?ﬁin theamagnet block syrfae@oNext, themult)pleiooco
blade assembly af ghei[e:rra(“‘t’é?fkﬁo itiG 356 ve tHEWHE jig sTgftent wdocks
moved 16 mm downward [ lepthidigection of the wgrkpiege! ., | ;
Whilg-supphying-cutting-flui . feed nozzle and rotating j}ip (@]D)]
blades:xaki Q0 rpmsthe multiplesblade assemplywasgnoved at a spged o
of 20-mmimin-toward-the-otherjig-segment-side-forcutoff machining the
nfagnét: bidek nibte ehdmsictisaZBustroke;sthe assembly was moved back
to the Bhe& Yy B8GITRrY SBLMtfontRIRaRERGits height. After magnet
blocks were cut into a plurality of magnet strips in this way, the thickness

of each strip at a_longitudinal center was measured by a micrometer. The

strip 30 was ittt FadsEP WhERthE M stire Rl RS SSHRART a

it sPRDISERE 6L BD .05 Hing. FrMerhéasursd drieknbescorisloutside

the talerdricd;nihesdrrangensént-eh© R bfades was: dailored byvadjustingng

the thiekness of spasersvea thatthepmeasasrd shickassstaighifallagithinn re
:_he t%aaa_frl}?ge-aat@%@%ﬂ@ﬁ@@ad&ﬁmﬁ@eg@%@@ﬁ&%@%ﬂ?f%@% two

ime : ades were judged as _havin

. o an improved

productivity and an increased number of strips cut at & time.

Example 5
0D blades (cutoff abrasive blades) were fabricated by
20 providing a doughnut-shaped disk core of cemented carbide
(consisting of WC 90 wit% and Co 10 wit%) having an outer
diameter 130 mm, inner diameter 40 mm, and thickness 0.5 mm,
and bonding, by the resin bonding technigue, artificial
diamond abrasive grains to an outer peripheral rim of the
25 core to form an abrasive section (peripheral cutting part)
containing 25% by volume of diamond grains with an average
particle size of 150 pum. The axial extension of the abrasive
section from the core was 0.05 mm on each side, that ig, the

abrasive section had a width {in the thickness direction of
360 the core) of 0.6 mm.
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these conditions, 1000 magnet blocks were cut. Table 2 tabulates the

results of evaluation of the machining state. Table 2 After machining

Number 200 400 600 800 1000 Of strips blocks blocks blocks blocks

blocks ABABABABAB Example4400000000000 5A:the
number of spacaiAdinstopnts Badbe rUBhet DiH Phladakeplacemanisut on
As is gvidenbiron: Tabler. ae @UEﬂl%MaffN&Qs@ﬂﬁhﬂyEQemeﬁHQQ}Pf hee
'nveqlg&e%%%'@&@oﬁgngggeap%%}1'9&% at age ass

GERISILINIZ o s
accuracy over ng g rod Of time even wit es of cemente

carbide corenHavmg R even FRATICRH Wit B cihfing H&TR, Rhfdes on 2
niininFR RO tife nenBE-81 sPRREH 281 9Stnie Ats™End Th&Eh FiRtes o I bppPosed
bladetRepiadeieans - THIb4ea83%6 faphovad produdtrityddnteer 70 mm,
incredseg muhbse béstAPs Ut ad@itintelckxasple.3 @R .blades @:maifp;.e
abrasivaddadeskwere fabscated dye 2 :pradingradanghaut-sheppdidiskeut
core 9&%@%@@@@@%&%@% AfWERA%And £,40 wtob)
having an ou,E%r dl% 1;)35. 3D01m£ inner qjlgmetgxr}éos m an |ckne §ades
0.5 mm,. and bond ing the resin bondin chnique, ant%lmal oPamon
abrasiie grainPTsh an ot Fetpiferal At S gf?ﬁie% EBfe 135im¥aF combined
abradiréRettibRepetffieral eEtHRG Pard cBRRinthP 258 by vahurkieasf the
diamerdgy airess wWithezn a\rragéopartickeasize @ 18R Ppmwaheimsatted into
extensien of tive srasivey saction: frothéhe cose msag 0B ORneashric. 6.
side, $hatiss fha1abrasive.seatiopbada width:-(a ths thickness.dirgetion of
30 the,cqrgd 61 9-8 MR- rA8USig B‘l%c%D&fB g 534 %‘&&99&8539’&0 L phe slit.

Fe B magnet
carneﬂ}out on aWOjél§p|ece3f= ?{gh yasasm %1 Ea ]rﬁy hmkness of
The test con t| ns are as follows. adeadse

.5 mm, and the slits had a Wl th of 0.8 mm. The OD hlade

extended in alignment with the slit.

