TITLE OF INVENTION Saw Blade and Method for Multiple Sawing of Rare Earth Magnet TECHNICAL
FIELD This invention generally relates to a method for sawing a magnet block into multiple
pieces. More particularly, it relates to a saw blade for use in sawing a rare earth magnet block into
multiple pieces. 10, BACKGROUND ART Systems for manufacturing commercial products of
rare earth magnet include a single part system wherein a part of substantially the same shape as the
product is produced at 15 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. The single part system includes
press molding, sintering or heat treating, ahdirfisting SEEPENA HbIded part, a sintered or heat treated
20 part, and g fipished partin preductharesubstantigilyddenticalin shapesard sizec lnspfas,aschormal
sintering is performed, a sintered part of near net shape is obtained, and the load of the finishing step
is relatively low. However, when it is desired to manufacture parts of small size or 25 parts having a
reducedghickness in magnetization directionptle;seguencerefipress molding and sintering is difficult to
form sintered parts of normal shape, leading to a lowering of manufacturing yield, and at worst, such
parts cannot be formed! SoIA CEATaSCTheImiftioTe: pArtsys&Ent Blimfhdte & e @oveientioned
problems and allaws psessamneiding andisintating @t heaireatiigesteps torereerformed with high
productivity and ve,rsat{lit ..It now becomes the mainstream_of rare earth magnet manufacture. In the
multiple part BjSteht. 4 Ablded Bibck 5nd 28infered of A¥afréQed Hidck Se Substaiallf identical in
shape and sizeautdhe subsegquent finishing stepaeguires putingicsrsawing. It is s the key for
manufalc(;[ure of finished parts how to saw the block in the most efficient and least wasteful manner.
Tools for cutting rare earth magnet blocks include two types, a diamond grinding wheel inner-diameter
(ID) blade having diamond grits bonded to arBifiecReripheyRif a thin io doughnut-shaped disk, and a
diamond grinding whegl guter-diameter (OD) blade having diamond_grits bonded to an outer periphery
of  thin disk 26 2 corgy RSN LaaL Ind St et A gy At e S Racs et e Ainetroam
especially from théhagpentof productivity 4T el sgWimgrechnelugy esingtiBrisiade s isdewtin pfoductivity
because of a_gi ing;mode. In t e of OD bl iple cutting | sible. FIG. 1
illustrates an %%gp%%q%gﬁ%legé%d%%%%egn% )? % c%%n pﬁ%lgn ag %ﬂ}%tl{f?yqo% s%bpvggégegsa 1:%1 Itgoaxially
mountei on &1etating shaft {norsrsvmcaldingtel\anith spacers 12l @aph Hladyy $T €Bmprising a core
IIb in the form, pf a thip dayghnyt disk and s cuting pagtarabrasive graindayerdlaon gpouter
peripheral rim of the core 11b. This multiple blade assembly 1 is capable of multiple sawing, that is,
cutting a blodklinta Peymalfipheitt6f paftsracafimeng -  For tifd rahafadire sixSDebrasive blades,
diamond graing arg gegegallyhonged by three typical hindiag systemsdnglidingyresinbonding with
resin binders, metal bonding with metal binders, and electroplating. These abrasive 30 blades are
often used infssWifi§ bR Faret&ith mdyie? bittksPMHen sawihg EdrasivebldiRatarb 1Ra& %6 machine
a rare earth mageet blagk of eertaininize inta-a multipligityRffayrts, the walationship; afithe cutting part
(axial) width of the saw blade is crucially correlated to the material yield of the workpiece (magnet
block). It is iMPEHANtIS maximTAER tateHaryiér -and PROFEVRY by esiiyla BafihG parEwtT a
minimal width.chaechining, ata Bighracesra@aterminimizesa machining glowanes,and reduceschips, and
increasing the number of parts available. In order to form a cutting, part with a minimal width (or

thinner cutting5ard 35 e 5 dboit O ifilefdiSfeld StHeSdiradivE Whekt Eore AT Bhin. In the

case of when it is desired to manufacture parts of small size or

25 parts having a reduced thickness in magnetization direction,
the sequence of press molding and sintering is difficult to
form sintered parts of normal shape, leading to a lowering of
manufacturing yield, and at worst, such parts cannot be
formed.

30 In contrast, the multiple part system eliminates the
above-mentioned problems and allows press molding and
sintering or heat treating steps toc be performed with high

productivity and versatility. It now becomes the mainstream



].o OD blade 11 shown in FIG. 1, its core lib 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 SKH according to the JIS standards are often used in commercial practice. 15
However, in an attempt to saw 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

sawing operafien losingdimensipnal accuracy, 2QQng-solutipn toyihis preblem is a,cytoff wheel for

use with rare earth magnet alloys comprising a core of cemented carbide to whichhigh hardness

abrasive graify §t€&Tas didtRoHE and CBN af&Bonded Withe Biriind systeimrsirehess fesiptlonding,

metal bonding pt elagloplating, as geseribad inJP-AH10-1751/24Use of cemented,earbide as the
core material mitigates buckling deformation by stresses during machining, ensuring that rare earth

magnet is saweB 2E THigH aécirad Hewever ifEERighuRctichbl Fédistafte FsiRéited béfweeh the

cutting part and ¢he.magnst dueng sawing-30 et theimagnet high-accuracy machining isdnot expected.
In particular, if substantial friction occurs between the side surface of the cutting part (not directly

contributing t& §RiRtingoperatdiNHndthb iR aghdt, BghidiAg ré&StRts LissHMaREed. Then, even if

