DESCRIPTION TITLE OF INVENTION 5SUPER HARD ALLOY BASEPLATE OUTER
CIRCUMFERENCE CUTTING BLADE AND MANUFACTURING METHOD THEREOF TECHNICAL
FIELD 10[0001] 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 implemer@%&&mers, outer-diameter blade cutting wheels
are most widely employed. The outer-diameter blade cutting technique has many advantages
including less expensive cutting tools, a [relatil\! ly &9 in I%Wance associated with cemented 25
carbide blades, a good dimensional acc%&gﬁéﬁgﬁ% , relatively high machining speed.
Owing 40 theseSatvBR dgER BALINPYOBAS EREA PEOAQUTER JiRCUMFERENEE [CAETCNGNg
technique is widely used_jy CUtti r [ntere 0003]

outer-diameter blade cudﬁﬂéﬁ%mg@%%ﬁm&gg@ﬁﬁﬁ%@m%@ disclosed in JP-A
H09-174441, JP-A H10-175171, and JP-A H10-175172 as comprising a cemented carbide base
having an outer periphery to which diamond or CBN abrasive grains are bonded with phenolic resins,

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

10 [00C01]
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.

15 BACKGROUND ART
[0002]

For cutoff machining of rare earth sintered magnet
blocks (or permanent magnet blocks), various cutting
technigues 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 technigue has many
advantages including less expensive cutting tools, a
relatively low cutting allowance associated with cemented

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

30 [co03]

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



5 steel or high-speed steel, there are achieved an improvement in the machining accuracy, 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] 10While 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 dE&MEME D RAGE a Tigh-PerBmSHES 15 RGHHY Vel CRpEbi-cr MatMAfg &% high
accuracy angkRighspaeth 20 AR atens Rocusrent €itation Listend00Q5] Ratenid)oetimeriPatent
Document Patent Document Pa g}ﬂ% Document P%E?Qt Bocumen gaggpt Document Patent ggcument

Patent DocBmdht PRttt Do €. Since ase ma cemented carpi
is improved in mechanical strength over prior art alloy tool

5 sgsteel or high-sgspeed steel, there are achieved an improvement
in the machining accuracy, 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 bases are improved in cutting and working
performances over the prior art outer-diameter blade cutting
wheelsg, 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 accuracy and

high speed.
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[oc06]

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 resgin 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

2008-172751) .



[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 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). [0007] 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 blde dection. Now that the base accounting for the majority of the cutting wheel is made
of high-modulus cemeatesh cashide] the=cutting ivheekissiaipraved insmechaninal sttangthhand hence, in
cutting accuracy over thelprior art %utting wheels hayi g afI{on tool steel and%li%}}c;s\geed steel bases.
The switch &-a Ti&tal B&Hd ]I"ﬁa\%%lﬁ ar-io apr[fr)a}gf)lﬁé:te OlfngF’s modGiie 28mbined with the cemented
carbide baseemmpraves the machanical strengtheofdhe oiverall cutting vitweel ttherélysachieving three

performance improvements, an improvement. in th chining accuracy, an improvement in the yield
of matdiial 308 TG USe 5Pt & DIATaS ‘AHe a reduetion oF Frachiniig Cobt dde 15 R Sutting
speed, as conyfaradduiththequiorarecutes bladéecuttiig wheelsioidghe/hesih boad itype osiig phenolic
resins or pojyimide. resing. as e band for abigsiye.grainss [9008L g9gemented carbid, hase outer
blade cutting wheels can be manufactured by producing a magnetic fidldnear the buter periphery of
the cementééearbidebase Ltheuhgmetiotisld beting ohrabrasive grains preceatecawith a magnetic

material s 254 raaanedize b coliag on absasive grains, fhereby 25 alading the alygsiyg arains
toward the base outer periphery, and effecting plating in this state, thereby bonding the abrasive grains
to the Buterdiapiphiary. alitife et fedieds e costatrhamdariuid of bater Hhdetegtting wheels.

[0009] 30The,cemgnted.carbidgpaseqauter pladgcutting wheek s rength of the overall

cutting wheel, thereby achleving three performance
improvements, an improvement in the machining accuracy, an
improvement in the yield of material due to the use ¢f thin

15 blades, and a reduction of machining cost due to high cutting
speed, as compared with the prior art outer blade cutting
wheels of the resin bond type using phenclic resins or
pelyimide resins as the bond for abrasive grains.

[0008]

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

25 attracting the abrasive grains toward the base outer periphery,
and effecting plating in this state, thereby bonding the
abrasive grains to the outer periphery. The method reduces
the cost of manufacture of outer blade cutting wheels.

[0009]

30 The cemented carbide base cuter blade cutting wheel
produced by the above-mentioned method is an outer blade
cutting wheel featuring High performance. When a rare earth

sintered magnet block is cut into magnet pieces by the wheel,



produced by the above-mentioned method is an outer blade cutting wheel featuring high performance.
When a rare earth sintered magnet block is cut into magnet pieces by the wheel, sometimes the
dimensional accuracy is aggravated because the block can be obliquely cut, or cutting marks by the
wheel be left on the cut surface of a magnet piece. Specifically, when a cemented carbide base outer
blade cutting wheel having an puter diameter of 80-200 mm, a bore diamet%r f 30-80 mm, and a
thickness of 8T J1h, 10F e SaMpie® 13 8h& opatated to pEFSM %Fg%-sgggfﬁﬁh-F&% cutting at
a machining vekimegear bait dblei efiatllgasta00 mms/min, andimensionabioletancetraay exeeed 50 pu.
If the dimenthioPtal i0 ac%uragxés %%I rialé\l/atedé?ome reme(%ies are nece%saerg..For e zimple, the magnet

pieces must be su%ljlecife&to A at |onc§1Fstep St pf?%‘?i%%n &?ﬁ]e(ffneg' the Bt slufr ace such as by lapping.

The outer blagencuttingmelrest dnust Heidiessed asiogzegrihding evheet oi the etttieg chaditings be

altered, 1510910],.. . Thisheqomes.a bagrie/ Jp the machining of magnet pieses yhigh age suited for
use in MotoTs imWhich & Strct management of the clearance between a'yoke and a magngt is required
such as lineaxdnetors anbtesd disT Vibide Eoib2@motbrs-(\ESdinahd which repdreshth a high

dimensional accuracy (includin flatness t surface) a e ' f manyfacture cost.
J00L1] An CERs o e T eas o5 rbuae s o ment i o aie Hebe B i cuting wheel
capable of mattihg =irge ealthrsinterst mrRghetblvek drftossiedesaisavind & high divbensienal accuracy,
and a meth§d for reé)grii?gt_:[g? outer blade cuttingev%%eeg(ft a low t, %Oes%ution ta Prohlem [0012] It

is presume that & phenomenon that a rare-earth simered magnet block 1§ obligualy cut takes place

because accuracy is aggravated, some remedieg are necessary. For
example, the magnet pieces must be subjected to an additional
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.
15 fco1ol
This becomes a barrier in the machining of magnet
pieces which are suited for use in motors in which a strict
management of the clearance between a yoke and a magnet is
required such as linear motors and hard disc voice coil
20 motors {(VCM) and which reguire both a high dimensional
accuracy (including the flatness of cut surface) and a
reduction of manufacture cost.
[0011]
An obiject of the invention is to provide a cemented
25 - 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.

30 Solution to Problem

[o012]

It is presumed that a phenomenon that a rare earth

sintered magnet block is obligquely cut takes place because



the outer blade cutting wheel has a blade shape which is not laterally symmetric, allowing cutting
operation to proceed in a direction of easy cutting, and because the outer 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 blade cutting wheel which is cutting the
magnet block obliquely for_the above reason changes its trayel direction abruptly on the way of cutting
operation, tHEGUPSTAc 10AicH iy ACT Boel ot SmbbTAy nTgE it the but Suftbe which
has been cat ferming a stepn{@O AN abluptohangetof e trapetdirection of the-outesdlade cutting
wheel durin c&{tén gg%rgtiog ocggrs,é%rtjt%gxam hedv%heena:[hgebl%%eeogthg outfgrlblgde cutting wheel
is, in part, deformed or spalf)ed for €8me reasoﬁ;’w e the biade edge abrhlpt‘l:")}:c ar?‘gees its shape;
when the blade tis dgforimeellbyi theveedespeet of the cuttingaviest avhich & highérithandghe grinding
speed gf th%g(galde, tt_gg igtgrré I séresseiréql%eg Zcqlgmtthe bl %e Q% l%h%tndeg‘?l[arr%atci:our%:b(;:‘ﬂg_ﬁor es greater
than the external force applie rom the wor piece to t e’ adt(le, and as a consequence, the force
causing defarmafierf bf the biageds redeassd angieiser ida-trave oitlse owleebladeecuttingwheel is

interrupted BXi%diQ%QE ggi%gg@eﬁﬁw 23 9roQue with g[gal‘é%g?d kgilgg cutting operation
a a

or foreign matter of externalorigin. To eliminate any cut marks which ¢an form under such conditions,
it is effective®idtane bladesdgédoabeveabrpigehahgadeshipe, sudvisat vhHereamy force is

applied to the blagde;se a5 tq shangs;its #ravek30 disection dyringncutting opgration, the.blade is
deformed to such an‘extent as to smoothly merge the cut surfaces before and after the change. [0014]
A void probtérd @fises ingieloutey bladescutiff whBe PR Richebessive §FaiftslareBénded to a base

by surface which has been cut, forming a step.
{0013]
An abrupt change of the travel direction of the outer

blade cutting wheel during cutting operation occurs, for

15 example, when the blade of the outer blade cutting wheel is,
in part, deformed or spallied for some reascn; when the blade
edge abruptly changes its shape; when the blade is deformed
by the feed speed of the cutting wheel which is higher than
the grinding gspeed of the blade, the internal stress induced

20 in the blade by that deformation becomes greater than the
external force applied from the workpiece to the blade, and
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 cutting

25 groove with sludge formed during cutting operation or foreign
matter of external origin. To eliminate any cut marks which
can form under such conditions, 1t is effective that the
blade edge does not abruptly change its shape, and that when
any force is applied to the blade s0 as to change its travel

30 direction during cutting operation, the blade is deformed to
such an extent as to smoothly merge the cut surfaces before
and after the change.

10014]



electroplating or electroless plating to form a blade section. Since the abrasive grains have a certain
grain size, the 5 bonded abrasive grains are contacted only in part between grains and between grains
and the base, and voids therebetween 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. 10[001 ,és Ion%tgs the load appllﬁdttgethe &Jé%r %Iilgg é:ug{lngtvi/heel %uerlnlg cutting

. . . NASER roniem.arligse g, wahee
operation is low, hig accuraé)y cutting is poss@le, éven in the presence of such vo%ls, ecause the

blade sectidmdeds nbt ahdergiovsulistarnited deterniatiofddy the BS barse applied during cutting.

However, where cutting ig carried OUEI)LUQ er ﬁtuch a h'ig%load 3s tckcause thgfg@entedgarbide base

to be deforr%eg,c trhlécﬁaae le%%eoc%ne & Egr Getormed or shed, AN effective method ﬁ)rlp(?SVehting

the blade e8gefrentUeforbationor shedting isaoyeemwmn@ﬁhé 2@ aiengtizef thelidade edge. Since

the bl | icient tici t d iQn to def t bl
SO merg OB O Ll SuPaes 26 M b ooariBeA TAER (G erc AN ementof lad tre

ater, the mere erthancement o 1E)Ia\de strength
to be resistamatordefemdatitfegistouckitass tedoroblerhazs{0026F voMBkiridfirtHes im@sstigations

on the constructign of H&E@Q@é@@&ﬂé&%%@%@i@{gh strength and glasticlly and thenecessary

mechanical properties of the blade section, the inventors have found that an effective 30 blade section

is obtained b§kiliziAgWid$ batite e abARl NS4 DeMledr BBrasiVEgFaihs antlthe base,
specifically Dy lefling a-resin, infilfrate in the yoids. The feginudnfilirate; isformed bypeling @, ce |

thermoplastic resin, infiltrating and solidifying, or by infiltrating a liquid thermosetting resin composition
and cdfing. KPaater blade cutting wheel comprising a cemented carbide base and such a blade

section is effective iﬁ@@&@%ﬂ“%ﬁ@%@ﬂ‘%ﬁgﬂ%éﬁ@&%ﬂ@gB@t@%@ﬁ%}&éh%@@&’iﬂge :
technique of melting a thermoplastic resin, infiltrating and solidifying or the technique of infiltrating a

liquid therniBa&fihg s ebrips<itad afRetfihg RleffSctveor tHelh R GFTG e o AAFGdR? blade
cutting wheekfeadiging-a higheglatting aceuacy Ad-antt low eosiu The inyentionis peadicated on these

findings. [0017] In one aspect, the invention provides an_outer blade .

blade section does not undergo substantial deformation by the

15 force applied during cutting. However, where cutting is
carried out under such a high lcad ag to cause the cemented
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 or shedding is by enhancing the

20 strength of the blade edge. Since the blade section should
have a sufficient elasticity to allow the blade section to
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.