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

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

A 3ig has 14 guide grooves corresponding to the 0D
blades. Each groove has a length of 50 mm, a width of 0.8 mm

30 and a depth of 22 mm. The magnet block was fixedly secured
to a support by the jig so that the guide grooves are in
register with the machining lines as shown in FIG. 8b. The
upper surface of the jig (on the side of multiple blade
assembly) was coplanar with the upper surface of the

35 workpilece or magnet block {(on the side of multiple blade
assembly).
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was manufactured by coaxially mounting 14 OD blades on a 5 shaft at an
axial spacing of 3.1 mm, with spacers interposed therebetween. The

spacers each had an outer diameter 70 mm, inner diameter 40 mm, and
thickness 3.1 mm. The multiple blade assembly was designed so that the
magnet blockstamashiniaiageeksiips, havingea thigkinssaohdd FIa. at a
10 The sultiple blade assambly censistingatl4.QP:Blades A 18cembiy at
R A b i S DR o A S
each%ﬁnblaadgv r\;'vas mseéi |ntol eccorres%%n%g‘%?f%?ﬁ?@ e 80 1o, /iBe

as sHITin BIE B e & RGP affo e JohtiBhastane“STP bidferted 7 mm
radiaft texterrligyg Fmmareeethe biadedif wadingertetting thtwlit. fFea the
slit pdrth obtre feechdozeta higha wiall thickness ofa?. S g anshthes slits
had anydéin of @xf e 4416 OB hladeasxtonsied ik aligonantwith theesld. oz
20 The werkpisce was-a SiterechiNd-FeP m %@ﬁkbm&% having 2 Jengity i ng

4(? mﬁlr‘%é?? %10 %rnr:'] %nq h%gmacgr)lé%a% A hlskV\%?lS%Ollg eqfat aﬁ] the end

accuracy mm b a vertica

- multiSie Bate a§§8ﬁ1%1y¥kfﬁeé}ﬁ5‘a‘ﬂ%%%lga5V\%%vﬁ)%gki’ ﬁﬂy}"ﬁﬁ? n‘f‘ﬁ‘b"“aj ig
plurafi§PBED5 Hahetsios bf FONAH thitksShetditally, Briefiagrepves of
block’wa® dssntyreBemberretdstiips hecammpto iasideswstiipsavere
excluded. A jighias t4aguide grobyesicaiscaperaiyiathaRDrbtadesed
Fachigooveshassole athofch@ miny asuddibnef Q&nieval anda.depihwi-a
22 mi, The raaghst Bﬂ%&%@&f'é%d%%e%@ﬂp@e%éup%rilbev Qh%g;gﬁ%g

that thg L]!_Ide %rfovgs are | V\Illlth t %rré% h|n| mes a%l own. .
in FIG égt per surface of f’ozn e SI Brsad es
. dat Eé%]an‘él??/vm%ﬁé a@é%??ﬁé%@’ﬁﬁ)rﬁﬁ?@c% oF

magridtasiecRY oA HERE o R AE ethrdet ks eiiisly§ e For shaehfiting
dperatie & cotiig flind weefokat ot flovecate oh80thind-itst, the s
multiplerblace agscmbdyably was moved back to the one end side
without changing its height.
During the machining operation of the magnet block, a
compact cutting dynamometer 9254 (Kistler) was located below
25 the magnet block for measuring the stress applied to the
magnet block. The stress along the moving direction of the
multiple blade assembly during machining to form initial
guide grooves was 75 N in the forward moving direction of the
blade assembly, and the stress along the moving direction of
30 the multiple blade assembly during subseguent machining was
140 K in the forward moving direction of the blade assembly.
After a magnet block was cut inte a plurality of
magnet strips using the OD hlades, the thickness of each
strip at 5 points (i.e., center and four corners of cut
35 section as shown in FIG. 104) was measured by a micrometer.
A difference between the maximum and minimum thicknesses was
computed, with the results shown in FIG. 10a.
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the retracted position above one jig segment was m(_)ved downvyard in the
depth direction of the workpiece until the 5 outer peripheral portlon§ of the

OD blades were inserted 7 mm into the guide grooves. While feeding

cutting fluid from the feed nozzle and rotating the OD blades at 9,000 rpm

(61 rBreEmplend multiple blade assembly was moved at a speed of 70
mm/min towardsthetetier jigisegrmepgsletndiecmacdining:Q disection

for cmﬁrﬂﬁa@hmiag&bgtnmnegrmoggﬁgmgg%gégks_ §troke, the _
assembly was/nayechoashdodpe;ane Iy, sgomentsigeyiinou chanding
" hejal, GUIpll gioayes of 1 deep ingre formedin e et Block. ©
surface. Next, the mu tiple! Bade assehibly gftH% rStrice Piafosish

above TRe™SHE G MRt a% nt50¥8 12Pmni b sAMERE tirvate HeyRe
direcHBHBIaRE WBrikdiecéuvhilE Seppiyiory efitthi fluitfmindhedfeet the
nozzkaad roeting tve DDdittess ab9,086 rom ,bm@dﬁwlupteeblﬂda_ﬁerted 0.75
assenmbly was mavest eda Gpesd ol 20mmémin towasd de Othe #0uia from
segmaid sidedoned-auolhmachininghe magnethlock, Alihe ead ofthis 4,