the cemented carbidesse s usad, chipping andias boxing can geeur, guvelsely akiaciing theo
machined state. One solution to the above problem is to add a 5 lubricant such as fatty acid to grinding
fluid or coolaft BfSweFert SHES e Ipals bERvEEITfhe Wﬁ%@%ﬁ%%é%ia@gﬁ(?ﬁre earth
magnet is extremetygnatiewdhis dificult toeffestively supplyrihe coplant baweenthesavhhlade and
the maqfnet. I(C){Cita%ilon IEi_st Eatené Ddo,c ment 1; JP-A 1-110-175172 DISCLOSURE OF INVENTION An
object of the IMVEREOR s 10 BTBvide H-&4w bEtE i tHE BTN 3 LreBASIEWHEE Which is used in
multiple sawing 0é a rdiseartte maghiel blockdetoauliiple piesesnhigh reducesihedsaningresistance
between the sav?\:/éjjlfade and Ehee magget blg ghargji\évgicgsensurgs gawi%g&]%g q high accuracy and high
speed even if the saw blade is tHinner than the conventional bfades. Another oatﬁ%ct is'fo provide a
method for sawingraorare earth Imggnetsilock ibto mudtiide precesnes e inwentimneertains to a
multiple blad em rsin lurality of s ﬁlad s coaxially mouynted on a rotating shaft at
axially space%% %ﬁlp%%ﬁ%g%%%e%%e?naﬁﬁ%%laggv sggi%(fy}: févt}se%'forlfs%%viﬁg arare earth magnet
block inté muttiplérpietes byustatigife lplaatity of salwbladies porivelsawblade has azcose ircthe form

of a thin disk or Q}Liplgjggggqgt(@slé@gg&%er&%}%al c&g@ng}pgrtc%%gr) ég)flt%‘]:p i_pggéal rim of the core.

The inventors have 30 developed a saw blade in the form of a resinoid wheel having a cutting part
made of a compbsitiphecopiprisiig alconmeurent be lubriidant fér redbivimgiths $rction between the

cutting part and.theimagne bleck during thesawing.gperaton. Jhen the magnst block is sawed by

the saw blades, the sawing operation experiences a reduced cutting resistance, and achieves an
equivalent yidlgvana &tefacylcoirparedivith B priGarPBven HakimhérSaw!biddes @etused.

The inveptionsgenerally pedainsde amyltiple bladeassemply egmprising s phiality,gf saw blades
coaxially mounted on a rotating shaft at axially spaced apart positions, which is used for sawing a rare

earth magnehI6EK ftd iPmiipie pickesbybtatingthe plarashrortsai bladesinford 4speed, the
invention proyides the saw:hiade comprisingiagere inthe forny af athindiskeern thi daughnut disk and

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

composition Edmpri&ing 355t abrasive it bitbef Mﬁjkﬁ%ﬁﬁ?ﬁi%&uéﬁg PRGN
between the eutting pariard tie.nagnethlaek during the: saywing epesationnto a

25 multiplicity of parts at a time.

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

30 blades are often used in sawing of rare earth magnet blocks.

When sawing abrasive blades are used to machine a rare

earth magnet block of certain size into a multiplicity of

parts, the relationship of the cutting part (axial) width of



In a preferred embodiment, the lubricant is selected from the group consisting of boron nitride, carbon,
20 molybdenum disulfide, tungsten disulfide, graphite fluoride, and polytetrafluoroethylene, and
mixtures thereof. Also preferably, the lubricant is in particulate form having a particle size in the range
of 1 to 200 pm. Typically, the cutting part is made of a composition 25 comprising 10 to 40% by weight
of diamond and/or CBN as the abrasive; 20 to 60% by weight of a matrix selected from the group

consisting of Si(z havipg s paiticlesize of 119 100 pm, 302 haying, aparticle size;af11 19;100,pm,
Al203 having a particle size of 1 to 100 pm, WC having a particle size of 300.1 to 50 pm, Fe, Ni and
Cu having a paricleSiz&sFP 168260 pht EREMBEaEs therddt; 16 16 BDY% by eiditt dfaxthetrPsetting

resin as the binderand 410509 by weioptofdhe dulricants,y, 4R Agother.aspegt, thesipyention

provides a method for sawing a rare earth magnet block into multiple pieces, s comprising the steps of
providing a mitiitiple BldtErasEem BTy Ebhprisifg d Phirdlity bf the aBbverdetined ¥EavDlades coaxially

mountedson ahrafating: shaft ahaxally spaced apart PesKinRs kg rtating the plurality of saw blades.
10ADVANTAGEOUS EFFECTS OF INVENTION The saw blades in the form of a resinoid wheel
are used in MUlpIE IaWiEY 6F& rdreBsith MaghetbidcR Titd 1Atitifle pieces. As compared with the

prior art, the saw bladereduers-thecuttingnresistanee ripsaves thersawing is:ageUracy, &g ensures
sawing at a hiigh accuracy and high speed even if the saw blade is thinner than the conventional

blades. The bi&de {0 Yreat Wokh M th@Mabstry "BRIEF DESCRIPAGN OR DRAWRIGS 20FIG. 1
illustrates a muiltple blade-asserably-ia onreambedimentel thecbventien, Fith 1a being=aspetspective
vie and FIG. | biﬁ%ﬁ cross-sectional view, FIG. 2 is an enlarged,cross-sectional view of a

0

periphefal portion of the saw Bad&"28 DESCRIPTION OF EHMBODMERTSS Hhe rii*&al tefers to
the axis of a rotaténg shafeand Iradiatorefeisdoset eirclariblade &t ansissembly . dhetwidthiof the

cuttiqg part C%”E%%%nidcsatﬂ. asntaéigl iﬁ‘? in 59”%'?1 esegs_es.tA Q};JIglplgebj!ﬁa%eigsseaﬁlzlg IS g%ré?}ructed by
coaxially moun?lng a plurality of Saw blddes on & ro?atlng Shvaft ataamaﬁy Spdce apé/rt positions (as
shown in FIGs igellre mialtiplethlade assemblydE opesated bykotatengihe furatitycofSangblades for
thereby sawing, a rareseqith magnet black into,a multinlicity of pieces at the same fime. The saw

15 However, 1in an attempt to saw 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 sawing operation, losing dimensional
accuracy.