25 fo0ls]

Making further investigations on the construction of
the blade section that meets both high strength and
elasticity and the necessary mechanical properties of the
blade section, the inventors have found that an effective

3¢ blade section is obtained by utilizing voids between abrasive
grains and between abrasive grains and the base, specifically
by letting a resin infiltrate in the voids. The resin

infiltrate is formed by melting a thermoplastic resin,



cutting wheel comprising a base in the form of an annular thin disc of cemented carbide having a
Young's modulus of 450 15 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, the blade section comprising diamond and/or CBN 20 abrasive grains
pre-coated with a magnetic material, a metal or alloy bond formed_by electroplating or electroless

plating for bonHing-abrasié Grafhstogetherahddo the bage, *aHd 4 FE&ih it Btet 58 een abrasive
grains and befvesssahrasive gramsransbiiedasisei saidaesindiging .25 Ahergmoptasticresi having a
melting point of up to 3530C or a thermoset resin obtained(g)y curi}g § Ii%uid thermé)setti resin
compostio HaVing AUl tenPUALTEEE uB (6 TR TRHDISForha EnBUr e e resin is at
least one miehaks setectddfromsthefgroupiconsisingmobacklicgesing, 3Q @paxy tesirls, phenolic

resins, polyamide resins, polyimide resins, and modified resins of the foregoing. Also_preferably, the
resin hé.JS a Polsson's ractilg be \%%geﬁ &3 %%8%.%1.8 t'ﬁelrne§> Hr‘efeﬁrpé% e%rﬁéggﬁm%%% tﬁ% base has a
saturation madrietizatian thatteast 48 &im(@©:051T). infigrefertethgmimodinserit i thiefabiragive grains

have an average,araif size, of.10 to 30 ara- Also preferably. the abrasive grains haye a mass
magnetic susceptibility xg of at least Oﬁrp%]o]l%f?n ancther as ct, the invention provrdes a method for
manufacturitvgrar edtet dradencutting Wieel sompfisimgithe idsteps b manpfovidinga bedsexin the
form of an apnular indise of.cementecabideayin a.¥aungismaddus 045049.190. GPa, having
an outer diameter of 80 to 200 mm defining an outer periphery, an inner dlamg{er of 30 to 80 mm, and
a is thickned&éf davocp8tmm,The invention is predicated on these findings.
[c017]
In one aspect, the invention provides an outer blade
cutting wheel comprising a base in the form of an annular
thin disc of cemented carbide having a Young's modulus of 450
15 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,
the blade section comprising diamond and/or CBN
20 abrasive grains pre-coated with a magnetic material, a metal
or alloy bond formed by electroplating or electrolesg plating
for bonding abrasive grains together and to the base, and a
resin infiltrated between abrasive graing and between
abragive grains and the base, said resin being a
25  thermoplastic resin having a melting point of up to 350°C or
a thermoset resin obtained by curing a liquid thermosetting
resin composition having a curing temperature of up to 350°C.
In a preferred embodiment, the resin is at least one
member selected from the group consisting of acrylic resing,
30 epoxy resins, phencolic resins, polyamide resins, polyimide
reging, and modified resins of the foregoing. 2also preferably,

the resgsin has a Poisson's ratbtio between 0.3 and 0.48.



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 9r ins being. magnetically attracted and heldtfor bonding the 25
abrasive grains togethefaRd to e Egseef% P)‘(%d\‘)‘/a chrlé%f%e BPssive §rains o thetase outer
periphery temtormea biadeisectiofi, and letting a4thermngplastc. kesirrhaving a melting point of up to

350C infiltrate into any voidsr g%tgngaregdatérr%?glg%oeg@inst%%d Qg%%eﬂr abrarsivjl_an%r 'nsvan%L the base or
letting a liquid thermosetting resimn compaosition %avmg’a curing empera?ur% St up to $50C Fitiltrate into

any voids bgtweer;akyasive gsaine apd hetween abrasive gramsanskibediagsignd ewe thereat.

In a preferred embodiment, the resin is at least one member selected from the group consisting of
acrylic FesirtBRERoN B5MENBhEAGIR RSHTS PoRRBIIEE HsiNs SR tddi's Ehd fogified resins
of the foregping. Alsp preferably, the infiltrating resin has a Poisson's ratio between 0.3 and 0.48.

In a preferred embodiment, the base has a saturation lo magnetization of at least 40 KA/m (0.05 T). In
a preferred EMB&diment, the abrasive grains have an

In another aspect, the invention provides a method for
manufacturing an outer blade cutting wheel comprising the
16 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 cloge 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
26 abrasive grains together and to the base to fixedly secure
the abrasive grains to the base ocuter periphery to form a
blade sgection, and
letting a thermoplastic resin having a melting point
of up to 350°C infiltrate into any voids between abrasive
30 graing and between abrasive grains and the base or letting a
liguid thermosetting resin composition having a curing

temperature of up to 350°C infiltrate into any voids between



average grain size of 10 to 300 tim. Also preferably, the abrasive grains have a mass magnetic
susceptibility xg of at least 0.2. 15In a preferred embodiment, 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. 20Advantageous Effects of Invention [0019] Using the cemented carbide base
outer blade uttln wheel a.rare ear rth m%%net blo k IS cut into ma%netap %ces{& lk} only the cutting
operation, e magnet ﬁe@es are fInIS % aah gh aimensioRar & accurdacy. Any |n|sef1|ng ollowing
the cutting opmtlbhemaﬁbe omltted Rare earth magnet pleces having a high dimensional accuracy

are obtained at a IO\]le_anost 'Eég’%ﬂ cturln the outer bIz_aLde cgttlngl 30 wheel is
cost effective. BRIE ES%E?{Sﬁ %] ﬁE I1] FIG: f schematic: Fy illustrates
an outer bladmbamng@ﬁlmﬁieﬁdoﬁemnbﬂd@mgnooptr@qneemmgI@flﬁabe:m@ Beplaasiew, FIG. 1B
being acro %gctlg,nal V|ewt een n%lgrl\% |I98§ BB 'n@)@y%ﬁgﬁ%‘j FlG.1C ’beg)rg)q?%gp&rged 5 view
of circle C sectlon |n F

resins, and modlfled resins of the foregoing. Alsc

preferably, the infiltrating resin has a Poisson's ratio

between ¢.3 and 0.48.

In a preferred embodiment, the base has a saturation

10 magnetization of at least 40 ka/m (0.05 T).

In a preferred embodiment, the abrasive grains have an
average grain size of 10 to 300 pum. Also preferably, the

abrasive grains have a mass magnetic susceptibility g of at
least 0.2.

15 In a preferred embodiment, 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.

20 Advantageous Effects of Invention

[0o019]

Using the cemented carbide base outer blade cutting
wheel, a rare earth magnet biocck is cut intc magnet pieces.
With only the cutting operation, the magnet pieces are

25 finished to a high dimensional accuracy. Any finishing
following the cutting operation may be omitted. Rare earth
magnet pileces having a high dimensional accuracy are obtained
at a low cost.

The method for manufacturing the outer blade cutting

30 wheel is cost effective.

BRIEF DESCRIPTION OF DRAWINGS

[0020]

-10~



[Fig. 2] FIG. 2 is a perspective exploded view of one exemplary jig used in the method. [Fig. 3] FIG.
3 is an enlarged cross-sectional view of the outer portions of the holders sandwiching the base in FIG.
2. i0[Fig. 4] FIGS. 4A to 4D are cross-sectional views of different embodiments of the blade section

formed on the base [Fig. 5] FIG.5is a photomicrograph of a blade section of an outer blade cutting

wheel in Examrﬁl gchet pls Si:df suria f,hELFIgt ﬂF]lLC_;‘L 1513 &gﬂ owm%ggglngbaicc?racy versus

the number of eces cut usmg & outer blade catiin xamples 1to 4 and
ComparativeExamplevhee YFig: 7¢memh@émn@§hMﬁgmgWem$ deférmadon of the blade

sections Ofﬁlé%g teg %%CHQIQQ ZOF\yEeelfé)f Igs 104, Qgegg tl\(ﬁlggs,arpgj{eegl
: S

DESCRIPTION BODIMENTS [0021] Referring to FIG. 1 the outer e cutting wheel in 25
one embodﬂﬁ@ﬁ@oﬂtﬁéﬂﬁv@mﬁ)nﬂg iREtatddias zofhplisihg d Babe 10dn dive forhpgtgdiannular thin

disc made gf;cemented;carbideangd,a blade gection 20 dispased on he outer periphery of the base

10. The blade section 20 comprises diamond and/or CBN abrasive grains bonded with a metal or 30
metal alloy borld b elédtroplafing 8r ércirokSs5RatHg Y6022 riHedssse 1615 nfthedérm of an

annular thi%g%gg@egq%st@% a;doyghnutzshaped thin plate having a
[Pig. 3] FIG. 3 is an enlarged crogs-sectional view of the
cuter portions of the holders sandwiching the base in FIG. 2.

10 [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 an outer blade cutting wheel in Example 1 on its side

surface.

15 [Fig. 6] FIG. & 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
deformation of the blade sections of the cuter bklade cutting

20 wheels of Examplegs 1 to 4 and Comparative Example 1.

DESCRIPTION OF EMBODIMENTS

[0021]
Referring to FIG. 1, the outer blade cutting wheel in
25 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
diamond and/cr CBN abrasive grains bonded with a metal or
3¢ metal alloy bond by electroplating or electreoless plating.
[0022]
The bage 10 ig in the form of an annular thin disc

{(differently stated, a doughnut-shaped thin plate having a
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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, preferably 40 to 70 mm, defining the bore 12, and a
thickness of 0.1 to 1.0 mm, preferably 0.2 to 0.8 mm. [0023] It is noted that the disc has a center
bore and an outer circumference as shown in FIG. 1. Thus, the teLms "radial" and "axial" are used
relative to the center of the io disc, and so, the thickness is an axial dimension, and the length (or

height) is a FEdtEFdinfSERor 4 ikt e BT iEid& 6P edrd® Snf o iRide® brButward” are

used relativg:te the-genter 0f the-discay the rotating shaf ok thescuting peepnkbi9024ln  The base
has a thickness in tgle. range of 0.1 to 1.0 mm and an outer diameter in the range of not more than 200
mm because ¥ 'bas 89@&%&?5&1‘? sidndCar? BeWantﬂﬁﬁfﬁ?&?gﬁX h?’gan gc?cu?gc;mﬁnd ensures
consistent ci-pifrmaghining dka-20 veorkpiede atypicallyteerare edrth sinteredimagnet, block at a high
dimensional acc%Jra%gver ad&ork%tecgm A thickness of less than 0.1 mm leads to a likelihood of

en

noticeable \ﬁgr%a‘ag in é’pe?n‘ of ou?er“&?&meter and makes difficult the manufacture of a base at a

high accura¢g.0&3hickness in 25 excess of 1.0 mm indicates an increased cutting allowance. The outer

diameter is up to 209 t_[nr“_PSin Iy(@)ecw %%fdﬁc% %IIZ ekg_hat £an b% manufacturedrb)&pe e>gsﬁtci{1gat§chnology of

producing and processing cémen ar thé&'diameter of the %%ree isset in a rangée of 30 to 80

mm so as tefiter the shaihDé361tke catoffinashining B0 [0025] Ekamplesief therwmented carbide

of which the, hage is,madg include thase in which powder carhides of metals in. Groups lyB, VB, and
VIE of the Periodic Table such as WC, TIC, MoC, NbC, TaC and Cr2C2 are cemented in a binder

matrixtof Fed Gos Niad, 8u, PBSntbrigineslisalloy thoreot Iad sidtaripgs Aprongath@sehypical
WC-Co, Wci'gﬁgcé}go(’&n%@lﬁjﬂ{:q:rfg'goraéial dimension. Likewise the texms
"ingide" or "inward" and "outside" or "outward" are used
relative to the center of the disc or the rotating shaft of
the cutting wheel.
15 [0024]
The base hags 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
because a base of such dimensions can be manufactured at a
high accuracy and ensures consistent cut-off machining of a
20 woxrkplece, typically a rare earth sintered magnet block at a
high dimensional accuracy over a long term. A thickness of
less than 0.1 mm leads to a likelihood of noticeable warpage
independent of outer diameter and makes difficult the
manufacture of a base at a high accuracy. A thickness in
25 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
and procegging cemented carbide. The diameter bf the bore is
set in a range of 30 to 80 mm so as to f£it on the shaft of
30 the cutoff machining tool.
[oozs]
Examples of the cemented carbide of which the base is

made include those in which powder carbides of metals in
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5 systems are preferred. They should have a Young's modulus of 450 to 700 GPa. Also, those
cemented carbides which have an electric conductivity susceptible to plating or which can be given
such an electric conductivity with palladium catalysts or the like are preferred. When cemented
carbides are given lo an electric conductivity with palladium catalysts or the like, well-known agents

such as metallizing agents used in thevmetalli]iatti n of ABS gsins r%g be em I?gedgqgoz;%u\c/wth
respect to MAgH&tC gropertied ofthe base, 515 g}%agé?@a?u Afiort axqeneﬁlzlg oIS preferredfor
holding abmasive grains tadte base Dy joagaetc attrastiondbEien i theécase ahadewer saturation

magnetization, h&v,vever m%%net&ma%erial-coated atbrilsigﬁl?rain%ﬁan be magnetically attracted

toward the base %'co%ﬁblling’the posi 16nof a 20" Setamanen Orxagneeizé%%fthe sYreSnjgfh of %rﬁ?agnetic

field. For thistreagonha base havingpd sAlration Maghetizatioreof atrddaltAKAMTELO8d) is

satisfagtory, [0027] The satyralion. pagnetizafion ofa base s delermipgd. 2o,y guling.a.saypple of 5
mm squares-‘out of a base t}lgavmg a‘given thic rYess, and measuring a magnetization curve (4xI-H) of
the sample &t @ tempedatut@af 24A250 bythears obavibratihg sainpfiemagnatdméer¢Vsn). The