I ck to the one end side _without
o pa e R L ir?ﬁ,:%es%ef’raa%ansomﬁfee%ganat BRSSE ¢

compact cutling dynamanetar 0SB tRistis) e tatEdBerdiv 2% the
mag%‘&%%ﬁﬁ%r %’ré‘ﬁ%ﬁﬁ@ therstrass S pliaehtbradnrantd arisioek. Theck.
stres¥tal5hg thednebirid direttiorkef tHoemakisiebladeas sembly dadAgto the
Fhaclanin g et ferhdeniiat hguid ecrommesyWoiss 7 hdY dnthe fonvsrd geyinds of
directionsofritheadipdeasseroblys &nch the stigssRIENG heMAuMRg direction

of 30 the muiiale bladle asemple dpringssuhseAsy! madhining was, L4

N in d ing direction, of the blade assembly. er a mag
bloclggf)vesaiggl% n?gﬁyél u%gfgogf mAaghet Strips uSiAg 28D Brddedmgownward
in

thickiiess Of 6aCh Sthp-ats POt (i 2e BRI tour Wothersepply tas
YectiSh - 8RoivHHIFREOR Oty SvAS Phe ASARSE byl Niekerhbter. the OD blades
diffef®nct- BeRvEem thehmanirhbap b doAmdim asthickyesers Makd at a
compateet with 156 tesultsshoverard 1€l Qdd jig segment side for
cutoff machining the magnet block. At the end of this
stroke, the assembly was moved back to the one jig segment
25 side without changing its height. The downward movement and
transverse movement (for machining} was repeated 26 cycles
until the magnet block was cutoff.
During the machining operation of the magnet block, a
compact cutting dynamometer 9254 (Kistler} was located below
3¢ the magnet block for measuring the stress applied to the
magnet block. The results are shown in FIG. lla. In the
graph of FIG. lla depicting the stress along the moving
direction of the multiple blade assembly, the stresses in a
direction perpendicular to the moving direction and in the
35 axlal direction of the retating shaft of the blades are also
depicted. The stress along the moving direction of the
multiple blade assembly during machining to form initial
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Example 6 A sintered Nd-Fe-B magnet block was machined as in
Example 5 except for the following changes. For machining operation, a
cutting fluid was fed at a 5 flow rate of 30 L/min. First, the multiple blade

assembly at the retracted position above one jig segment was moved
dowrﬁh’ré%? |r$ﬂ‘?é’\ﬁ%i)tﬁ’b‘?re€¥tﬁ)r?6¥ﬁ?é%o&b%%§é el By igGeiirection of
peripHerarpbri@is ob HI6© BasierelyWave imsb tat e Z8eniminath theng steps
guidergreoed3. Wil felediagaduisirg Buidoip@as 1 8dhedeetkn@szieaaddmoving
rotatigrthe: 42 biadesathQQ0 rpead@di ¢/sec), the multiple blade

assembly wg%ea%vead ﬂ&&%ﬁes%a‘k 1500 mgy/ rﬁ@a@%&@lmﬁw ig
segmen %ge inthe, ma h|n|n dlf)%ctholn gor cutgﬂc m@ghlnlng the negt
block. At the end of this str% e assemﬁl was moved Dack to thé T

one eﬁajﬁdgﬁvﬁ@&lmﬁnéﬂwg |ts h‘é?ﬁﬁ?’tﬁ%‘?‘f Gﬁﬁléé"ﬁfle(f%c’ﬁrﬁ‘bteep
wereSRFed irtthSRtah dfb otk shitde e VR XEcRR TR AP Bldtcroneter .
assefisly/Sethenetr detdde position noieuthesode figrdogmerit Wwasssevedwas
0.75 eonpdoamwartkin the deptindiseetiomof themrarkpieee. While

supplying 20 cutting fluid from the feed nozzle and rotating the OD blades

at9 @Qgﬂgﬁéb@e%m&@age assembly was moved at a speed of 1500
mm/min toward £h<§t oth %sfeeqrgent S|d%f%r cukoff rgachlnln the