20 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 CBN are bonded with a binding system such as
resin bonding, metal bonding or electroplating, as described

25 in JP-A H10-175172. Use of cemented carbide as the core
material mitigates buckling deformation by stresses during
machining, ensuring that rare earth magnet is sawed at a high
accuracy. However, 1f a high frictional resistance is
exerted between the cutting part and the magnet during sawing

30 of the magnet, high accuracy machining is not expected. 1In
particular, if substantial friction occurs between the side

surface of the cutting part (not directly contributing to

grinding operation) and the magnet, the grinding resistance



blade 23 in the form of a resinoid wheel according to the invention is shown in FIG. 2 as comprising a
core 21 in the form of a thin disk or thin doughnut disk and a peripheral cutting part 22 on an outer
peripheral rim of the core 21. The cutting part 22 is made of a composition comprising an abrasive 24,
a resin binder, and a lubricant for reducing the io friction between the cutting part and the workpiece
(or magnet block) during the sawing operation. Examples of the lubricant used herein include
boron nitride, ;carbo (neluding graphite and-amerphous carhom . molybdenym disultide fupgsten
disulfide, graphite fluoride, 15 and polytetrafluoroethylene (PTFE), which may be used alone or in
admixture of 646 BP iritife 2RRHGUG PG IdhveRtlo Rl Séiving SperathYs Afffiedt t i@ diEeE the friction
between the guiting pagt side surface and the workpiece by providing a coolant supply for lubrication,
the inclusion of the 20 lubricant within the cutting part is effective for reducing the friction between the
cutting part side surfac8antithe woiRpiete Hher@RPpfevehfikg ffe dbttihg edige flom axial runout

during the sawing-eperationuthisallowsdthe cutiing past tp-transmi its grinding-forer oalyn a radial 25
direction and ensures high-accuracy sawing operation even with the saw blade using a thin core with a
low deflectivé S¥ENGth, S11F§ shidileFBASunt oF i lubhban 8 UsBd2 e éfstt bffeducing friction
on the side suidacgisdedueed..30-A latget ameLsti of theslubsicaatiesed has-thewprobten that since the
lubricant lacks the strength of a structural matrix, not_only the strength of the cutting part of the blade is
reduced, but Afsothe¥ictidrial fore& of fﬁ’e%?fncﬁﬁ@%ﬂ?fi&e%s%ﬁf&@éﬂf rBSRG Th 5degRtted
grinding rate blheikbsicantskould greferably be used in an amount of 1 to 50% by weight of the
composition of which the cutting part is made. As to the preferred amount of each species (% by s
weight based on the coimiypdsition)Lberon nitride is 1 to 40% by weight, carbon (including graphite and
amorphous carbon) is_1 10 40% by weight, molybdepum disulfide is 1 to 40% by weight, tungsten
disulfide is 5 to 50% %/av%/g%%t,%%&ﬁ(t%}[ugidejghsﬂ toﬁ}ltg%ybygvg\/?ght, and PTFE is 5 to 40% by lo
weight. More preferably, boron nitride is 5 to 30% by weight, carbon (including graphite and
amorphous carbon) is 5 to 30% by weight. molyhdenugy.disiifideqis $to 30% by weight, tungsten
disulfide is 10 to 40% by weight, graphite ttuoride 15710 to-30% by weight, and PTFE is 10 to 30% by
weight. is When a mixireosfitpotorahord ibtivaststis @8ed stheori amicimt sheald gréfedgbly be in
the range of 1 to 5% by weiglt, more preferably,fde #0%hy weight. Thedubricant is typically
available in particulate form. Since the cutting part has a width of 0.2 to 2 mm, a 20 patrticle size in
excess of 0.5/ {ZED0°hNS i i etiiatd THEMeE patiefds Halvetaminkrdaskdl wlemesdetracting
from the strength.of the gutting park The,Jubcantgreferably hasapariclesize of 140 200 mmy more
preferably 10 to 150 mm. In addition to the lubricant, the composition of which -); the cutting part is
made contairtd’&bra3RegrainsCa festindér: ahd AstHikdraf Aatie Preférréd ekaRples it the
matrix include RiChayinga paricle;size of 1l Ahmny 1 28102 Raving ARarticle sizecgfdd to 100 mm,
Al20; having a patrticle size of 1 to 100 pm, WC having a particle size of 30 0.1 to 50 mm, Fe, Ni and
Cu havify a f&fIERASZ2€B7 1 1528857 m, ek Afdy bPEUSES aldhe6r intadmixturé JFaF& 8 more.
The role of theomalixis:iig increase thesstrengih hdbewudiing part.prevertitpecuttingeart from
deforming in a direction perpendicular to the feed direction of the saw blade during the sawing
operation, prevent the Biitting Eaige i RBXiat Pdibut durihgtHe Sty Bpédtion S5 the saw
blade to transsityits gsindingforaeiealyin v radiad irepticryand-ensuras highhacguracy sawiag
operation even with the saw blade using. a thin core with a low deflective strength. The matrix is
available in particiidteJofif >t do fifve %}g?‘t?cﬁrélé' h&V& S hé&BASEd ¥SItie: tifing tdFrovide to the
cutting part witllstiernigth Hi thieparticlensizey isilarges @il ome patticleyisspresent perrwidth of the
cutting part, also leading to a reduced strength. Thus the matrix preferably has a particle size in the
bove range RIEHE SreTAraEly, T Paliols S0 ol SIE 163 (b0 i Bie D Toth B0 Brh AR03 is 2 to
50 pm, WC isf te 30 g aadrc Fe, Niand=Gu Islidi¢o 156 pm.coreThemdatex Sheuldgpreterably be
used in an amaun of 20,10 Q0% weight,more prefisrably 25, 19,802 by weioht of the composition.
Outside the range, a smaller amount or t %

on an outer peripheral rim of the core. The inventors have

3¢ developed a saw blade in the form of a resinoid wheel having
a cutting part made of a composition comprising a component

or lubricant for reducing the friction between the cutting



20 matrix may be less effective whereas a larger amount may detract from the strength of the cutting
part. The abrasive grains may be any well-known abrasives, preferably diamond and CEN. The
abrasive grains preferably have a particle size of 10 to 200 pm, more preferably 50 to 25 200 pm. A
particle size in excess of 200 pm may exceed the width of the cutting part whereas a smaller particle
size may interfere with grinding efficiency, sawing speed, and productivity. The abrasive should
preferably beyispd ia,49 ameuae/ ALOAEDYEIHL Mofe HEARNAR10.49%:by SOpaight of
the composition. Outside the range, a smaller amount of the abrasive may’lead to a lower grinding rate
whereas a largef aftrtint indyldstiact fromi sl stpen dthof $he chtinggrart. TR fiadértsas a function of
binding diamesd ot CBN, the hibricapt-and the matietpgethertghigh strergthso, thakg cutting part
having a high stiffness despite thinness may be formed. Thermosetting resins are preferred as the
binder. Inter &R pRERSlCFRsHE foiffdehyHerESimrsh GRS artnsrIpretéfed: Phenol