' ?ﬁf !{l—%‘esf{[ggg g%iS@ﬁ%{ﬁﬁéqgﬁthgé%ﬁgtgﬁat@%n@gnetization.

upper limit m 21 \Gac!‘d
[0028] %e%%%egr%g%ﬂ%ry of the base may advantageo amfered (beveled or rounded) in

order to _enb’&ﬁ@th@%dﬂﬁr@h@ﬂib‘éﬁve@mﬂé%ﬁ@w e tBlage seetbrimhiehtis Ioreted thereon
by bonding aprasiye graigs with 3 metal hond. Chamfering.of,the basg.periphensisadyapiageous in

that even when the blade is over-ground in error beyond the boundary 5 between the base and the

abrashfe layer durirgtgrirdisgfsiuslade iHivkressadpastAreht purposes e et horbss léfkat the
boundayt%Qm%&%%gﬁﬁb@g@ﬁﬁﬁﬁgﬂ@@n&Qemgtallizing agents used in the

metallization of ABS resing may be emploved.
[0026]
Wwith respect to magnetic properties of the base, a
15 greater saturation magnetization is preferred for holding
abragive grains to the base by magnetic attraction. Even in
the case of a lower saturation magnetization, however,
magnetic material-coated abrasive grains can be magnetically
attracted toward the base by controlling the position of a
20 permanent magnet and the strength of a magnetic field. For
this reason, a base having =a saturation magnetization of at
least 40 kA/m (0.05 T) is satisfactory.
[6027]
The saturation magnetization of a base is determined
25 by cutting a sample of 5 mm squares out.of a bage having a
given thickness, and measuring a magnetization curve (4nI-H)
of the gample at a temperature of 24-25°C by means of a
vibrating sample magnetometer (VSM). The upper limit of
magnetization values in the first guadrant is assigned as the
30 saturation magnetization.
[0028]
The outer periphery of the base may advantageously be

chamfered (beveled or rounded) in order to enhance the bond
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separated apart. The angle and quantity of chamfer may be determined in accordance with the
thickness of the base and io the average grain size of abrasive grains because the range available for
chamfering depends on the thickness of the base. [0029] The abrasive grains used herein are
diamond grains and/or CBN grains. The abrasive grains should have been 15 coated with a magnetic

material. The size and hardness of abrasive grains prior tp the, magnetic material coating are
determineds:artlxél%%l art ar%g %\‘/'fﬁeﬁﬁetl?ll?endaesdeapaﬁﬁga%éﬁ [géfaﬁ:o%&%afr?ﬁe,Wc%\léﬁn%n]dsgrains
(including n&turakdianiordez0iahy ildusidalsyatheatieidiemend) oecubit horomaitdade FOBHN) grains
may be used algne. A qxiuie of digmond graing and CBN graips is also aecepiable, Renending on
the workpiece, abrasiji/lgagr%gns% eac typg mé@) Ee sgected£l %om zﬁnglée)oﬁfysta%glﬁga%gg{
polycrystallimesgralizcariiastsd 25 afoirrogincadiixivredoradjubipfragitine Foethedaspyttering a

metal syich 85k, Cp 5.Cr golg.suifpces of ahiasive graing fa 2 thigkness oLalutlp s effective

for enhancing the bond strength to the magnetic material to be subsequently coated.”30[0031]

Preferably &3radietgramisiiie anlaverdseigrabisize 8f 10 E800aER3udiPte grainisizé depends on
the thickness,@f the.base{f the ayeraga grain sizeys lessthan 110 Lim. fhere. may be left smaller voids

between abrasive grains, allowing problems like glazing and loading to occur during the cutting
operation aRBRGSIAG Hite BBRRG abilitySIfIRG averde GFarsizéYs mbre AsaH 300 BRY, préblems may

arise, 5 for gxample; MRaONe! Pices:cuAberepyimay:have rough-srfaces. With thecutting efficiency
and lifetime taken into account, abrasive grains of a certain size within the range may be used alone or

aSarﬁ&uné%ﬁgﬁﬁﬁgﬁﬂﬁm%ﬁ§W§ﬁE§e of abrasive grains because the Tange

available for chamfering depends on the thickness of the base.
{0029]
The abrasive grains used herein are diamond grains
and/or CBN grains. The abrasive grainsg should have been
15 coated with a magnetic material. The size and hardness of
abrasive grains prior to the magnetic material coating are
determined in accordance with the intended application.
[(C030]
For example, diamond grains (including natural diamond
20 and industrial synthetic diamond) ox cubic boron nitride
(CBN) grains may be used alone. A mixture of diamond grains
and CBN grains is also acceptable. Depending on the
workpiece, abrasive grains of each type may be selected from
single crystal grains and polycrystalline grains and used
25 alcne or in admixture for adjusting fragility. Further,
sputtering a metal such as Fe, Co or Cr onto surfaces of
abrasive grains to a thickness of about 1 um is effective for
enhancing the bond strength to the magnetic material to be
subsequently coated.
30 [0031]
Preferably abrasive grains have an average grain size
cf 10 to 300 um although the grain size depends on the

thickness of the base. If the average grain size is less than
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[0032] ioThe 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 saturation
magnetization cemented carbide and fixedly held thereto to prevent shedding during the bonding step
by is plating. Specifically, the coated abrasive grains may have a mass magnetic susceptibility xg of
preferably at least 0.2, more preferably at least 0.39. The magnetic material is typically at least one
metal selecléd HBm Ni9*€ dFrCHan afiby Bhakd BF nicte ucheheris crarPdlidy of®Bimelseh 20

metal or allgy ydfhialJeast-ane-metal;selected from Prand M, Jheakiasivefraing areLpated with
such a magnetic material by any well-known technique such as sputtering, electroplating or

electroless ﬂ&’tﬁ@lﬁﬁtﬂ&ﬁéﬂﬁél@ﬁb% tﬁ@%‘éﬁnﬁfiéaﬁﬁ’ésté.%ﬂo%@/%?ﬁrefe%lﬁé% 80% of the 25
diameter of ahrasiye qrains, [Q0331 . o Qi0ce the magnetic,sysceptibility of coaied abrasive grains

depends on the magnétic susceptibility of the coating magnetic material and the thickness of the
magnetic niapaTig3oEd&tinghals ihecdfmagnetit nfaetisizhouy béxeectedisb asuoigaiea.

necessary gliragtion forcefor alrasiue grains.of a.certainesize Neyartheless, eyenan.glectroless

plated nickel-phosphorus coating having a low magnetic susceptibility due to a high phosphorus
content carpBe fcrEasSF ALsFscehtibilifpo-a terirrextehthy Rehhgc HHRES. BRSO SmulsRger

coating of layersdhaying,a different sueceptiblity isROSs#OIE; foF £XaAPle ;3 £aating including a layer

having a low susceptibility and an overlying layer having a high susceptibility. Thus, the magnetic
susceptibilitgﬁ&%ﬁated abrasive grains may be tailored in accordance with a particular situation.

10 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
saturation magnetization cemented carbide and fixedly held
thereto to prevent shedding during the bonding step by

15  plating. Specifically, the coated abrasive grains may have a

mass magnetic susceptibility yg of preferably at least 0.2,
more preferably at least 0.39. The magnetic material is
typically at least one metal selected from Ni, Fe, and Co, an
alioy of two or more such metals, or an alloy of one such
20 metal or allioy 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,
electroplating or electrolegsg plating until the thickness of
the coating reaches 0.5 to 100%, preferably 2 to 80% of the
25 diameter of abrasive grains.
[0033]

Since the magnetic susceptibility of coated abrasgive
graing depends on the magnetic susceptibility of the coating
magnetic material and the thickness of the magnetic material

30 coating, the type of magnetic material should be selected so
as to gain a necessary attraction force for abrasive grains

of a certain size. Nevertheless, even an electrolesg plated
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i0[0034] As long as the coated abrasive grains have a mass magnetic susceptibility xg of at least 0.2,
preferably at least 0.39, the coated abrasive grains are quickly magnetized by a magnetic field which is
produced near the periphery of 15 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 jjg as shown in FIG. 3. If the mass magnetic susceptibility xg of the coated abrasive grains
is less than':2 e ANRERBIF GrafrS Wit ?ﬂﬁygﬁgceami@“ﬁo‘flﬁgr{ﬁlyg‘ﬁttracted. With such weak
attraction, seme eptasive geansimaydall offrduringplatntdailisg tefarenan adnagige grain layer (or
blade sectiQrR or formipg,an abrasive g@ir}bla ert\_fvhich isepot_[ous and éhusctlj w in mechanical strength.
* i yxg%f%b(r:asrivéa"é“r%ir?sxm%@ & detérined by providing

25[0035] TThEFESE MAGRBTE SRSceptbl
a resinous vessethaxing an bsiterdiameterief8=mneatinngr didinieteret6 namiagd a height of 5 mm,
distributing graips uniformly and thinly so 30 as to form.one or twa layers of grains in the vessel, taking
the grains St B S oo LR S B e S TR G R, i A ThG o (18 el placing
a paraffin withcd mlting poindpkabdatS0C oa thegramdaygrtahd heatngtite e@ssel in an oven at

60C. Once the paraffin is, melted, the vessel is clased wi li .coole n_jniti agnetization
curve (4m1<-jly|)e§?1 B %Slséelsr n?eaa%trrl d %t '§lt mpe&rlgélr%es &%%ggﬁy gwre%lﬂés’ofgh\gi]brating sample
magnetometeg (SN, Awgadipht-titha tinfledtiopqsdiatofathe dsitialan dgactiativaicupge gives a

differential suscepripility, which.i5 divided by the sample weight, yielding ihe mass magnetic

susceptibility xg of abrasive 10 grains. Notably, the magnetic field is calibrated using a standard Ni
sample’, and @98 #énsity of abrasive grains is measured as a tap bulk density. [0036]

As long as the coated abrasive grains have a mass
magnetic susceptibility yg of at least 0.2, preferably at
least 0.39, the coated abrasive grains are guickly magnetized
by a magnetic field which is produced near the periphery of

15 the base. Then the abrasive grains are magnetically
attracted substantially egqually 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 yyg
of the coated abrasive grains is less than 0.2, the abrasive

20 grainsg within that space may not be fully attracted. With
such weak attraction, some abragive grains may fall off
during plating, failing to form an abrasive grain laver (or
blade section) or forming an abrasive grain layer which is
porous and thus low in mechanical strength.

25 [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
height of 5 mm, distributing grains uniformly and thinly so

30 as to form one or two layvers of grains in the vessel, taking
the grains out of the vessel, measuring the weight of the

grains, returning them into the vessel, placing a paraffin
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The thickness of magnetic material coating should fall is in an appropriate range because the coating
thickness can affect the size of voids created during formation of the blade section. The minimum
thickness of coating is preferably 2.5 that is a thickness at which overall abrasive grains can be
coated by plating without substantial voids. For example, for 20 abrasive grains with an average grain
size of 300 4m that is the maximum of the preferred average grain size range, the coating thickness
may be at 182550 810 frord PreRPHSN aPleadPE'¥1 orthe En%ﬁ.%bﬂg 2thé coAtifig of
magnetic madetiakhas-adhickisssin the sangerdrofiars eo25 retaning farhe capahtefdfiredscing
shedding of abrasive %rams when the OUti{ blade cuttlﬂggv}*fzféysa%%edcgoﬁué@g 0£erat|on. As long as

a magneticr?ﬁ&fﬁ%l 0 B]%p%??fb%lis%%lec &F %ir &)ja%ng, abrasive graihs are hitracted and held to or

near the outeripariphery of the base by the:magnetig 804ield dudng the platiag siemarithaut dalling off.
[0037] For abrasive grains with an average grain size of 10 !..tm that is the minimum of the preferred

averade gréih siz& PIRGE M RRdrhurficomting thickREasss freféraBANAo T60 % BIRRE average
grain size of abrasivagrains, (vesause 2 ofheswisena fractiomef abresivergrainsaateifestively
functioning during cutting operation jncreases, a portion of preventing self-sharpening of abrasive
grains incréd¥esl 8 e maHifig 2Bt de(TabEs. B038FioThe MRt BBid for bonding abrasive
grains togethesds gHalating metakatiatiny 1 Whemd bladersecting isstonbe éormeidylacpermanent magnet
must be disposed near the outer periphery of the base to produce a magnetic field. For example, two

or more pedfi&AeHtIia§hEs IR g8 PR BAEN E ESTEIRT rddidubf naghetit IRRIGETSH) of at least 0.3

T are gisposed ondthe side syifaces gk thebase-pesitioradinside-the outarperirherydhereof or within
spaces disposed inside the outer periphery of the base and spaced a distance of not more than 20 mm
ﬂomtheskﬁ?@ﬂ%ﬁ%&é@ﬂ@Qﬁﬁé?K)and the densgity of abrasive grains is

measured as a tap bulk density.
[0036]
The thickness of magnetic material coating should fall
15 1in an appropriate range because the coating thickness can
affect the size of voids created during formation of the blade

section. The minimum thickness of coating is preferably 2.5

um that is a thickness at which overall abrasive grains can be

coated by plating without substantial voids. For example, for

20 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
least 0.8% of the grain size. As long as the coating of
magnetic material has a thickness in the range, it offers a

25 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 ccating, abrasive grains are attracted and held
to or near the outer periphery of the base by the magnetic

30 field during the plating step, without falling off.