magnet block. AfThe end of this stroke. the asaemby WA HHoVEd BEcR T
the o‘?féa]"i‘ﬁ Js%g?nSﬁfﬁggl58%&9&?%%‘@“@%@?@@!‘?{5 The downward
Tovement afieP trHsVE e ThBYR e E(fBP Afdehinim)chasTepetred 2Bed
cycles api# thavhagnet biockwampentoff Burthgdhbehgchirfingnopemtiaitth
of the snagmet bfacki ey carepagtoukiing .dyramametam92s4 (Kistien was

locategelow 130 {he seagact blaskfanjpessugingdhe siessapnlied L%me
the r%gggwlock The results are shown in FIG. lla. In the graph of FIG

lla deplctlngme stress %Iongot e moving _direction of the multl\%le blade

assembly, the Strecgas in & direchion PerpERdiciaftC P RbiRge support

directbrPafd iEh&Se sk dilEctRAT5f 1 FétafindiShaft of the blades are
also depictetPT e shERE Wl oPREHREC AToving ditettiroofthdd was fed at a
flow rate of 30 L/min. First, the multiple blade assembly

retracted at one end in the machining direction was moved

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

30 end of the magnet block in the machining directicn for cutoff
machining the magnet block. At the end of this stroke, the
assembly was moved back to the one end gide without changing
its height.

During the machining operation of the magnet block, a

35 compact cutting dynamometer %254 (Kistler) was located beslow
the magnet block for measuring the stress applied to the
magnet block. The resulis are shown in FIG. 11b. In the
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multiple blade assembly during machining to form initial -45 guide

grooves and the stresses along the moving direction of the multiple blade
assembly during subsequent machining steps were all 100 N in a

direction opposite to the forward moving direction of the blade assembly.

5 AftdFanfaghel Block Waslent pdnd phivalistok snaghet stribe usivg tige

OD bfddes;tthenthickiidss o baithl sthipald perdsyle., aenriesarekiay in a
cormnersefciiioneptiopeas sBOYITIN bend Qdd vWagy naeasuwiethRYaha in the
micrometar. oA diference pefyeentne maximue ANt MmN M aes are also
t@lckrag_%sl%%g\@s ]&gogwégg, g\ﬂth th%éeesulztasv ggow ilnech(%b %Og)f the

Com argfive Exaﬂple A smg%reani\gld- e-éﬂmagr?et fock Was machined

as in"Example 5 excapt FSFME ol Bt cARTIEE 18 Tas chithd fiifd the
feed hBZYRF hdUHETgEATE U 16 oz He RAARE Gs§sRd Bpening with a
height 3 mm#ftewidtmagemml@pening area 306 mm2) L Timldtitinge

fluid wasnekternallysnjected towarobths: i blades thoughthe nezziech
opening: 20 Ihesmagnaidlockavas saoted 494 68Hh0R Hase-SUBRPOH, ¢

with g ¥ aenes\@Jhout Heing adig, Eﬁgﬂ@&_ﬂ@@&oe?aé'%g%omter.
cuting fluickwas,fed aLa, flow iale of 3 Limin, First the muliple biade
assembly tetracted at one end i the MacRINTIG diree oA AR RbleEsss was
down%é“%%ﬁg‘h tKaFthe R Er BRLESoFBRY® O BIddSs wete: positioned 21
mm below thEfuBper stifelef3fthel frorkpre caulinisifee fentlingtcuntioiyificls
from HissHeddafoAdie alniveathling dleb 8Relsiadesiaind OO My theproved
multiplechlatterassembdy sramamorvechat a sperd-ef0 mpHpiRfam one

end tadberapposite AherdAftberpagneal block indhe maghining direction o,
for cuiplf: machinlig 1 raggneL plask ALNEERdof s Slioke 11e .,
as;e@pfl}/, was rrg%\i%d bg%( etgttjtwgnone end side without'’¢hanging its

height. DUring the mMachinmg operafion B tha thatikt Higekea 288enbly .
compact cutting dynamometer 9254 (Kistler) was located below
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the magnet block for measuring the stress applied to the magnet block.
The results are shown in FIG. lib. In the -46 graph of FIG. lIb depicting the
stress along the moving direction of the multiple blade assembly, the
stresses in a direction perpendicular to the moving direction and in the
axial cizu#ion of the rotating shaft of the blades are also 5 depicted. The
stress along the moving direction of the multiple blade assembly during
machining Wasdthbhn e oforvagd b Araaian ol iheLade, caren
asserxybgl%. Aft%Er a agﬁr]laejf é])llgclél\{g%s cg}l mtg %QIurtai_lléy otf:emsaggg_t strips
using the 85 aéfesi, & thiCkNess of eaeh 1 gtl’lp &t 5'points fl.'e.,