formaldebyde kesins ehtainegddly gandensatien of phenal-andfosmaldetyde are most 10 preferred
since they have excellent heat resistance and water resistance and can tightly bind the abrasive and
matrix. Melamine resins' pregaréd froni nEiamireldnd Rimafdehydecard A18d favdt&bl® At binder
should preferablycheused-ishyr amongt of 10 te- 0% pysreight,obthesrampesitian, Qutside is the
range, a smaller amount of the binder may be weak in binding the other components whereas a larger
amount of thé"BINAEF fhditat8s SMalErBfotRastsf e o?ﬁ%%ﬁp&?@ﬁ?ﬂeﬁ%ﬁﬁo%ﬂﬁ&&d@ﬁ? '
strength, gringingarate and deatication s20/Ehe;carerstipposting thencuftiag paids prefatably made of
cemented carbi\%e. Ar}i}/ of the cem%nted carbides degcribed in Patent D?Ocumeng%%aé/ be used.
The workpiedBXwhiER 1S iMtanded hEréit 184w i¥a Fafe &artt fiatinét Block>Fh darth Magnet as
the workpieceis=2% nptpartictilady limited: Soitablecatelearth iaagnets inchidde sintgred saregearth
magnets of R-Fe:B systems wherein R is at least ane yare. earih element inclusive gfytrum.,
Suitable sinteréd rare earﬁm magnets of R-FeB systlems are those magné §'¢on aining, in weight
percent, 5 to pe%ipfs0 R} 5610 908 op Eeranch Oshtao8%eof Byeanicbbptionally oneadt madre additive
elements selected from C, Al,.Si, Ti, V., Cr, Mn, Co. Ni, Cu, Zn, Ga, Zr, Nb, Mo, Ag, Sn, Hf, Ta, and W,
fo the pUTPORG b bk LAt Brohert S o Gin SR THERaLS o1 Sitve
elements added arewonveatioral rfor exampleiap, toa30we %4 vbCorand updo 8rwideof tie oter
elements. Th%@% e, elemenis, If gdded inexiy %afgg%@tsa%h%%%d‘{r?a()?%'&af%f&@ggﬁ%%n
properties. 5Suitable sintered rare earth magnets of R-Fe-B systems may be prepared, for exal%ple,
by weighing ddufce aetalamatesiads; ielting, casting into an alloy ingot, finely dividing the alloy into
particles with an average particlersize of 14Q:20Me 1, Sintered: RFe:B magnet poywder. compacting
the powder in a magnetic field, sintering the compact at 1,000 to 1,200C for 0.5 to 5 hours, and heat
treating at 400%6™, (0BT Iroup \Whew i farg eafthinaghetbloek Besavwed peda multiplicity of
pieces by the ’agg@!fea@ge@ﬁéﬁmpba@f,S%A&Q@@ﬁ%@éﬂ%ﬂa@owwﬁe@@r% maye
employed. EXAMPLE

and polytetrafluorcethylene, and mixtures thereof. Also

preferably, the lubricant is in particulate form having a

particle size in the range of 1 to 200 um.
Typically, the cutting part is made of a composition
25 comprising 10 to 40% by weight of diamond and/or CBN as the

abrasive; 20 to 60% by weight of a matrix selected from the
group consisting of SiC having a particle size of 1 to 100 upm,
$i0, having a particle size of 1 to 100 pm, Al,0; having a
particle size of 1 to 100 um, WC having a particle size of

30 0.1 to 50 um, Fe, Ni and Cu having a particle size of 1 to

200 um, and mixtures thereof; 10 to 50% by weight of a



Examples and Comparative Examples are given below for further illustrating the invention although the
invention is 20 not limited thereto. Example 1 OD blades were fabricated by providing a
doughnut-shaped disk core of cemented carbide (consisting of 25 WC 90 wt%/Co 10 wt%) having an
outer diameter 120 mm, inner diameter 40 mm, and thickness 0.3 mm, and heat pressing a
composition to an outer peripheral rim of the core to form a resinoid grinding wheel section or cutting
part. The compgsitigncontained 104w1,%,0f graphite having a,particle 30 size qfp we%oﬁwe as¢the
lubricant, 40 wt% of #800 SiC (GC powder) as the matrix, 25 wt% of a phenol formaldehyde resin as
the binder, arfel25 Wid%rdi&Synthetic diamond grains having an average particle size of 150 rim.
Subsequent finish workcomppleted ODblades (anzawing abrasive pladesy Lhe axial extensian,of the

cutting part from the core was 0.05 mm on each side, that is, the cutting part had a width of 0.4 mm
5(in the thickries&idifeFioRh Bf th& 8o1e). TREPAdiale:asisidR of Iehyth b tife BUBRE Part is 2.5 mm,

that is, the bladenpad aneuterdiameterofi23mm; Using the P blades, & sawingtestwas garried
out on a workpiece which was a sintered Nd-Fe-B magnet block. A lo multiple blade assembly was

constructed aSEHOWFIMTIEGE 170y EGaxddly Mbuhtify 228 Hisded6H ashartattaial spacing of
2.1 mm, with spacersinterpesaditberebetween.c ke spacers eachihaghan outer diametgr 8pdwm, inner
diameter 40 mm, and thickness 2.1 mm. The multiple blade assembly was is designed so that the

magnet blockR75s EUORTy mAgHet Stips HAYING S thdkHEss Br2.6 2™ P13SRG the multiple blade

assembly consisting of 41 OD blades and 40 spacers alternately mounted on the shaft, the sintered

