DESCRIPTION TITLE OF INVENTION Super Hard Alloy Baseplate Outer Circumference Cutting
Blade And Manufacturing Method Thereof TECHNICAL FIELD io[00011 This invention relates to a
cemented carbide base outer-diameter blade cutting wheel suited for cutting rare earth sintered
magnets, and a method for preparing the same. 15BACKGROUND ART [0002] For cutoff
machining of rare earth sintered magnet blocks (or permanent magnet blocks), various cutting
techniques such as outer diameter cutting, inner diameter 20 cutting and wire saw cutting are
implemented. Among others, outer-diameter pjadectitingwheels are most widely employed. The
outer-diameter blade cutting techniqgue has many advantages including less expensive cutting tools, a
relatively low cutting allowance associated with cemented 25 carbide blades, a good dimensional
accuracy of cut pieces, and a relatively highrmachiningigpead: dwing to these advantages and
improved mass productivity, the outer-diameter blade cutting technique is widely used in the cutting of
rare eatth sintered magnet blocks. 30[0003] Outer-diameter blade cutting wheels for cutting rare
earth sintereslipagngtoray exdisegsethedR-#B08t/dd 44 i do-AnHd P=hthl 7du and P -A HHR 175172
as comprising a cemented carbide base havin anoumrprigertowhmhdmnmndorCBNabmﬂve
grains are bonded with phenolig‘?é?sill\d&r}ﬁgal?eq qt’éiﬁ{bgo”ﬁgiﬁg . StZESRE base made of cemented
carbide is improved in mechanical strength over prior art alloy tool steel or high-speed steel, there are
achieved an improvement in the mgchiningr%MQ%Lanijgvement in the yield of pieces due to
reduced allowance by the use of thin blades;
10 [oo01]

This invention relates to a cemented carbide base
outer-diameter blade cutting wheel sgsuited for cutting rare

earth sintered magnets, and a method for preparing the same.

15 BACKGROUND ART

[0002]

For cutoff machining of rare earth sintered magnet
blocks (or permanent magnet blocks), wvarious cutting
techniques such as outer diameter cutting, inner diameter

20 cutting and wire saw cutting are implemented. Among others,
outer-diameter blade cutting wheels are most widely employed.
The outer-diameter blade cutting technique has many
advantages including less expensive cutting tools, a
relatively low cutting allowance associlated with cemented

25 carbide blades, a good dimensional accuracy of cut pieces,
and a relatively high machining speed. Owing to these
advantages and improved mass productivity, the outer-diameter
blade cutting technique is widely used in the cutting of rare
earth sintered magnet blocks.

30  [0003]

Outer-diameter blade cuiting wheels for cutting rare
earth gintered magnets are disclosed in JP-A H09-174441, JP-A
H10-175171, and JP-A H10-175172 as comprising a cemented



and a reduction of machining cost due to high-speed machining. [0004] ioWhile outer-diameter blade
cutting wheels using cemented carbide bases are improved in cutting and working performances over
the prior art outer-diameter blade cutting wheels, the market imposes a continuing demand for cost
reduction. It would be desirable to have a high-performance 15 cutting wheel capable of machining at

a high accurac a%gakg%? speed. 20 25 Patent Document Citatiog List . O%’?gt Pategt Document
Patent Docﬁﬁ%ﬁ% SRt TS0 cTERP &BnPBEEINRRT PAtERE DoctntBht PASHDSE &Rt Patent
Document Eatent Bocyinent Paddni-Daatsmentilied: Wdith phenolic resins, nickel

plating or the like. Since the base made of cemented carbide
is improved in mechanical strength over prior art alloy tool

5 steel or high-speed steel, there are achieved an improvement
in the machining“éCCuracy, an improvement in the yield of
pieces due to reduced allowance by the use of thin blades,
and a reduction of machining cost due to high-speed machining.
[0004] |

10 While outer-diameter blade cutting wheels using
cemented carbide basesg are improved 1in cutting and working
performances over the prior art ocuter-diameter blade cutting
wheels, the market imposes a continuing demand for cost
reduction. It would be desirable to have a high-performance

15 cutting wheel capablie of machining at a high accuracy and

high speed.
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SUMMARY OF TNVENTION

Technical Problem




4: 5: 6: 7: 8. 9: JP-A H09-174441 JP-A H10-175171 JP-A H10-175172 JP-A 2005-193358 JP-A
HO7-207254 JP 2942989 JP-A 2005-219169 WO 96/23630 JP-A 2009-172751 30 SUMMARY OF
INVENTION Technical Problem [0006] The applicant previously proposed a technique of bonding
diamond abrasive grains to the periphery of an annular cemented carbide base with a resin such as
phenolic 5 resin and a technique of bonding diamond or CBN abrasive grains to the periphery of an
annular cemé&®eéficarbide base with a metal bond having an appropriate Young's modulus (JP-A

2009-172751). [000}, ¢ applicant previously proposed a technigue of
bonding diamond abrasive grains to the periphery of an
annular cemented carbide base with a resin guch as phenolic

5 resin and a technique of bonding diamond or CBN abrasive
grains to the periphery of an annular cemented carbide base
with a metal bond having an appropriate Young's modulus (JP-A
2009-172751) .

{OOO'?].

10 The outer blade cutting wheel for use in the cutting
of rare earth sintered magnet blocks is composed of two
sections, a base and a blade section. Now that the base
accounting for the majority of the cutting wheel is made of
high-modulus cemented carbide, the cutting wheel is improved

15 in mechanical strength and hence, in cutting accuracy over
the prior art cutting wheels having alloy tool steel and
high-speed steel bases. The switch to a metal bond having an
appropriate Young's modulus, combined with the cemented _
carbide base, improves the mechanical strength of the overall

20 cutting wheel, thereby achieving three performance
improvements, an improvement in the machining accuracy, an
improvement in the vyield of material due to the use of thin
blades, and a reduction of machining cost due to high cutting
speed, as compared with the prior art outer blade cutting

25 wheelg of the resin bond type using phenolic resins or
polyimide resins as the bond for abrasive grains.

[0008]
Cemented carbide base outer blade cutting wheels can be
manufactured by producing a magnetic field near the outer

30 periphery of the cemented carbide base, the magnetic field
acting on abrasive grains pre-coated with a magnetic material
so as to magnetize the coating on abrasive grains, thereby

attracting the abrasive grains toward the base outer periphery,



10The outer blade cutting wheel for use in the cutting of rare earth sintered magnet blocks is
composed of two sections, a base and a blade section. Now that the base accounting for the majority
of the cutting wheel is made of high-modulus cemented carbide, the cutting wheel is improved 15 in
mechanical strength and hence, in cutting accuracy over the prior art cutting wheels having alloy tool
steel and high-speed steel bases. The switch to a metal bond having an appropriate Young's modulus,

combined \#fiftRIGEREARS EabideFade! ifmpPicvettthbsmedigiieansttH BFtHe Gverall 20 cutting

wheel, therghy-gchisying thiee peornanee; inapravemeiis AN imprvemendn themachining
accuracy, an improvement in the yield of material due to the use of thin blades, and a reduction of
machining &4 dtesth fﬁéh%&l%é% Ricoriare dARN e HToraT olit Blite cutting 25 wheels

of the resin hemgldype using phenolic resins or polyimide resins as the bond for abrasive grains. [0008]
Cemented carbide base outer blade cutting wheels can be manufactured by producing a magnetic

field néar the outer 30"pefiBHER SIS Tette PREMIFE bESe B TRadhEtic e 48Ty on abrasive

grains pre-goates with dinagnetigraateriakstrasiemagnetza thesceatingu@r abrssie:grains, thereby
attracting the abrasive %ains toward the base, outer erigher , and eﬁectin%cplatin% in this state,
ey

thereby borfdid S ablaRfk JafHeo e outd et ChethB8 TEu Gt esthe Cost of
manufacture i oaterdladeauttingwiaeels.40009] SHw cemegntad gdrbitesbase atter blagelcutting
wheel produced b)J(HE\he ab%\ée-ar}entioned mcithod is an outer blade cuttingevéh%eel featuring high

performanc@?‘?\%te § Fare Sarth Trtsia rﬁ%agr‘fécf%lllgcakci\s/ cutintd %raa%ae plecescbailut%% leulgel,

sometimes e dimensioha agolilany<s aggravated:becasethenia ttackegan-be obheguedly loat, or
cutting marl_ftsé]lg the wheel be left on Ehecgu%szj.jrface of a @:éngg%iece Sé)gcl:itﬁg@ll ,i/vhen a cemented

carbide base outer bla eecucftlllr?g ﬁvﬁEePhaV|ng an outer diameter o '80-% mm, a oré diameter of

30-80 mm, wheia thickeess 0£0. Ica dohdy foreamplesis bsetfandutting wheel having
an outer diameter of 80-200 mm, a bore diameter of 30-80 mm,
and a thickness of 0.1-1.0 mm, for example, is used and

15  operated to perform high-speed, high-load cutting at a
machining volume per unit time of at least 200 o’ /min, a
dimensional tolerance may exceed 50 pm. If the dimensional
accuracy is aggravated, some remedies are necessary. For
example, - the magnet pieces must be subjected to an additional

20 step of precision grinding the cut surface such as by lapping.
The outer blade cutting wheel must be dressed using a
grinding wheel or the cutting conditions be altered.

-[0010] _
This becomes a barrier in the machining of magnet

25 pieces which are suited for use in motors in which a strict
management of the clearance between a yoke and a magnet is
regquired such as linear motors and hard disc voice coil
motors (VCM) and which require both a high dimensional
accuracy {including the flatness of cut surface) and a

30 reduction of manufacture cost.

[0011]
An object of the invention is to provide a cemented

carbide base outer blade cutting wheel capable of cutting a



15 operated to perfo high-speed, high-load cutting at a machining volume per unit time of at least 200
mma3/min, a dimensional tolerance may exceed 50 pm. If the dimensional accuracy is aggravated,
some remedies are necessary. For example, the magnet pieces must be subjected to an additional 20
step of precision grinding the cut surface such as by lapping. The outer blade cutting wheel must be
dressed using a grinding wheel or the cutting conditions be altered. [0010] This becomes a barrier in
the machiniig ot nfRjniel 26 piseaedhichaare sutbddsr 4od-m mbtors $n Wwitkng stichiginagement of

the clearance fighiiesn.a yoke ang A.paokekiseuied sugh s Jneanmelafs and hatd dsc voice col

motors (VCM) and which require both a high dimensional accuracy (ihcluding the flatness of cut
surface) an® b3 reditehénof iaffacttirécdstw[00a2t - An object of the invention is to provide a
cemented carbide base outer blade cutting wheel capable of cutting a rare earth sintered magnet
block into pieces having a high dimensional accuracy, and a method for preparing the outer blade
cutting Wheel at a low cost. Solution to FieBlekEm12P_Prdid$ifesumed that a phenomenon that a
rare earth sipgeresiimagnet block is obliquely cut takes place because the outer blade cutting wheel
has a blade shape which is not io laterally symmetric, allowing cutting operation to proceed in a

direction of easy cutfifig, *EhPPEERTEShE Gtite AHRABMFTRARNESHS wWharpad SHRALER mounted on a

machining teek Hds alsargsemesbaka phespmenesithat-eidt nearksarg 1gft enpaagnatdieces takes
place because when the outer 15 blade cutting wheel which js cutting the magnet block obliquely for

the above re@SorPEiary R it a it dirddol AbRiptRAch thelhay of SHERG offeigtiont théelt surface
whichis newlyreut4ioeg nopsimantily mergedwiththe-eutirsurtacepiigh has begngubJeaming-a step.

a direction of easy cutting, and because the ocuter blade
cutting wheel is warped when it is mounted on a machining
tool. It is also presumed that a phenomenon that cut marks
are left on magnet pieces takes place because when the outer

15 blade cutting wheel which is cutting the magnet block
obliquely for the above reason changes its travel direction
abruptly on the way of cutting operation, the cut surface
which is newly cut does not smoothly merge with the cut
surface which has been cut, forming a step.

20 [0013]

An abrupt change of the travel direction of the outer
blade cutting wheel during cutting operation occurs, for
example,'when the blade of the outer blade cutting wheel ig,
in part, deformed or spalled for some reason; when the blade

25  edge abruptly changes its shape; when the blade is deformed
by the feed speed of the cutting wheel which ig higher than
the grinding speed of the blade, the internal stress induced
in the blade by that deformation becomes greater than the
external force applied from the workpiece to the blade, and

30 as a consequence, the force causing deformation of the blade
is released; and when the travel of the outer blade cutting
wheel is interrupted by loading or glazing of the cuﬁting

groove with sludge formed during cutting operation or foreign



20[0013] An abrupt change of the travel direction of the outer blade cutting wheel during cutting
operation occurs, for example, when the blade of the outer blade cutting wheel is, in part, deformed or
spalled for some reason; when the blade 25 edge abruptly changes its shape; when the blade is
deformed by the feed speed of the cutting wheel which is higher than the grinding speed of the blade,
the internal stress induced in the blade by that deformation becomes greater than the external force
applied fromaie aoriqfie S toethivadlade 1aid 30 d5a ebhvddirtiteathe fonte vawding deformation of

the blade is sgleasgd:and whendhedravsl gf the quter blade cuttinawbeels interrupted by loading or

glazing of the cutting groove with sludge formed during cutting operation or foreign matter of external
origin. To elihitfiife 8AFeUtRRFKSFhiGPEAPTorh GRdarBuch bonaltips, it i efféétive tWaethe blade

edge does potabrupth. changsits shapeand that yen any force-is appligddo theblade so as to

change its travel 5 direction during cutting operation, the blade is deformed to such an extent as to
smootHly meige el @it stirfat 88 betsre ‘dill SRSG1HAE LtABngdIBOPARde 1s AJ¢digpreBleRParises in

the outer blade suiiingashes! 1058 whichmbrasive, oraingarehanded ta:a base by elestranlating or

electroless plating to form a blade section. Since the abrasive grains have a certain grain size, the
bonded abra8iveJr&HE dr8oRtREEF only in part between grains and between grains and the base,
and voids therebetween 15 are not completely buried by plating. As a result, voids are left in the blade
section even after plating.. That is, the blade section contains voids in communication with the surface.

[0015] As long as th& I8 &%pBFfS&’}(?‘fheaﬁt%‘?%lé‘tfé EhEing BBSTh LSt EtiRg ofBRSibn is low,

high ageuracy cuitinghissassiilecearinnhesresenerietisuah woigsckegarse the blade section does
not undergo ubstantiﬁl deformationét%the fgéce ap eligld durin cmﬁir%g%However, where cutting is
carB

carried out GAGEr ST 8 higiflodt &y to AR iR &erRidrdad Bade t5'5e ﬁ%?&rﬁ%b“,_ the

blade edge £andze ktpparkbrasive grains have a certain grain size, the

bonded abrasive grains are contacted only in part between
grains and between graing and the base, and vcids therebetween

15  are not completely buried by plating. As a result, voids are
left in the blade section even after plating. That isg, the |
blade section contains voids in communication with the surface.
[0015]

As long as the load applied to the outer blade cutting

20 wheel during cutting operation is low, high accuracy cutting
is possible, even in the presence of such voids, because the
blade section does not undergo substantial deformation by the
force applied during cutting. However, where cutting is
carried out under such a high load as to cause the cemented

25  carbide base to be deformed, the blade edge can be in part
deformed or shed. An effective method for preventing the
blade edge from deformation orxr shedding is by enhancing the
strength of the blade edge. Since the blade section should
have a sufficient elasticity to allow the blade section to

30 deform to enable smooth mergence of cut surfaces asgs will be
described later, the mere enhancement of blade strength to be
resistant to deformation fails to address the problem.

[0016]



deformed or shed. An effective method for preventing the blade edge from deformation or shedding is
by enhancing the strength of the blade edge. Since the blade section should have a sufficient elasticity
to allow the blade section to 30 deform to enable smooth mergence of cut surfaces as will be
described later, the mere enhancement of blade strength to be resistant to deformation fails to address
the problem. [0016] Making further investigations on the construction of the blade section that
meets both high stréfegthamdiakistiey ahevpetricarss aysmeshdiical propénies o eire blade section,

the inventog@a\@l@g@dgg@tﬂ%ﬁff%ﬁg@ m@gggelggg@li%q?}gingg%gggi%ﬁoids between abrasive

grains and between abrasive grains and the base, specifically by letting’a metal or alloy infiltrate in the

voids. An o6ter BlddelEdttiag W HeRE cORPRESHRLY cBfehtetlcarbiderivrsran@ suett atBiade section is

effective in ngrving.the;igdimensionalacausacy ahmagpstpigees sut therely: Jhesteghnique of
infiltrating a metal or alloy is effective for the manufacture of an outer blade cutting wheel featuring a

high cuitingA@tRaSeaid v e6stOPha imdshtion idtptediddfed orPthese BRERRN 183007} Hifone

aspect, the inventionniavides Raautehpliagderaiting whsebeomprising aasedpdhe fare of an
annular thin disc of cemented carbide having a Young's modulus of 450 to 700 GPa, having an outer

diameter of80 t6°500-Afin YeRfihg 2P4n dltshperipheh: ZhbRnddibfetdrds0 to B0 mm, and a
thickness obQdete LOJ4am, and @iklgdaisestioronghe ouiry peripbeanretthedass; He blagde section

comprising diamond and/or CBN abrasive grains pre-coated with a magnetic material, a metal 25 or
alloy bond foPfed s elBctPofiafing 6F Bt oleb s AT fof Dondiny Era¥ivBGrAi*S together and to
the base, and mametabos allay: bindes havinom gretingpeintef wuto 35S dnfitratetibetween abrasive
grains and between abrasivejg{‘%in and the base. 30In a preferred embodi(rgngent, the binder metal is

Sn and/or P GhartRBhitder S AP feh3F ofte BAGT Sefebted S the grbaS CoASSHAG S

Sn-Ag-Cu, SheAgiaSrufar ture of an outer blade cutting wheel featuring a
high cutting accuracy and low cost. The invention is
predicated on these findings.

i5 [0G17]

In one aspect, the invention provides an outer blade
cutting wheel comprising a base in the form of an annular
thin disc cof cemented carbide having a Young's modulus of 450
to 700 GPa, having an outer diameter of 80 to 200 mm defining

20 an outer periphery, an inner diameter of 30 to 80 mm, and a
thicknegs of 0.1 to 1.0 mm, and a blade section on the outer
periphery of the base,

the blade section comprising diamond and/or CBN
abrasive grains pre-coated with a magnetic material, a metal

25 or alloy bond formed by electroplating or electroless plating
for bonding abrasive graing together and to the base, and a
metal or alloy binder having a melting point of up to 350°C
infiltrated between abrasive grains and between abrasive
grains and the bace.