center and fRFCHAERE &t SSE@bh B FRDVATRITIEY I6aPRELS1ng 2
meaRrBEBY BT oPHERTE ARFfEiSTcd befsecAThslmbidhmupHRERE on a
minirmatrethioknebeds was eudmpliedpaitbdhepesultsgtiownrin FikachOeaid
As seginfeneder i dheamtdtieleicutoemeshiniog 45tmathed« the thin
invendionsachievessa significaptly igyueyedaccuracy, of cutoff machining.
fbfurg@fﬂg}gggﬁrg_qg‘t N ageuragy is achievable by effecting machining

operation such thiaé a stress |§ta§_prplle in a direction o%fosne to the

forward movifig directian of the mu?tipﬁcge‘uﬁlcaldgeaesf’sé}ﬂﬁ e PRV cYtting
A mefﬁ%?o?fﬁﬁﬁp@cﬂﬁﬁf?ﬁ&ﬁﬁ%@%@érﬂ? Riaghet loRrEsm] at
methBECERPrisity #HE steps DIPSPIbVIRifG athrultpirbladkyasSemidly£ £
commisiag volbidiy oftutbfftalarasive bledes peaxmlbraousiediam aof each
retatisg it aboadalhespased apart POSINSQACH saidhdlageresponding
compyisirg a core in the form of a thin disk or thin doughnut disk and a
peripheral cutti rt on r 10 peripheral rim of the cqre, provjdin

a cuttin% fl i%%g‘e% no%%es %cgthggg %&CLTt%i%R?Iqu' Frhef 3 %n%u%ﬁé%ed {éljlage

plurality TSt fOATied"ar andthe? Eritf aRt CarESFon @RIt the bl
of cufStF HiraRRFe Blddes S8R that HRe6Hke heripherdtporidRmeaging siit

20 in said feed nozzle,
feeding a cutting fluid into said feed nozzle through
the inlet and injecting the cutting fluid through the slits,
and
rotating the cutoff abrasive blades to cuteff machine
25 the magnet block while the slits in said feed nozzle into
which the outer peripheral portions of cutoff abrasive blades
are inserted serve to restrict any axial run-cut of the
cutoff abrasive blades during rotation,
wherein the cutting fluid reaching the slits and
30 coming in contact with the outer peripheral portion of each
cutoff abrasive blade 1s entrained on surfaces of the cutcff
abrasive blade being rotated and transported toward the
peripheral cutting part of the cutoff abragive blade by the
centrifugal force of rotation, whereby the cutting fluid is
35 delivered to points of cutoff machining on the magnet block
Guring multiple cutoff machining,
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15 cutoff abrasive blade may be inserted in the corresponding slit,
combining said feed nozzle with said multiple blade assembly such that
the outer peripheral portion of each cutoff abrasive blade is inserted into

the correspaRding slit 20 in's e zzle,.feeding a cutting fluid into
saidc%ed nggigée tgﬁr%o%oﬁw (%Ee In e};gér?dr@ggﬁ% g the cutting fluid through
the slits, and Totating %éac{ltgﬁaé’oera%ﬁ/ Biifes #ChisH Madfintr o5 e

magREEbibAeARAE EPSits ifiHiGTelh 27189 b AfhRpthasiterle blade
peripgtRgerpbytions cfrutofaishshieblades arelinsévsbisenreetd festrctne
any axial tunuttitheenotitoff arasiveshlardesidukngmotationowieteir the
cutting Heiet 1eaching tubslittaand B3hgoriag dacontachwithhite@Uitloox to

periphsral Pories of fan LueffAyAsive blade iseqlrained on surfaces .
of th%fé‘é%%ffs&?%%%'é’? blade being rotated and transpotted toward the
era

perip cutting part of the cutoff abrasive blade by the centrifugal force

of rotation, WREreHF e BRRRS iR R-38%HIveTe 816 PSHIS oF 2 beSH t°
Wachitig e e Afdgrechinrk Hheirtranatplelofefiikhititg. cugaz s
The a¥sthoesofoledmrhiviierdie atwrenibabstelgersficptoft rrachining:né the
rare ceawtit Magnes bleck leither are arethwfsadrelitipedladeict any
assegbly:andiheunagpetlockare relatively fuowad fiam one 5 end to
achinina fhe s AP s LSRR b e HcoD. 8y

achinj e surfa ,
lgled%?g;lr%ié\ge%gd%p% itd Qelrrl’%ag %éiti %Ig%ﬁg%ﬁ%cfef?ﬁ‘e Gitdfdrasive 5244
blad&&§ e M0FHet BRARFTP D fithSPEERfeMhikBaheTRabhcttnask ve
whil@#fdeulst egigovaehierwiiehigresunt pdvplsata foraonssiftheblade
cutoffebrasivebixde shee digertée senve togesinctany @dalmer-outof
the quaffabresivebtddesmachining on the magnet block during

20 muliiple cutoff machining.