[0037]
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20 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 25
magnetic attraction force, the abrasive grains are magnetically attracted and fixedly held to or near the
base outer periphery. With the aprasive %r.ains held fixedly, electr%platingior electroless plating of a

metal or alloy is carfiSd oUP bR THE Hads Butst petiphery for 1Tarasy bonding 30 fite Sbrabive grains to

the base oytgr perphery. [903%h Thedigwsesl inthispreerss,conpreas:gPal e helderseach
comprising a cover of insulating material having a greater outer diameter than the outer diameter of

the base arftPEPermaREnTAEHHERICPESEdEn BREFRRRFsdired & HePEover iside i Bise outer
periphery. Rjatingaay be saried-autwhilethedmseisield betyeenibe halderss3[0040]

Referring to FIGS. 2 and 3, one exemplary jig for use in the plating process is shown. The jig
comprides & pafiof Hofuéts 5678 den rﬁ%ﬁiﬁ?ﬁ&g%oﬁ@?éﬁ%fﬂ%ﬁlftﬁ%‘éﬁﬁ}gnd a permanent

magnet 54 mauntadaniibe eovens?.cli-A hagedpisrsanthvichied-betnveen the hetders&0 amd 50. The
permanent magv[let 54 is pref raiblé buried jn the?%oveé 52. Alternatively, the permanent magnet 54 is
mounted o trie’ E8Vets2 §oeﬁ1fat? & Maghet 84 Pay B Y abttriémt with tHE B T whei dssembled.
15[0041] thd heperimanent shagnet pudeinthdgig should have a magnetic force sufficient to keep
abrasive grzi&g_g jracted to the base during the plating process of depositing a metal bond to bond
abrasive grains. Although the necessary 20 magnetic force depends on the distance between the base
outer periphery andThe megreet, aachthefmmghetization amd-suesceptibitityl ofsa nragriEtie material

coated on abrasiye giging. 2 desiied magnetic fpre, mavifie aalned om & BeipPgeNt magnet
having a remanence of at least 0.3 T and

formed, a permanent magnet must be disposed near the outer
periphery of the base to produce a magnetic field. For
example, two or more permanent magnets having a remanence (or

15 residual magnetic flux density) of at least 0.3 T are
disposed on the side surfaces of the base positioned inside
the outer periphery thereof or within spaces digposed inside
the cuter periphery of the base and spaced a distance of not
more than 20 mm from the gide surfaces of the base, to

20 thereby produce a magnetic field of at least 8 k&/m in a
gspace extending a distance of 10 mm or less from the outex
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

25 magnetic attraction force, the abrasive grains are
magnetically attracted and fixedly held to or neaxr the base
outer periphery. With the abrasive grains held fixedly,
electroplating or electroless plating of a metal or alloy is
carried out on the base outer periphery for thereby bonding

30 the abrasive grains to the base outer pexriphery.
[0039]

The Jig used in this process comprises a pair of

holders each comprising a cover of insulating material having
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25 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.
[0042] 30The 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 Io%;é%attract abrasive grains. In this sense, use of a permanent mgrgﬁ%at having a

remanence®f & 5. $F5E preferBaYBF plevetiting Bbrahid gfRRfbMtsépar RB&R from the
base due te agitatiopofmplatingsolstion andsybetiondy ecking: S awtipngf dhe basedotdiag jig

during the plating process. [0043 As the coercivity is greater, the magnet provides a stronger

3

] !
magnetic aftiA&fion bREbAGINEGrarS o %tﬁ%%?éﬂgﬁﬂerio%%m%gﬁgxﬁ&ed to a
high-tempetatutel isplating selutien chkemthe=freedaora i cheiceaith respertbipdbe position, shape
and size of a magnet used is increased, facilitating the manufacture of the jig. A magnet having a
higher %oerEQ/%%s? selected from those magnets meeting the necessary remanence. 15[0044] In
view of potential corRackafrthamagnetiwith platiag ohutioonthe=pernpaneng miagnef is-preferably
coated so that tQE mag%ett .rg%)]/ be more carrosion resistaﬂtl. The coating material is selectedé.mder
such conditiohs as td" 20 riinmize 16 dissoiution of the coaﬁna Tratefatin the %Ia%nﬁasﬁut?on and the
substitutiontfoi neetal specieslindheplatmgesalations la ancenslroditnent wheseihatietal bond is

deposited fiom aunjckel plafing bath, the.prefeyied,cqating aterial frheagnet s @ ragtal such as
Cu, Sn or 25 Ni ora resin Such as epoxy resin or acrylic resin. fb 45] e shape, size and number

of permtaneht magmets builtsatdigdepebe ornahe siZecofithé @emeriéd earbidd bas€hand the
position, d'&?&%’&&@ﬂémﬁ&gﬁ&@ '%L? qess"ﬁgeferably buried in the cover 52.

Alternatively, the permanent magnet 54 is mounted on the
cover 52 go that the magnet 54 may be in abutment with the
base 1 when assembled.

15 [0041]

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

20 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 leagt 0.3 T and a

25 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.

[0042]

30 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
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30 magnetic field. For example, when it is desired to uniformly 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 magnet segments having a side of several millimeters long may be continuously and

closely arranged along the base outer eriphegy. Ffr the r%u%)ose of reducing the cost of magnet,
magnet seg‘??@ﬁ@?ﬂay%% cedapart to réducs thé nkimb ?B%%g‘ﬁ%?%&ém fits- [0046] The
spacing betiwaesrimagaet-segmeritsasay beinareaseghrboegh dépénding oavthrtreémanence of

magnet segments used. io With magnet segments spaced apart, magnetic material-coated abrasive
grains are %‘%5@5 nto o(%LlreagjL rou pr@o?%?aiﬁglg‘?ﬁgc Je'&%n%pgn%‘%hérﬁ:g?%ugho? g%‘lﬁ% n%!)lflgtztaocted. Then
abrasive grans e diternafely holalethtg somieareas, botinctitbathewardag of thgsbase outer
periphery. A blgldg se&%iog&eS %onsésitglglgis aced segments istflqrmegaLQOM] With respect to the

magne?lc field proaluced near the base outer aer?ﬁl?ery, a var?ety of rﬁagne%%gfie?gsoggns é produced

by changind &@beribination of the position and 20 magnetization direction of permanent magnets

mounted to two holqlgés Eﬁgd}g%ginr‘?let%a?es B@’J@QE@WJQ g@r}gggﬁigkd I%%gf%ggaggdaexperiments,

the arrangement of magnets is ined so as'to produce a magnétic fie at least 8 kKA/m,
preferably &t etk Magnithihca spicaektepidingfa 2B1hstance of a0msmier |Edefroasthe outer

periphery o bask, Whe the.sirenah ofammagse fekds oss A ket hes a shor
magnetic force to attrac magnetic
10 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.
15 [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

20 minimize the dissclution of the coating material in the
plating solution and the substitution for metal species in
the plating solution. In an embodiment wherein a metal bond
is deposited from a nickel plating bath, the preferred
coating material for thegmagnet ig a metal such as Cu, Sn or

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

{0045

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

30 magnetic field. For example, when it is desired to uniformly
bond abrasive grains to the base outer periphery, a magnet
ring corregponding to the outer diameter of the base may be

disposed, or arc shaped magnet segments corresponding to the

20~



material-coated abrasive grains, and if plating is carried out in this state, abrasive grains may be
moved away during 30 the plating process, and as a consequence, a blade section having many voids
is formed, or abrasive grains are bonded in a dendritic way, resulting in a blade section having a size
greater than the desired. Subsequent dressing may cause the blade section to be separated apart or
take a longer time. These concerns may increase the cost of manufacture. [0048] Preferably the

permanent fhdgifet 34 BRREE hedfet3SheHrtiG o RRIch Hrasive RFERAL SFe BRIRIEd. Generally
speaking, the peEpanesaaAgEets-placehon thr side susface of the baseinside thepifereriphery

thereof or within a space situated inside the outer periphery of the base and extending a distance of

not more thaf PR AR Yo% e SURSES Bf e BEKEEh G pRAGr AP WiARFa SHEEE situated inside

the outer pesphigniang extepdingta distanessef Rt meredband Odne ferrtheside gudace of the
base. At least twolr)permanent magnets having a remanence of at least 0.3 T (sEecifically at least one

magnet peFRSIBED S TBPaEed &Y spacifi® poSitoAY fithinRe Spates shif t & m&dnets are

entirely or partakyt Situated mitin the spaces whereby a magnetic field having a strength of at least 8
KA/m can bfdirgggced within a space extending a distance of not more than 10 mm from the outer
periphery of the' base. Then, 20 independent of whether the base is made of a material having a high
saturation magnetizatien spaai ikeliboddde tncucgne mMagaetie farserseghlas dlloyreakstdel or

hlgh-speedtsrtl%elggrr]g mate(rﬂl having @ﬂow saturatlggén%%etlzatlon and a Iegggkellho d to induce a

magnetic force S ascementad 25 car%id%?garﬁggnetic Id %gﬁﬁa és’negf)ﬁgropnaﬁasr%agnetic force

can becprodliced megrthé ozkamperiphespatti base: Whemgragneticmadteriabdoated abrasive grains
are fed in tgzjnéa%_n\ggc é‘rj?gdi Ig}r%e é%%tir&g_j&@g ngg’gte %@l%c;)g:rs e yyg@gi@gasive grains are
attracted and held to or hear the 30 outer periphery of the ba T 49%1

attracted and another group of grains not attracted. Then

abrasive graing are alternately bonded to some areas, but not

to other areas of the base ocuter periphery. A blade section

15 consisting of spaced segments is formed.

[0047]

With respect to the magnetic field produced near the
base outer periphery, a variety of magnetic fields can be
produced by changing a combination of the position and

20 magnetization direction of permanent magnets mounted to two
holders sandwiching the base. By repeating magnetic field
analysis and experiments, the arrangement of magnets is
determined so ag to produce a magnetic field of at least 8
kia/m, preferably at least 40 kA/m within a space extending a

25 distance of 10 mm or less from the outer periphery of the
bage. 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 i1f plating is carried
out in this state, zbrasive grains may be moved away during

30 the plating process, and as a conseguence, a blade secticn
having many voids is formed, or abrasive grains are bonded in
a dendritic way, resulting in a blade section having a size

greater than the degired. Subsequent dressing may cause the
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With respect to the position of the magnet relative to the outer periphery of the base, if the magnet is
not placed within the space defined above, specifically if the magnet is placed outside the outer
periphery of the base, though close thereto, for example, at a distance of 0.5 mm outward of the outer
periphery of the base, then the magnetic field strength 5 near the outer periphery of the base is high,

but a region where the magnetic field gradient is reversed is likely to exist, Then abrasive grains tend
10 Show 2 BE4&0for 1 EmerBing Lisara Tt 1hé BaREHnd <HedbHe aifay TP HE poSil of the

magnet is imsidedhe outermetiphery atitesHkbasthuiata distaneeof maretikan 20 mm from the
outer periprge?:]&of the base, then the magnetic field in the space extending a distance of not more than
10 mm fro e obter periphery of the base tends to have a strength of less than 8 kA/m, with a risk of
the force of magnetizadly attedctin gt beabrasnengnain sraeooating shpita resuciea case tihe strength of
the magnet&@eldor%% be in%re%%%% gy aekr;:lraa{gin\gethersizl% %f magnet. However, a Iarge size_d magnet
produces a magﬁetlc ield o? increased strengtlln not%n?y near the site 1o which abrasive grains are
attracted, batoeerthkysurmmidingg 200kkichds vadesitabla deesuse sprhecaistasive ighains can be

attached to_the sit ich abrasjve grains to.he at CAlac ized et is not so
practical besté%%gse %LIIe9 %gg(éne% uaf%lllen j%%o%%%%%%s%ﬁgeg%%%] @%%’ %%%%%e%‘%ﬁgs (holders)
conforms t@thevdidpalofthersete. Fhowikedf thegigdholdess)ds seth peatiwher theofasdis

sandwiched, hetwegpshalders, §he peimanentmagneldn the holder may-he abthe.dasired position

relative to the base. For a base having an outer diameter of 125 mm and a 30 thickness of 0.26 mm

and aklarraistepetiiahRpe nfalg net Sementol BRAREBHRG BY 2R Widé b§raas gnm thick, for
example, adisc,hawng anquier diameter b atleastl2s-mm ard adhickRess of aRgut-20,Aum is used

as the holder. [0051] Specifically, the outer diameter of the jig or holder is selected to be equal to "

or greater tRan ¥he GiERdialfeter6f tHE HAEDIGEthEigAorfAbTasive I&ferfRfulthiRed by 2§, so as to
ensure a heighter ragdiplguetrasian{HRdRFdG s 16 0f the abrasive.graindayer, apdithg shickness of

the jig or h%ld%r |% s(electecj S0 as to provide a strength sufficient to prevent Warg)age due to
. specifically at least one magnet per holder) are
15  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 at least 8 kA/m
can be produced within a space extending a distance of not
more than 10 mm from the outer periphery of the base. Then,
20 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 alleoy tool steel or high-speed steel,
cr a material having a low saturation magnetization and a
less likelihood to induce a magnetic force such as cemented
25 carbide, a magnetic field having an appropriate magnetic
force can be produced near the outer periphery of the base.
When magnetic material-coated abrasive grains are fed in the
magnetic field, the coating is magnetized and consequently,
the abrasive grains are attracted and held to or near the
30 outer periphery of the base.
[0049]
With respect to the position of the magnet relative to

the outer periphery of the base, if the magnet is not placed
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abrupt temperature changes by moving into and out of a hot 1() plating bath. The thickness of the
portion of the holder which comes in contact with abrasive grains may be reduced than the remaining
portion so as to ensure an axial protrusion (T3 in FIG. 1C) of the abrasive grain layer in the thickness
direction of the base. A masking tape having a 15 thickness equal to the axial protrusion may be
attached to that portion so that the thickness may become equal to that of the remaining portion.