Nd-Fe-BOmagnet block was sawed. The sinter%d 20 Nd-FeéB magnet block had a length 101 mm,
width 36 tnm and height 17 mm M&ﬁ@%ﬁ&%&%ﬁ%@&%ﬁw accuracy of +0.05 mm
by a vertical double-disk¢otishing 1adle By the endtigle htadef asserablinthedmageetibleekewas
longitudinally L(ljévucjied 1|ﬂry1t% &r?gltlgg0|g/a(3;imagg%t %rlg}sa gg of aZf(%lmrpn §h'§lé' S% colfl%allxh(g%e magnet
block was cutinto 40 magne sPnps. THe sawing operaﬁon was Gatfied out While supplying 30
L/min of a grindihg fluid:opcealast. froAsthedepd nodzie] totating the Omblades at BO0Bapm
(circumferentjal speed of; 30 46 m{sec), and. feeding the multiple blade assemply at a speed of 20
. AR et G pE s Lot Hea S O Bk e Cra sy S sa I ere
measuredl forahickhesy betwderthaimaehiedis\gfaresatthgbenter byarmicrometergihe strips
were rated "passedt’ itthe measyied thickngss was yith iz, folergnce 2f.2.0+0,05 mm. If the
measured thickness was outside the tolerance, the %nu%&grﬁgfe assemb[r%/ was ta\ﬁ%redlt)oy géjusting
the thicknesstofapagers, Becthat tidemeaswedahickhesontightifall Withinithduslarsince. If the spacer
adjustment was repeated more than two times for the same OD blades, these OD blades were judged
as having lost stability and replaced by new OD blades. Under these conditions, 1000 magnet blocks

were sawed. The evaluation result$&HRE dafwveeRdthielate SHOWRAEAKIE 1. Comparative Example 1
A sintergd rare earth magnetblogk was,sawed By the ciple blade assembly in one

embodiment of the invention, FIG. la being a perspective view
and FIG. 1b being a cross-sectional view.
FIG. 2 is an enlarged cross-sectional view of a
peripheral portion of the saw blade.
25

DESCRIPTION OF EMBODIMENTS

The term "axial" refers to the axis of a rotating
shaft and "radial" refers to a circular blade in an assembly.
The width of the cutting part corresponds to an axial size in
30 this sense.
A multiple blade assembly is constructed by coaxially
mounting a plurality of saw blades on a rotating shaft at

axially spaced apart positions (as shown in FIG. 1). The



15 same procedure as in Example 1 except that the cutting part composition was changed. In this way,
1000 magnet blocks were sawed, and the sawed state was evaluated. The evaluation results are also
shown in Table 1. The composition of the cutting part in Comparative 20 Example 1 contained 45
wt.96- of #800 SiC (GC powder) as the matrix, 30 wt% of the phenol formaldehyde resin as the binder,
and 25 wt A of synthetic diamond grains having an average particle size of 150 rim. 25Table 1

Numbex of stfips HEI Sawingaf 20Q Qﬂ?&f? After sauing 05490, blocks After saping,ef 500, hlogks
After sawing of 800 blocks After sawing of
of saw blades for thereby sawing a rare earth magnet block
into a multiplicity of pieces at the same time. The saw
blade 23 in the form of a resinoid wheel according to the
5 invention is shown in FIG. 2 as comprising a core 21 in the
form of a thin disk or thin doughnut disk and a peripheral
cutting part 22 on an outer peripheral rim of the core 21.
The cutting part 22 is made of a composition comprising an
abrasive 24, a resin binder, and a lubricant for reducing the
10 friction between the cutting part and the workpiece (or
magnet block) during the sawing operation.

Examples of the lubricant used herein include boron
nitride, carbon (including graphite and amorphous carbon),
molybdenum disulfide, tungsten disulfide, graphite fluoride,

15 and polytetrafluorcethylene (PTFE), which may be used alone
or in admixture of two or more. Although the conventional
sawing operation is difficult to reduce the friction between
the cutting part side surface and the workpiece by providing
a coolant supply for lubrication, the inclusion of the

20 lubricant within the cutting part is effective for reducing
the friction between the cutting part side surface and the
workpiece, thereby preventing the cutting edge from axial
runout during the sawing operation. This allows the cutting
part to transmit its grinding force only in a radial

25 direction and ensures high-accuracy sawing operation even
with the saw blade using a thin core with a low deflective
strength.

If a smaller amount of the lubricant is used, the
effect of reducing friction on the side surface is reduced.

30 A larger amount of the lubricant used has the problem that
since the lubricant lacks the strength of a structural matrix,
not only the strength of the cutting part of the blade is

reduced, but also the frictional force of the grinding
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surface is reduced, resulting in a degraded grinding rate.
The lubricant should preferably be used in an amount of 1 to
50% by weight of the composition of which the cutting part is
made. As to the preferred amount of each species (% by
weight based on the composition), boron nitride is 1 to 40%
by weight, carbon (including graphite and amorphous carbon)
is 1 to 40% by weight, molybdenum disulfide is 1 to 40% by
weight, tungsten disulfide is 5 to 50% by weight, graphite
fluoride is 5 to 40% by weight, and PTFE is 5 to 40% by
weight. More preferably, boron nitride is 5 to 30% by weight,
carbon (including graphite and amorphous carbon) is 5 to 30%
by weight, molybdenum disulfide is 5 to 30% by weight,
tungsten disulfide is 10 to 40% by weight, graphite fluoride
is 10 to 30% by weight, and PTFE is 10 to 30% by weight.
When a mixture of two or more lubricants is used, the total
amount should preferably be in the range of 1 to 50% by
weight, more preferably 5 to 40% by weight.