3. The method of claim 2 wherein after the cutoff grooves
are formed, said multiple blade assembly is retracted ocutside
the magnet block and either one or both of said multiple

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

while the outer peripheral portion of each cutoff

abrasive blade 1s inserted into the cutoff groove in the

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

35 block is cut throughout its thickness.
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the cutting fluid flowing in the cutoff groove 15 including the cutting fluid
flowing from each slit in said feed nozzle and across the surfaces of the
cutoff abrasive blade is entrained on surfaces of the cutoff abrasive blade

being, rotated. wherehy the cutting, fluid is delivered to points of cutoff
mac%ir'lin ocrll,lrt1 emn%gg%é]t% O&T%ﬁn% 5Berﬁﬁljffblékb%t§ﬁ%acﬁﬁ1iﬁﬁ‘."‘s‘?“mff

The SERGEOFATRinTE WHETERT Sfte? ThBXIRBAYrobv et ar 898 el Bepd 1on
multipfetBradeRBaE A5y I8 réhacted oifisigeodvemagnebbtickaom dithemm to
one &Cbatkh. of said multiple 25 blade assembly and the magnet block are
relatively moved so as to bring them closer in the depth direction of the
cutoft .groov%n@e@ng@%@t_ﬁgm yhde e aeL e halal BN oo
eac . , ed.in e cutoff gropve in the )
magrz((\gﬂltai)tﬁ?gle c éaggla]%r (Bérldflogetﬁﬁ%f %%rrgnnﬁtig%éebfg#:ehéxs%g% 515 Sirith ffhoé1 8
magngtp(gl%)& are re 3ti%@/nr?1%vbejdoﬁ%rﬁ’ BHRY dIFt-aREtHEr end diaRktion
mag&FBtkeintits IRfRANHRS deaii mor mackHrsinmahel riay dEsiock,
WhicRAFR&BRHINgcdpeiattort ¢s Hagearahohetdrogiore times until the

magnet 35 block is cut throughout its thickness. -49 4. The method of

claims3 wherei the tlesthoaf theycutall grogyasmand the dislance.of tne
movementiadhe denthsdigection after formation of the cutoff grooves are
both‘pg{@kp.&'mgﬁ&otgg n;nﬂ.t5 ?I.l Tt een%ethgd of clium 3 or 4 wherein a

/Dachining sfress_along the moving recfion dutitg thé fiaéhifgh of from
Speration is appliedTo the HagheBiock being machined in a direction
opposite to the moving direction of the multiple blade 10 assembly relative

to thé magn&tB|dekt B a s nrdtivbel 6f shyomsokclpimsaneisvirred® a

the pefiphefalicuttisggper of thexcuniabisivadladehas 81 wigthi W the

and thecsliiniflestead-008zlebas sruidiarl rgm L2068, than WIom i,

iMV+6)n"n-one or both of the jig segments are provided on their
surfaces with a plurality of guide grooves corresponding to
the plurality of cutoff abrasive blades such that the outer
peripheral portion of each cutoff abrasive blade may be
inserted into the corresponding guide groove,

25 the cutoff abrasive blades are rotated while the gulde
grooves into which the outer peripheral portions of cutoff
abrasive blades are inserted serves to restrict any axigl
run-out of the cuteff abrasive blades during rotation,

the cutting fluid flowing in the guide groove

30 including the cutting Fluid flowing from each slit in said
feed nozzle and across the surfaces of the cutoff abrasive
blade is entrained on surfaces of the cuteff abrasive blade
being rotated whereby the cutting fluid is delivered to
points of cutoff machining on the magnet block during

38 multiple cutoff machining.
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7. The method of claim 1 wherein a jig consisting of a pair of jig segments

for clamping the magnet block in the machining direction are provided to
secure the magnet block, 20 one or both of the jig segments are provided

on their surfgces wit lyrality of guide groqves corresponding to the
plurality of cm?l%?f ‘é‘ﬁng‘,’.aequﬁa %%lénucjlfjw ﬁ%a{%rtﬁ?énoé &r ‘éﬁ%ﬁe?ﬁlgﬁgﬁ?oﬁ%f the
each &PV EBIERE fiay B ThsBfted i foe LOPrdth FfeRgtyGidanonet
groo®&osh e tRoffafecire blade s e Idtated while the guide grooves

into which the outer peripheral portions of cutoff abrasive blades are

inserted serves:toneasisict anycadah run-eutokthereutoff abrasive blades
during rotatiqyt, the euiting,fuick flgwing in.the gride HORYRAQINGHCING -

the cLiting, wirblowng Jim eaehallt i gald fBeenoz2le AN ACI0S8IRey g

surfaces of. the cutoff abrasive El e IS entrained on surfaces of the cuto
e R e e e T o ER Soom one