[0052] The WtEAR JFRMIERTE i BF hBRIEr&BRY Fraddit 20 prefetdbly ih iREGIaRAG R&tetidl on
which no plating-dapesits esause the.ewerafdig faving the hasgsansydchad,betyreemtheolders is

immersed in a hot plating bath for depositing a metal bond on the base. More desirably the insulating

material sh&Q8HVR cHemic &I ERrce® hedt 95 $5&REM 8 LiptouBlt 9BEaRd tﬁérn%i%hock
resistance siiffieienptormpitiain the size=Consiant edemvherexpesesttosepeated rapic-thermal
cycling in moving into and out of the, plating bath. Also desirably the insulating material should have
dimensional'Sebility Suffidlent & %F@\%}ﬁ? e RoIdERE 3633 bLgin]@Jv%fpeHlb% thefiehTal stresses
(accumulatedhdueingmeohdngrand wotiiag)topredte=a gap Hetween-theihdlden ane the base when

immersed in a‘hq:t pla&lﬁ bath. Of course, the insuclatircllg @aterial shou@ %e sQ Workafble that a groove
.. eXI1SC, I abra,[s::tve %]E)atlns er% O SHROW & e d‘deLOI’hQn .
for receiving a permanént magnet at an arbitrary position may be machined at a‘high accuracy without

fissures or enpsd 00§31 pBpedficalyn thehkolders=maydesinadd Dhengireeringfilasfies such as PPS,

PEEK, PON, AR, BoF.and RES,and ceramies,sueh as aluming. & halder is repared by, selecting a
suitable material, determining a thickness and other dimensions in consideration‘of mechanical
strength, mblireg 10tlte atateridlite thedimedsivng caridarachihingna froovetioe recgieng a

i L R b p S e TR

sandwich thesbgseiing a distance of not more than 10 mm from the outer
periphery of the base tends to have a strength of less than 8
kA/m, with a risk of the force of magnetically attracting

15 abrasive grains becoming short. In such a case, the strength
of the magnetic field may be increased by enlarging the size
of magnet. However, a large sized magnet produces a magnetic
field of increased strength not only near the site to which
abrasive grains are attracted, but over the surrounding,

20 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
the magnet-built-in jig also becomes large.

[0050]

25 The shape of the jig (holders) conforms to the shape
of the base. The size of the jig (heolders) is such that when
the base is sandwiched between holders, the permanent magnet
in the holder may be at the desired position relative to the
bage. For a base having an outer diameter of 125 mm and a

30 thickness of 0.26 mm and an array of permanent magnet
gegments of 2.5 mm long by 2 mm wide by 1.5 mm thick, for
example, a disc having an cuter diameter of at least 125 mm

and a thickness of about 20 mm is used as the hcolder.
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15 therebetween. When the holders are assembled together with an electrode for electric supply to the
base to enable electroplating, this assembling procedure affords both electric supply and mechanical
fastening and leads to a compact assembly as a whole. It is, of course, preferred 20 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. [0054] Specifically, as shown in FIG. 2, a cathode 56
which 25 serf8s tdr electroplating and as a base retainer is fitted in a central recess in the cover 52. A

jig is assembled by gpmbining aipaj, ofkheldersted-with anbase-1 Jasemiag-p eorductive sapport shaft
58 into the bores of the holders and base, and fastening them to ethe{. In the assembled state, 30 the

cathodes 56 3r& - EGTELt with i §ﬁ&ﬁ%8?8ll&/ﬁn§3? PERE phFEmIREShaft 58 to the

cathodes 58.ilsnfdEe 2, 850 fips aseb£opsising oé agair effheldershiOrS01arganounted on the shaft 58
at a suitable spacing,. using acer 60 and an end cap 62 Unc{:l%%rstandab% jig shown in FIG. 2 is

as : ly.the
intendéd foPBfettrBptatiig™H %g'ca%% SHel&SroiEse EI%tiﬁg,h[%% thétte BFbtHecessary, a
non-condugiive tretaiier-may beiuseririastend) and thé&suppard shak need not hegessaridy.be

conductive. [0055] . . Using the jig, plating is carried.out as follows. The jig is assembled by
sandwichin'g:[%?e%]té%g 5é v%e%ﬁ ti%l%e?rjﬁ n&nt %‘%ﬁ%ﬁbﬁﬁ-iﬁ \%ld%-‘%%o,%gofalﬁt %state, asio
shown in FiG-3; adspacestd ssrdefinesitfif perigheraktpontinas 824, b2afedending outward beyond the

base) of cofers, 5% S2qalders.50. 50 apd e cuisrperfphary of g hase - A sutablg amount of
abrasive grains p?e-coa &d with a magneti matenal is weighe y a balance and fed info the space 64
15 where thelalirasiyebgrains afmagnati¢allysattradtethandoleltd 1 §0056] the holder

which comes in contact with abrasive grains may be reduced
than the remaining portibn go as to ensure an axial
protrusion (T3 in FIG. 1C) of the abrasive grain layer in the
thickness direction of the base. A masking tape having a

15 thickness equal to the axial protrusion may be attached to
that portion sco that the thickness may become equal to that
of the remaining portion.
[0052]

The material of which the jig or holders are made 1is

20 preferably an insulating material on which no plating
deposits, because the overall jig having the base sandwiched
between the holders is immersed in a hot plating bath for
depositing a metal bond on the base. More desirably the
insulating material should have chemical registance, heat

25 resistance up to about 90°C, and thermal shock resistance
sufficient to maintain the size constant even when exposed to
repeated rapid thermal cycling in moving into and ocut of the
plating bath. Also desirably the insulating wmaterial should
have dimensional stability sufficient to prevent the holders

30  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

course, the insulating material should be so workable that a
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The amount of abrasive grains held in the space 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 formed.
Also preferably the process of holding abrasive grains and effecting plating is repeated plural times so
that the amount of abrasive grains per unit volume may be equalized at any positions on the base
outer periphery and abrasive grains may be tenaciously bonded by 7.0 the plating technique. [0057] In
this way, a BB i< RSfeH Theth BREE SBETSH-pFetebly contains&BradivéHrains in a volume

fraction of 1010:80%bynajume, andimerespreferably 3thto-ds 7504 8y viplume. A fragtian ef less than
10% by volume means that less abrasive grains contribute to cutting, leading to increased resistance
during the QtiridoPération. A fraction in excess of 80% by volume means that the deformation
amount of cugtygs@dge during the cutting 20 operation is reduced, leaving cut marks on the cut surface
and aggravating the dimensional accuracy and appearance of cut pieces. For these reasons, the
cuttingspeed must BESOWeF oW/ It%‘ﬁﬁ%gﬂ%Waﬁﬁsﬁﬁg%oﬂﬁngﬁéﬁgﬁBf‘ﬁﬁrasive grains
for a particijarapplicatiendy 2xchrangingiExthickness pkthe sR@ngtia natgriakepating on abrasive
grains to change the grain size. OO?: . As show&ig FIG, 1C, the bladfg j%e)gtion 0 consists of a
pair of clan{PIG6R 238, 256 Wiich Cadib b oufar f8F%0 He BASE TOTReRbeRTas AN axial
direction angl &hody 2@ whichexiandsiatdaty outwardbeyonckdhesautandmoprephery) of the base
10. 1tis not%d that this divisionci% for.c nélggilegge o% drgscgptli,?fcb cas%%thé%gs agq gﬁen body are
integral to form e blade section. THE Thickness of the brade section 20 1S g%afer an the thickness
of thelwase tIife Tocfokmithe Bladesectiimetthisotesigrrtherspaberting preteratdy eofifigured as

shown in FIG. 3. [0059] More specifically, the clamp legs.22a, 22b of the blade section 20 which clamp
the outer rith 51 H10 e 10TF LI CLA LGl SR br ety Pae SHotit HE o b Lt ¢ . anc
more preferabic@.5ito Ssmupm TTheelbgs 222 22islebeh id preferssiy haye @thitkness T3 of at least 5

gn]F:QOO%EgEkroplating is carried ocut. On use, a palr of such
holders thus prepared is assembled so as to sandwich the base
15 therebetween. When the holders are assembled together with
an electrode for electric supply to the base to enable
electroplating, this assembling procedure affords both
electric supply and mechanical fastening and leads to a
compact assembly as a whole. It is, of course, preferred
20 that a plurality of jigs be comnected as shown in FIG. 2 so
that a plurality of bases may be plated at a time, because
the production process becomes more efficient.
[0054]
Specifically, as shown in FIG. 2, a cathode 56 which
25 sexves for electroplating and as a base retainer is fitted in
a central recess in the cover 52. A jig ig assembled by
combining a pair of holders 50 with a base 1, inserting a
conductive support shaft 58 into the bores of the holders and
base, and fastening them together. In the assembled state,
30 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 pair of holders 5¢, 50

are mounted on the shaft 58 at a suiltable spacing, using a
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more preferably 5 to 2,000 gm, and even more preferably 10 to 1,000 gm. Then the total thickness of
legs 22a, 22b is 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 15 is 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 carbide base from being chipped or cracked, but less effective for reinforcing the base and

sometimes FERRES0 pRovREI 0S8 EAPLERY doBARES bitRe RiHingh sistehcE Mihe i8ngth H1

exceeds 10smm, reinfeycemeahabtherbaseisdnade gl thei sagrificerofexpenseelf H¥e thickness T3 of
clamp leg is less than 5 gm, such thin legs may fail to enhance the mechanical strength of the base or

to 25 effect%ﬁFﬁigéﬂﬁﬁé tRe 3HrEeIubGE. [60BBPAS shEwhTT FIESS3AADYD, 3he clamp legs 22a,
22b may cansist ebaduetal bend2daantabrmsivergrainse2d (F&: 449, censistianefabbond 24 (FIG.
4B), or include an 30 underlying Ia%er cons,iitin of metal bond 24 covering the base 10 and an

overlyiRg 1ay8P SISy SFthetht BoRE™ 4 and ABrasfE grains’56 (FIG. 4C). Notably the strength of

the blade sdctissmay be further increased by depositing a metal bond on the structure of FIG. 4C so
as to surround the otyer.all Oli__tgr surface as shown in FIGa4D., %0(961&@ the em ?diments,ﬁlhown in
FIGS. 413 to 4D, the%?arﬁ%’p egein?]jé?DOHIO%S%%%OJﬁFaC%WIEﬁ]t & base f0°aretormed 'solelyeof metal
bond 24. Tg this £adathedrasksd maskethswiching the base 1 between the

permanent magnet-built-in holders 50, 50. In this state, as
10  shown in FIG. 3, a space 64 is defined by peripheral poxrtions
52a, 52a (extending outward beyond the base) of covers 52, 52
of holders 50, 50 and the outer periphery of the base 1. A
suitable amount of abrasive grains pre-coated with a magnetic
material is weighed by a balance and fed into the space 64

15 where the abrasive grains are magnetically attracted and held.
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that only the portions of the base on which the clamp legs are to be formed are exposed, and plating is
carried out on io 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 of
abrasive grains, the base 10 may be masked with another pair of holders 50, 50 having a smaller outer
diameter such 15 that the electroplated portion is exposed, and plating is carried out again, forming a
layer consisitﬂfbséf}metal bond 24 as the blade section outermost layer as shown in FIG. 4D. [0062]
Referring back to Fifhel Giribahodyofihe Hiade-20;saction 22 whichexteadsadially outward beyond
the periphery of the base 10 has a length, H2 which is preferably 0.1 to 10 mm, and more preferably
0.3 to 8 mrARGTGR N1y 15 VAFFE S136BF BB g he e Bofded TFnR55tly IEGh H2 s
less than Odiman,diie dtadesseatiommaybe consumed witkin2bia sbargtimehy impaets and wears

during the cuttin ration, which indicates_a cutting wheel with a short lifetime. If the body length H2
exceods 10 ANB HadSoith ey bechr S ce bt S RAARAN, thocaR ARESTdent on the

blade thickees I it Ge £ s tesetingaiireut amay reef Hieceswithp38 wiavy dut suefpees add hence,
worsening di ensior?:al accuracy EQ %%% of Ty’(]j% Il;)i adefseagggg gg\gsistsrgssr?sntiag%of Ialbrtasive grains
26, metal bBnd 24, and resmsolnclfer.%o % The metal bond 1S & metal or aﬁoy d%posi]tledlby plating.