The lubricant is typically available in particulate

form. Since the cutting part has a width of 0.2 to 2 mm, a

particle size in excess of 0.2 mm (200 pum) is inadequate. Too
fine particles have an increased volume, detracting from the

strength of the cutting part. The lubricant preferably has a

particle size of 1 to 200 um, more preferably 10 to 150 um.
In addition to the lubricant, the composition of which
the cutting part is made contains abrasive grains, a resin

binder, and a structural matrix. Preferred examples of the
matrix include SiC having a particle size of 1 to 100 um,
S10; having a particle size of 1 to 100 um, Al,0:; having a
particle size of 1 to 100 pum, WC having a particle size of
0.1 to 50 um, Fe, Ni and Cu having a particle size of 1 to

200 pm, which may be used alone or in admixture of two or

more. The role of the matrix is to increase the strength of



16 2257 3918 69 27 A: number of spacer adjustments B: number of Os blade replacements As
seen from Table 1, the multiple sawing method of s the invention maintains consistent dimensional
accuracy for products over a long term despite the reduced blade thickness and is successful in
reducing the number of spacer adjustments and the number of OD blade replacements. Then an
increase in productivity is attained. Examples 2 to 10 and Comparative Example 2 OD blades were

fabricated by providinga doughnut-shaped disk care of cemented catbide (gpnsisting, of WC 90

wt9.5/Co 10 Wt96) having an outer dlameter 95 mm, inner diame er 40 mm, and thickness 0.3 mm,
and heat pressirty & €OMpUsitRATSIFOVH it able ototdie ofies pedipherd tipnofthetdore tform a

cutting part. Thesaxalextension of the,cytting pact from dhe cpre.was 0.2 mm epgachside, that s,

the cutting part had a width of 0.35 mm (in the thickness ic direction of the core). The radial’extension
or length of tHe-EMRtiAF pakt iE 2 Him Shat RI the Blate HaiParrBatet Hiameter bF 206 nficUSHIY the

On blades, asawing test was.carried outonr a.werkpiecewhish was a sintered Nd-Fe-B magnet block.
A 15 multiple blade assembly was constructed as shown in FIG. 1 by coaxially mounting 38 OD blades
on a shaft at 3A5%F $pAcing™of 1595 Hink Swith Spacéis ik fposef thBresdtRéa 1 hie §pEcers each

had an outer diametend0sam, inesdiametes 49 o, anddbickpess, 1 H51mm. dhe1multiplecblade
assembly 23 was designed so that the magnet block was cut into magnet strips having a thickness of

1.0 mm. TheshdtiPle bikg d%Embly ¢6nd¥ty 838 OB bRAES Hid S Spdr¥ altefRately
mounted on theshafiavas satgelativedo dhe sintered NdrFeB magnet Hlocksychdhptibeide

10 the cutting part with strength. If the particle size is
large, only one particle is present per width of the cutting
part, also leading to a reduced strength. Thus the matrix

preferably has a particle size in the above range. More
preferably, the particle size of SiC is 2 to 50 um, Si0O; is 2
15 to 50 um, Al;0; is 2 to 50 pum, WC is 1 to 30 um, and Fe, Ni

and Cu is 10 to 150 um.
The matrix should preferably be used in an amount of
20 to 60% by weight, more preferably 25 to 50% by weight of
the composition. Outside the range, a smaller amount of the
20 matrix may be less effective whereas a larger amount may
detract from the strength of the cutting part.
The abrasive grains may be any well-known abrasives,

preferably diamond and CBN. The abrasive grains preferably
have a particle size of 10 to 200 um, more preferably 50 to

25 200 pm. A particle size in excess of 200 um may exceed the
width of the cutting part whereas a smaller particle size may
interfere with grinding efficiency, sawing speed, and
productivity. The abrasive should preferably be used in an
amount of 20 to 60% by weight, more preferably 20 to 40% by

30 weight of the composition. Outside the range, a smaller

amount of the abrasive may lead to a lower grinding rate



25 lowermost end of the blades was 2 mm below the bottom surface of the magnet block. The sintered
Nd-Fe-B magnet block had a length 50 mm, width 30 mm and height 12 mm and had been polished on
all six surfaces at an accuracy of +0.05 mm by a vertical double-disk polishing tool. By the multiple
blade 30 assembly, the magnet block was longitudinally divided into a multiplicity of magnet strips of
1.0 mm thick. Specifically, one magnet block was cut into 37 magnet strips. The sawing

operation wag,catriedsout wille,supnlying,30 {min ot a.arinding fiyid g coolant from, thedeed nozzle,

rotating the OD blades at 7,000 rpm (circumferential speed of 37 m/sec), and feeding the multiple
blade assemBH %t B¥paetfdf-20 mm/min. Using each of the OD blades of Examples 2 to 10 and

Comparative Examplerge 1000, magnes blocks were saweds Themagretsitps were measired for
thickness between the machined surfaces at the center by a micrometer. Provided 10 that the cut size
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lithricant EN,10par , .
may be formed. Thermosetting resins are preferred as the
binder. Inter alia, phenolic resins, formaldehyde resins and
urea resins are more preferred. Phenol formaldehyde resins
obtained by condensation of phenol and formaldehyde are most

10 preferred since they have excellent heat resistance and water
resistance and can tightly bind the abrasive and matrix.
Melamine resins prepared from melamine and formaldehyde are
also favorable. The binder should preferably be used in an
amount of 10 to 50% by weight of the composition. Outside

15 the range, a smaller amount of the binder may be weak in
binding the other components whereas a larger amount of the
binder indicates smaller amounts of the other components,
leading to shortage of strength, grinding rate and
lubrication.

20 The core supporting the cutting part is preferably
made of cemented carbide. Any of the cemented carbides
described in Patent Document 1 may be used.

The workpiece which is intended herein to saw is a rare
earth magnet block. The rare earth magnet as the workpiece is

25 not particularly limited. Suitable rare earth magnets include
sintered rare earth magnets of R-Fe-B systems wherein R is at
least cne rare earth element inclusive of yttrium.

Suitable sintered rare earth magnets of R-Fe-B systems
are those magnets containing, in weight percent, 5 to 40% of

30 R, 50 to 90% of Fe, and 0.2 to 8% of B, and optionally one or
more additive elements selected from C, Al, S8i, Ti, V, Cr, Mn,
Coc, Ni, Cu, 2Zn, Ga, Zr, Nb, Mo, Ag, Sn, Hf, Ta, and W, for

the purpose of improving magnetic properties and corrosion

-10-
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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
in extra amounts, rather adversely affect magnetic properties.
Suitable sintered rare earth magnets of R-Fe-B gystems
may be prepared, for example, by weighing source metal
materials, melting, casting into an alloy ingot, finely

dividing the alloy into particles with an average particle

size of 1 to 20 pum, i.e., sintered R-Fe-B magnet powder,
compacting the powder in a magnetic field, sintering the
compact at 1,000 to 1,200°C for 0.5 to 5 hours, and heat
treating at 400 to 1,000°C.