30 In a preferred embodiment, the binder metal is Sn
and/or Pb, and the binder alloy is at least one alloy

selected from the group consisting of Sn-Ag-Cu, Sn-Ag, Sn-Cu,



Sn-Zn, and Sn-Pb alloys. Also preferably, the metal or alloy binder has a Poisson's ratio between 0.3
and 0.48. In a preferred embodiment, the base has a saturation magnetization of at least 40 kA/m
(0.05 T). 5In a preferred embodiment, the abrasive grains have an average grain size of 10 to 300 pm.
Also preferably, the abrasive grains have a mass magnetic susceptibility xg of at least 0.2. [0018] ioln
another aspect, the invention provides a method for manufacturing an outer blade cutting wheel

comprising it StepsasidpRvidiny & bbRESn the ¥6mm BT ahsinmblar thinhtfis@efeementediidabide
having a Y qungs moduius, 000,700, 15 1@, having ap oyiter digmeterof 80 to 200 mm defining

an outer periphery, an inner diameter of 30 to 80 mm, and a thickness of 0.1 to 1.0 mm, providing

diamond and/or CBNa5t a8 GR&iHE HreBoatdr®ith a rmanéFSmateral 226 4&tiHg B8 rmanent

magnet neagihe orter-periheny ofthelkase-sa that the magnetic figld produced by the permanent
magnet may act to magneticallé?attract and hold the coated abrasive grains close to the outer

periphéry of the bastP efedibPiAMY U TBRASIEES Biating BEmBRI 3F AliSy 25 thelliake Giiter
periphery agddhe coated.ahfagive OraipS1 0 to 300 ym. Also preferably, the
abragive grains have a mass magnetic susceptibility yg of at
least 0.2.
[ool8]

10 In another -aspect, the invention provides a method for
manufacturing an outer blade cutting wheel comprising the
steps of:

providing a base in the form of an annular thin disc
of cemented carbide having a Young's modulus of 450 to 700

15 GPa, having an outer diameter of 80 to 200 mm defining an
outer periphery, an inner diameter of 30 to 80 mm, and a
thickness of 0.1 to 1.0 mm,

providing diamond and/or CBN abrasive‘graihs pre-coated
with a magnetic material,

20 placing a permanent magnet near the outer periphery of
the base so that the magnetic field produced by the permanent
magnet may act to magnetically attract and hold the coated
abrasive grains close to the outer periphery of the base,

electroplating or electroless plating a metal or alloy

25 on the base outer periphery and the coated abrasive grains
being magnetically attracted and held, for bonding the
abrasive grains together and tc the base to fixedly secure
the abrasive grains to the base outer periphery to form a
blade section, and

30 letting a metal or alloy having a melting point of up
to 350°C infiltrate into any voids between abrasive grains

and between abrasive grains and the base.



being magnetically attracted and held, for bonding the abrasive grains together and to the base to
fixedly secure the abrasive grains to the base outer periphery to form a blade section, and 30letting a
metal or alloy having a melting point of up to 350C infiltrate into any voids between abrasive grains
and between abrasive grains and the base. In a preferred embodiment, the infiltrating metal is Sn
and/or Pb, and the infiltrating alloy-is at least one alloy selected from the group consisting of
Sn-Ag-Cu, Sn-Ag, SHRCa, SreZie rareES arRip alioyen Also- prefarabli/l fiwas lafitratiigmetal or alloy has

a Poisson'sdatig.hemeen .3 and 043, T:Lnfi'l éﬂ%@ﬁﬁbedaﬁrﬂBgdiﬂéerﬁtth%?é@ hgp.a saturation

magnetization of at least 40 kAim (0.05 T). In a preferred embodiment, the abrasive grains

have an io &/eratje Ypaitcsizs of T0To BDE pir B0 préfetaliy e @br&sivégrdids h8Pe&Gmass
magnetic sugcepfibiligyxg of akleastd.2ein aprefesred ﬁmdm%ﬂm?mwt magnet produces

a magnetic field of at least 8 kA/m within a space is extending a distance of 10 mm or less from the
base obiter paiEHEFAAHVENTAYEBLS Effe nPéftich {P19F 20U 8inghé ehftiité@Rarbide base
outer blade gutting wheel, a rare earth magnet block is cut into magnet pieces. With only the cutting

operation, the magnet pieces are finished to a high dimensional accuracy. Any finishing following the
cutting operation may*h& onifté§TREf SFfgpdiment, the base has a saturatlon

magnetization of at least 40 kA/m (0.05 T).
In a preferred embodiment, the abrasive grains have an
10 average grain size of 10 to 300 um. Also preferably, the
abrasive grains have a mass magnetic susceptibility yg of at
ieast 0.2,
In a preferred embodiment, the permanent magnet
produceé a magnetic field of at least 8 kA/m within a space
15 extending a distance of 10 mm or less from the base outer

periphery.

Advantageous Effects of Invention

[0019]

20 Using the cemented carbide base outer blade cutting
wheel, a rare earth magnet block is cut into magnet pieces.
With only the cutting operation, the magnet pieces are
finished to a high dimensional accuracy. Any finishing
foliowing the cutting operation may be omitted. Rare earth

25. magnet pieces having a high dimensional accuracy are obtained
at a low cost. The method for manufacturing the outer blade

cutting wheel is cost effective.

BRIEF DESCRIPTION OF DRAWINGS

30 [00201
[Fig. 1] FIG. 1 schematically illustrates an outer blade
cutting wheel in one embodiment of the invention, FIG. 1A

being a plan view, FIG. 1B being a cross-sectional view taken



25 magnet pieces having a high dimensional accuracy are obtained at a low cost. The method for
manufacturing the outer blade cutting wheel is cost effective. BRIEF DESCRIPTION OF DRAWINGS
30[0020] [Fig. 1] FIG. 1 schematically illustrates an outer blade cutting wheel in one embodiment of
the invention, FIG. IA being a plan view, FIG. 13 being a cross-sectional view taken along lines B-B in
FIG. 1A, and FIG. 1C being an enlarged view of circle C (blade section) in FIG. 1B.  [Fig. 21 FIG. 2 is
a perspectiveleqsiodéargieviBoPoia eRémplan jigar@diahe Afethednd [Fig. SRERZ SR an enlarged

cross-sectiquéwe&ofctbfcqtge&pqgigga@fgg%lgqlgﬁlgs sandwighingdhe base in FIG. 2. [Fig. 4]

FIGS. 4A to 4D are cross-sectional views of different embodiments of the blade section formed on the
base. [Fig. 5] FIEi5 is & phdtéfmicrégighhroEbizge&ettitn 8F 26 efrsutsi Brdeeudiity wheel in

Example 1 @q.#g side surface. s Id9: 8] ElGz: Gis@adiagram showing cutting accuracy versus the
number of magnet pieces cut using the outer blade cutting wheels of Examples 1 to 4 and

Compatative Ex&Ple 31 [Fi§1 FIG.1FisPa dRiHEFISOVGRG SieSe VEIRRAs Héfimatioh s the

blade sectionstef:thgouteihlade cutting wheels:of Exanapiesilitet and Gopparative kxample 1.

DESCRIPTION OF EMBODIMENTS K)OZl] 20Referring to FIG. 1, the outer blade cutting wheel in
[Fig. 4] FIGS. 4A to 4D are cross-sectional views of

different embodiments of the blade section formed on the base,
[Fig. 5] FIG. 5 is a photomicrograph of a blade section of
10 an outer blade cutting wheel in Example 1 on its gide surface.
[Fig. 6] FIG. 6 is a diagram showing cutting accuracy
versus the number of magnet pieces cut using the outer blade
cutting wheels of Examples 1 to 4 and Comparative Example 1.
[Fig. 7] FIG. 7 is a diagram showing stress versus
15 deformation of the blade sections of the outer blade cutting

wheels of Examples 1 to 4 and Comparative Example 1.

DESCRIPTION OF EMBCODIMENTS

[o021]

20 Referring to FIG. 1, the ocuter blade cutting wheel in
one embodiment of the invention is illustrated as comprising
a base 10 in the form of an annular thin disc made of
cemented carbide and a blade section 20 disposed on the ocuter
periphery of the base 10. The blade section 20 comprises

25 diamond and/or CBN abragive grains bonded with a metal or
metal alloy bond by electroplating or electroless plating.
[6o22]

The base 10 is in the form of an annular thin disc

(differently stated, a doughnut-shaped thin plate having a

30 center bore 12) having an outer diameter of 80 to 200 mm,
preferably 100 to 180 mm, defining an outer periphery, an

inner diameter of 30 to 80 mm, prefersbly 40 to 70 mm,

-10-



one embodiment of the invention is illustrated as comprising a base 10 in the form of an annular thin
disc made of cemented carbide and a blade section 20 disposed on the outer periphery of the base

10. The blade section 20 comprises 25 diamond and/or CBN abrasive grains bonded with a metal or
metal alloy bond by electroplating or electroless plating. [0022] The base 10 is in the form of an
annular thin disc (differently stated, a doughnut-shaped thin plate having a 30 center bore 12) having
an outer diainét’embﬁgottbeolocmm Preferatsly 20016 ABOawmm, dEfifling drpodtep pwriphery, an inner
diameter of 30 tg Q)rege §Iy 4%t £0 mm, defining the bore 12, and a thickness of 0.1 to 1.0
mm, prefergk;:ly Zrto m. [0023] It is noted that the disc has a center bore and an 5 outer
C|rcumferenb@0é§3§hown in FIG 1. Thus, the terms "radial" and "axial" are used relative to the center of

the disc, and so, thethickness is.gn @f}ﬁ{ dgﬂgn%{ggcar}g@e Ieggﬁt@f k&g&gm) is,ayradial dimension.

Likewise the terms "inside" or "Iinward" and "outside" or "outward" are used io relative to the center of
the disé or tetretatingrshaniemnactitig whesn 0024 The base Bagla thieReedeiMie range of 0.1

to 1.0 mm andan guter digmeter in {he tange fnot marethan 200 mm.15 preayse,z bage of such

dimensions can be manufactured at a high accuracy and ensures consistent cut-off machining of a

workpiece, Biicallyaifhre @arthiSinferdF et b ckat HHigh dHhBRSIBAGPacckfy-®\er a long
term. A thickpess of less than §demm leads.tg &ilikelingad akneticeablearpage the terms

"ingide" or "inward" and "outside" or "outward" are used
1¢ relative to the center of the disc or the rotating shaft of
the cutting wheel.
[0024]
The base has a thickness in the range of 0.1 to 1.0 mm
and an outer diameter in the range of not more than 200 mm
15 because a base of such dimensions can be manufactured at a
high accuracy and ensures consistent cut-off machining of a
workpiece, typically a rare earth sintered magnet block at a
high dimensiocnal accuracy over a long term. A thickness of
less than 0.1 mm leads toc a likelihood of noticeable warpage
20 independent of outer diameter and makes difficult the
manufacture of a base at a high accuracy. A thickness in
excesg of 1.0 mm indicates an increased cutting alliowance.
The outer diameter is up to 200 mm in view of the size that
can be manufactured by the existing technology of producing
25 and processing cemented carbide. The diameter of the bore is
set in a range of 30 to 80 mm so as to f£it on the shaft of
the cutoff machining tool.
[0025]
Examples of the cemented carbide of which the base is
30 made include those in which powder carbides of metals in
Groups IVB, VB, and VIB of the Periodic Table such as WC, TiC,
MoC, NbC, TaC and Cr;C; are cemented in a binder matrix of Fe,

Co, Ni, Mo, Cu, Pb, Sn or a metal alloy thereof, by sintering.
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20 independent of outer diameter and makes difficult the manufacture of a base at a high accuracy. A
thickness in excess of 1.0 mm indicates an increased cutting allowance. The outer diameter is up to
200 mm in view of the size that can be manufactured by the existing technology of producing 25 and
processing cemented carbide. The diameter of the bore is set in a range of 30 to 80 mm so as to fit on
the shaft of the cutoff machining tool. [0025] Examples of the cemented carbide of which the base is
30 made inglndedhadepewhichipovderwarfides WE netalsdn GroupsdVBCOVE L &rdSE ©b the Periodic

Table such as WC, TiC, MoC, NbC, Ta. anﬂq(e:r3C%grei8erﬂented in,iaqbinder maé@(v\?f Fe, Co, Ni,

Mo, Cu, Pb,sgﬁtoerﬂésm%ﬁﬁ alﬂgﬁ? teéﬁg% , by smté’rinsg’]. Kmongafﬁgséef typlggﬁ/\/%:-%o, Clil-"c']'i,o -Co, and

WC-TiC-Ta&5Cotsysiehs G_@prefé;ﬁr%'df Thb?shoaMqum@"sdﬁ@dwhé@h4éa_‘t@ 780 GPa.
Also, those cemenged carides which have.an.g i@;ci‘éo%%‘i%'ﬂ%§H§C_ec9}'b&%*§cﬁ’a!a@é%%éé"h'°h can

be 5 given such an electric conductivity with palfadium catalysts or the like are preferred. When
cemented caHiEBs 2 Jiven anleletlricceornetvbiwith paadionpadtassisor tretikéywel-known

agents such as metalizing agents used in-the mefallization ol ABS resingmay be amployed, 10(0026]

With respect to magnetic properties of the base, a greater saturation magnetization is preferred for

holding abrasive Hraiks 16 tHOB&sE by Yidghetictatraetiorn E/eR e ExsE 8f aTowdesakiegion

magnetizatign; howguer, lajqnagnetic materialgoated abrasiyegrainscaney magnefigally attracted
toward the base by controlling the position of a permanent magnet and the strength of a magnetic
field. For thi%e'r%%%iﬁ,zé“bé%l hﬁ@ing%ﬁsgﬁ%&ﬂb% Raynkfiz et Jeast 40 KA/m (0.05 T) is
satisfagtory; g2 7] The saturation magnetization of a base is determined by cutting a sample of 5
mm squares out of a base having a given thickness, and measuring a magnetization curve (42tl-H) of

the sample at a temPefdtureSsRER 55EDYRERRE bF a5 PGS apleHagRétBmeter (VSM). The
upper limit efpagaetizaiionaduesinihedisst:quadiant is aspigaed.asdie saturation Mmagnetization.

abragsive grains to the base by magnetic attraction. Even in
the case of a lower saturation magnetization, however,

15 magnetic material-coated abrasive grains can be magnetically
attracted toward the base by controlling the position of a
permanent magnet and the strength of a magnetic field. For
this reason, a basgse having a saturation magnetization of at
least 40 kA/m (0.05 T) is satisfactory.

20 [6027]

The saturation magnetization of a base is determined

by cutting z sample of 5 mm squares out of a base having a

given thickness, and measuring a magnetization curve (4nl-H)
of the sample at a temperature of 24-25°C by means of a
25 vibrating sample magnetometer (VSM). The upper limit of
magnetization values in the first quadrant is assigned as the
gsaturation magnetization.
t0028]
The outer periphery of the base may advantageously be
30 chamfered {(beveled or rounded) in order to enhance the bond
strength between the base and the blade section which is
formed thereon by bonding abrasive grains with a metal bond.

Chamfering of the base periphery is advantageous in that even
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[0028] The outer periphery of the base may advantageously be 30 chamfered (beveled or rounded) in
order to enhance the bond strength between the base and the blade section which is fosmed thereon
by bonding abrasive grains with a metal bond. Chamfering of the base periphery is advantageous in
that even when the blade is over-ground in error beyond the boundary between the base and the
abrasive layer during grinding for blade thickness adjustment purpose, the metal bond is left at the
boundary tovpravenhthellade sestiarv&onrylbeingd separatscrapsrt ik ahglelamdrglantity of
chamfer m e determined.in_accordance with the thickness of the base and the average grain size
of abrasive LA Bachen T A VRO Toh Sh A AT de e o THe i i0eL S the bace,
[0029] ioThie kbfasivé grains ssed figveintegs digmond grain hadre: GBN Iyraidis 1 ¥hé abrasive grains

should hav%ggeggﬁggég,yittg a g@gg@%&n@gi%{&% sggﬁdolglargggﬁls ngg@sive grains prior to

the magnetic material coating are determined in accordance with the intended application. 15[0030]
For examplésgiansiretgairasrtincludite sagis di@adoadant itdustdaldyatiaic diamone) or cubic

boron nitridg EBN) graismay bedised-plang, A mixiee of digpndoraing aad GBI aaips is also
acceptable. Depending on the workpiece, 20 abrasive grains of each type may be selected from single
crystal grairf$:8n@ polRARstaNAd Yraas andiusteraend dr FradmktheTBraajustify Fagdy. Further,

sputtering a;metal SHEh asde, GRAEECF DAL SuHiacRa-okaPragive graiag.ie adhicknesz.obaleut 1 um

is effective for enhancing the bond 25 strength to the magnetic material to be subsequently coated.
[0031] FBPé]@?dbly abrasive grains have an average grain size of 10 to 300 um although the grain

size depends on therthickness of the Base.dbtheaverage giain size igiess-thangd 1@ 4m, there may
be left smaller voids between abrasive grains, allowing problems like glazing and loading to occur

during the GREHPEpERR of ShtFISsing the GRERS ABfind FatheSarhale Yrin & RS hore than 300
pm, problerag At@Eakigesh a magnetic material. The size and hardness of

abrasive grains prior to the magnetic material coating are
determined in accordance with the intended application.

15 [0030]

For example, diamond grains (including natural diamond
and industrial synthetic diamond} or cubic boron nitride (CBN)
grains may be used alone. A mixture of diamond grains and CBN
graing is alsoc acceptable. Depending on the workpiece,

20 abrasive grains of each type may be selected from single
crystal graing and polycrystalline grains and used alone or in
admixture for adjusting fragility. Further, sputtering a
metal such as Fe, Co or Cr onto surfaces of abrasive grains to
a thicknesgs of about 1 um is effective for enhancing the bond

25 strength to the magnetic material to be subsequently coated.
[0031]

Preferably abrasive grains have an average grain size
of 10 to 300 pm although the grain size depends on the
thickness of the base. If the average grain size is less than

30 10 um, there may be left smaller voids between abrasive grains,
allowing problems like glazing and locading to occur during the

cutting operation and losing the cutting ability. If the
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for example, magnet pieces cut thereby may have rough surfaces. With the cutting efficiency and
lifetime taken into account, abrasive grains of a certain size within the range may be used 5 alone or
as a mixture of grains of different sizes. [0032] The abrasive grains are previously coated with a
magnetic material such that the coated abrasive grains may be magnetically attracted in a short time
even to a base of low io saturation magnetization cemented carbide and fixedly held thereto to prevent

shedding dermg d3=bgnding sté by pdatingy: Spduificaly Cthencoatedhbeasivangraing sy, have a mass

magnetic susceptibility xg of preferably at least 0. re preferably at least 0.39, The magnetic
material is Ll%sgfyp%{ﬁ%;t%éas‘ﬁa nee%ne%)a{]es%?esctgg r(r)’{‘]rrl?l ?\ﬁglﬁgg anha&y C%‘,Térr? aﬁ8§% tv%glfq%ar%gr%'such
metals, or azﬁ_niaunytbfaoraelsudhlmaélfdrcalIm;yuyitlaaﬁléaisfehe’met&hk@ect@dﬂmm@and%n. The
abrasive gr%% arg.coated With syieh a 1ig maatesial by agy wellknawn techinioye such. s

sputtering, e?ectropl ting or electroless plating until the thickness of the coatingreaches 0.5 to
1001, preferaisin® ©x86% ¢f thd diateter Hf abrasive gfaids. 06381 Sirdezth@. magnetic susceptibility
of coated atﬁ@ﬂ 25 grains depends on the magnetic susceptibility of the coating magnetic material
and the thickness of the magnetic material coating, the type of magnetic material should be selected
so as to gain a necéBRanpaiiReives fGrEe foralbrasiRIG a3 Wt oY cattait 8 e Neveftheless, even an

electroless plated 89 nigkalphospharsicoating haying-alave aghelie sUsceptibility dretogehigh

phosphorus content can be increased in susceptibility to a certain extent by heat treatment. Also a
multilayer cBa6R§ bi kY halihgcdiFerentBudcahbility fs PEsibIBfor @x@aniiAé sa ebathRyincluding
a layerhavigga,loxy sescepiipilinrand anavedyinglaxer having adigh susceptigilify. nhus, the

magnetic susceptibility of coated abrasive gélains may be 5 tailored in_accordance with a particular

situation. [0BBEFRE ort aB Ty EBAteBRHFELNE oiiihd HAVEREMESE alhetit SRisteptibility xg of at
least 0.2, preferabhyat legst 0:39; e cogtedrabrasiye giaias ase avisklyraagaetized have a

mass magnetic gusceptibility yg of preferably at least 0.2,
more preferably at least 0.39. The magnetic material is

15 typically at least one metal selected from Ni, Fe, and Co, an
allioy of two or more such metals, or an alloy of one such
metal or alloy with at least one metal selected from P and Mn.
The abrasive grains are coated with such a magnetic material
by any well-known technigue such as sputtering,

20 electroplating or electroless plating until the thickness of
the coating reaches 0.5 to 100%, preferably 2 to 80% of the
diameter of abrasive grains.