The metal barid:usechbgrdim isatleastzane atetalrselgsted froomthecgroubecdrsistingwi &, Fe, Co, Cu,
and Sn, an allg nsisting of at | 0 e foregai I loy jsti f at least one
of the foreg%?n%xﬁi%%g ﬁ%ﬁoéé §ﬁ§§ %E}r%%e o%%% %f p %2%%%%?5)%3%31 % ng%%ge%s% M% . The metal
or alloyis depesitéc by piatingesmasite form interconnects between abrasive grains and between
abrasive gr%' 5:a7d the base. 10[0064] The method of depositing the metal bond by plating is
generally classified into two, an electroplating method and an electroless plating method. In the
practice of the inveritiont iHeselézifoprutingaaethoasien isieadypionsshirolThe blade

gection preferably contains abrasive grains in a volume
fraction of 10 to 80% by volume, and more preferably 30 to
15 75% by volume. A fraction of less than 10% by vclume wmeans
that lessg abrasive grains contribute to cutting, leading to
increased resistance during the cutting operation. A
fraction in excess of 80% by volume means that the
deformation amount of cutting edge during the cutting
20 operation is reduced, leaving cut marks on the cut surface
and aggravating the dimensional accuracy and appearance of
cut pieces. For these reasons, the cutting speed must be
glowed down. It is thus preferred to adjust the volume
fraction of abrasive grains for a particular application by
25 changing the thickness of the magnetic material coating on
abrasive grains to change the grain size.
[0G58] |
Ag shown in FIG. 1C, the blade.section 20 consists of
a pair of clamp legs 22a, 22b which clamp the outer rim of
30 the base 10 therebetween in an axial direction and a body
(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
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15 internal stresses remaining in the metal bond and low in production cost and the electroless (or
chemical) plating method which ensures relatively uniform deposition of metal bond as long as the
plating solution penetrates there may be used alone or in combination so that the blade section may,
20 contain voids in an appropriate range to be described later. [0065] The stress in the plating
film may be controlled by suitable means. For exame%:, in single metal plating such as cogper or nickel

plating, typRafy nftkgl difGaERpIAthd P8the Grdstariay BeETontBied By sl

concentratigr of the activesingerdignt-ornickel sytfamate, thesurrentdensityxciaing platingeand the
temperature of the plating bath in appropriate ranges, and adding an organjc additive such as
o-benzeneﬁﬁﬁz)‘?\irﬁ%e 0 B-téfﬁﬁﬁegg?orﬁgrﬁi%, ﬁlegﬁﬁﬂnelgrﬁe?%%ﬁt $ 315 §in SBaSiGes, in
alloy platings suchs ag i fee-altoyy NiddT atlay:i-B alloyobinCaxalley ot Ni-Sn alloy, the stress may be
controlled by selecting the content of Fe, Mn, P, Co or Sn in the alloy, the temperature of the plating
bath, ahd olhéloearsp9 ameters in appropriate ranges. In the case of alloy plating, addition of organic
additives may, of causse; hepeffddtivedon stresheoniteimi)0b6Ls 2 Pigtinepmay becearried out in a

standard way by selecting any_gne of well-known plating baths for. depasition o asing’ metal or alloy
and using p%tﬁ%ecgr% |c$gr?§l cc%%m%gnlt%%h% %3@1.%@56%&%%(61%%%5%% ?éepr% tire g)lectroplating
bath includelaestdfamtate AN atts oickelreléetraplating drath goritaimirg280 t@ 600 gIL ob nicketsulfamate,

50 to 200 g/L aof nickel sulfate, 5 ta 70 g/L_of nickel chloride, 20 to 40 of haric acid, and an amount
of o-benzer?ens%lf‘g%llﬁi Fgr% galgs%%ogpll;sos%ﬁoﬁc%{gid c%%raeecri(ﬁgcstrc)g[%gting gtheggrﬁaining 30 to 150
g/L ofieoppet-pyephpsphatey208 ta Bi0igik of putassiin pymophespbaten 1 te 20. mb 4. ah2Q96
ammonia water, and 5 to 20 g/L of potassium nitrate. A typical electroless plating bath is a
nickel-pho§ﬁﬁ§ﬁ1§§lﬁ£ﬁél§‘€‘t$é’le§s PRatihg 2 bHR cAINTGETO BP56 ghT 8f RicRersuIfate, “F0 to 50

g/L of sodium hyopRosPR. 1 40.5Q 9" liuRAELRte 5 1230 s of s9diym girate, and an

amount of thiourea.
preferably at least 0.01 mm, more preferably 0.01 to 4 mm,

and even more preferably .02 to 2 mm. The blade gection 20

15 1s 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
carbide base fxom being chipped or cracked, but less
effective for reinforcing the base and sometimes fail to

20 prevent the base from being deformed by the cutting
resistance. If the length Hl exceeds 10 mm, reinforcement of

the base is made at the sacrifice of expense. If the

thickness T3 of clamp leg is less than 5 pm, such thin legs

may fail to enhance the mechanical strength of the base or to
25 effectively discharge the swarf sludge.

[0060]

As shown in FIGS. 4A to 4D, the clamp legs 22a, 22b
may consist of a metal bond 24 and abrasive grains 26 (FIG.
42), consist of metal bond 24 (FIG. 4B}, or include an

20  underlying layer consisting of metal bond 24 covering the
bage 10 and an overlying layer consisting of metal bond 24

and abrasive grains 26 (FIG. 4C). Notably the strength of
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[0068] By the plating method, abrasive grains which may be 25 diamond abrasive grains, CBN
abrasive grains or a mixture of diamond and CBN abrasive grains are bonded together and to the
outer periphery of the base to form at a high accuracy a blade section having dimensions approximate
to the final shape. [0069] 30The blade section thus formed contains voids between abrasive grains
and between abrasive grains and the base. Accor??i]%% tq the invention, a thermoglastic resin having a

melting poirt st dh-B5556E T titr 8y irt5 tHe UoIHRT ahBSHRARET e SE B Riilthd tiiermosetting

resin compeasitian haying atuthg termperaturecofadh ©r80Q s infiltrated nte the-woids atitcured
thereat. Therefore, the blade sectir$n of the outg:r blade Cl%_f[&l%g W4h§el is S characterized in that a

thermoplasﬁg?gsanjr a%‘ltge§ nfetth fﬁan?%f ﬁp 3508 Or a’thermoset resin resulting from a liquid

thermosetting v€gih composition having a curing temperature of up to 350C is present between

abrasi\ée grain_s anqll%et eeneamtlg%%\i% grq:igs al?g tge Pgslgfgrgug?guttg\e 4%?‘1 ki{?e s%cltgonr;\ from the
surface to the interior. [ ] titabieinfil ra?fng resins mnclude théfmoplastic fesins and
thermosettihggesinsetypisatty 2pory tesinsracrgic reshls, phenblicsesins, polyahudasdsins, polyimide

oo, SEDSS SR rsgone i Dache et Aaeor sdlee 007 T
that only the portions of the base on which the clamp legs
are to be formed are exposed, and plating is carried out on

10 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
of abrasive grains, the base 10 may be masked with another
pair of holders 50, 50 having a smaller outer diameter such

15 that the electroplated portion is exposed, and plating is
carried out again, forming a layer consisting of metal bond
24 as the blade section outermost layer as shown in FIG. 4D.
{0062]

Referring back to FIG. 1C, the body of the bklade

20 secticn 20 which extends radially outward beyond the periphery
of the base 10 has a length H2 which is preferably 0.1 to 10
mm, and more preferably 0.3 to 8 mm, though may vary with the
size of abrasive grains to be bonded. If the body length H2
ig lesgs than 0.1 mm, the blade section may be consumed within

25 a short time by impacts and wears during the cutting operation,
which indicates a cutting wheel with a short lifetime. If the
body length H2 exceeds 10 mm, the blade section may become
susceptible to deformation, though dependént orr the blade
thickness (T2 in FIG. 1C), resulting in cut magnet pieces with

30  wavy cut surfaces and hence, worsening dimensional accuracy.
The body of the blade section consists essentially of abrasive
grains 26, metal bond 24, and resin binder.

[0063]
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20 the thermoplastic resin 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 as the blade section having a thickness of 0.05
to 1.5 mm, resting the wire, particles or ring on the blade section, heating the blade section on a 25
heater such as a hot plate or in an oven to a temperature above the melting point, holding the
temperature for letting the molten resin infiltrate into the blade section, and thereafter slowly cooling to

room temperature. A tfeHi&3ettiRgesit tndy BE fittratedbyLEEndRgRe F68n 20 with an organic

solvent, a cyring agent anddhadike o fermaliguid thermosetting Jesinsoumosition,£asting the
composition on the blade section, letting the composition infiltrate into the blade section, heating at or

above the SFHRfeRpdratite " r@BPER IR HtFheRsaiRR SbwlyEBolifGto fobm Fipsfaure.

Alternativelyintiliration isearriediow hymlaeingdbe putsidlage eulding whaeh ima lawesmgld half with

a clearance near the pblade section, chap%ré%the mold half with a weigrhhed amount of the resin or resin
i

compositio?’mafhgan ThpePHioig hift thaYower ol @RI Fredtity theThgRE Hold while
applying a eestain pressuse perasssthe reeld, for letting the resin opresin.comppsiien infiltrate into the

blade section. Thereafter io the mold is cooled, the ssure, is then released, and the wheel is taken
it of the GRS Aol Gien B Raafe S EEtd b SICITRE SRRl B FadiEial stame.
[0072] Wheam tesirthatingnelativelycgoacewetakibiyws é¢s:uséd; drfiliratiogr enpysbesearried out by

sandwmhmgthe base gg%vg%en metal memb§£ oggtglrggsssésteel, iron or copper, conducting electricity

to the meta %%"r\ﬁeoeel?s, causw:]Lgv%egr%ae%alﬂsmem ers to generate heat, thereby heating the base and the

blade =zectio) @l bringing the heated blade section in 20 contact with a molten resin or liquid resin
comp_osition._ [0073] %%éhgf‘rec%lt@%glagg éggg%n, the ‘%péa%il\é% %iaig%,ntgebma %%{g:.lrgate‘rial covering
abrasive grains, the meta Eong, and the resin infiltrated nto Voids are propgrl |sper%&§5[0074]
generally classified into two, an electroplating method and
an electroless plating method. In the practice of the
invention, the electroplating method which is easy to control
is internal stregses remaining in the metal bond and low in
production cost and the electroless (or chemical) plating
method which ensures relatively uniform depcosition of metal
bond as long as the plating solution penetrates there may be
used alone or in combination so that the blade section may.
26 contain voilids in an appropriate range to be described later.
[0065]

The stress in the plating f£ilm may be controlled by
suitable means. For example, in single metal plating such as
copper or nickel plating, typically nickel sulfamate plating,

25 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 plating
bath in appropriate ranges, and adding an organic additive
such as o-benzenesulionimide cor p-toluenesulfonamide, or an

30 element such as Zn, S or Mn. Besidesg, in allocy 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 Sn in the alloy, the temperature of the
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The resin to be infiltrated into the blade section should preferably have the following physical
properties. The melting point is preferably not higher than 350C. In the case of thermoplastic resin, the
melting point is not 30 higher than 350C, preferably not higher than 300C, for the purpose of
preventing the cemented carbide base from being distorted to aggravate dimensional accuracy or
change mechanical strength, and preventing the blade section from deformation or strain generation

due to an oitsErdhiy Bifefencé'th PERREl EFRSRIrEBSWER AR CORIcIEE cafsige Baseldnd the
blade sectiqn,dn theseasgrobthesmoseing.[gsing the melingdemperatiure. ispreferablyatlgast 10C 5

because it suffices that a thermosetting resin composition has a sufficient fluidity to infiltrate’at room
temperatur® JoS PSR rddin prdterAblY fiad @R eTASiRRy d2UHiGAstrated by a Poisson's ratio
between 0.3 and £,48, more preferably io between 0.33 and 0.44. A resin with a Poisson's ratio of less
than 0.3 lacks flexibility and is difficult to smoothl% merge the cut surfaces. A resin with a Poisson's

ratio ofmore than 02835 SREEH6tRE TSR PrefErtidd shel? Be MarditeSEaWith¥ risk of the blade
edge experigating:-impotcaahle defarmation - EheReissoitsi kaiosnay be rpeanugd Hyithgpulse
ultrasonic method using_an infiltrating resin sample of 15 x 15 x 15 mm. [0076] The resin may have a

hardness whichs Fot 86 RidiF 58 2016 (Fevént SHsHAFHBRnG T bR P Gfairs R fhenomenon that
new abrasive-giadins emer@e, tcardripiting to the cutting

[0067]

10 lExamples of the preferred electroplating bath include
a sulfamate Watts nickel electroplating bath containing 250
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

15 pyrophosphoric acid copper electroplating bath containing 30
to 150 g/L of copper pyrophosphate, 100 to 450 g/L of
potassium pyrophosphate, 1 to 20 mlL/L of 20% ammonia water,
and 5 to 20 g/L of potassium nitrate. A typical electroless
plating bath is a nickel-phosphorus alloy electroless plating

20 bath containing 10 to 50 g/L of nickel sulfate, 10 to 50 g/L
of sodium hypophosphite, 10 to 30 g/L of sodium acetate, 5 to
30 g/L of sodium citrate, and an amount of thiourea.