point&t G RofP R AR A thERfiBRER Blo AL BEFIng 35 FRuRIE LG Amal
Yhaclifivy “5ers. ThenaethsaSriclans tivheserftiregafiegmetedintheto
jig setprentexteif aremgth offl mmrtecé®e mimkoncépemagneheblosknet
whichissecsied fyethadigh5 el Beswetwd ahelaii- {1 SNNMRRIAAAN the
initiabgtage: ebcetpitmachiningofihe 1ate Larth magnet hlock, &ither one
or bath.of said muliiple blade ,assgmily and the magnetblockare . .
relative ved from one end to another end 0 the magnetaifﬁock Inis
L oRtRal B8 PEATs P R ATES, AR GRITHE b of HiEGREPBRE o
form cutoff gr86vES B2 prEdaiEtmihBEUERRGH tHeenmaigist PRydeheral
surfeRe: Wit the prévs oz Hfuriir asdoleinkig de therepposie entisarthe to
mackhiefig tirection, de autennperiphemlpostioascfcupiiahbiasiveades ,
blades are insested 45140 thecorrespandingngwide graQuas in-the ig
RPIMeRis.dhecutoll graques intpwhich the ayter peripheral portions of , .
the C:Hé%@ a!p<£§§&jg %@Q ee?c%geslsn%%{éedsgrepalx%eta% of the cutoff abrasive
blade is entrained on surfaces of the cutoff abrasive blade
being rotated whereby the cutting fluid is delivered to
points of cuteff machining on the magnet block during
25 multiple cutoff machining.

10. The method of any one of claims 7 to 9 wherein after
the cutoff grooves are formed, said multiple Blade assembly
is retracted outside the magnet block and either one or both
30 of said multiple blade assembly and the magnet block are
relatively moved so as to bring them closer in the depth
direction of the cutoff grooves in the magnet block,
while the outer peripheral portion of each cutoff
abrasive blade is inserted into the cutoff groove in the
35 magnetic block and/or the guide groove in the jig segment,
either one or both of the multiple blade assembly and the
magnet block are relatively moved from one end to another end
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restrict any axial run-out of the cutoff abrasive blades, the cutting fluid
flowing in the cutoff groove 20 including the cutting fluid flowing from each
slit in said feed nozzle and across the surfaces of the cutoff abrasive

R
wher i id is delivered to_.poi u ini _
magr%et:)'{ bﬁ%i%é{ﬁr%?g ZL#SQ %lﬁﬁﬁféeeéj?&f? cr’n]%icrvf#ﬂllincg%. 0} girﬁgtr? Bam, e

one SFEETHEY 188 RRePerCaftdPethd Rithtr JRFORAFART roiRel, Laigut
multibfé PRER aEsd bl Rickttaéted outside the magnet block and either
dne or both 30 of said multiple blade assembly and the magnet block are
relatively matesl se eisoid bingitham nloserindhe depthaddirection efdheutoss

cutofggreoues ik the neagnet BiRek o¥hilg Jarauter periphefal pRMigR Al + s 0n
each.qulolf abrasivelilagde IS Dsstiedtintg,Ipg.utoff,aroovs, NG 35 1y «o

magry tic block and/or the guide groove in the jig segment, either one or
both o tﬁg'multiple blade assembly and the magnet block are relatively
Hoved from one end to another end -51 of the rare earth magnet block in
its lohgitudinErelireeiBAS fGEnfaBhialify e agret Bloek, Whighemabhiring
operatichis ireperited onabrnuota¢imesimdil fieeoadnet bloclats euk
throughoiitritsnthickeess: i 11 d hpmetwdof eladmn@vikerisdherdanth

of thagesal{earagves anddbe;distapes of vaovemant indbedenthidirection
afterfgumiahipahibeull Gagkes re ol Jtam 3 L imig.20m. 4h.

12. The method of any one of claims 9 to 11 wherein a magﬁ#\mg stress
alonraT the moving direction during the machining operation is applied to

the magnet BRBKIRFRGENPICIHREPREa HireSpposRe 18 tHeaFRinghe
direHBFIBPES e FHAAS ate afsdimblyrriabve sothelvagnstdiotks a
13. Twiaihretfodaafiarnrensidt claimsné tockawhereleth@d the guide groove

20 in the jig segment both have a width of from more than W mm
to (W+6) mm,.