[0033]
Since the magnetic susceptibility of coated abrasive

25 grains depends on the magnetic susceptibility of the coating
magnetic material and the thickness of the magnetic material
coating, the type of magnetic material should be selected so
as Lo gailn a necessary attraction force for abrasive grains
of a certain size. Neverthelessg, even an electroless plated

30 nickel-phosphorus coating having a low magnetic
susceptibility due to a high phosphorus content can be
increaged in susceptibility to a certain extent by heat

treatment. Also a multilayer coating cof layers having
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io by a magnetic field which is produced near the periphery of the base. Then the abrasive grains are
magnetically attracted substantially equally at any sites within a space 64 defined by the base and
permanent magnet holders of a jig as shown in FIG. 3. If the mass magnetic susceptibility xg 15 of the
coated abrasive grains is less than 0.2, the abrasive grains within that space may not be fully
attracted. With such weak attraction, some abrasive grains may fall off during plating, failing to fotm an
abrasive grath1AFEFdTr bFARS §E&idny bt Formig BRSbrEVe gf&h 1878 WHith i€20QRdrdd¥ and thus
low in mechanical strength. 18935 havEihe massanagneie=gusaeptibitity xghaf abrasive grains may be
determined tg/ prfvidin 2 resinous vessel hz\j/i,régﬁan outer diaraefr of 8 mm, an inner diameter of 6
e i

mm, and a 2 é’fﬁ ,%i&ﬁgﬂfﬁ% ar i nﬁ&%’cﬁ?%iﬁa fytéfd as't8'#6rm OR& or two layers of
grains in thexwgssel i takings thepgrainisl dutyof dite vesseldmaasarngy thegweighs ohthe grains, returning
them ir%to tq:e \:ﬁsse(l%, d°|§%i”g a pa%ﬁn Vé/itl;l\?atrﬁeléin Jgéqtcofﬁgout ggcaqcnithg grain layer, and 30
heating the vesserin anovén at 60, Once the paraftin IS e ecj:f, thé vesselTs tlosed with a lid and
cooled. An initied 4dagnetization curve (4xI-H) of the sample is measured at a temperature of 24-25C

by means of a vibrating sample magnetometer VSIIyII) A.g;adient at the inflection paint of the initial
rgnatsation cune S Ee RHREr g o S e et EiAhe S Seight,yielding

the mass meggetie suseepitnlity Xg:0f abrasive grains. Netably, themagnetie fielstig catibrated using a
standard Nisample, and the density of gbr sive grains is measured as a.tap_bulk densit ,%0036]
10The thickheSE bf hasHetl IRafTar Eonfle SHOUIE AR R aSRrop A ke FEEATSE 18 coating
thicknass caf affeatthessize of veits created duging:forinatieh akthe hiade sectigphdihe mwMimum
thickness o%%oatlionagstis pre{,%lr)ablyt 5 vc\?/t'ﬁtjthaat is\r a thi%n%ss %trv(\a/hL%Q ol{/g{‘:aill atlr sive grains can be 15
coated by p aﬁqg Wihout Substantial voids. For exgmpjre,sfor abrasive graln%awi an average grain
size of 300 ptthadised substantially equally at any sites within a space

64 defined by the base and permanent magnet holdergs of a jig

as shown in FIG. 3. If the mass magnetic susceptibility yg
15 of the coated abrasive grains is less than 0.2, the abrasive

grains within that space may not be fully attracted. With

such weak attraction, some abrasive graing may fall off

during plating, failing to form an abrasive grain layer (or

blade section) or forming an abrasive grain layer which is
20 porous and thus low in mechanical strength.

[0035]

The mass magnetic susceptibility yg of abrasive grains
may be determined by providing a resinous vessel having an
outer diameter of 8 mm, an inner diameter of 6 mm, and a

25 height of 5§ mm, distributing grains uniformly and thinly so
as to form one or two layers of grains in the vessel, taking
the grains out of the vessel, measuring the weight of the
graing, returning them into the vessel, placing a paraffin
with a melting point of about S50°C on the grain layer, and

30 heating the vesgel in an oven at 60°C. Once the paraffin is

melted, the vessel i1s closed with a 1id and cooled. An

initial magnetization curve {4nI-H) of the sample 1ls measured
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the maximum of the preferred average grain size range, the coating thickness may be at least 0.5%,
more preferably at least 0.8% of the grain size. As long as the coating of 20 magnetic material has a
thickness in the range, it offers a retaining force capable of reducing shedding of abrasive grains when
the outer blade cutting wheel is used in cutting operation. As long as a magnetic material of proper
type is selected for coating, abrasive grains are attracted and held 25 to or-near the outer periphery of
the base bystheamagmeterfmid derring the pleging step mekineut 44lling oifb [ROSThEosabrssive grains
with an average grain size of that is_ the minimum of thjhe preferred average grain size 30 range,
the maximum . g%tﬁ}%mﬁ%c lﬁeiﬁ%ﬁr’ef@atﬁ;? %%?18%0% otf e é&e%ﬁ%rglré’ﬁ% %f)egg%agrgsive grains,
because othédraisiena fraztiomafabrasied grainsnotveffgrtively funttibfmmgechuritaylcutting operation
increases, 3, ggi to.f e in If-ﬁh lBe@liEQ o&‘l ggr% 'vecgrai %Iirpcieases aﬁg the machining
ability degrac?és. ?(?03%?5T¥%yrh(3t§%%nd%for bondjl'ng abrdsive Sra%ns %geet%e?ilg a plating metal or
alloy. Whenyd bladgiergecting isiies bedexmed, iacpeinzangst ibadnet ynyst berdispesedinear the outer
periphery of the base tq produce a magnetic field, For.example, two or more permanent magnets
having a reMansnce (o%%tﬁgtélfc}/u’al %&%n%?i?ﬁ%%l engf'tf;’)T g a:'ﬁegsatjol.? Nt é:ré)%ié‘ﬁfs%% h the side
surfaces of #hehdserfdositionediirisige thelouibe parpladryithereofior sithirespacesrdispased inside the

outer periprrlttlar of @eedbase ang S ag%qﬁ _dc'istanc% of not more than 20 mm from the side surfaces of

the base, to ﬁﬁuereby %rsofucea magnetlceﬁ%rcdlofydt least 8 kKA/m in a space extending a distance of
10 mm or lek8dasm the outer periphery of the base. The magnetic field acts on the diamond and/or

CBN ahrasive grain%ﬁre- ith a rpa t}'lc erI{1 l, to produce a magnetic attraction.force. By
this Zg%magnetic attracﬁogggﬁgg?t éeg agrr%s%%%gr%%?arg r%%ﬁ%%tlcéi@%ﬁ% tesc'iké?rwﬁldE fﬁeﬁh{/‘ eld to or
near the base oaterarwiptiery. Aithuhosdrisive gesing el dCihaddipcelobitopintisg oratectroless

plating of a matal.er qligy iz CaLried oyLen the.hage oytey periphepy 191 thergby honding o the

abrasive grains to the base outer periphery.
section. The minimum thickness of coating is preferably 2.5

pum that is a thickness at which overall abrasive grainsg can be

15 coated by plating without substantial voids. For example, for

abrasive grains with an average grain size of 300 um that is
the maximum of the preferred average grain size range, the
coating thickness may be at least 0.5%, more preferably at
ieést 0.8% of the grain size. As long as the coating of
25 magnetic material has a thickness in the range, it offers a
retaining force capable of reducing shedding of abrasive
grains when the outer blade cutting wheel is used in cutting
operation. As long as a magnetic material of proper type is
selected for cocating, abrasive graing are attracted and held
25 to or near the outer periphery of the base by the magnetic
field during the plating step, without falling off.
[cC37]
For abrasive grains with an average grain size of 10
um that is the minimum of the preferred average grain size
30 range, the maximum coating thickness is preferably up to 100%
of the average grain size of abrasive grains, because

otherwise a fraction of abrasive grains not effectively
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[0039] The jig used in this process comprises a pair of holders each comprising a cover of
insulating material having a greater outer diameter than the outer diameter of the base 30 and a
permanent magnet disposed on and fixedly secured to the cover inside the base outer periphery.
Plating may be carried out while the base is held between the holders. [0040] Referring to FIGS.
2 and 3, one exemplary jig for use in the plating process is shown. The jig comprises a pair of holders
50, 50 eachfcomprising accover S2pfansuiating mpterdel Bmd a perearerd magnetSdimouated on the

cover 52. s A base J?his sandv&iéczhe)g1 between the t%old%rs 50 and 50, The permanent magnet 54 is
-5 aDTrasl

preferably Huiried 1h the cover ?e]?ﬁgﬁvlerf)% the permaner“emgaﬁé‘trf4 i motinted dn ﬁ1nedcover 52

so that the mmlagnassd nrayrige #babuitmertsgtethesbase 1 when assembled. 10[0041] The
permanent r{@{gggg built in the jig should have a magnetic force sufficient to keep abrasive grains
attracted to the baSe during the plating process of depositing a metal bond to bond abrasive grains.
Although the necessHir 18etagnétinfdrdodeparndblog tieddistiice [tween thepasdeutereriphery

and the magney; apd the magnetizatian agd susggotipility;of a40agnetiq matqrial cgajed on abrasive

grains, a desired magrietic force may be obtained from a permanent magnet having a remanence of at
least 0.3 T &RFBSD. cGerEwHydNaPleaseoe NS bréteraBhsRPeMAnBAREE oFBEle8¥t@H T and a

coercivity ofatleasl0.8 MA/mand,mare prefsrabiy, ademangnae of at least 4.0 Trnd a coercivity of

at least 1.0 MA/m. [0042] 25The greater remanence a permanent magnet has, the greater gradient the
magnetic fiéief diHerély RS T RREpefRANSRTRE et WAth- & GréatERFERSES Tce Palue is

convenient whgndtis desiigdde jecatly.attrach-abrasiye graigs. Indhis:sense, ¢sg pta permanent
magnet having a 30 remanence of at least 0.3 T is preferred for preventing abrasive grains from

separating §FaPREAMHE b ddetd fe #Eaditdtion s Piating SoRkAiBR HEvibiatBADyEkikg motion of
the base-holdiag digehiFngdhe Plating pOsesss or within spaces disposed inside

the outer periphery of the base and spaced a distance of not
more than 20 mm from the side surfaces of the base, to
15 thereby produce a magnetic field of at least 8 kA/m in a
space extending a distance of 10 mm or less from the outer
periphery of the base. The magnetic field acts on the
diamond and/or CBN abrasive grains pre-coated with a magnetic
material, to produce a magnetic attraction force. By this
20 magnetic attraction force, the abrasive grains are
magnetically attracted and fixedly held to or near the base
outer periphery. With the abrasive grains held fixedly,
electroplating oxr electroless plating of a metal or alloy is
carried out on the base cuter periphery for thereby bonding
25 the abrasive grains to the base outer periphery.
[0039]
The jig used in this process comprises a pair of
holders each comprising a cover of insulating material having
a greater outer diameter than the outer diameter of the base
30 and a permanent magnet disposed on and fixedly secured to the
cover ingide the base outer periphery. Plating may be
carried out while the base is held between the holders.

[0C40]
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[0043] As the coercivity is greater, the magnet provides a stronger magnetic attraction of abrasive
grains to the base for a long period even when exposed to a high-temperature 5 plating solution. Then
the freedom of choice with respect to the position, shape and size of a magnet used is increased,
facilitating the manufacture of the jig. A magnet having a higher coercivity is selected from those
magnets meeting the necessary remanence. 10[0044] In view of potential contact of the magnet
with plating solutionReespatisher® nfdlgret iLpriterably Coste@sethatthe magndianayBe more

corrosion resistapt. THeGoAtigomateriakis;selegted-undef;such conditions asda 15 pinjpizesthe
dissolution of the coating material in the plating solution and the substitution for metal species in the
plating solufi§r9ftEh EMbolfn&RCIhE@IPE hFe@Pbénd RVEEpositel fro aHidikel tating bath, the

pre_ferred C%M@ler%@réhﬁ@ﬁ%ﬁiﬂ% an@%@éﬁu@ll agSith 80020 Mhar adesip %@h as epoxy
resin or acrélllc resin. [0045] The shape, size and number of permanent magnets built in the jig

depend on theP§is€ ot tHe céBrietrERBidestage anbitRe PBsHBR SdirdctiraritPstreRgth of the
desired 25 magnstie fieldnEghexample, svhansit is-desikeddeunifermly bord abrasivesgrains to the

base outer periphery, a magnet ring corresponding to the outer diameter of the base may be disposed,

or arc shapd Mgt SEgmentd B6rBE331dITG to FRIGGES diamstePBPREh<ForRttangular
parallelepiped-g-magnebsegraentsthavingrasideaf semeralanillimeters iengsmay e canginuously and
closely arranged along the base outer ﬁeriphery. For the purpose of reducing the cost of magnet,
magnet segiieiits m& B8 sPEEEFAPEH to reduce the number of magnet segments.

10 [co41}

The permanent magnet built in the jig should have a
magnetic force sufficient to keep abrasive grains attracted
to the base during the plating process of depositing a metal
bond to bond abrasive grains. Although the necessary

15 magnetic force depends on the distance between the base outer
periphery and the magnet, and the magnetization and
susceptibility of a magnetic material coated on abrasive
grains, a desired magnetic force may be obtained from a
permanent magnet having a remanence of at least 0.3 T and a

20 coercivity of at least 0.2 MA/m, preferably a remanence of at
least 0.6 T and a coercivity of at least 0.8 MA/m, and more
preferably a remanence of at least 1.0 T and a coercivity of
~at least 1.0 MA/m.

[0_042]

25 The greater remanence a permanent magnet has, the
greater gradient the magnetic field produced thereby has.
Thus a permanent magnet with a greater remanence value is
convenient when it is desired to locally attract abrasive
grains. In this sense, use of a permanent magnet having a

30 remanence of at least 0.3 T is preferred for preventing
abrasive grains from separating apart from the base due to
agitation of a plating solution and vibration by rocking

motion of the base-holding jig during the plating process.
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[0046] The spacing between magnet segments may be increased, though depending on the
remanence of magnet segments used. With magnet segments spaced apart, magnetic material-coated
abrasive grains are divided into one group of grains attracted and another group of grains not
attracted. Then abrasive grains are alternately bonded to some areas, but not 10 to other areas of the
base outer periphery. A blade section consisting of spaced segments is formed. [0047] With respect to
the magneticofield Jproduced near the base outer periphery, a variety of magnetic fields can be is
produced by changiﬂ% at%:)mbinatign of 1I:he gsition atgg ma%leetization direction of. permanent

WO

P ! (g
magnets mounted to %Id:e?ggaﬁafh%ingst rt?aase.%y repea’le‘—il Ir%\eagrPe%%\ﬁle? gnglysis and

experimentsﬁﬁ@%ﬂg‘%@ﬁ@%@@@g@d@t@rm@bmaév@ pmtﬂb@aa raghiesic fiefeof at least 8
20 kA/m, prgggaglyl%ggig A0 kaym within,g space extending a distanee of 10 mm.qress from the

outer periphery of the b When the strength of the magnetic field is’less than 8 kA/m, it has a short
magnetic farée t6- Bfr &t Mdgreic malsialicoatdtrandsivefainacaneg iMplatng e aed 28 out in

this state, abgasiye graing mayshe moved away, duripg the,plaling Pracess; and as,a.gonsequence, a

blade section having many voids is formed, or abrasive grains are bonded in a dendritic way, resulting
in a blade sE2fé/ hadintr@ sizbgroafey fidT tHeed &dirdeh S ubsaquefit BiRE3RY May tatisé the 30

blade sectign i9,0¢ separated apart oL taka adengerdime, THRSSCONLSHRS Maydaereagedhe cost of
manufacture. [0048]
necessary remanence.