[0088]
By the plating method, abrasive grains which may be

25 diamond abrasive grains, CBN abrasive grains or a mixture of
diamond and CBN abrasive grains are bonded together and to the
outer periphery of the base to form at a high accuracy a blade
section having dimensions approximate to the final shape.
[0069]

30 The plade section thus formed contains voids between
abrasive grains and between abrasive graing and the base.
According to the invention, a thermoplastic resin having a

melting point of up to 2350°C i1g infiltrated into the voids
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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 the 25 magnetic material coating
thereon. Also preferably, the resin should not undergo strength changes or corrosion even when
exposed to the machining fluid or coolant used during the machining process. [0077] 30If necessary,
the blade section having the resin infiltrated therein is tailored to the desired size by grinding with a

grinding whefofaiifadhcskidd sirdh cabide oridiarkdnd of et fs-giseHargRShEchining. At this

point, the bladgsection &t the edag may-he chamiersddbgyeled ar founded) tesdegreg of at least
00.1 or RO.1, though depending on the thickness of the blade section, because such chamfering is

effective forFEeberEPGRMAKES SR Ehe BECSLIRRE GTHhRalitG ERfPping BRETREGHE piédeat the

end. [0078])n sise o the gHtes blade cufing wherl abthe ipyerlion.vasious yvorkpieces may be cut
thereby. Typical 10 workpieces include R-Co rare earth sintered magnets and R-Fe-B rare earth

sinteredl magrRIeHherdif s 1658 orfe SAGIEERMA BefieARTIABILERE Y arHett haghets are
prepared agpéallowso f0Q49]to 350°C or a thermoset resin resulting from a

liquid thermosetting resin composition having a curing

temperature of up to 350°C is present between abrasive grains

and between abrasive grains and the base throughout the blade
10 section from the surface to the interior.

[c070]

Suitable infiltrating resins include thermoplastic
resins and thermosetting resins, typically epoxy resing,
acrylic resins, phenolic resins, pcelyamide resins, polyimide

15 resing, and modified resins of the foregoing, which may be
used alone or in admixture.
[c071]

The thermoplastic or thermosetting resin may be

infiltrated into the blade section, for example, by working

20 the thermoplastic resin 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 as the blade section having a
thickness of 0.05 to 1.5 mm, resting the wire, particles or
ring on the blade section, heating the blade section on a

25 heater such as a hot plate or in an oven to a temperature
above the melting point, holding the temperature for letting
the meolten regin infiltrate into the blade section, and
thereafter slowly cooling to room temperature. A
thermosetting resin may be infiltrated by blending the resin

30 with an organic solvent, a curing agent and the like to form
a liguid thermosetiing resin composition, casting the
composition on the blade section, letting the composition

infiltrate into the blade section, heating at or above the

3



15R-Co rare earth sintered magnets include RCo5 and R2C017 systems. Of these, the R2Co17
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, 20 casting the melt, and finely pulverizing the alloy to an average patrticle size of 1-20 4m,
yielding a R2C01-, magnet powder. The powder is then compacted in a magnetic field and sintered at

1,100-1,2568 %3P, 556 RB G2 e SinteiEd BBy F<uti8cted8 sbitftbRdfdatmeRt 8'a Yemperature
lower 25 thandhe siptering-teptperaise hy-bC fa D:b-brhaiirscand agingilieataensafl helding at
700-950C for a certain time and subsequent cooléré?ééOOSO% R-Fe-B rare earth sintered magnets have
a compositioRBo(FFY By W) EShBrsing B- 2096 R, 59-9856 FE-51d9.2'855B. A tditive element

or elements mayrbenaddechitefetoifon improving magaetie propgttie »and €ogosionarsistance, the
additive elements beingcfﬁlectegér m( Al, Si, Ti, V. Cr,. Mn, Co, Ni, Cu%n Ga, Zr, Nb, Mo, Ag, Sn,
0

Hf, Ta, W, gt%‘.a‘;fﬁé% t of additive e er‘ﬁ%ﬁ isauﬁﬂ %lm%yavmvgi%ﬁf(ﬁ (Eha@nf l?f)é" 16'8% | by weight

for the other elementsmiphe tmagnets mse preparad loypeeighinydscunde matetials lire sictvad
formulation [ m,.casting the melt, and finely, pulverizing the allqy to an average particle size
mgfét. r}gaﬁ]g,_ F(lel-%a]t:i%% e[:fpe anls'elc{1 mc}/l% W%IL ﬁe ﬁgg%}él%% da_mcaertglrp .

of 1-20 jim, yiélding a magnet powder. The powder IS ac magnetic field and
sintered at p099:=1,26 0&cfor65-5 murs; ¥dlloved by eigngige aingented holdimg agsin

compesgition infiltrate into the blade section. Thereafter
10 the mold is cocled, the pressure isg then released, and the
wheel is taken out of the mold. The cooling step following
heating should be slow so as to avoid any residual strains.
[0072]
When a resin having relatively good wettability is
15 used, infiltration may be carried out by sandwiching the base
between metal members of stainless steel, iron or copper,
conducting electricity to 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
20 contact with a molten resin or ligquid resin composition.
[0073] '

In the resulting blade section, the abrasive grains,
the magnetic material covering abrasive grains, the metal bond,
and the resin infiltrated into voids are properly dispersed.

25 [0074]

The resin to be infiltrated into the blade section
ghould preferably have the following physical properties.
The melting point is preferably not higher than 350°C. In
the case of thermoplastic resin, the melting point is not

30 higher than 350°C, preferably not higher than 300°C, for the
purpose of preventing the cemented carbide base from being
distorted to aggravate dimensional accuracy or change

mechanical strength, and preventing the blade section from
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10 400-1,000C for a certain time and subsequent cooling. [0081] 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 15 surface. This is true particularly when the blade
section at the edge has a compressive shearing stress in a specific 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 BFRFPEG AR, Sid RreifahRfcisd foRuhdes of'20 Beveftd) @it Bifd 88Fd 1§ a degree of at

least RO.1 o6 d-dheLuiting wheghis Norizenally nednicd o0 & #g by sandwdching, (he guiting wheel

between circular iron plates of 5 mm thick such that onlgéhe blade section is exposed. The wheel is

thus held s®#%s tREHaSBINR} REELE FAFPEF upoFr 25 EEMPRASRIGHE AtREFISHGTEpaGEd 0.3 mm
outward fropetherouten pefiphery:of the hasesthetlade spetionis 0ompressad by @ argbe in an axial
direction of the rotating shaft of the cutting wheel (or thickness direction of the blade section) at a

linear SpeelBFURM/Min, THE HHOE niARG fcdMEETSS st Rih BI8AGIHERRI Td 5¥88ial protrusion
(mm) of therhlade segtiegn Aiieus 0B M ang awidih of 10 Aave The stiess reastingadhedravel
distance of thzﬁrobe is measured. Compression is continued until the blade section is ruptured. As
the travel distAhcE of the probe increases, a region where the graph exhibits linearity, that is, a region

where the stress is irharopegion te:ibe dravel distance=ef the probe-tstacknowirtgeds Yrgrasient of the
graph in the region of stress proportional to deformation amount js computed. As_lon the gradient
Sied Broportiongl Lo de moynt s con g.88

is in a rang OB%%%%’O N theé cu%ﬂnegnwr?ée i§ Bffective’in cl ﬁ]eg Y 3r’nea'iﬁgenre ack into

magnet piebes atarhigh dinensiomal 4ccuracywithautdutimarksohthercut sufades HFEXAMPLES
l0os2)  Examelesand Gpmnaative FXamble 26g olve Pelow by vy gt lyairainsaad ot by way

merge the cut surfaces. A resin 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

15  noticeable deformation. The Poigsgon's ratioc may be measured
by the pulse ultrasonic method using an infiltrating resin
gample of 15 x 15 x 15 mm.
[o076]

The resin may have a hardness which is not so high as

20 to prevent self-gharpening of abrasive grains (a phencmenon
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 the

25 magnetic material coating therecn. Alsc preferably, the
resin should not undergo strength changes or corrosion even
when exposed to the machining fluid or coolant used during
the machining process.
[0077]

30 If necegsgary, the blade section having the resin
infiltrated therein 1is tailored tc the desired size by
grinding with a grinding wheel of aluminum oxide, silicon

carbide or diamond or electro-discharge machining. At this
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15[0083] [Example 1] 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 20
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). [0084] 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 p&iphiery WdEekpostel. Thebire ids i ePSEtPinsRYommeteialy &v&ithble aqueous
alkaline solytion g 49C for 10.miautes for degreasing, washed with,watercand gpmegsed in an

aqueous solution of 30 30-80 g/L of sodium pyrophosphate at 50C where electrolysis was effected at a

current densiipBeR-gARFAIITHe BEsé Mastiitasane vasheblis deiotfife PR ater@hd immersed in a
sulfamate Watts nickel platingrhatl at-50G whereran undescoat wasddatedrat a-cirapbaensity of 5-20

Al/dm2. Once the masking tape was peeled off, the base was washed with water. [0085] A
polyph@nyl&fie &Gifid& P PBYFESIAHiISEhAViRG SR TOWEr GRHEENS b AnFaABR thRIAESSs of 10 mm
was machingd em@nerside 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 peLaanent magnet
segments of 9% ﬁ) mm long by 2 mm wide by 1.5 mm thick (N39UH by Shin-Etsu Rare Earth

Magnets Co., Ltd., Birl.2% T vergarranged ab aakeuahspaeing wnids thesthickness direction of the
segment aligned with the depth direction of the groove. The groove was filled Wi&h epoxy resin to

an
fixedly secutd & mghet &R NS tRe Groovd B8nipretiyta tﬁ?éeglr‘]% Built-if Rofdar. The base
was sandwighedietween mpadinabsuchtholdetsstoceonstrusti afigred magnets and

R-¥e-B rare earth gsintered mwagnets wherein R is at least one
of rare earth elements incliusive of Y. These magnets are
prepared as follows.
[0078]
18 R-Co rare earth sintered magnets include RCor and R:Coq
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,
20 casting the melt, and finely pulverizing the alloy to an
average particle size of 1-20 um, yielding a R;Co;; magnet
powder. The powder is then compacted in a magnetic field and
sintered at 1,100-1,250°C for O.5m5 hours. The gintered body
is subjected to solution treatmégt at a temperature lower
25 than the sintering temperature by 0-50°C for 0.5-5 hours, and
aging treatment of holding at 700-950°C for a certain time
and subsequent cooling.
[0080]
R-Fe-B rare earth sintered magnets have a composition
30 (in % by weight) comprising 5-40% R, 50-50% Fe, and 0.2-8% B.
An additive element or elements may be added thereto for
improving magnetic properties and corrosion resistance, the

additive elements being selected from C, Al, Si, Ti, Vv, Cr,
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with the magnet sides of the holders faced inside. In the sandwiched state, the magnet was spaced
inward a distance of 1 mm from the base outer periphery along the base surface. The io magnet
produced a magnetic field near the base outer periphery, which was analyzed to have a strength of at
least 8 kKA/m (0.01 T) within a space extending a distance of 10 mm from the base outer periphery.
[0086] 25Diamond abrasive grains were previously NiP-plated to form coated diamond abrasive grains

having a m¥&s nfégnetié suseeptibility %8 of $588'End ¥p-avRFage graif Size 'GF 1 3% In% Fecess
defined by the:hqldersrandnebrse; P4 9of dhe seated Qi@meadmaﬁf geaigs were fegyhereby

the 30 abrasive grains were magneticallg attracted to and uniformly distributed over the entire base

outer peripfRéts. ¥Re fig viith thé 5A8HE grahs HifadtbitReRICHER Thmerses iRaSafiatate Watts

nickel plating-ath,at S0c=whete Rlacirophating-was efiegtashata gurentdansity of 5-20 A/dm2. The
jig was taken out and washed with water. The procedure of magnetically attracting 0.4 g of coated

diamord abrasiE-tibihe e dRf opiHRfAg TP watdiraSting WasErepeatdt [668ALY  The holders of
the jig weriaﬁﬂ?&fﬁz%BP&@ngiég helders, havingan.oyer diametes of 123 mm agyl &&nickness

of 10 mm. The base was sandwiched between the holders so that io the side surfaces of the abrasive
grain layer Wafe &xpgset. heSiPwad dRfierBY e sulfBifate AR nitRel{51&thg bath at 50C where

electricity wasygonducted; at & clagnlaansity 0f 552Q Addm2 e depgsis a platingaverihg antire blade
section. The jig was taken out and washed with water, after 15 which the base was dismounted and
dried, obtaifffg dhr Suter pRiteicuting Whset (B9sgging treatment of holding at

10 400-1,000°C for a certain time and subsequent cooling.
[0081]

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

15 surface. This is true particularly when the blade section at
the edge has a compressive shearing stress in a specific
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

20 Dbeveled) at the edge to a degree of at least R0O.1 oxr CO.1.
The cutting wheel i1s horizontally mounted on a jig 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

25 compression. At a position spaced 0.3 mm outward from the
outer periphery of the base, the blade section is compressed
by a probe in an axial direction of the rotating shaft of the
cutting wheel (or thickness direction of the blade section)
at a linear speed of 1 mm/min, the probe having a contact

30 area with a length equal fto a radial protrusion {(mm) of the
kblade section minus 0.3 mm and a width of 10 mm. The stress
reacting to the travel distance of the probe is measured.