14. In connection with a multiple blade assembly for
multiple cutoff machining of a rare earth magnet block, said

25 multiple blade assembly comprising a plurality of cutoff
abrasive blades coexially mounted on a rotating shaft at
axially spaced apart positions, each said blade comprising a
core in the form of a thin disk or thin doughnut disk and a
peripheral cutting part on an outer peripheral rim of the

30 core,

& cutting fluid feed nozzle for feeding a cutting

fluid to the multiple blade assembly, said feed nozzle having
a cutting fluid inlet at one end and a plurality of slits
formed at another end and corresponding to the plurality of

35 cutoff abrasive blades such that an outer peripheral portion
of each cutoff abrasive blade may be inserted in the
corresponding slit,
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peripheral cutting part of the cutoff abrasive blade has a width W, and the
slit in the feed nozzle and the guide groove 20 in the jig segment both

have a width of from more than W mm to (W+6) mm. 14. In connection

with @ multi lad ly fo uI Ie utaff machining of a r

earth matg%nzﬁﬁ%) ck%s‘gég%gg %n}' %e gss%]m e'i’aicorr&? eqr iSHGR heral
plurafity 5t 258 Shr3&ivEPSIaFHke gaﬂfﬁ’ﬂﬁﬁgﬁnf’é&%ﬁ 5‘?8t§tn’f§§ﬁ%ﬂ“at and
axiall{$p&ced aifart Poshrits, i et Bl éBiiprifingrercarerin fiwn W
form @t stehih®€Rk arhin doughnut disk and a peripheral cutting part on

amn outer peripheral rim of the 30 core, a cutting fluid feed nozzle for
feedipg.a cugingghiddedbesptiRlessiade-assernhly. é%ﬁé@ega'i%zkﬁagnet

hawnﬁ&feutmgmmlst aone.g0d.Ang a pluralty of sli fOfQ}Ed gf‘al ¥

anot@ ﬁgd and corresponding to the plurality of 35 cuto raswe

such that an outer peripheral portion of each cutoff abraswe blade may

be inserted in the corresponding slit. -52 15. The feed nozzle of claim 14
YWhergin the PRIipARREF BtRfinY Pert dfThé TlRdH dbraskebkaiehasipr
widthw tandetmuShtin threctded npzefe hasarwiddrohinpaymearethak Wsaid
mm teiWiB)enn.ad 6= freapparatusiaraigifangchining: rake earthe:
magRekileck, @@.&&Ei@i%éﬁ@&ﬁg}n%&ﬂ@éaegx{‘%zzé%@éﬁﬂ@“ ehéh A1 %@

10 14,41599negtiaaavi %M%@Mw assembIL I MUPle lof

0ﬁﬂ§151ng a
{Qachlnlrég aT are eart g sai ultla%< e ass
COMpris| urality of cuto aBrasweS[)ﬁanés glﬂ??ﬁﬁﬁ’ﬁte‘aifiﬁ gnd a
rotatﬁ*@r%%ﬁraﬁla%}%ﬁﬁ/iéiﬁa@@ St PROSAIIRE ReFHBARFBladeim of the
compitdifig a 15 core in the form of a thin disk or thin doughnut disk and a
peripheral cattihgpddort reglter genpheral tine of dhe eaih magnet block

comprising a pair of jig segments for clamping the magnet
20 block in the machining direction for securing the magnet

block,

one or both of the jig segments being provided on

their surfaces with a plurality of guide grooves

corresponding to the plurality of cutoff abrasive blades so
25 that the outer peripheral portion of esach cutoff abrasive

blade may be inserted into the corresponding guide groove.

is. The jig of claim 17 wherein the guide grooves in the
jig segments extend a length of 1 mm to 100 mm f£rom the
3¢  magnet block which is secured by the jig.

1le. The jig of claim 17 or 18 wherein the peripheral
cutting part of the cutoff abrasive blade has a width W, and

the guide groove in the jig segment has a width of from more
35 than Wmn to (W+6) mm,
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a jig for fixedly securing the rare earth magnet block comprising a pair of
jig segments for clamping the magnet 20 block in the machining direction
for securing the magnet block, one or both of the jig segments being

providgd on ﬁhegpﬂé{ﬁ%%%V\ﬁgkaﬂ'ﬂﬁgyng%ggﬁogvgére earth magnet

g
corregggglgm%% h guraht of abraswe Iade so 25 that eouter
perlpheral pOI’tIOﬂIEO$E£C ctaétofff%aswe t?la‘dlé m%y S iNSSRes %ilc? e °*

corresp%n%’i’i?g %ﬁu&%@%ﬁvé 78 e jig of claim 17 wherein the guide
grooves in the jig segments extend a length of 1. mm to 100 mm from the
30 magnet block which is secured by the jig. 19. The jig of claim 17 or 18
wherein the peripheral cutting part of the cutoff abrasive blade has a
width W, and the guide groove in the jig segment has a width of from
more 35 than W mm to (W+6) mm. -53 20. An apparatus for cutoff
machining a rare earth magnet block, comprising the jig for securing the
magnet block of any one of claims 17 to 19. -54
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