10 [0044]

In view of potential contact of the magnet with
plating sclution, the permanent magnet is preferably coated
so that the magnet may be more corrosion resistant. The
coating material is selected under such conditions as to

15 minimize the dissolution of the coating material in the
plating sclution and the substitution for metal species in
the plating solution. In an embodiment wherein a metal bond
is deposited from a nickel plating kath, the preferred
coating material for the magnet is a metal such as Cu, Sn or

20 Ni or a resin such as epoxy resin or acrylic resin.

[0045]

The shape, size and number of permanent magnets built
in the jig depend on the size of the cemented carbide base,
and the position, direction and strength of the desired

25 magnetic field. For example, when it is desired to uniformliy
bond abrasive grains to the base outer periphery, a magnet
ring corresponding to the outer diameter of the base may be
disposed, or arc shaped magnet segments corresponding to the
outer diameter of the base or rectangular parallelepiped

30 magnet segments having a side of several millimeters long may
be continuously and closely arranged along the base ocuter

periphery. For the purpose of reducing the cost of magnet,
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Preferably the permanent magnet is placed nearer to the portion to which abrasive grains are
attracted. Generally speaking, the permanent magnet is placed on the side surface of the base inside
the outer periphery thereof or within a space situated inside the outer periphery of the base and
extending a distance of not more than 20 mm from the side surface of the base and preferably within a
space situated inside the outer periphery and extending a distance of not more than 10 mm from the
side surfacBdFHAEbESTIRMF| SRV VRS pSIRAITehtaRAd Tets PatvRgE ForfifeMtE6rat 1I848st 0.3 T
(specificallyaljgast ere;magnet per holder) are placed at specific positions within the spaces such
that the magnets are entirely or partially situated within the spaces whereby a magnetic field having a
strength of gpl%‘%éﬂ 8 kA/m 15 can be produced within a space extending a distance of not more than

10 mm from the outerperphery:ef the basenl henyirdepansgeshobwhathepthe hase isseade of a
material having a high saturation magnetization and a likelihood to induce a magnetic force such as

alloy todl ste8PITRgHERTRA R8P0 bha MaRF AT RGGing T BRPSRhr oA A Retiifon and a less
likelihood tavinghcr-asmeagnetieiase sushas«aenenied catkideca magnete fieid havag ad
appropriate magnetic force ¢can be produced, near.the outer periphery of the base. When magnetic
material-coBTRtr A0raSivE AN eﬁ‘%%e I eSS rittghetiaFieRE T cOatiy A HSgnetized and
consequenty, the absasive grains areattipctecband hglchtoer neat the outertpeiiphery e the base.
[0049] With_respect to the position of the magnet relatiye to.3Q the outer periphery of the base, if the
magnet is n%?rp?lasc::ié\aewﬁﬁ#tﬁés s%gge %%g%e]%’ %8\9‘} : s%p%%ﬁ%%”f i the %%g%ge??sgpla}agg outside the
outer peripheryofilee baseathoudgh closeltheretorfor expmpieiat andistandelefd:5 semtdutward of the

outer peripr&eorxso{éhelgas%fthgnét&eegagenergg fi,glsd _sLtSre%%tgﬁrllee r the outer periphery of the base is
high, but a region'w ere the ma%netlc fieldggralalent Is reversed is likely to exist. Then abrasive grains

tend to showdB&havior of s emerging upward from the base and shedding away. If the position of the

magnet is inside th%t#?l’ P%QB%%Q/ of (Bhed;i sir%?h%q{eagfcdigﬁgfgi %@g&égan 29.mm.fram the outer

periphery of the base, then the ' magnetic fie e space exten istance of not more than 10
mm from theasferiotsariphery phiievbase EaHs e havé ansterrfii of lkeseidan 81 /RE with a risk of

the force of magnerically atiacting;apragive grainshecoming shad. lsuch;a,case,dhe strength of the
magnetic fiéld may be inCreased by enlarging the size of magnet. However, a large sized magnet
produces afdagifdiization direction of permanent magnets mounted to two
holders sandwiching the base. By repeating magnetic field
analysis and experimenté, the arrangement of magnets is
determined so as to produce a magnetic field of at least 8
20 kA/m, preferably at least 40 kA/m within a space extending a
distance of 10 mm or less from the outer periphery of the
base. When the strength of the magnetic field is less than 8
kA/m, it has a short magnetic force to attract magnetic
material-coated abrasive grains, and if plating is carried
25 out in this state, abrasive grains may be moved away during
the plating process, and as a conseqguence, a blade section
having many voids is formed, or abrasive graing are bonded in
a dendritic way, resulting in a blade secticn having a size
greater than the desired. Subsegquent dressing may cause the
30 blade gection tc be separated apart or take a longer time.
These concerns may increase the cost of manufacture.

[0048]
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is field of increased strength not only near the site to which abrasive grains are attracted, but over the
surrounding, which is undesirable because some abrasive grains can be attached to the site to which
abrasive grains are not to be attracted. A large sized magnet is not so practical because 20 the
magnet-built-in jig also becomes large. [0050] The shape of the jig (holders) conforms to the
shape of the base. The size of the jig (holders) is such that when the base is sandwiched between
holders, the permanent frragiiet ¥ Stin¢heheoldenaray beahthe desiretbpaesitioretetativetio the base.
For a base @%\éing cgrrkg%tgr ?(i)am;te(r: gf 1%?:_ énr_gavand a gzlLicléneass of a?t%G mm agd an array of
peimanent magnet segments o 5 mmalong %y 7 Wide bnyS mm ¥h|ck,efor' example, a disc
having an cateradiahktersgfestiteast 1 25tmnpadaadanthiclamgss of Aboptl2E enin dsiuséd: as the holder.

[0051] ifical outer.diameter of jig or holder i ected.t reater than
{the outer |§r8h%et§?[ cjl)%?té% a%%a p%%(ﬁge%'géﬁt o£f ae%!}%s%vg%yeé#n%?{ipﬁ)iggjb%%% (;{: g{sé%gégr?sure a
height &r ragial prdthusior (HRd¢ &G i 1Crokthelalradiwe graindayar apg thigpieknest dfithe jig or

holder is sejgcied ﬁBc?SetQt{EB&igﬁfga strenath syfficient g preyeni warpage dye.fa applpt tegperature

changes by moving into and out of'a hot plating bath. The thickness of the portion of the holder which
comes in coiitaét ey Spesivd gidigs Rrfharduetd IR iNg remdinig Forida<e as to ensure an

axial 10 progrpsion 3 in G d Qe the phrasie-grain layer insthe.thickgess, directian gtihe base. A

masking tape having a thickness equal to the axial protruSion may be attached to that portion so that
the thickne$stmag hetorfe E§aal té thBFbfhEPerBmifg Pertiont 18052 theheangteriditof which

the jig,gr holdeysare ypa iﬁrﬁrﬁé@{@bh{aﬁ};‘h@%@QG:L'H%%%@&M%O plating deposits, because
the overall jig having the base sandwiched between the holders is immersed in a hot plating bath for
20 depositifty & methFB6Rd bhdhe bast tmbre dEsrasy TRETRUIRRY MatdF shéd18 have chemical

resistance, peateesisfanegHp 1@ 2BogbAAE 1 ane theimiad shacleresistance sfficiepkto-meintain the
size constant even when exposed to repeated rapid thermal cycling in moving into and out of the
magnets are entirely or partially sitiated withinn the spaces
whereby a magnetic field having a strength of at least 8 kiA/m
15  can be produced within a space extending a distance of not
more than 10 mm from the outer periphery of the base. Then,
independent of whether the base is made of a material having
a high saturation magnetization and a likelihood to induce a
magnetic force such as alloy tool steel or high-speed steel,
20 or a material having a low saturation magnetization and a
less likelihood teo induce a magnetic force such as cemented
carbide, a magnetic field having an appropriate magnetic
force can be produced near the outer periphery of the base.
When magnetic material-cocated abrasive grains are fed in the
25 magnetic field, the coating is magnetized and consequently,
the abrasive grains are attracted and held to or near the
outer periphery of the base.
[0049]
With respect to the position of the magnet relative to
30 the outer periphery of the base, 1f the magnet is not placed
within the space defined above, specifically if the magnet is
placed outside the outer periphery of the base, though c¢lecse

thereto, for example, at a distance of 0.5 mm outward of the
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25 plating bath. Also desirably the insulating material should have dimensional stability sufficient to
prevent the holders from being warped by the internal stresses (accumulated during molding and
working) to create a gap between the holder and the base when immersed in a hot plating bath. Of 30
course, the insulating material should be so workable that a groove for receiving a permanent magnet
at an arbitrary position may be machined at a high accuracy without fissures or chips. [0053]
Specificallypthecholdersimpay e madelot engaeerinhpladtics suehrastRRS fREEXK, POMNPHIR, PSF
and PES and ceramics such as alumina. A haolder_is_prepared. lectin ui . material,
determiningng?rﬁ(;kagnr%’lgssoélr%(? gti%errd}rﬁ%ﬁgign%?n goﬁr?Zi égr%%o%%gfﬁegc%ér%%%a?s%e% ,ern}glding the
material to thieediterisiorisa gndtacHiningh groovedotreceiviry apeedanenilmaghet 47d a recess

for feceivin%Q@ﬁ%ctf&%w%sg?gi@gedggﬁms negessary when iq eleciroplating is-carried out. On

use, a pair of such holders thus prepare assembled so as to sandwich the base therebetween.
When the helizrs ane aspeinblediogettiarsvitpare ekt oda geiddlastrizvdiipply I tHeé¥sase to enable

electroplating, dhis assegblipgrpgedure aftords bot15 sleckilc suppl angechagicalfastening and
u

leads to a compact assembly as a whole. It is, of course, preferred that a plurality of jigs be connected

as shown iFPERS..2 By thatta plufdify dneased nitgHse platét afa Bthel FeBatSeta5uction
process becores mare efficient 20[0054] « ho oREGHiGRllY RS- Shown in BIG.2.3,eathgde 56 which

serves for electroplating and as a base retainer is fitted in a central recess in the cover 52. A jig is

assembled B e¥hibimga paiF bRAGRIRE SHNtHE Basé R thskMtifgla D5 Wntieti 8 E68port shaft 58

into the, borgs pf fheshelders and basecandfastening them tageibeeds the agserbledisiate, the
cathodes 56 are in contact with the shaft 58, allowing for electric supply from the shaft 58 to the

cathodes 5EAATEIGT 2R jigd Bch TohBRiAG BFE pir SRRREES bl 55 FF&EARbAREd on the shaft

58 at a suitalpe 5pacinogUsNgA BpacsiHthartharend cap 62cHndersiardabithesiig-shown in FIG. 2
is intended for electroplating. In the case of electrolessgplating the cathode is not n&cessag/, a
STe 5

non-conductive rBRINGIRGY b UstTrinsBay, Bfd S skt FB&ahat Recdsiarify

conductive.of magnet. However, a large sized magnet produces a magnetic
15 field of increased strength not only near the site to which
abrasive graing are attracted, but over the surrounding,
which is undesirable because some abrasive grains can be
attached to the sgite to which abrasive grains are not to be
attracted. A large sized magnet is not so practical because
20 the magnet-built-in jig also becomes large.
[0050]

The shape of the jig (holders) conforms to the shape
of the bage. The size of the jig (holders) is such that when
the base is sandwiched between holders, the permanent magnet

25 in the holder may be at the desired position relative to the
base. For a base having an outer diameter of 125 mm and a
thickness of 0.26 mm and an array of permanent magnet
segments of 2.5 mm long by 2 mm wide by 1.5 mm thick, for
example, a disc having an outer diameter of at least 125 mm

3¢ and a thickness of about 20 mm is used as the holder.
[0051]
Specifically, the outer diameter of the jig or holder

ig selected to be equal to or greater than {the outer
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[0055] Using the jig, plating is carried out as follows. The jig is assembled by sandwiching the
base 1 between the permanent magnet-built-in holders 50, 50. In this state, as shown in FIG. 3, a
space 64 is defined by peripheral portions 52a, 52a (extending outward beyond the base) of covers
52, 52 of holders 50, 50 and the outer periphery of the base 1. A io suitable amount of abrasive grains
pre-coated with a magnetic material is weighed by a balance and fed into the space 64 where the
abrasive gréibaRaEsHageticaty arpcted and Haid Jb0561T Rbameiireof abiesive grains held in the

space is depands ondue optersameterand thickness of thajuask dhe sizepf abrasive grains, and the

desired height and width of the blade section to be formed. Also preferably the process of holding
abrasive grefsEieEefREEting ldth g G eptatedBlufarEinfR IS tHE® tE 8o URRBEAbradi@ grains per

unit 20 volupe mayike-eaualized atiany pesitianson tebase auter petiphery and abyasive grains
may be tenaciously bonded by the plating technique. [0057] In this way, a blade section is formed. The

blade 55 sdtiBH Hréfetatiiy E5AGHHS & LERnstR PYSURTRMrd@iorAGIRL M8 % by volume, and

more preferabhy:3Q (@ £pYebn vohae i igetionof less thap 10% by valuge-means thagdess abrasive
grains contribute to cuttin%, leading to increased resistance during the cutting operation. A 30 fraction

in excess oP8856 1§ Vo méafs Hat ThEGefrivatibRnt gt euttin 'GdA5g the cutting

operation issietteeddeaving:cut srarks orhecus pudace-and pgorayatiag the diraensienal accuracy
and appearag(%e of cut\gieces. For these reasons, the cutting speed must be slowed down. It is thus

“RdlisttRE VoTtifa FratfoR UF abrabivie gfifind for FAHiIGURP appit@ition by changing the

referred to
Itohickn:e:ss opthecmaghetic meterial oating on)akyasivagrainsde thange dhiegraiy sizei {00583 As
Shom”]Wle'fb gg%ga ffg?ggg&Qﬁ%”Eﬁ%ségse_ A masking tape having a
thickness equal to the axial protrusion may be attached to
that portion so that the thickness may become equal to that
of the remaining portiocn.
15 [6os52]

The material of which the jig or holders are made is
preferably an insulating material on which no plating
deposits, because the overall jig having the bagse sandwiched
between the holders is immersed in a hot plating bath for

20 depositing a metal bond on the base. More desirably the
ingulating material should have chemical resistance, heat
resistance up to about 20°C, and thermal shock resistance
sufficient to maintain the size constant even when exposed to
repeated rapid thermal cycling in moving into and out of the

25 plating bath. Also desirably the insulating material should
have dimensional stability sufficient to prevent the holders
from being warped by the internal stresses (accumulated
during molding and working) fo create a gap between the
holder and the base when immersed in a hot plating bath. Of

20 course, the insulating material should be sc workable that a
groove for receiving a permanent magnet at an arbitrary
pesition may be machined at a high accuracy without fissures

or chips.
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a pair of clamp legs 22a, 22b which clamp the outer rim of the base 10 therebetween in an axial
direction and a body 10 (20) which extends radially outward beyond the outer rim (periphery) of the
base 10. It is noted that this division is for convenience of description because the legs and the body
are integral to form the blade section. The thickness of the blade section 20 is greater than the
thickness of the 15 base 10. To form the blade section of this design, the space 64 is preferably
configured d$8R&Wwn in FIG. 3. [0059] More specifically, the clamp legs 22a, 22b of the blade section

20 which clamp the guter i of ihe base, 10,20; therebetween eagh preferably haye & lepgth H1 of 0.1

to 10 mm, and more preferably 0.5t0 5 mm. The legs 224, 22b each preferably have a thickness T3 of
at least 5 p@EsF.008 g imare pRYerabREE to P00 pRan® @Fenmdorébsrefaidbly 10 to 1,000 pm.

Then the total thickness.0fdras 228; 440 %25 preiriaply,at least DO mim, more;preferaply,0.01 to 4

mm, and even more preferably 0.02 to 2 mm. The blade section 20 is thicker than the base 10 by this
total thicknéssS¥ritha e fgthiHESLAam RS UPH DDE i§ S8 IREAOSEniR-hel 2f& still effective for

preventing theimof the cementar 30 cathidease frara beingchinped-ahgracked utlgss effective

for reinforcing the base and sometimes fail to prevent the base from being deformed by the cutting
resistance. ftReMeiGth 1 exSoddie1 GHHRRTEHTBRoemét JRIREBRISE mMadE R tRe Sa&rifice of

expense. If the ghicknessal 3efalamprledns ipssthand p.mssuel shindegs-mayifail 4g eahance the
mechanical strength of the base or to 5 effectively discharge the swarf sludge. [0060] As shown in

FIGS. 4A t¢48THelQafipRBdY 294556 MGy ¥OHSGE oF% meta BBAEYL4R5F abrasive grains 26 (FIG.
4A), consistobmeialboad 2d5(HE. 43):01daclude an on use, a pair of such

holders thus prepared is assembled so as to sandwich the base
therebetween. When the holders are assembled together with
an electrode for electric supply to the base to enable
electroplating, this assembling procedure affords both

15 electric supply and mechanical fastening and leads to a
compact assembly as a whole. It is, of course, preferred
that a plurality of jigs be connected as shown in FIG. 2 so
that a plurality of bases may be plated at a time, because
the production process becomes more efficient.

20 [0054]

Specifically, as shown in FIG. 2, a cathode 56 which

serves for electroplating and as a base retainer ig fitted in
a central recess in the cover 52. A jig is assembled by
combining a pair of holders 50 with a bage 1, inserting a

25 conductive support shaft 58 into the bores of the holders and
base, and fastening them together. 1In the assembled state,
the cathodes 56 are in contact with the shaft 58, allowing
for electric supply from the shaft 58 to the cathodes 56. In
FIG. 2, two jigs each consisting of a pailr of holders 50, 50

3¢ are mounted on the shaft 58 at a suitable spacing, using a
gpacer 60 and an end cap 62. Understandably the jig shown in
FIG. 2 is intended for electroplating. In the case of

electroless plating, the cathode ig not necegsary, a
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io underlying layer consisting of metal bond 24 covering the base 10 and an overlying layer consisting
of metal bond 24 and abrasive grains 26 (FIG. 4C). Notably the strength of the blade section may be
further increased by depositing a metal bond on the structure of FIG. 4C so as to surround the 15
overall outer surface as shown in FIG. 4D. [0061] In the embodiments shown in FIGS. 43 to 4D, the
clamp leg inner portions in contact with the base 10 are formed solely of metal bond 24. To this end,
the base is maskechz012@ that andy: thinpartinag dbéherbase ansdichithesclampHegsappta-be folmed
are exposedh::}_ilr}qlE p%?eting @gg@rried out on tﬁe unmasked,base, ggrtions. This may be followed by

mounting the Base it the jig; chgr%cfr?gs aersp ceb§4 Cv:v?t}ﬁdébcraé‘lve grains 26, and effecting plating. After

the electroplatiigs25 of abrasive grains, the base 10 may be masked with another pair of covers 52, 52

having a smaller outer diameter such that the .electroplated portion is, exposed, and plating is carried
out again, forming af%)l/glgcc?r}\}sﬁst%l of té?a? %ﬁdlfz as rsllﬁg?jg 1é(%ctelgcgsn gﬁt%ir%%gfla;&eq%%s shown
in FIG.54D. 30f0062] a5 s dRéfeadthdoyackatodmiE: HiGghe o dipof ¢thel bladbwseetioh 129 which extends

diall ' b I H2.which ly 0.1to 10
radially oungiaigaevond %@f%r%ﬁ%g&% 3okl bas srlength. H2ubich s pisfgrably B! to

mm, and more pre ough may vary with the size of abrasive grains to ﬁe bonded.
If the body EhgunHRisFdss than (1 spacthetBlade séefiomamyhe peasmed adthe shongime by

impacts and years dyring the. p cutiing gperatignwhichndigates.a.cytting wheel withea sher lifetime.