When the rare earth magnet block is sawed into a
multiplicity of pieces by the multiple blade assembly of saw

blades, any well-known procedures may be employed.

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

not limited thereto.

Example 1

OD blades were fabricated by providing a
doughnut-shaped disk core of cemented carbide (consisting of
WC 90 wt%/Co 10 wt%) having an outer diameter 120 mm, inner
diameter 40 mm, and thickness 0.3 mm, and heat pressing a
composition to an outer peripheral rim of the core to form a
resinoid grinding wheel section or cutting part. The
composition contained 10 wt% of graphite having a particle
gsize of 5 to 30 um as the lubricant, 40 wt% of #800 SiC (GC

powder) as the matrix, 25 wt% of a phencl formaldehyde resin

as the binder, and 25 wt% of synthetic diamond grains having

~-11~
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an average particle size of 150 um. Subsequent finish work
completed OD blades (or sawing abrasive blades). The axial
extension of the cutting part from the core was 0.05 mm on
each side, that is, the cutting part had a width of 0.4 mm
(in the thickness direction of the core). The radial
extension or length of the cutting part is 2.5 mm, that is,
the blade had an outer diameter of 125 mm.

Using the OD blades, a sawing test was carried out on
a workpiece which was a sintered Nd-Fe-B magnet block. A
multiple blade assembly was constructed as shown in FIG. 1 by
coaxially mounting 41 OD blades on a shaft at an axial
spacing of 2.1 mm, with spacers interposed therebetween. The
spacers each had an outer diameter 85 mm, inner diameter 40
mm, and thickness 2.1 mm. The multiple blade assembly was
designed so that the magnet block was cut into magnet strips
having a thickness of 2.0 mm.

Using the multiple blade assembly consisting of 41 OD
blades and 40 spacers alternately mounted on the shaft, the
sintered Nd-Fe-B magnet block was sawed. The sintered
Nd-Fe-B magnet block had a length 101 mm, width 30 mm and
height 17 mm and had been polished on all six surfaces at an
accuracy of +0.05 mm by a vertical double-disk polishing tocol.
By the multiple blade assembly, the magnet block was
longitudinally divided into a multiplicity of magnet strips
of 2.0 mm thick. Specifically, one magnet block was cut into
40 magnet strips.

The sawing operation was carried out while supplying
30 L/min of a grinding fluid or coolant from the feed nozzle,
rotating the OD blades at 7,000 rpm (circumferential speed of
46 m/sec), and feeding the multiple blade assembly at a speed
of 20 mm/min.

After magnet strips were cut using the OD blades

constructed as above, they were measured for thickness

~12-
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between the machined surfaces at the center by a micrometer.
The strips were rated "passed" if the measured thickness was
within a cut size tolerance of 2.0+0.05 mm. If the measured
thickness was outside the tolerance, the multiple blade
assembly was tailored by adjusting the thickness of spacers,
so that the measured thickness might fall within the
tolerance. If the spacer adjustment was repeated more than
two times for the same OD blades, these OD blades were judged
as having lost stability and replaced by new OD blades.

Under these conditions, 1000 magnet blocks were sawed. The

evaluation results of the sawed state are shown in Table 1.

Comparative Example 1

A sintered rare earth magnet block was sawed by the
same procedure as in Example 1 except that the cutting part
composition was changed. In this way, 1000 magnet blocks
were sawed, and the sawed state was evaluated. The
evaluation results are also shown in Table 1.

The compcsition of the cutting part in Comparative
Example 1 contained 45 wt% of #800 SiC (GC powder)} as the
matrix, 30 wt% of the phenol formaldehyde resin as the binder,

and 25 wt% of synthetic diamond grains having an average

particle size of 150 pm.

Table 1
After After After Afterx After
Numb sawing of | sawing of | sawing of | sawing of | sawing of
umfer 200 400 600 800 1000
ol blocks blocks blocks blocks blocks
strips
A B A B A B A B A B
Example 1 40 0 0 0 0 0 0 0 0 O 0
Comparative 40 10 0 16 2 25 7 39 | 18 | 69 | 27
Example 1

A: number of spacer adjustments

-13-
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B: number of OD blade replacements

As seen from Table 1, the multiple sawing method of
5 the invention maintains consistent dimensional accuracy for
products over a long term despite the reduced blade thickness
and is successful in reducing the number of spacer
adjustments and the number of OD blade replacements. Then an

increase in productivity is attained.

-14-
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Examples 2 to 10 and Comparative Example 2

OD blades were fabricated by providing a
doughnut -shaped disk core of cemented carbide (consisting of
WC 90 wt%/Co 10 wt%) having an outer diameter 95 mm, inner

5 diameter 40 mm, and thickness 0.3 mm, and heat pressing a
composition shown in Table 2 to an outer peripheral rim of
the core to form a cutting part. The axial extension of the
cutting part from the core was 0.025 mm on each side, that is,
the cutting part had a width of 0.35 mm (in the thickness

10 direction of the core). The radial extension or length of
the cutting part is 2.5 mm, that is, the blade had an outer
diameter of 100 mm.

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

a workpiece which was a sintered Nd-Fe-B magnet block. A

15 multiple blade assembly was constructed as shown in FIG. 1 by
coaxially mounting 38 OD blades on a shaft at an axial
spacing of 1.05 mm, with spacers interposed therebetween.
The spacers each had an outer diameter 70 mm, inner diameter
40 mm, and thickness 1.05 mm. The multiple blade assembly

20 was designed so that the magnet block was cut into magnet
strips having a thickness of 1.0 mm.

The multiple blade assembly consisting of 38 OD blades
and 37 spacers alternately mounted on the shaft was set
relative to the sintered Nd-Fe-B magnet block such that the

25 lowermost end of the blades was 2 mm below the bottom surface
of the magnet block. The sintered Nd-Fe-B magnet block had a
length 50 mm, width 30 mm and height 12 mm and had been
polished on all six surfaces at an accuracy of +0.05 mm by a
vertical double-disk polishing tool. By the multiple blade

30 assembly, the magnet block was longitudinally divided into a
multiplicity of magnet strips of 1.0 mm thick. Specifically,

one magnet block was cut into 37 magnet strips.