If the body length 112 exceeds 10 mm, the blade section may become susceptible to deformation,

though depefidéptisietife Bltide IRicCRACSSCIR PVHE: 105 EBGIERY i Eutmaghaspietes With wavy cut
surfacgs ang 1enge; 40 wersaRingrdimiensional aceuragy. ?1%'139%%@%@%9 SerigncRnsists
essentially of abrasive grains 26, metal bond 24, and metal binder. [0063]
material is weighed by & balance and fed i1into the space 64
where the abrasive grains are magnetically attracted and held.
[0056]
The amount of abrasive grains held in the space
15 depends on the outer diameter and thickness of the base, the
size of abrasive grains, and the desired height and width of
the blade section to be feormed. Alsco preferably the process
0of holding abragive grains and effecting plating ig repeated
plural times so that the amount of abrasive grains per unit
20 volume may be egqualized at any positions on the base outer
periphery and abrasive grains may be tenaciously bonded by
the plating technigue.
[0057]
In this way, a blade section is formed. The blade
25 section preferably contains abrasive grains in a volume
fraction of 10 to 80% by volume, and more preferably 30 to
75% by volume. A fraction of less than 10% by volume means
that less abrasive grains contribute to cutting, leading to
increased resistance during the cutting operation. A
30  fraction in excessg of 80% by volume means that the
deformation amount of cutting edge during the cutting
operation is reduced, leaving cut marks on the cut surface

and aggravating the dimensicnal accuracy and appearance of
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The metal bond is a metal or alloy deposited by 15 plating. The metal bond used herein is at least one
metal selected from the group consisting of Ni, Fe, Co, Cu, and Sn, an alloy consisting of at least two
of the foregoing metals, or an alloy consisting of at least one of the foregoing metals or alloys and one
or both of phosphorus (P) and 20 manganese (Mn). The metal or alloy is deposited by plating so as to
form interconnects between abrasive grains and between abrasive grains and the base. [0064] The

method of deposiingcide . mefal honddneplatag s125 geheraliyctassifiesbataitwo;@n &lectroplating

method and an electroless plating.method. In the practice of the jnvention, the electroplating method
which is eassé ?owgcé;]t%“ﬁtérr?gf:st%esss%ﬁgrr%lrrﬁr% n ﬁﬂ(a: %Cétaai %%%ﬁtant 8W\'Ticr)1%1r88uction cost and
the electroléssfor chenucaly plating 30 methotbwhich engures retatively apifdraocdepositioy of metal
bond as 'W@h%%%ﬁﬁf@ﬂ% SQAJH{'BQTP@QEUS?%@Sr%%be%/et%gﬁs%%@%?g o '%&%ﬂ%&%a%% so that the
blade section may contain voids in an appropriate range to be describe a[ater. 065 The stress
in the FlatingHfimaiag bereontolled bytsuiablcineansakor eXaanple, in single metal plating such as
copper or niﬁgglsgl)ating, typically nickel sulfamate plating, s the stress may be controlled by selecting
the concentration of the active ingredient or nickel sulfamate, the current density during plating, and

the temperature of the pfaanodth il BPprdptiaté féndos dndsridiigean dfgameadaitive®tich as
o-benzenesylfgnimidg or prigluenesulfopamide, o5 ap o glernents1gh-as 20t e-0r Mg Besides, in

alloy plating stich as Ni-Fe alloy, Ni-Mn alloy, Ni-P alloy, Ni-Co alloy or Ni-Sn alloy, the stress may be

controlled byRsIE@FR) the comtaiftit FESHIh, P! & orSHAR tRE BRGVE tRE teBematiRSt the plating

bath, and othes parameters i ARREOPHAES EANOLSoIisthe case o alley platingeadditign of organic
additives may, of course, be effective for stress control. [0066] Plating may be carried out in a standard

way by selebhifg EyGne oPelFRRowATatify batts fbf depdsitlosiat this division

is for convenience of description because the legs and the
body are integral to form the blade section. The thickness
of the blade gection 20 is greater than the thickness of the
15 base 10. To form the blade section of this design, the space
64 1s preferably configured as shown in FIG. 3.
[0059]
More specificallily, the clamp legs 22a, 22b of the
blade section 20 which clamp the outer rim of the base 10
20 therebetween each preferably have a length H1l of 0.1 to 10 mm,
and more preferably 0.5 to 5 mm. The legs 22a, 22b each

preferably have a thickness T3 of at least 5 um (= ¢.005 mm),
more preferably 5 to 2,000 um, and even more preferably 10 to

1,000 pym. Then the total thickneggs of legs 22a, 22b is

25 preferably at least 0.01 mm, more preferably 0.01 to 4 mm,
and even more preferably 0.02 to 2 mm. The blade section 20
ig thicker than the base 10 by this total thickness. If the
length H1 of clamp legs 22a, 22b is less than 0.1 mm, they
are still effective for preventing the rim of the cemented

30 carbide base from being chipped or cracked, but less
effective for reinforcing the base and sometimes fail to

prevent the base from being deformed by the cutting
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20 of a single metal or alloy and using plating conditions common to that bath. [0067] Examples
of the preferred electroplating bath include a sulfamate Watts nickel electroplating bath containing 250
25 to 600 g/L of nickel sulfamate, 50 to 200 g/L of nickel sulfate, 5 to 70 g/L of nickel chloride, 20 to 40
g/L of boric acid, and an amount of o-benzenesulfonimide; and a pyrophosphoric acid copper
electroplating bath containing 30 to 150 g/L of copper pyrophosphate, 100 to 450 g/L of 30 potassium
pyrophosphates ilstos2@ enl /L1df 2584, -lamgidniaiwatercaad S to20ng/L of potEsstdrentitiates A typical
electroless P tin C_Eath IS a rQic E@I-ggo%%heoru%L g%g%glectrgjéss Iaﬁr;lé%bati}%or%t%ining 10 to 50 g/L of
nickel sulfat€, T0%6 50 gIIE OfsSdiam hypopﬁosphl e,cﬁ) to (f‘gﬁ_eo sodium ace gte, 5to 30 g/L of

sodium citraig i amchap aaneuriofdhigurea 40068 1By the:platingmmetbodnalmasiveiggins which
may be diamond abrasive grains, CBN abrasive grains or a mixture of diamond and CBN abrasive
grains are BbAdeldddethRr GRAAE T bier PeRPRBAFGrhe basBI5 formt aF B hidtREECFhcy 3 blade
sectionshavingréimensiens approximaje ta e inalshapeudof®069] The blade section thus formed
contains voids between abrasive grains and between abrasive grains and the base. According to the
invention, a gt%?\gnd/or alloy binder having a melting point of up to 350C is infiltrated into the 15
voids. Therefore, the:blaslecsectibn af thes outex btadei cyttingavherhiscliasgeterized irztiat a metal
and/or alloy having a melting point of up.to,350C is present hetween abrasive grains etween
fng D g&fagn% e oot ngp

abrasive grgﬁﬁg ang the base h‘r%uné ic_‘)ufL thbeolzlﬁade Setfion from the surface 16 thé mtefior 20[0070]

4A}, consist of metal bond 24 (FIG. 4B}, or include an
10 underlying layer consisting of metal bond 24 covering the
base 10 and an overlying layer consisting of metal bond 24
and abrasive grains 26 (FIG. 4C). Notably the strength of
the blade section may be further increased by depogiting a
metal bond on the structure of FIG. 4C so as to surround the
15 overall outer surface as shown in FIG. 4D.
[0061]

In the embodiments shown in FIGS. 4B to 4D, the clamp
leg inner portions in contact with the base 10 are formed
solely of metal bond 24. To this end, the base is masked so

20 that only the portions of the base on which the clamp legs
are to be formed are exposed, and plating is carried out on
the unmasked base portions. This may be followed by mounting
the base in the jig, charging the space 64 with abrasive
grains 26, and effecting plating. After the electroplating

25 of abrasive grains, the base 10 may be masked with another
pair of covers 52, 52 having a smaller outer diameter such
that the electroplated portion is exposed, and plating is
carried out again, forming a layer consisting of metal bond
24 as the blade sectiocn cutermost layer as shown in FIG. 4D.

30 [0062]

Referring back to FIG. 1C, the body of the blade
section 20 which extends radially outward beyond the

periphery of the base 10 has a length H2 which is preferably
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Suitable binders or infiltrants include metals such as Sn and Pb, and alloys such as Sn-Ag-Cu alloy,
Sn-Ag alloy, Sn-Cu alloy, Sn-Zn alloy and Sn-Pb alloy, which may be used alone or as a mixture
containing at least two of the foregoing. 25[0071] The metal or alloy may be infiltrated into the blade
section, for example, by working the metal or alloy into a wire with a diameter of 0.1 to 2.0 mm,

preferably %.8lto 15 gr}]f: %articleg,tor a thin-fil?erin%ﬁf)f th(?.s?n%% sEaRrenang size 30 as the blade

section having a%hic st.ré sf G:05 015 n‘?rﬁ,eresﬁﬁg Ke wire, particles or rlr%ogﬁ the brade section,

heating theudade secttion-tie asheatepsuctbas aihot piate orin &n dvenltoztechperafuretabove the
melting point, holdjng the temperature for letting th lted metal or alloy infiltrate i lade
§?8 diﬁ%gg%w%ﬁ‘ gratyre lor Jetling (e Mee Al}tl% %Eaélé sgﬂhé‘% el

section, and therea cooling to room temperature. Alternatively, infiltration is carried out by
placing the outerisiade edttingrwheeitinats fowwes nold drglwitts aishranee sedutherigadésection,

charging e pere _'fo%@a«eﬂi@ghe@m%@@m%%g alloy, mating an,upner,mold half with the
lower mold half, heating the mated mold while applying a certain pressure across the mold, for letting
the melted slevaltorlalbgtid wefiltral intd theoblide keetich. Hiererftecthe meIdT® coble®l, the pressure

is then relepsech and.the wheells takenqit of the. moldhhe eeolingsiepdelioving heating should be

slow so as to avoid any residual Strains. [0072] 15Before the metal or alloy is rested on the blade

section, an AYRATR REtaMiing Mfe iatdrortdifoy B S blekRe settiBa%r irprovikE telkéRtdbility of the
blade sectign, fg(lgxa{[gg_{@eg comamercighy-avajiable seldestipegertaining chlodpe or fluorine may be

applied to the blade section.

10 worsening dimensional accuracy. The body of the blade
section congists essentially of abrasive grains 26, metal
bond 24, and metal binder.

[0083]
The metal bond is a metal or alloy deposited by

15 plating. The metal bond used herein is at least one metal
selected from the group consisting of Ni, Fe, Co, Cu, and Sn,
an alloy consisting of at least two of the foregoing metals,
or an alloy consisting of at least one of the foregoing
metalg or alloys and one or both of phosphorus (P} and

20 manganese (Mn). The metal or alloy is deposited by plating
so ag to form interconnects between abrasive grains and
between abrasive grains and the base.

[0064]
The method of depositing the metal bond by plating is

25  generally classified into two, an electroplating method and
an electrcless plating method. In the practice of the
invention, the electroplating method which is easy to control
internal stresses remaining in the metal bond and low in
production cost and the electroless (or chemical} plating

30 method which ensgures relatively uniform deposition of metal
bond as long as the plating sclution penetrates there may be
used alone or in combination so that the blade section may

contain voids in an appropriate range to be described later.
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20[0073] When a low-melting-point metal or alloy having relatively good wettability is used,
infiltration may be carried out by sandwiching the base between metal members of stainless steel, iron
or copper, conducting electricity to 25 the metal members, causing the metal members to generate
heat, thereby heating the base and the blade section, and bringing the heated blade section in contact
with a molten low-melting-point metal. [0074] 30In the resulting blade section, the abrasive grains, the
magnetic m%ﬁ’é’ﬁé]covering abrasive grains, the metal bond, and the metal or alloy binder infiltrated
into voids are propetiyglispersed [Q075le piHie meta Drmlleyio be irfiatediintatheplade section
should preferaply have the followin hgsical properties. The melting point js not higher than 350C, s
preferably RLHGErNERA0EC. TPt BAVBOLE of pRevertg Tnd CmbrRkt EarHEBEL: f5m being

distorted toagigravate dimensieohabacatiasgy, ot ohdnrgel Mechdriralstearigthmandpievesting the blade
section from deformation or strain generatio&gi '

tstanding djff in th 110 i
otwoch e EnERET Ealide BEE QR TNE ST o OIS RIOTEY Ce | GO MEER f Aha Breforably

has an elasti€ity as demanstratecd; by @ilRaisson's matidkbétweehf@.8zar, 0.4Be more-isspreferably

between O.%%ggdtOA .u,g:{netal \Q/ittgla Poisson's r%téo gf [{gs%trg%n 9@? Ig k%ﬂexibiﬂgta%d is difficult to
smoothly mérge the’ it Surfaces. A metal with a EOISSOF?'SE?atIO 6 moré than 0.48i8 SHoR of other

physical prdperties suelpas drardrdss, withoz ssk afithesdlddesdge expgasncing@iraticeable
deformation, Te Baissons e manbemeasyied by (e pylselasap bR uspa.ap inilrating
metal or alloy sample of 15 x 15 x 15 mm. [0077
10 element such as Zn, 8 or Mn. BResgides, in alloy plating such
ag Ni-Fe alloy, Ni-Mn alloy, Ni-P alloy, Ni-Co alloy or Ni-Sn
alloy, the stress may be controlled by selecting the content
of Fe, Mn, P, Co or 8n in the alloy, the temperature of the
plating bath, and other parameters in appropriate ranges. In
15 the case of alloy plating, addition of organic additives may,
of course, be effective for stress control.
[0066]
Plating may be carried out in a standard way by
gelecting any one of well-known plating baths for deposition
20 of a single metal or alloy and using piating conditions
common to that bath.
[0067] _
Examples of the preferred electroplating bath include
a sulfamate Watts nickel electroplating bath containing 250
25 to 600 g/L of nickel sulfamate, 50 to 200 g/L of nickel
sulfate, 5 to 70 g/L of nickel chloxide, 20 to 40 g/L of
boric acid, and an amount of o-benzenesulfonimide; and a
pyrophosphoric acid copper electroplating bath containing 30
to 150 g/L of copper pyrophosphate, 100 to 450 g/L of
30 potassium pyrophosphate, 1 to 20 mL/L of 25% ammonia water,
and 5 to 20 g/L of potassium nitrate. A typical electroless
plating bath is a nickel-phosphorus alloy electroless plating
bath containing 10 to 50 g/L of nickel sulfate, 10 to 50 g/L
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The metal or alloy may have a hardness which is not so 25 high as to prevent self-sharpening of
abrasive grains (a phenomenon that new abrasive grains emerge, contributing to the cutting operation)
when abrasive grains are worn, broken or shed during the cutting operation, and which is lower than
that of the metal bond for bonding the abrasive grains and 30 the magnetic material coating thereon.
Also preferably, the infiltrating metal or alloy should not undergo strength changes or corrosion even
when exposed t-teumaekipngHbsg oL ceolant used slorigy the mashining: precesst §0088lo  |If
necessary, the blade section having.the metal or alloy infiltrated therein is tailored to the desired size
4 el o

by grinding With¥4 Grifding WHest of Aithfintim 3% i8I ¥ oA tfathGAd or electro-discharge

machining. A¢ ¢lais Jpoint, the blade section at the edge may be chamfered (beveled or rounded) to a
degree of at least Cg.l ol RO.l_Ltho.u h de%iﬁndéng on the thickness of theglaq? sectio]gé because such
chamfering is effectivé for ?ecﬁjcﬁqglc MArkS on the et Vseurgal(”:%l@rsmﬁ’lgjaﬁng %ﬁ?ﬁplng of a magnet
piece a theddrchda78brasOneusgrefithe oulEiblabe zaiting wireelrof the inveniignnariouS

workpieces fmay e e thereby. Tynical workpleces Indude - e gaih siered ngnets and 15
R-Fe-B rare ear ﬁsmtered magnets wherein RIS at least one of rare earth elements inclusive of Y.

These maghéts aretwepasdiahfottpwst [0080] Fa€e rare Eantin simteredhhggnetsdnctady RCOS5 and

R2C017 Zogs%%fzm'%?%gglggeég@i %Caﬂlépl nets _h%xgego Rasition, (in, W by weight) comprising

20-28% R, 0% Cu, 1-5% Zr, and the bala of Co. They are prepared by weighing
source matéetiasdn such a formulation, melting them, casting the melt, and finely pulverizing the alloy
toan 25 avef@f%eg@article size of 1-20 pm, yielding a R2Co17 magnet powder. The powder is then

compacted in a magnetic field and sintered at 1,100-1,250C for 0.5-5 hours. The sintered body
The blade section thus formed contains voids between

abragive graing and between abrasive grains and the base.
According to the invention, a metal and/or alloy binder
having a melting point of up to 350°C is infiltrated into the
15  volds. Therefore, the blade gsection of the ocuter blade
cutting wheel is characterized in that a metal and/or alloy
having a melting point of up to 350°C is present between
abrasive grains and between abrasive grains and the base
throughout the blade section from the surface to the interior.
20 [0070]
Suitable binders or infiltrants include metals such as
Sn and Pb, and alloys such as Sn-Ag-Cu alloy, Sn-Ag alloy,
Sn-Cu alloy, Sn-Zn alloy and Sn-Pb alloy, which may be used
alone or as a mixture containing at least two of the foregoing.
25 {0071}
The metal or alloy may be infiltrated into the blade
section, for example, by working the metal or alloy into a
wire with a diameter of 0.1 to 2.0 mm, preferably 0.8 to 1.5
mm, particles, or a thin-film ring of the same shape and size
20 as the blade section having a thickness of 0.05 to 1.5 mm,
regsting the wire, particles or ring on the blade section,
heating the blade section on a heater such as a hot plate or

in an oven to a temperature above the melting point, holding
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is subjected to solution treatment at a temperature lower than the sintering temperature by 0-50C for
0.5-5 hours, and 30 aging treatment of holding at 700-950C for a certain time and subsequent cooling.
[0081] R-Fe-B rare earth sintered magnets have a composition (in % by weight) comprising
5-40% R, 50-90% Fe, and 0.2-8% B. An additive element or elements may be added thereto for
improving magnetic properties and corrosion resistance, the 5 additive elements being selected from
C, Al, Si, Tit¥MeCt.eMpe Cor MheC i cdn, aa,tAmdlbs Mo mg, £33 hife TaiWsete 1M amount of additive
element is up to, 30% by weight for Co, and.up to 8% by weight for the other elements. The magnets
are preparetiBy weighiig & e‘?ﬁgte]??é?sdiﬁ S%%ﬁtal%&Or%%%tigh?ﬁ%ﬁfﬁbetﬁeﬁ%%‘?i?fng the melt,
and finely potwerizing the alloyrio aermaverage particla sizerafzl-20«/delding-ef RiIEe-B:magnetpowder.
The powdercigrtggngomhpca%ed injra ma neti fieé)d nd sj tgrgg actu %O%—l,?w O%EgriOﬂSéS hours,
followed by aging freafmentof Ho c"?}ng a 1% O-f[l, 0DCfor & certain time and su sequent cooling.
[0082] 5 Tihesautes biadesduiiting wheel oflthernavertioneis tsetdo clibdeamseedrtomagnet block into
magnet pieces at a hi g’Lmen jonal accuracy.without leaving cut matks an the cut 20 surface. This is
e partcu s Bale Shchan 2t ettngn has o S e e e S pecifc
range. For example, tlee-duier dladerqatingadéchimtiudestablade skewen winidhihas atthickness of
0.1 to 1.0 min apd.an auler dlareer, g 8049, 200 @ggfg%@cg%ege%@ 240125 beveled) at
the edge to a degree of at least RO.1 or CO.1. The cutting wheel is horizontally mounted on a jig by
sandwiching @#x® egttingavieel detiean tkcilargon pfates b sdnmeahick stichahaoonly the blade
sectionis exposed. Thevheel s thus held so that.the hase may.nothewarped ypany39 compression.
At a position spaced 0.3 mm outward from the outer periphery of the base, the blade section is
compressed®9 eeprobetif arreaa irectisn Bitie FStAfAG Shaft BRthettinting ahbel forthieRRess
direction of the blade.sectign) &t a ingarsheed:of L.mmymin,the.prabe haying-acamagh area with a

length equal to a radial protrusion (mm) of the blade section minus 0.3 mm and a width of 10 mm. The

stress be slow s0 as to avoid any residual strains.
[p072]
15 Before the metal or allcy is rested on the blade section,

an agent for retaining the metal or alloy to the blade
gection or improving the wettability of the blade gection,
for example, a commercially available solder flux containing
chlorine or fluorine may be applied to the blade section.

20 [0073]

When a low-melting-point metal or alloy having
relatively good wettability is used, infiltration may be
carried out by sandwiching the base between metal members of
stainlegs gteel, iron or copper, conducting electricity to

25 the metal members, causing the metal members to generate heat,
thereby heating the base and the blade section, and bringing
the heated blade section in contact with a molten
low-melting-point metal.

[0074] |

30 In the resulting blade section, the abrasive grains,
the magnetic material covering abrasive grains, the metal
bond, and the metal or alloy binder infiltrated into voids

are properly dispersed.
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reacting to the travel distance of the probe is measured. s Compression is continued until the blade
section is ruptured. As the travel distance of the probe increases, a region where the graph exhibits
linearity, that is, a region where the stress is in proportion to the travel distance of the probe is
acknowledged. A gradient of the graph in the region of lo stress proportional to deformation amount is
computed. As long as the gradient is in a range of 100 to 10,000 N/mm, the cutting wheel is effective
in cutting a et block into magnet pieces at a high dimensional accuracy without cut marks on the

cut surface. 15 EXAMPLES,[0Q8 Xa les db Ompat: [ ample are given helgw by way of
illustration and not by v?ay%g%mitgt%n. 20[8|?§08€;ﬁ1 [E%(amp?e%gg%é%é:rﬁgg car%?(?enlg%ﬁsalgting of 90 wt%
WC and 10%@9¢ Corwasavachipactifes ab Binnoisrehintdisd haviag Brcomby didgsester of 125 mm, an

inner diameterof 40 mum, and:a.2% (igkness.0f 03 mim. whichseryed-as aases Jhe base had a
Young's modulus of 600 GPa and a saturation magnetization of 127 kA/m (0.16 T). [0085] The

cemented carsife PRBEVES askeB evithtadieshR °C, for the purpose of
preventing the cemented carbide base from being distorted to

aggravate dimensional accuracy or change mechanical strength,
and preventing the bliade section from deformation or strain
generation due to an outstanding difference in thermal
10 expansion between the cemented carbide base and the blade
section.
[c076]
The metal or alloy preferably has an elasticity as
demonstrated by a Poisson's ratio between 0.3 and 0.48, more
15 preferably between 0.33 and 0.44. A metal with a Poisson's
ratio of less than 0.3 lacks flexibility and is difficult to
smoothly merge the cut surfaces. A metal with a Poisson's
ratio of more than 0.48 is short of other physical properties
such as hardness, with a risk of the blade edge experiencing
2¢ noticeable deformation. The Poisson's ratic may be measured
by the pulse ultrasoﬁic method using an infiltrating metal or
alloy sample of 15 x 15 x 15 mm.
[6077]
The metal or alloy may have a hardness which is not so
25  high as to prevent self-sgharpening of abragive grains (a
phenomenon that new abrasive grains emerge, contributing to
the cutting operation) when abrasive grains are worn, broken
or shed during the cutting operation, and which is lower than
that of the metal bond for bonding the abrasive grains and
3¢ the magnetic material coating thereon. Also preferably, the
infiltrating metal or alloy should not undergo strength
changes or corrosion even when exposed to the machining fluid

or coolant used during the machining process.
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30 tape so that only a circumferential region of either surface extending 1.0 mm inward from the outer
periphery was exposed. The base was immersed in a commercially available aqueous alkaline
solution at 40C for 10 minutes for degreasing, washed with water, and immersed in an aqueous
solution of 30-80 g/L of sodium pyrophosphate at 50C where electrolysis was effected at a current
density of 2-8 A/dm2. The base was ultrasonic washed in deionized water and immersed in a 5
sulfamate WA®S fickel plating bath at 50C where an undercoat was plated at a current density of 5-20

Aldm2. Once the masking tane:was paaled oifsiie base was washesbwithwagar, 1086} 10A

polyphenylene sulfide (PPS) resin disc having an outer diameter of 130 mm and a thickness of 10 mm

was machirfeti el ohb Sidé siFace (IR gicoVePaiRg AntGutsNBiadfstér 61 23 BfnP¥n inner

diameter of 1O Angh a glepthyof 15 men Wndke grgove ehihe disex/Ripernanenispagnet
segments of 2.5 15 mm long by 2 mm wide by 1.5 mm thick (N3913H by Shin-Etsu Rare Earth

Magnefs CEAERESBrLE 28RN SfafgéFatan 8485FSItm 3ttt Bickidsstdirettion of the

segment aligned with-the dapthdirctionsi the groevesdde gieovewasiiltetwit anepaxygesin to
fixedly secure the ma?net segments in 20 the groove, completing a ma%:let-built-in holder. The base

was sandwithe BERIEEH aair of §3&T RoRibréto d5isthuct Ly, Wit the maghetSes of the holders

faced insideidpéhel sagdwichegkstatel dhe.aagnef wassspaceddnwacd Adlistanee ok dempeutrbm the

base outer g?}rig&er .alon%the ? se surface. The 23 r%§%net¢)roduce a magnetic féelg near the base
- 0

outer periphely, which was 3n& yz%ﬁ%‘ﬁ%vebarst%n& %t Teast BRAR ?dlof within a space

extending asdistéance oA Ouhini framithe badeputey pefiphena@el7 | BiRiamond@Airasivé grains were
previously !\g -p/I%Sed to form coated diamond abrasive grains having a mass magnetic susceptibility
xg of 0.588 an average grain size of 135 p.m. In a recess defined by the holders and the base, 0.4
g of the coated diarfondiabrasive heainsvere feddherabythembrasied grdinsere magnetically

aﬂﬁﬂjedtofﬁ@@ﬁﬂ%&@b/various workpieces may be cut thereby. Typical
workpieces include R-Co rare earth sintered magnets and
15 R-Fe-B rare earth gsintered magnets wherein R is at least one
of rare earth elements inclusive of Y. These magnets are
prepared as follows.
[0080]
R-Co rare earth gintered magnets include RCos and R:Coiq
20 systems. Of these, the R,Co;; magnets have a composition
(in % by weight) comprising 20-28% R, 5-30% Fe, 3-10% Cu,
1-5% Zr, and the balance of Co. They are prepared by
weighing source materials in such a formulation, melting them,
casting the melt, and finely pulverizing the alloy to an
25 average particle size of 1-20 pm, yielding a R,Co;; magnet
powder. The powder is then compacted in a magnetic field and
sintered at 1,100-1,250°C for 0.5-5 hours. The sintered body
is subjected to solution treatment at a temperature lower
than the sintering temperature by 0-50°C for 0.5-5 hours, and
30 aging treatment of holding at 700-950°C for a certain time
and subseguent cooling.

[0081]
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distributed over the entire base outer periphery. The jig with the abrasive grains attracted thereto was
immersed in a sulfamate Watts nickel plating bath at 50C where electroplating was effected at a
current density of 5-20 A/dm2. The jig was taken out and washed with water. The procedure of
magnetically attracting 0.4 g of coated diamond abrasive grains, electroplating, and water washing
was repeated. 10[0088] The holders of the jig were replaced by PPS resin disc holders having an
outer diameter of 12B8-1Rm-&nd axthickaeshobid mmeTheadgse wassarslvdchedpemiseicthe holders

so that the 'g%sgrf es of brasive grain layer wete expased,. s, The jig was immersgd.jn a
sulfamate Watts nicﬁ I gi%l%%qathgé%ﬁ%&% %vjhne e%lt\aaclgrfci%’wcgz&cgr%ugegd a %c%ug:érant %Ségéity of 5-20
A/dm2 to dépositddplating ovéetienéntire Hadmsattiomaheliy wdd¢akerheutetna Washed with water,

after wihich ifbase was dlisaudtedand dded Abtaipig.an eder 40 Hlads cutnginasl [0089]

A wire of 1.0 mm diameter was made of Sn-3Ag-0.5Cu alloy. It is noted that t loy 'had a melting
point 0220 dad SvB0iSI@TS Rdto BRORS. ATlrréffie Wirsnwds Blrestdd off the Side@urface of the

blade sectiqpof tag oufgr blade cuffingmwheel-whigh wag plaged in.an quen. fhe qyenayas heated up
to 200C, and after confirming an internal temperature reaching 200C, further h_e'ated up to 250C, held
at 250C for BBBURBTHNGLERT afBIRER TR N d BFEThe Whad?P 3DwaS llSed €3-6661 dovih f#Pthe oven.

[0090] Using-assurfacegrinding maching, thewheel was,ground ig,tailor the axial protrysion or
_thickness of the abrasive grain layer such that the abrasive layer protruded a distance (T3) of 50 pm
beyond the TEMmeNtEPRARTISBaYE B ERN KiikcecTRE bhterdidmblersvaditaiiored by wire

electrgylischargp.arnding (WEDE)nthe-whgel was digssednwelding a camented S1Garbide base
outer blade cutting wheel having an abrasive grain layer or blade section with a thickness (T2) of 0.4
mm and anRierediambter SR PrihfIFIE° 538 apiritesfcrogiaphadiahe Side QUrface2df thi blade

Section.  yielding a R-Fe-B magnet powder. The powder is then

compacted in a magnetic field and sintered at 1,000-1,200°C
for 0.5-5 hours, followed by aging treatment of holding at

15 400-1,000°C for a certain time and subsegquent cooling.
[0082]

The outer blade cutting wheel of the invention is used
to cut a rare earth magnet block into magnet pieces at a high
dimensional accuracy without leaving cut marks on the cut

20 surface. This is true particularly when the blade section at
the edge has a compressive shearing stress in a gpecific
range. For example, the outer blade cutting wheel includes a
blade section which has a thickness of 0.1 to 1.0 mm and an
outer diameter of 80 to 200 mm, and is chamfered {(rounded or

25  beveled) at the edge to a degree of at least R0.1 or CO0.1.
The cutting wheel is horizontally mounted on a 3ig by
sandwiching the cutting wheel between circular iron plates of
5 mm thick such that only the blade section is exposed. The
wheel is thus held so that the base may not be warped upon

30 compression. At a position spaced 0.3 mm outward from the
ocuter periphery of the base, the blade section ig compressed
by a probe in an axial direction of the rotating shaft of the

cutting wheel (or thickness direction of the blade section)
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[0091} io[Example 2] A cemented carbide consisting of 90 wt % WC and 10 wt% Co was machined
into an annular thin disc having an outer diameter of 125 mm, an inner diameter of 40 mm, and a
thickness of 0.3 mm, which served as a base. 15[0092] The cemented carbide base was masked
with adhesive tape so that only a circumferential region of either surface extending 1.5 mm inward
from the outer periphery was exposed. The base was immersed in a commercially available aqueous
20 alkaline sglution ah48& faptQ Aingtes fan drgreasing Wwasbsd withwatersangd ipmersed in an
aqueous solution of 30-80 g/L of sodium pyro%gosphate at 50C where electrolysis was effected at a

current den&ifyP8f 2B Ay 2 STHERLGANAL UiPas e e @ HPASBRRE WHR? aRd iffersed in a

25 sulfamatgsatis gickel plating hath at 20Gnwhere an widareoairwas plated at-curant density of
5-20 A/dm2. Once the masking tape was peeled off, the base was washed with water. [0093] 30A PPS
resin disc h&VRG BhrSUtEPdialitetar 81 £30 Mk BRI tHdknelE RABRRm-walFistHiset on one side
surfacesto faremaigreeehaviag @rauisndimetet 0f 23 nwnad@k innes giapetes of43up@sand a
depth of 1.5Am .In th%%ro%\éedof ;Che disc, JfOStIEerman nt magnet segments of 1.8 mm Jong by 2 mm
wide by 1.5 Hm thick (R32Z by SRRt Rare Eartk Maghets E6°458° 821 42%1 Wel ST &nged at
an equal spabiaggwathithe thickness ditectioniofithe segmebsalignettwithithesdepth direction of the
groove. The_groove was filled with an.epoxy, resin to fixedly secure the magnet ments in the
Groove, comIBARg a TEAgRLChUIRiH ofier “Fhe BSse WAL Sanain el betecha pkF 8P Such

holders to coastudtrejig,adgethe nfagmes Sidestofalie bokdegs fgdediinsidee Inthgisandwiched
10 stress proportional to deformation amount is computed. As
long as the gradient is in a range of 100 to 10,000 N/mm, the
cutting wheel is effective in cutting a magnet block into
magnet pieces at a high dimensional accuracy without cut

marks on the cut surface.

15
EXAMPLES
[0083]
Examples and Comparative Example are given below by
way of illustration and not by way of limitation.
20 [0084]

[Example 1]
A cemented carbide consisting of 90 wt% WC and 10 wt$%
Co was machined into an annular thin disc having an oukter
diameter of 125 mm, an inner diameter of 40 mm, and a
25 thickness of 0.3 mm, which served as a base. The base had a
Young's modulus of 600 GPa and a saturation magnetization of
127 KA/m (0.16 T).
[cC85])
The cemented carbide base was masked with adhesive
30 tape so that only a circumferential region of either surface
extending 1.0 mm inward from the outer periphery was exposed.
The base was ilmmersed in a commercially available aqueous

alkaline solution at 40°C for 10 minutes for degreasing,
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io state, the magnet was spaced inward a distance of 1.5 mm from the base outer periphery along the
base surface. The magnet produced a magnetic field near the base outer periphery, which was
analyzed to have a strength of at least 16 kA/m (0.02 T) within a space extending a distance of 10 mm
from 15 the base outer periphery. [0094] Diamond abrasive grains were previously NiP-plated to form
coated diamond abrasive grains having a mass magnetic susceptibility xg of 0.588 and an average
grain size ov435&D gmtln Faceass defihethinethesliolderssandatitedsase, 84 g tof time odated diamond

abrasive grains ere ere the abraS| were magn ticall attra_c[ted to and unlformly
distributed g\ger /f hiire base outer p%¥|p%% %I%e jslcg with tr?egagrasﬁlr{/ée gralnsegt rac?@/d\3 thereto was

immersed |W@SZEE§L£I@:Fhaté Watts nicketpletindeeath @ 50€ Whére?eldutropldting was effested at a
current dengity of, a.00; &/ d&%h@l? 19, was taken o4t gad washed with walersThe procedure of

magnetically attracting 0.4 g of coated diamond abrasive grains, electroplating, and water washing
was 30repéatbdanaietifies [9095Fkel THehdkerdatinediy wértephwed BPPPS resin disc

holders havipgsan outer digmelarafde3,mm apd.athickngss,of 10 mm. Thesbaseyas sandwiched

between the holders so that the side surfaces of the abrasive grain layer were exposed. The jig was
immersed iRBCuIfaRtatBaskaS BickePslating bate aes0e itherbiefedtAcity Was conabe’d at a current
density 5 of 5-20 A/dm2-to deposit a plating over the entire blade section. The jig was taken out and
washed with water, after which the base was dismounted and dried, obtaining an outer blade cutting
wheel. [0096§ 0861

10 A polyphenylene sulfide (PPS} resin disc having an
ocuter diameter of 130 mm and a thickness of 10 mm was machined
on one side surface to form a groove having an outer diameter
of 123 mm, an inner diameter of 119 mm, and a depth of 1.5 mm.
In the groove of the disc, 75 permanent magnet segments of 2.5

15 mm long by 2 mm wide by 1.5 mm thick (N39UH by Shin-Etsu Rare
Earth Magnets Co., Ltd., Br=1.25 T} were arranged at an equal
spacing, with the thickness direction of the segment aligned
with the depth direction of the groove. The groove was filled
with an epoxy resin to fixedly secure the magnet segments in

20 the groove, completing a magnet-buiit-in holder. The basge was
sandwiched between a pair of such holders to construct a jig,
with the magnet sides of the holders faced inside. In the
sandwiched state, the magnet was spaced inward a distance of 1
nm from the base cuter periphery along the base surface. The

25 magnet produced a magnetic field near the basge outer periphery,
which was analyzed to have a strength of at least 8 kA/m (0.01
T} within a space extending a distance of 10 mm from the basge
outer periphery.

[0087]
30 Diamond abrasive grains were previously NiP-plated to

form coated diamond abrasive grains having a mass magnetic

susceptibility g of 0.588 and an average grain size of 135 um.

In a recess defined by the holders and the base, 0.4 g of the
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ioBeads of 0.3 mm diameter were made of Sn-3Ag alloy. It is noted that the alloy had a melting point
of 222C and a Poisson's ratio of 0.3. The beads were circumferentially rested on the side surface of
the blade section of the outer blade cutting wheel, which was placed in an oven. The oven is was
heated up to 200C, and after confirming an internal temperature reaching 200C, further heated up to
250C, held at 250C for about 5 minutes, and then turned off. The wheel was allowed to cool down in
the oven. [089%t 20Usingnasdrisce gsindinggmachineyhe whed! was gsbynd te:tallior dke axial
protrusion or thickness of the abrasive grfin Iaé/gr such atl_:[ the a rasivglage rotruded a distance of
50 pm beyo%ﬁatﬁrelsce“r?ﬁgﬁteraac%%ﬁﬁéqoaas o 65ER Stirface “TR& 6utst diameater was tailored by
WEDG. Thelwieel imas<?b dressedhyietding asermertedutachidpdaseiaiter. blattescdtiing wheel

having an abt |v%§éa|nbla er.or blade sectl%r%glthc%ter}ic_ ess of 0.4 mm and an o?ll{te.r diameter of

129 mm. [O&IéL Examp e%%b‘ﬁece%%rlnrésd Carbide consis m%rgf wt.66 WETand 10 Wiob Co was
machined irso Bfeaatng av#iin glistilsdgig phaoutesdisaidtenof 225 thrmham@ner diameter of 40 mm,

and a thick f Q. . which serv. ase. [0 T ted-carbi was
masked Wit%?a%%%gﬁglrtga%%%t a%oﬁ@%%?ﬁ%ugm%greéti% regi%ﬁtof eltﬁ%g]ggrfé%e %xt%%rfd‘?%a%d mm
inward fronilthe guter perphelanaseikpesel. HFhe base Wasimimersed reavannadrsialyedvailable

aqueous alkaling salution at 40Cfor, 10 mingtes for dedseasing, wiasheshwith wates, and immersed in

an aqueous solution of 30-80 g/L of sodium pyrophosphate at 50C where electrolysis was effected at a
current denSER612-8 AIEHRIPHE HRSEIvaSIC UNEdsThiRaBREd iVaeiohfeeRbater and immersed in
a sulfamate \ygitg jnickel plating bath at 50C where an undercoat was plated at a current density of

5-20 A/dm2.
The holders of the jig were replaced by PPS resin disc

hclders having an cuter diameter of 123 mm and a thickness of
10 mm. The bage was sandwiched between the holders so that.
the side surfaces of the abrasive grain laver were exposed.
15 The jilg was immersed in a sulfamate Watts nickel plating bath
at 50°C where electricity was conducted at a current density
of 5-20 A/dm’ to deposit a plating over the entire blade
section. The 1iig was taken out and washed with water, after
which the base wasgs dismounted and dried, obtaining an outer
20 blade cutting wheel.
[0089]

A wire of 1.0 mm diameter was made of Sn-3Ag-0.5Cu
alloy. It is noted that the alloy had a melting point of
220°C and a Poisson's ratio of 0.35. A ring of the wire was

25 rested on the side surface of the blade section of the outer
blade cutting wheel, which was placed in an oven. The oven
wasg heated up to 200°C, and after confirming an internal
temperature reaching 200°C, further heated up to 250°C, held
at 250°C for about 5 minutesg, and then turned off. The wheel

30 was allowed to cool down in the oven.
f009¢]

Using a surface grinding machine, the wheel was ground

to tailor the axial protrusion or thickness of the abrasive
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Once the masking tape was peeled off, the base was washed with water. 15[0100] The base was
sandwiched between the holders of the jig as in Example 1. Diamond abrasive grains were previously
NiP-plated to form coated diamond abrasive grains having a mass magnetic susceptibility xig of 0.392
and an average grain 20 size of 130 pm. In a recess defined by the holders and the base, 0.4 g of the
coated diamond abrasive grains were fed whereby the abrasive grains were magnetically attracted to
and uniformy-gdistributed:oveidhe entire base auwtes periphesy dhedigwithdae abrasive graias
attracted 25 thereto was immersed in_a copper pyrophosphate plating bath at 40C where electroplating
was effected@t)a Qrrétt dBhSEIA26 G FOTFRESH WAL Bk SRShPRaSREPWIRLAEER - The

wheel was gismeunted-from the. iig-anpd dried: (03014 304 wire of 1:Q pyn diametesyvagmade of Sn-Pb
alloy. It is noted that the alloy had a melting point of 185C and a Poisson's ratio of 0.38. A ring of the

wire was reStetFoi e {HERErfacd BetHENSSde CREHGH BF BRFouiét Bl SuRingRRBES Hhich was

placeddn anr-gyendEhe g¥en washeaeddw ©20Garthalier cerfiraing andptesrakiemperature
reaching 200C, further heated up to 250C, held at 250C for about 5 minutes, and then turned off. The

wheel 5 wag ERdRelids TooPHolh3HhE BoEA P LB 2 U_Stfﬁé:]é%?ﬁ%cé%%)na‘ﬁfg fhathifie, the

wheel was grgungkliodaitertheiaxialfretrasionor thitknessof thhe abrasiythermabmiayessugpithat the
abrasive layer protruded a distance 10 %f G?:%%%eyond the cemented carbide base on each surface.