-15-
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The sawing operation was carried out while supplying
30 L/min of a grinding fluid or coolant from the feed nozzle,
rotating the OD blades at 7,000 rpm (circumferential speed of
37 m/sec), and feeding the multiple blade assembly at a speed
of 20 mm/min.

Using each of the OD blades of Examples 2 to 10 and
Comparative Example 2, 1000 magnet blocks were sawed. The
magnet strips were measured for thickness between the
machined surfaces at the center by a micrometer. Provided
that the cut size tolerance was 1.040.075 mm, a process
capability index (Cpk) of measured thickness was computed.

The results are shown in Table 2.

Table 2
Comparative
o E 1
Composition HampLe Exanple
(wt%)
2 3 4 5 6 7 8 9 10 2
BN, 10 um 5 5
Graphite, 10 um 3 7
Graphite, 100 um 3 3
+ | Amorphous carbon, 30 pm 3
@
U
T Molybdenum disulfide, 56 um 5 5 10
Q
3 Molybdenum disulfide, 150 pm 7
Tungsten disulfide, 5 um 10
Graphite fluoride, 50 um 3
PTFE, 100 um 2
GC powder, 10 um 30 40 25 37
S5102, 90 um 40 5 10
y A1203, 80 um 10 5
Rl
Hlwe, 1 oam 5 10 35 | 15
©
=
Fe, 15 um 10
Ni, 10 um 10
Cu, 10 um 30 30 30

-16-




3030 30 --;AT S Svnth.etic diamond 1510 30 23 24 22 MI 23 Svnthetjc o:amond, 150 um

o Synthetic diamond, 80 um 15 10 30 23 24 23

-

§ Synthetic diamond, 150 um 20 25 22 25
g CEN, 100 pm 25

% | Phenolic resin 35 24 30 25 30 35 35

£

@ | Melamine resin 30 31 35
Cpk 0.6710.8910.91{0.7110.65]|0.95]0.93]0.87]0.91 0.52
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As seen from Table 2, the saw blades comprising the
lubricant ensures high-accuracy sawing operation even when
they are as thin as 0.35 mm. The number of cut strips is

increased.

-18-
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CLAIMS:

1. In connection with a multiple blade assembly
comprising a plurality of saw blades coaxially mounted on a
rotating shaft at axially spaced apart positions, which is
used for sawing a rare earth magnet block into multiple
pieces by rotating the plurality of saw blades,

the saw blade comprising a core in the form of a thin
disk or thin doughnut disk and a peripheral cutting part on
an outer peripheral rim of the core, the cutting part being
made of a composition comprising an abrasive, a resin binder,
and a lubricant for reducing the friction between the cutting

part and the magnet block during the sawing operation.

2. The saw blade of claim 1 wherein the lubricant is
selected from the group consisting of boron nitride, carbon,
molybdenum disulfide, tungsten disulfide, graphite fluoride,

and polytetrafluoroethylene, and mixtures thereof.

3. The saw blade of claim 1 or 2 wherein the lubricant is

in particulate form having a particle size in the range of 1

to 200 pm.

4. The saw blade of any one of claims 1 to 3 wherein the
cutting part is made of a composition comprising
10 to 40% by weight of diamond and/or CBN as the abrasive,

20 to 60% by weight of a matrix selected from the
group consisting of SiC having a particle size of 1 to 100 um,
Si10, having a particle size of 1 to 100 um, Al,0; having a
particle size of 1 to 100 um, WC having a particle size of
0.1 to 50 um, PFe, Ni and Cu having a particle size of 1 to

200 um, and mixtures thereof,

-19-



90.52 As seen from Table 2, the saw blades comprising the lubricant ensures high-accuracy
sawing operation even when they are as thin as 0.35 min_ The number of cut strips is increased.
CLAIMS: 1.In connection with a multiple blade assembly comprising a plurality of saw blades coaxially
mounted on a rotating shaft at axially spaced apart positions, which is used for sawing a rare earth
magnet block into multiple pieces by rotating the plurality of saw blades, the saw blade
comprising a core in the farm eba thip djsk; i thin,doughnit diskand a,periphera) cutting;part on ic an
outer peripheral rim of the core, the cutting part being made of a composition comprising an abrasive,
a resin binde® BRASE lulsrivdnt for reducing the friction between the cutting part and the magnet block
during the sawing opeyation. <152 :The sayybladg of claim 1wherein the lubricant is selected from the
group consisting of boron nitride, carbon, molybdenum disulfide, tungsten disulfide, graphite fluoride,
and polytetrafluoroethylene, and mixtures thereof. 20 3.The saw blade of claim | or 2 wherein the
lubricantds ingparticulate farm baving,a paricle;size inthe wngerpflato200 ime. 4xThe-saw blade of
any one of claims 1 to 3 wherein the 25 cutting part is made of a composition comprising 10 to 40%
by weight of didmoha Ehd?SEEBR aSHEPALAsNE, 58%0 8699y WeigHtVf Hohaticsdlectéd bt the
group consisting:akSKsbaving @ pastigle sizengf 4 19 100m,:3102having.a pagicle size Hf 140 1500 tim,
Al203 having a 30 patrticle size of 1 to 100 p.m, WC having a particle size of 0.1 to 50 tim, Fe, Ni and
Cu having a ﬁﬁ’rﬂagescﬁzé’l}f £ 1d 966 finT andifikturds tReredt 1Y SPR6%6 5086 by wRRGht bF ans -
thermosettingzeesin asthe-binder,wnthl; te:B0%eby weight of theslupricart. 5A aethadfor sawing a
rare earth magnet block into muggle ieces, comprising the steps of providing a multiple blade
assembly cor‘% ﬁsiﬁ@ PHuRin séﬁl%faﬁje]stéba%allﬁgar%gﬂtﬁgeo%‘a rotating shaft at axially spaced

apart positions, each saw blade being as set forth in any one of claims 1 to 4, io and rotating the
plurality of saw blades.
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