The outer dHMERT WasRilSHd By Ve RS WES Brédsed, yielding a cemented carbide base

outer blade puttég wheel having an abrasive grain layer or blade section with a thickness of 0.4 mm
and an outer di?ﬂweter (If 1%6} mm. 15[0103] [Example 4] A cemented carbide consisting of 95 wt% WC
10 xamp.le
and 5wt%
A cemented carbide consisting of 920 wt% WC and 10 wt%

Co was machined into an annular thin disc having an outer
diameter of 125 mm, an inner diameter of 40 mm, and a
thickness of 0.3 mm, which served as a base.

15 [00%2]

The cemented carbide base was masked with adhesive
tape so that only a circumferential region of either surface
extending 1.5 mm inward from the outer periphery was exposed.
The base was immersed in a commercially available aqueous

20 alkaline solution at 40°C for 10 minutes for degreasing,
washed with water, and immersed in an aqueous solution of
30-80 g/L of sodium pyrophosphate at 50°C where electrolysis
wags effected at a current density of 2-8 A/dm®. The bage was
ultrasonic washed in deionized water and immersed in a

25 sulfamate Watts nickel plating bath at 50°C where an
undercoat was plated at a current density of 5-20 A/dm’.
Once the masking tape was peeled off, the base was washed
with water.

[0093]

30 A PES resin disc having an outer diameter of 130 mm
and a thickness of 10 mm was machined on one side surface to
form a groove having an outer diameter of 123 mm, an inner

diameter of 119 mm, and a depth of 1.5 mm. In the groove ¢f
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Co was machined into an annular thin disc having an outer diameter of 125 mm, an inner diameter of
40 mm, and a 20 thickness of 0.3 mm, which served as a base. The base had a Young's modulus of
580 GPa and a saturation magnetization of 40 kA/m (0.05 T). [0104] The cemented carbide base was
masked with adhesive 25 tape so that only a circumferential region of either surface extending 1.0 mm
inward from the outer periphery was exposed. The base was immersed in a commercially available
aqueous alkdline fon 246 ¥8PTE i (RS 6 d &5r8aSHE S washed Hitifwa@Phrdinfmersed in
an aqueousmolutien:0kb30 B0=86ng/LrofisodiumInzopRosinate Bt SACHHeIe Bieattolysiswasseffected
at a current density of 2-8 A/dm2, Th rFase was uItrasonig1 washed in deionized water and,immersed
in a sulfamatg Wa%/fé: nicke 5Ié%ir‘1€j%a% al'5OC \Fiéra s Undsréat WRS Ma e &irrdhit nsity of
5-20 A/[dm2tmcetthe mmasking fape-waspeefedctff, thedasawaslwasked withhwatee (6205  The
base was s&nq:wigpgd betqe%@léhe holggés of,}heeji %8&&‘, gx%mgl%%z?{ieaén%nldcﬁbgsive rains were
previously |15-ﬁa ad{6 f6rm coated dianiond abrasive grains ?iaving a mass magne%ceslfjs}égptibility
xg of 0.392 madian averdgeegddin sieeob23@ panmbcaescessyietined birthelwldersa@nel the io base,

0.3 g of the copte diamond aiasive gtainswate igdwigreby ihe ablasive grais ele tagnetically
attracted to and uni ormci%/) istributed over the entire base outer periphery. 1] € jig wit the abrasive
grains attrabetitherete waslimmdérseddh apcdldetraless nivkekphosphorug atioy ptatihg tB=bath at 80C

where electioless. plaingwas,effesied;, The g was takan oyt agd washed with water, Thguyrocedure
of magnetically attracting 0.3 g of coated diamond abrasive
10 state, the magnet was spaced inward a distance of 1.5 mm from

the base outer periphery along the base surface. The magnet
produced a magnetic field near the base outer periphery,
which was analyzed to have a strength of at least 16 kaA/m
(0.02 T) within a space extending a distance of 10 mm from
15 the bhase outer periphery.

10094}

Diamond abrasive grains were previougly NiP-plated to
form coated diamond abrasive grains having a mass magnetic

susceptibility yg of 0.588 and an average grain size of 135

20 pm. Iﬁ a recess defined by the holders and the base, 0.4 g
of the coated diamond abrasive grains were fed whereby the
abrasive grains were magnetically attracted to and uniformly
distributed over the entire base outer periphery. The jig
with the abrasive grains attracted thereto was immerged in a

25 sulfamate Watts nickel plating bath at 50°C where
electroplating was effected at a current density of 5-20
A/dm®. The jig was taken out and washed with water. The
procedure of magnetically attracting 0.4 g of coated diamond
abrasive grains, electroplating, and water washing was

30 repeated three times.

[0095]
The holders of the jig were replaced by PPS resin disc

holders having an outer diameter of 123 mm and a thickness of
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grains, electroless plating, and water washing was repeated twice. The wheel was dismounted from
the jig and dried. 20[0106] A wire of 1.0 mm diameter was made of Sn-3Ag-0.5Cu alloy. A ring of
the wire was rested on the side surface of the blade section of the outer blade cutting wheel, which
was placed in an oven. The oven was heated up to 200C, and 25 after confirming an internal
temperature reaching 200C, further heated up to 250C, held at 250C for about 5 minutes, and then
turned off. Tie Wheel Wi atRdAR R CoGHHBWHH%He BFEN B0 7P S00SIRG HF Surfite gitiding

machine, thenaheelwas grorede taiforthe axilprotiasigh-gt Higkpess qfdhe abiashw grain layer
such that the abrasive layer protruded a distance _of E'%)tgm beyond the cemented carbide base on

each surfacB ¥ h GUtePFa e aE tdifbréd BYWRTRS eri¥vhSe S Gle RED Ty RHIRG B

cemented catbigde baseraster Rlade euttng-wheslhavingian ebrasive grainiayerr dade; sgction with
a thickness of 0.4 mm and an outer diameter of 127 mm. [0108] [Comparatjve Example 1] A cemented
carbidé cor¥fstng <t I W96 WCERE T b wid 6 e bl acHired o %ﬁ%ﬁ%lﬁltﬁ%edisc having an
outer io diameteriafil25 mHa, g inneisliametat ob$o ami andshthiCkness of&kmm aghieh served as
a base. [010 %emented caébide base was masked v\\%th adhesijve, tzgje so that only a

. h
A GG BT St B Ll T T ar RS Tb BB e s

exposed. The dbase avastiimygergieddh a commercially available aqueous
[0096]

10 Beads of 0.3 mm diameter were made of Sn-3ag alloy. It
is noted that the alloy had a melting point of 222°C and a
Poisson's ratio of 0.3. The beads were circumferentially
regted on the side surface of the blade section of the outer
blade cutting wheel, which was placed in an oven. The oven

15 wasg heated up to 200°C, and after confirming an internal
temperature reaching 200°C, further heated up to 250°C, held
at 250°C for about 5 minutes, and then furned off. The wheel
was allowed to cool down in the oven.

[0097]

20 Using a surface grinding machine, the wheel was ground

to tailor the axial protrusion or thickness of the abrasive

grain layer such that the abrasive layer protruded a distance

of 50 pm beyond the cemented carbide base on each surface.
The outer diameter was tailored by WEDG. The wheel was

25 dressed, yielding a cemented carbide base cuter blade cutting
wheel having an abrasive grain layer or blade gection with a
thickness of 0.4 mm and an outer diameter of 129 mm.
[0098]

[Example 3]

30 A cemented carbide consisting of 90 wt% WC and 10 wt%
Co was machined into an annular thin disc having an outer
diameter of 125 mm, an inner diameter of 40 mm, and a

thickness of 0.3 mm, which served as a base.
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alkaline solution at 40C for 10 minutes for degreasing, washed with water, and immersed in an
aqueous solution of 30-80 g/L of sodium pyrophosphate at 50C where electrolysis zo was effected at a
current density of 2-8 A/dm2. The base was ultrasonic washed in deionized water and immersed in a
sulfamate Watts nickel plating bath at 50C where an undercoat was plated at a current density of 5-20
A/dm2. Once the masking tape was peeled off, the base was washed 25 with water. [0110] The base
was sandwith&8%etween the holders of the jig as in Example 1. Diamond abrasive grains were

previously NiP-plateghio fornseaied dizmandabrasive,graingaving 4 30 magsmagnetic
susceptibility xg of 0.392 and an average grain size of 130 gm. In a recess defined by the holders and

the base, 0ZA§Df R E8Ed Wadofd abFAHE GFERS Wete R Wereby tHd BBfasRF dRfiTs were
magnetically-atisaeted4o ang waifoimly:distribpad ever thaeatirg;base puter pRsipheRpdiedig with the
abrasive grains attracted thereto was immersed in a sulfamate Watts nickel plating bath 5 at 50C

where &lecttOffatifg wva&eticttBE 2P Cument dERTIRFEIE-26 WdmP Thakintas b out and
washed with waiet.nkhesprogeduie eftnagnetically ativaeting .49 ebeoated ciarmend abrasive grains,
electroplating, and, water washing was repeated. 10[0111] The holders of the jig were replaced by
PPS resin dI&S RBMere REviKG S outePaIaTiBLEF Bf £23 it ree A ESs BH IO The base was
sandwichea besyeery thedldersisathal thepsiderstusfaces of freabrasyesgraintlayerwers exposed.

15 The jig was immersed in a sulfamate Watts nickel plating bat azgf%wh electricity was
conducted ata cﬁrr}‘:gﬁf ensi y%of%-ibuﬁgir% tcged-ésplogﬁ aop%aﬁnglgg oé‘ rthe er?éfleeb 2GR eS
10  ultrasonic washed in deionized water and immersed in a

sulfamate Watts nickel plating bath at 50°C where an
underccat was plated at a current density of 5-20 A/ dm? .
Once the masgking tape was peeled off, the base was washed
with water.
15 [0100]
The base was sandwiched between the holders of the jig
as in Example 1. Diamond abrasive grains were previously

NiP-plated to form coated diamond abrasive grains having a
mass magnetic susceptibility yg of 0.382 and an average grain

20 size of 130 pm. In a recess defined by the holders and the
base, 0.4 g of the coated diamond abrasive grains were fed
whereby the abrasive grains were magnetically attracted to
and uniformly distributed over the entire base outer
periphery. The jig with the abrasive grains attracted

25 thereto was immersed in a copper pyrophosphate plating kath
at 40°C where electroplating was effected at a current
density of 1-20 A/dm°. The jig was taken out and washed with
water. The wheel was dismounted from the jig and dried.
[0101]

30 A wire of 1.0 mm diameter was made of Sn-Pb alloy. It
is noted that the alloy had a melting point of 185°C and a
Polggon's ratio of 0.38. A ring of the wire was rested on

the gide surface of the blade section of the outer blade
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section. The jig was taken out and washed with water. The base was dismounted and dried, obtaining
an outer blade 20 cutting wheel. [0112] Using a surface grinding machine, the wheel was ground
to tailor the axial protrusion or thickness of the abrasive grain layer such that the abrasive layer
protruded a distance 25 of 50 'Am beyond the cemented carbide base on each surface. The outer
diameter was tailored by WEDG. The wheel was dressed, yielding a cemented carbide base outer

blade cuttingurhaelhavirg:an abrasive geain jayerof bladesectiearwith eribickness 9£6.4 mm and an
outer diameter of 127 mm. 30%)113 Table 1 regorts the gercent yields of manufacture of the

cemented CATBIEEDaYR difterBIAdE cLfiHY FhESE T EXaPIesd 8% ald Bbiibarative Example 1. A
percent platirghpaeldts calcuaied bypreparmy 15sanHes inceachiExampte witd ¢tke stepldf bonding
abrasive grains_ by plating, judging samples as good when no abrasive grains. shed or the abrasive
arain layer Bhs Pt Here e G B R b ot BB San s By e AbEa ated
samples. Ayescerit workihgtyieldds Tatbotated hygrerfasmamg. the steps following the bond metal plating
step until thgotilrsﬁing step on good samples, judging samples as good when the abrasive grain layer
was not defectiveé, and dividing the number of good 10 samples by the number of starting good plated
samples. An overall(zEroentyield=ss theepercend plagingadedd meultipliet byntelpercentworkidg yield,
indicating a percentyield.qf good.samples as the completed oyter blade cutting wheel relative to the
number of si%rt%%glt%sestusegda?nﬁsﬁe 1% manuf%cturg}g% cﬁ%ﬁgﬁv%ﬁee%s. [Ollgg [Ta%?e %r]? Example
grain layer such that the abrasive layer protruded a distance

10 cof 50 um beyond the cemented carbide base on each surface.
The outer diameter was tailcred by WEDG. The wheel was
dressed, yielding a cemented carbide base outer blade cutting
wheel having an abrasive grain layer or blade section with a
thickness of 0.4 mm and an outer diameter of 126 mm.

15 [0103]

[Example 4]
A cemented carbide congisting of 95 wt% WC and 5 wti%
Co was machined into an annuler thin digc having an outer
diameter of 125 mm, an inner diameter of 40 mm, and a

20 thickness of 0.3 mm, which served ag z base. The base had =z
Young's modulus of 580 GPa and a saturation magnetization of
40 kaA/m (C.05 T).

[0104]
The cemented carbide base was masked with adhesive

25 tape so that only a circumferential region of either surface
extending 1.0 mm inward from the outer periphery was exposed.
The base was immersed in a commercially available aguecus
alkaline golution at 40°C for 10 minutes for degreasing,
waghed with water, and immersed in an agueous solution of

30 30-80 g/L of sodium pyrophosphate at 50°C where electrolysis
was effected at a current density of 2-8 A/dm’. The base was
ultrasonic washed in deionirzed water and immersed in a

sulfamate Watts nickel plating bath at 5C°C where an
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1 Example 2 Example 3 Example 4 Compérative Example 1 Plating yield (I) 200 100 100 93 100
Working yield (1) 100 100

10

15

20

25

20

[0105]

undercoat was plated at a current density of 5-20 A/dm®.
Once the masking tape was peeled off, the base was washed

with water.

The base was sandwiched between the holders of the jig
as in Example 1. Diamond abrasive grains were previously
NiP-plated to form coated diamond abrasive grains having a

mass magnetic susceptibility yg of 0.392 and an average grain

size of 130 um. In a recess defined by the holders and the
base, 0.3 g of the coated diamond abrasive grains were fed
whereby the abrasive grains were magnetically attracted to and
uniformly distributed over the entire base outer periphery.
The jig with the abrasive graing attracted thereto was
immersed in an electrocless nickel-phosphorus alloy plating
bath at 80°C where electroless plating was effected. The jig
was taken out and washed with water. The procedure of
magnetically attracting 0.3 g of coated diamond abrasive
grains, electroless plating, and water washing was repeated
twice. The wheel was dismounted from the jig and dried.
[0106]

A wire of 1.0 mm diameter was made of Sn-3Ag-0.5Cu
alloy. A xring of the wire was rested on the side surface of
the blade section of the outer blade cutting wheel, which was
placed in an oven. The oven was heated up to 200°C, and
after confirming an intermnal temperature reaching 200°C,
further heated up to 250°C, held at 250°C for about 5 minutes,
and then turned off. The wheel was allowed to cocl down in
the oven.

[0107]

Using a surface grinding machine, the wheel was ground

to tailer the axial protrusion or thickness of the abrasive

grain layer such that the abrasive layer protruded a distance
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100 100 87 Overall yield (1) 100 100 100 93 87 zo[0115] Itis seen from Table 1 that the yields of
Examples are better than Comparative Example 1. In particular, the working yield following plating is
satisfactory. It is demonstrated that the manufacture method of the invention is 25 improved in
productivity as well. [0116] Using the cemented carbide base outer blade cutting wheel, a rare
earth sintered magnet block was cutoff machined into magnet pieces. The cutting accuracy of magnet
pieces is pletfedn the dagrand of idG cenf@htéld carbide base on each surface. ‘

The outer diameter was tailored by WEDG. The wheel was
dressed, vielding a. cemented carbide base outer blade cutting
wheel having an abrasive grain layer or blade section with a
5 thickness of 0.4 mm and an outer diameter of 127 mm.
[c108]
[Comparative Example 1]
A cemented carbide consisting of 90 wt% WC and 10 wtk
Co wag machined into an annular thin disc having an outer
i0 diameter of 125 mm, an inner diameter of 4C¢ mm, and a
thickness of 0.3 mm, which served as a base.
[0lo¢g]
The cemented carbide base was masked with adhesive
tape so that only a circumferential region of either surface
15  extending 1.0 mm inward from the outer periphery was exposed.
The base was immersed in a commercially available agueous
alkaline solution at 40°C for 10 minutes for degreasing,
washed with water, and immersed in an aqueous solution of
30-80 g/L of sodium pyrophosphate at 50°C where electrolysis
20 was effected at a current density of 2-8 A/Gm°. The base was
ultrasgonic washed in deionized water and immersed in a
gulfamate Watts nickel plating bath at 50°C where an
undercoat was plated at a current density of 5-20 A/dm®.
Cnce the masking tape was peeled dff, the base wasg washed
25  with water.
(0110]
The base was sandwiched between the holders of the jig
as in Example 1. Diamond abrasive grains were previously

NiP-plated to form coated diamond abrasive grains having a
20 mass magnetic susceptibility yg of 0.392 and an average grain

size of 130 pm. In a recess defined by the holders and the

base, 0.4 g of the cocated diamond abrasive grains were fed
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The cutting accuracy was evaluated by providing ten outer blade cutting wheels of Examples 1 to 4
and Comparative Example 1, two wheels for each Example. A multiple wheel assembly was
constructed by arranging ten cutting wheels at a 10 spacing of 1.5 mm, inserting a rotating shaft into
the bores in the bases, and fastening them together. By operating the multiple wheel assembly at
4,500 rpm and a feed speed of 30 mm/min, a Nd-Fe-B rare earth sintered magnet block of 40 mm
wide by 13&hemdang bir@Oahmekighavas eutoff mactined gmelbanadretpitces 640 ham wide by

1.5 mm long (= thickness (1)) by.2Q mi h,i:%thT gtut' operation rep eeq_,until the number of
cut magnet%)rlgg"ce%ntjé%ﬁe %) 1%11#.%%ﬁese,t eemag;&r?% pigtglcg{s%%;%%é%tvseélggg pair of cutting wheels
of the samepExamipterwere Betecléd foridxantihatich 2ty size20Lmeastfimg cyeld included from #1

to #100 pieces, indigating tatal ten cygles, Early ten pieces ineach cyslgare sgmpled outd.s, #1 to
#10 from the first cycle, #101 to #110 from the second cycle, and so forth, and #1,0011to #1,010 from

" the lasBcyci). Ber@niesss mlestiropia thadhicrfe SEEEzs ofieash piccewk@ifmeasured at the
center and fur.corners {five pginty itotal)py.a migrometer £ difference, Retweenuaxigium and

minimum among five measurements is the cutting acc;urap::ﬁlZm). An average value of the cutting
accuracies Whtet piecEBavas 861RPuIER. Thidagetage YaleyoPdVerp S8 80 MehsErifg cycle is

plotted in thediagran of iz 46 210148l iCamparativeSxamplech 4he cytting-RecEagworsened
after three size measuring cycles (from #301 cut magnet piece et seq.). In Examples 1 to 4, the

cutting accHiRE} HREnHRTor<RSHitF the tenth cycle (until #1,010 cut magnet piece). It is demonstrated
that the outep blade cutting wheels of the invention are fully durable in service. [0119] The elasticity or

flexibility of the outer blade cutting wheel was evaluated, with the results plotted in the
The holders of the jig were replaced by PPS resin disc

holders having an outer diameter of 123 mm and a thickness of
10 mm. The base was sandwiched between the holders so that
the gside surfaces of the abrasive grain layer were exposed.
15 The jig was immersed in a sulfamate Watts nickel plating bath
at 50°C where electricity was conducted at a current density
of 5-20 A/dm’ to deposit a plating over the entire blade
gection. The jig was taken out and washed with water. The
base wag dismounted and dried, obtaining an outer blade
20 cutting wheel.
[0112]
Using a surface grinding machine, the wheel was ground
to tailor the axial protrusion or thickness of the abrasive

grain layer such that the abrasive layer protruded a distance

25 of 50 um beyond the cemented carbide base on each surface.
The outer diameter was tailored by WEDG. The wheel was
dressed, yielding a cemented carbide base outer blade cutting
wheel having an abrasive grain layer or blade section with a
thickness of 0.4 mm and an outer diameter of 127 mm.

30 [0113]

Table 1 reports the percent yields of manufacture of
the cemented carbide base outer blade cutting wheels of

Examples 1 to 4 and Comparative Example 1. A percent plating
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diagram of FIG. 7. The compressive shearing stress of the outer blade cutting wheel at the edge was
evaluated. 10 Specifically, the outer blade cutting wheel was chamfered (rounded or beveled) at the
edge to a degree of at least R0.1 or C0.1. The cutting wheel was horizontally mounted on a jig by
sandwiching the cutting wheel between circular iron plates of 5 mm thick such that only the blade
section was exposed. 15 The wheel was thus held so that the base might not be warped upon
compressioni At d positionispaceddd3mympoigpard fromlthessuter periphery ot thesBase the blade
section was compressed by a pr in_an axial direction of the rotating shatft of the cutting wheel (or
thckness Hton o e 30 Blad 2ot At & s aree it ol A prdbe b B eontact
area with a $enyth &g uaktosacptorbsipninapobthevsiade séctiorsinglso@. 3uhe } amdss witth of 10

mm. The stggssyfeagtina o e raysl dintanes o the pighe yiaameauEdby g lienothester AG-1

(Shimadzu Mfg. Co., Ltd.). 25 Compression was continued until the blade section was ruptured. [0120]
As seeh froEPFIG SRR Blexampies, asiestravel dixtatcCoftheprebe inérebsagsafegion where the

araph 30 exfubiieclnesyity dhatisc Tedionuuers i Siress AT HKOPQERI0 Hha aysllstance

of the probe was observed. A gradient of the graph in'the linear region (i.e., stress/travel distance of

probe) wasEetnpiad, Wittt fHe resufidBHoRAER Tabld 2. (0121 5Ewbiag] @pmpe good
samples, judging samples as good when the abrasive grain
layer was not defective, and dividing the number of good

10 samples by the number of starting good plated samples. An

overall percent yield is the percent plating yield multiplied
by the percent working'yield, indicating a percent yield of
good samples as the completed outer blade cutting wheel
relative to the number of starting bases used in the

15 manufacture of cutting wheels.

fo114]
[Table 1]
Comparative
Example Example Exanple Example Example
1 2 3 4
i
Plating vield (%} 100 100 100 93 i00
Working vield (%) 100 160 100 100 87
Overall yield (%) 100 100 100 93 87
20 [0115]

It is seen from Table 1 that the yvields of Examples
are better than Comparative Example 1. In particular, the
working yield following plating is satisfactory. It is
demonstrated that the manufacture method of the invention is

25 improved in productivity as well.

[0116]
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Example Example Example Comparative 12 3 4 Example 1 Gradient (N/mm) 10,000

10

15

20

25

30

Using the cemented carbide base outer blade cutting
wheel, a rare earth sintered magnet block wag cutoff machined
into magnet pieces. The cutting accuracy of magnet pieces is
plotted in the diagram of FIG. 6.

[o1:7] h

The cutting accuracy was evaluated by providing ten
outer blade cutting wheels of Examples 1 to 4 and Comparative
Example 1, two wheels for each Example. A multiple wheel
agsembly was constructed by arranging ten cutting wheels.at 8
spacing of 1.5 mm, inserting a rotating shaft into the bores
in the bases, and fastening them together. By operating the
multiple wheel assembly at 4,500 rpm and a feed speed of 30
mm/min, a Nd-Fe-B rare earth sintered magnet block of 40 mm
wide by 130 mm long by 20 mm high was cutoff machined into
magnet pieces of 40 mm wide by 1.5 mm long (= thickness (t))
by 20 mm high. The cutting operation wag repeated until the
number of cut magnet pieces totaled to 1,01C¢. Of these, the
magnet pieces cut between a pair of cutting wheels of the
same Example were selected for examination. Every size
meaguring cycle included from #1 to #100 pieces, indicating
total ten cycles. Early ten pieces in each cycle are gampled
out (i.e., #1 to #10 from the first cycle, #101 to #110 from
the second cycle, and so forth, and #1,001 to #1,010 from the
last cycle). For ten pieces in each cycle, the thickness (t)
of each piece was measured at the center and four corners
(five points in total) by a micrometer. A difference between
maximum and minimum among five measurements is the cutting
accuracy (um). An average value of the cutting accuracies of
ten pieces was computed. This average value of every gize
measuring cycle is plotted in the diagram of FIG. 6.

[o11s]
In Comparative Example 1, the cutting accuracy

worsened after three size measuring cycles (from #301 cut
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2,000 900 5,000 18,000 [0122] In the above cutting test, all magnet pieces cut using the outer
blade cutting wheels of Examples had good-looking 10 cut surfaces. In the case of magnet pieces cut
using the outer blade cutting wheels of Comparative Example 1, some samples had cut marks or steps
on the cut surface after three size measuring cycles (from #301 cut magnet piece et seq.). Itis
demonstrated that as long-as the gradient given as 15 stress relative to travel distance of probe and
indicative ofnthenelastidityoer flexilility of the Twittigawheekis hot so high; leatds tthéritade section has a

certain degree of flexibility,.the outer blade cutting wheel is effective far cutoff hining a magnet
Dlock nto FEL BEeebcl & g A Ao iore) nCeracs AHROR et e i arace
[0123] It is dernomsiatet thatwhén a WorkiFedeniypicaliy & edretésrth sihtered meagietdadeck is cutoff

machined irgloztgge%es l‘ﬁiggfhe o]L?teEr blade Clétlt_iigg%heelz offthlflinv tiorb§5 ttiural pieces.as cut have a

high accuracy without & needvs for finis eanla‘trer cutting. ieces ha ing%rﬁllg edimengi%lﬁgﬁggc'uracy are
availabie. GIOAMNS:

The elasticity or flexibility of the outer blade
cutting wheel was evaluated, with the results plotted in the
diagram of FIG. 7. The compressive shearing stress of the
outer blade cutting wheel at the edge was evaluated.

10 Specifically, the outer blade cutting wheel was chamfered
(rounded or beveled) at the edge tc a degree of at least R0O.1
or C0.1. The cutting wheel was horizontally mounted on a jig
by sandwiching the cutting wheel between circular iron plates
of 5 mm thick such that only the blade section was expose&.

15 The wheel was thus held so that the base might not be warped
uporn compression. At a position spaced 0.3 mm outward from
the outer periphery of the base, the blade section was
compressed by a probe in an axial direction of the rotating
shaft of the cutting wheel {or thickness direction of the

20 blade section) at a linear speed of 1 mm/min, the probe
having a contact area with a length equal to {a protrusion
(mm) of the blade section minus 0.3 mm} and a width of 10 mm.
The stress reacting to the travel distance of the probe was
measured by a strength tester AG-1 (Shimadzu Mfg. Co., Ltd.).

25 Compression was continued until the blade section was
ruptured.

[0120]

4z seen from FIG. 7, in all examples, as the travel
distance of the probe increased, a region where the graph

390 exhibited linearity, that is, a region where the stresgs was
in pxoportion to the travel distance of the probe was

observed. A gradient of the graph in the linear region (i.e.,
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[Claim 1]An outer blade cutting wheel comprising a base in the form of an annular thin disc of
cemented carbide 5 having a Young's modulus of 450 to 700 GPa, having an outer diameter of 80 to
200 mm defining an outer periphery, an inner diameter of 30 to 80 mm, and a thickness of 0.1 to 1.0
mm, and a blade section on the outer periphery of the base, said blade section comprising iodiamond
and/or CBN abrasive grains pre-coated with a magnetic material, a metal or alloy bond formed by
electroplating erelettroless plating for bendihgratwasivewgrainsdogethedane ta thechase, and 15a
metal or alloy binder hayving a melt oint of up to 350C infiltrated between abrasive grains and
between ab%ﬁ&eggﬁair%%‘%ﬂ the kggagéﬁ |§im 2]The cutting wheel of claim 1 wherein the binder 20
metal is Sn and/or Pb, and the binder alloy is at least one alloy selected from the group consisting of
Sn-Ag-Cu, ?B' ,]Sn-Cu, Sn-Zn, and Sn-Pb alloys. [Claim 3]The cutting wheel of claim 1 or 2 wherein
the 25 metal or alloy binder has a Poisson's ratio between 0.3 and 0.48. [Claim 4]The cutting wheel of
any oné of claimBabie3 21 wherein said base has a saturation magnetization of at least 3040 kA/m

(0.05 T). [Ciailll S]Tilc L,uttillg wheetof anyone-of ctaims-tto4-whereinsatd-ah lgoivc glgiuo have an
average grgin size of 10 to 300 prizatple | Example | Example | Example Erample
1 3 4
1
Gradient (N/mm) 10,9000 2,000 200 5,000 18,000

[0122]

In the above cutting test, all magnet pieces cut using

the outer blade cutting wheels of Examples had good-looking

10 cut surfaces. In the case of magnet pieceg cut using the
outer blade cutting wheels of Comparative Example 1, some
samples had cut marks ox steps on the cut surface after three
size measuring cycles {from #3C1l cut magnet piece et seq.).
It is demonstrated that as long as the gradient given as

15 stress relative to travel distance of probe and indicative of
the elasticity or flexibility of the cutting wheel is not s=o
high, that is, the blade section has a certain degree of
flexibility, the outer blade cutting wheel is effective for
cutoff machining a magnet block into magnet pieces at a high

20 dimensional accuracy without cut marks on the cut surface.
[0123]

It is demonstrated that when a workpiece, typically a
rare earth sintered magnet block is cutoff machined into
pieces using the outer blade cutting wheels of the invention,

25 the pileces as cut have a high accuracy without a need for
finishing after cutting. Pieces having a high dimensional

accuracy are available.
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5 [Claim 6]The cutting wheel of any one of claims 1 to 5 wherein said abrasive grains have a mass
magnetic susceptibility xg of at least 0.2. [Claim 7]A method for manufacturing an outer blade 10
cutting wheel comprising the steps of: providing a base in the form of an annular thin disc of
cemented carbide having a Young's modulus of 450 to 700 GPa, having an outer diameter of 80 to
200 mm defining an outer periphery, an inner diameter of 30 to 80 mm, and a 15 thickness of 0.1 to
1.0mm, CPptaMfing diamond and/or CBN abrasive grains pre-coated with a magnetic material,
placing a permanent magnet near the outer periphery of the base so that the magnetic field produced
by the permanent 20 magnet may act to magnetically attract and hold the coated abrasive grains close

to the outer Fekiphnidf the Bas@Uter dd@fplatiitordettisiess pRIliAG SHetaldriafss on the

base_outer Q%ViQ@%Y?@HﬁhS§0§%?%ﬁQ@§Q’F qrains being U&Q'l?éﬁﬁ@%téﬁraééﬁﬁoé% helo!, for
bonding the 25 abrasive grains together and to the base to fixedly secure the abrasive grains to the

base obiter P&y 3o ¥ohiid adeddciith, @hd4°0 ERtihftP athétal BAXHdEh&in@E4RElting point
of up to 3504 ifilteate inte any vQids betwaeniairasivegrainss30-and petwean-abrasive grains and the
base. [Claim 8]The method of claim 7 wherein the infiltrating metal is Sn and/or Pb, and the infiltrating

alloy is at le=POne IRy deiécted ot i §RUPCorRing JHSEARSES SHAY; Snf€ulsh-zn, and
Sn-Pb alloysm[Clains 9H hel aethagket-claim £orSnwheligir theperiphery of the base,

sald blade section comprising
10 diamond and/or CBN abrasive grains pre-cocated with a
magnetic material,

a metal or alloy bond formed by electroplating or
electroless plating for bonding abrasive grains together and
to the base, and

15 a metal or alloy binder having a melting point of up
to 350°C infiltrated between abrasive grains and between

abrasive graings and the base.

[Claim 2] The cutting wheel of claim 1 wherein the binder

20 metal is Sn and/or Pb, and the binder alloy is at leést one
alloy selected from the group consisting of Sn-Ag-Cu, Sn-Ag,
Sn-Cu, Sn-Zn, and Sn-Pb alloys.

{iClaim 3] The cutting wheel of claim 1 or 2 wherein the
25 metal or alloy binder has a Poisson's ratio between 0.3 and

0.48.
[Claim 4] The cutting wheel of any one of claims 1 to 3

wherein said base has a saturation magnetization of at least

30 40 kA/m (0.05 T).
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s infiltrating metal or alloy has a Poisson's ratio between 0.3 and 0.48. [Claim 10] The method of any
one of claims 7 to 9 wherein said base has a saturation magnetization of at least 40 kA/m 10(0.05 T).
[Claim 11] The method of any one of claims 7 to 10 wherein said abrasive grains have an average
grain size of 10 to 300 15 [Claim 12] The method of any one of claims 7 to 11 wherein said abrasive
grains have a mass magnetic susceptibility xg of at least 0.2. 20 [Claim 13] The method of any one of
claims 7 to 1Z hianeiblthe paimrarent magnetipreduces amagneticdieldabameadt &kAAM within a

i di m the base outer periphery. . .
space extending. a distance of 10 mm or less from {he base outer petighelY. in size of 10

to 300 um.

5 [Claim 6] The cutting wheel of any one of claims 1 to 5

wherein said abrasive grains have a mass magnetic

susceptibility yg of at least 0.2.

[Claim 7] A method for manufacturing an outer blade
10 cutting wheel comprising the steps of:
providing a base in the form of an annular thin disc
of cemented carbide having a Young's modulus of 450 to 700
GPa, having an outer diameter of 80 to 200 mm defining an
outer periphery, an inner diameter of 30 to 80 mm, and a
15 thickness of 0.1 to 1.0 mm,
providing diamond and/or CBN abrasive grains pre-coated
with a magnetic material,
placing a permanent magnet near the outer periphery of
the base so that the magnetic field produced by the permanent
20 magnet may act to magnetically attract and hold the coated
abrasive grains close to the outer periphery of the base,
electroplating or electroless plating a metal or alloy
on the base outer periphery and the coated abrasive grains
being magnetically attracted and held, for bonding the
25 abrasive grains together and to the base to fixedly secure
the abrasive grains to the base outer periphery to form a
blade section, and
letting a metal or alloy having a melting point of up
to 350°C infiltrate into any voids between abrasive grains

30 and between abrasive grains and the base.

[Claim 8] The method of claim 7 wherein the infiltrating

metal is Sn and/or Pb, and the infiltrating alloy is at least
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15

20

one alloy selected from the group consisting of Sn-Ag-Cu,

Sn-Ag, Sn-Cu, Sn-Zn, and Sn-Pb alloys.

[Claim 9] The method of claim 7 or 8 wherein the
infiltrating metal or alloy has a Poisson's ratio between 0.3

and 0.48.

[Claim 10] The method of any one of claims 7 to 9 wherein
saild base has a saturation magnetization of at least 40 k&/m

(0.05 T}).

[Claim 11] The method of any one of claims 7 to 10 wherein

said abrasive grains have an average grain size of 10 to 300

prm .

[Claim 12] The method of any one of claims 7 to 11 wherein

said abrasive grains have a mass magnetic susceptibility g

of at least 0.2.

[Claim 13] The method of any one of claims 7 to 12 wherein
the permanent magnet produces a magnetic field of at least 8
kA/m within a space extending a distance of 10 mm or less

from the base outer periphery.
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