Compression is continued until the blade section is ruptured.
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A liquid epoxy resin composition obtained by dissolving bisphenol A diglycidyl ether and dicyandiamide
as 20 main resin-forming components in an organic solvent was coated onto the side surface of the
blade section of the outer blade cutting wheel and held for 3 minutes. The wheel was placed in an
oven at 180C where it was held for about 120 minutes. The oven was turned off whereupon the wheel
was 25 allowed to cool down in the oven. It is noted that the cured epoxy resin had a Poisson's ratio of
0.34. FIG. 3B & pRoforftroyraptt bRiHeSsiaé stac@bPife BRAEREREN. [BOBFRISHAGEROF grinding

machine, thequhegl QE&H!Q:L%%S%QHEH abkasive layer Br%%’gﬁgrﬁ %@f&eﬂé) of 50 !Am
beyond the cemented carbide base on each surface. After the protrusion or thickness and outer

diameter ofth& @bFasife f4yeP e Taife?ed Hhe Wisedi i dreddad aiemIMRf aldetn&iiel%arbide

base outer bladgqutting whgekhavinganabastvegraimiaygrapblads sestion-udthanthigkness (T2) of
0.4 mm and an outer diameter of 127 mm;ﬁ&0090] [Example 2] A cemented carbide consisting of 90

Wt96 WC afF IB3fsREWPRES HEHinEQR it SR U IhHIREE hat g aBwEr diam@ter of 125 mm,
an inner diaraetgr 8540 mamgand sethickness of 8. 3ranyaviieh setveckas a pase. 0WRAY1Ene The
cemented carbide base was masked with adhesjve tape so that only a circumferential region of either

surface extEMdiig 195 Wi Tiwarl FomThe olter periphery #aslo2Ba TRe B5Se WasImmersed in a

commerciathsavailabie ageeous. a high dimensional accuracy without cut
marks on the cut surface.
10
EXBMPLES
oos2]
Examples and Comparative Example are given below by
way of illustration and not by way of limitation.
15 [6683]
[Example 1]
A cemented carbide consisting of 20 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
20 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).
[0084]
The cemented carbide base was masked with adhesive
25 tape so that only a circumferential region of either surface
extending 1.0 mm inward f£rom 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 agueoug sgolution of
30 30-80 g/L of sodium pyrophosphate at 50°C where electrolysis
wag effected at a current density of 2-8 A/dm?. The base was
ultrasonic washed in deionized water and immersed in a

sulfamate Watts nickel plating bath at 50°C where an
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is 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
20 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 with water. [0092] 25A PPS
resin disc hAMREEPEeF AfmeRE 8F 136 MmAHE §HicKFREIdM Phn? wal Mdined on one side

surface to foraa grRevahaningan agter siametes 06423 mm, andnnerddametenefJH8qmm, and a
depth of 1.5 mm. In the groove of the disc, 105 permanent magnet segments of 1.8 mm long by 2 30

mm wide by’ B'mRifidk (N32Z by Shin-Etsu Rare Earth Magnets Co., Ltd., Br=1.14 T) were
arranged atjarneggal 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 segure the magnet
segments in the gro‘%‘v&%’é’ﬁﬁ@%ﬁbe&lﬁa@%ﬂ?—bﬁﬁt—igpt%f er’ ThEbas Tas ZLARFIHR between a
pair of suchohaldersitteponsiticta jigs withihermdagnetisides ebthedfoldersifaced inside Hiriba
sandwiched 5 state, thedrgagn%was S‘Pacgd inward a dlstan(f‘lea of 1.5 mm frog1 the %pase %utrer

periphery a%r%\got]ﬁ% basesurtice” The r%agﬁgfn pr%d%%gg‘éemagﬁéﬁlgﬁ%% rear the Hase outer

periphery, wifich zeasnanalyred tohavel fasteergth of at leasmht kivid @.GRF)withinh a spava .
g e Ao Eom L dhe bass o et etpien [000SL Dlaony g0 asiv gtains

were previously orm coate mond-abrasive grainshaving a mass magnetic
susceptibilityrxglof@ 588 ahdman w¥drmdeygrairk size dfidiBBk (N39UH by Shin-Etsu Rare

Earth Magnets Co., Ltd., Br=1.25 T) were arranged at an egual
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

15 the groove, completing a magnet-built-in holder. The base 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
mm from the base ocuter periphery along the base suxface. The

20 magnet produced a magnetic field near the base outer periphery,
which was analyzed to have a strength of at least 8 kKA/m (0.01
T) within a space extending a distance of 10 mm from the base
outer periphery.
[0086]

25 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 coated diamond abrasive grains were fed whereby the
30 abrasive grains were magnetically attracted to and uniformly
digtributed over the entire base ocuter periphery. The iig
with the abrasive graing attracted thereto was ilmmersed in a

sulfamate Watts nickel plating bath at 50°C where
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15 4m. 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 thereto was immersed in a 20
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 costé@tainBRa BbRssive §rand s1earoitatinyg, Shaweater WaRRiHgwas 25 réPeated three

times. [OOQQ]/ dm? .Th?rﬂéﬂ%]%@ qfdke figmaresgplagad by-Rne sesin dischelders haying an outer
diameter of 123 mm and athickness of 10 mm. The base was sandwiched between the holders so

that 30 the BfRCGH R sT tHE aBRIshiS drain Hyer et REpdséd. TrRLjiF RASSANERE T a

sulfamate \Watts nickel glating bath ate@Cmere alectrigifiwas cepducted ata guyeent density 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 ¥5#@535&%Was dismounted and dried, obtaining an outer blade cutting wheel. [00951 5The
liquid epoxyr trstry romposition in Example 1 was coated onto the side surface of the blade section of
the outer blade cuttingﬁwheel and held for 5 mjnutes. The wheel was placed in an oven at 180C where

it was held for about 150 PAMGRESTRE ovBR wWastuiTEF o WhetedSoM the WhesfnasidaiiSved to

cool down indhaerenhfP9l an outer diameter of 123 mm and a thickness of
10 mm. The basgse was sandwiched between the holders so that
10  the szide surfacegs of the abrasive grain layer were exposed.
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
section. The 1iig was taken out and washed with water, after
15 which the base was digsmounted and dxied, obtaining an outer
blade cutting wheel.
[0088]
A liquid epoxy resin composition obtained by
dissolving bisphenol A diglycidyl ether and dicyandiamide as
20 main resin-forming components in an organic solvent was
coated onto the side surface of the blade section of the
outer bklade cutting wheel and held for 3 minutes. The wheel
wag placed in an oven at 180°C where it was held for about
120 minutes. The oven was turned off wheresupon the wheel was
25 allowed to cool down in the oven. It is noted that the cured
epoxy resin had a Poisson's ratic of 0.34. FIG. 5 is a
photomicrograph of the side surface of the blade section.
[0089]
Using a tool grinding machine, the wheel was ground

30  such that the abrasive layer protruded a distance (T3) of 50

um beyond the cemented carbide base on each surface. After
the protrusion or thickness and outer.diameter of the

abragive layer were tailored, the wheel was dressed, yielding
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Using a tool grinding machine, the wheel was ground such that the abrasive layer protruded a distance
of 50 pm beyond the cemented carbide base on each surface. After the 15 protrusion or thickness and
outer diameter of the abrasive layer were tailored, 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 129 mm. 20[0097] [Example 3] A cemented carbide consisting of
90 Wt% WCang¢nenied Cornhs mchmasl pé-an ankhade tkintdiserawhgeah datei dameter of 125

mm, an inneg.diamejer gt40 1 odatkags Widdess oL OLAM, which seneed 38,0259, (0093]

The cemented carbide base was masked with adhesive tape so that only a circumferential region of
either surfa®é& eXtendiiy 2 maairvvEre Frof aRE baterplripRéryWas exposed. 30 The base was
immersed in geeimmercially 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 eleéﬁﬁﬂ?/%lﬁ/ag keffected at a current density of 2-8 A/dm2. The base was ultrasonic

washed in deionized Wadgfandimmgrseddn a-sifamatenyyalts nickelplating hath ag p0Gryghere an

undercoat was plated at a current density of 5-20 A/dm2. 5 Once the masking tape was peeled off, the
ba&aWasmgghga%WW§ﬁ%ﬁﬁ?®O§@Fo an annular thin disc having an outer

diameter of 125 mm, an inner diameter of 40 mm, and a
thicknesgs of ¢.3 mm, which served ag a base.

10 [0091]

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 agueous

15 alkaline scolution 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
was effected at a current density of 2-8 A/dm®. The base was
ultrasonic washed in deionized water and immersed in a

20 suifamate 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. |
[00%2]

25 A PPS resin disc having an outer diameter of 130 mm
and a thickness of 10 mm was machined on one side surface to
form a grocove 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, 105 permanent magnet segments of 1.8 mm long by 2

30 mm wide by 1.5 mm thick (N32Z by Shin-Etsu Rare Earth Magnets
Co., Ltd., Br=1.14 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
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The base was sandwiched between the holders of the jig as in Example 1. Diamond abrasive grains
were previously 10 NiP-plated to form coated diamond abrasive grains having a mass magnetic
susceptibility xg of 0.392 and an average grain size of 130 p.m. 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 15 and uniformly distributed over the entire base outer periphery. The jig with
the abrasives grdins attrddted dRaretewasdmnier sed dmatcopperpyophbsplidte matrmgykath at 40C

where e'eCté%EHOE‘EE%Q offected,at-a gyirept dansity af.1-20 Ang, The g was taken aytand

washed with 20'water. The wheel was dismounted from the jig and dried. [0100] The liquid epoxy resin
compositiorPEEREMpie PWds coatédontd bdsige stffacebitHeisiada seétion of-tHe ¢dter blade

cutting whegLand hels for 5 inutes. Theiwbeel 25was Plaged an eyen L 180G wherediwas held

for about 120 minutes. The oven was turned off whereupon the wheel was allowed to cool down in the

oven. [1015Usify attbsl §RrERAG nEEhifOATEVhERYNVES FodHE Be3teh Matithe difadiveTayer
protruded a.gistance of S0Jinp beyond the-cemented ¢arbidehaseson each surfpce. Alighthe

protrusion or thickness and outer diameter of the abrasive layer were tailored, the wheel was dressed,
yielding a cBRTHtEE Cafbidle BRSE bhitet Hiade E6fiRg WitedPAaTing HrFabraskertailayer or blade

section with,a thigkness a4 emendanguterdiametelf 126ima: SIRERA 16 ka/m
(0.02 T) within a space extending a distance of 10 mm from
10 the base outer periphery.
[00%3]
Diamond abrasive grains were previously NiP-plated to

form coated diamond abrasive grains having a mass magnetic
susceptibility yg of 0.588 and an average grain size of 135

15 um. In a recess defined by the holders and the base, 0.4 g
of the .coated diamond abrasive grainsg were fed whereby the
abrasive grains were magnetically attracted to and uniformly
distributed over the entire base outer periphery. The jig
with the sbrasive grains attracted thereto was immersed in a

2¢  sulfamate Watte nickel plating bath at 50°C where
electroplating was effected at a current density of 5-20
A/dw*. The iig 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

25 repeated three times.

[0094]

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

30 the side surfaces of the abrasive grain layer were exposed.
The jig was immersed in a sulfamate Watis 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
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[Example 4] A cemented carbide consisting of 95 wt% WC and 5 wt% Co was machined into an
annular thin disc having an outer diameter of 125 mm, an inner diameter of 40 mm, and a io 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). [0103] The cemented carbide base was masked with adhesive is
tape so that only a circumferential region of either surface extending 1.0 mm inward from the outer
periphery wes@xposed. The bbse was irimepsedinta edmniereiatitt avaitabl@abBsoud Ailine

solution at 49G fer 10 minutes fordegreasingy washed with water, ik immersedin an.aqueous

solution of 20 30-80 g/L of sodium pyrophosphate at 50C where electrolysis was effected at a current
density of 268 afgmguthé BasERgastultrasonic washed in deionized water and immersed in a
sulfamate Was; Bickel plating bath at 50C where an undercoat was plated at a current density of 5-20

A/dm2. 25 Once the masking tape was peeled off, the base was washed with water. [0104] The base
was sahdwiched beff€en HEHOJEROFMNESH R IRITRATFE L DiamoliHFaSve gfdifis were

previously 3Q-NiR-glated &o form sqatedsliamend abrasive griBghawag @i BASs magnetic
susceptibility xg of 0.392 and an average grain size of 130 pm. In a recess defined by the holders and

the base, 029 B tHetedkted WidmBHd WBFsvEgrhifS werd fdy > minutes. The wheel

was placed in an oven at 180°C where it was held for about

120 minutesg. The oven was turned off whereupon the wheel was
10 allowed to cool down in the oven.

[0096]

Using a toeol grinding machine, the wheel was ground
such that the abrasive layer protruded a distance of 50 um
beyond the cemented carbide base on each surface. After the

15 protrusion or thickness and outer diameter of the abrasive
layer were tailored, 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 129 mm.

20 [0097]

[Example 3]

A cemented carbide consisting of 20 wt% WC and 10 wt%
Co was machined into an annular thin disc having an outer
diameter of 125 wmm, an inner diameter of 40 mm, and a

25 rhickness of 0.3 mm, which served as a base.
[0098]

The cemented carbide base was masked with adhesive
tape so that only a circumferential region of either surface
extending 1.0 mm inward from the ocuter periphery was exposed.

30 The base wag immersed in a commercially available agueous
alkaline solution at 40°C for 10 minutes for degreasing,
washed with water, and immersed in an agueous sclution of

30-80 g/L of sodium pyrophosphate at 50°C where electrolysis
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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 immersed in an electroless
nickel-phosphorus 5 alloy plating bath at 80C 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 repe tn% wice. The wheel was
Ciamounted T e e R TTO0 A Hei Bk 12 e o Hbition o AL ety
methacrylate] methacrytic aeishdidsten, clddrasuledated palyetinylenerendseinéne aaydroperoxide was

coated onto_the s side surface of the blade section of the outer hlade, cutting wheel. The wheel was
Piaced i o GUE heh oS PHLEh Al Fg Cadbu o TBRTEA at 80C for 60
minutes. Thedeerrwas tuaredodfs Mbéreupon thewvses! wisraliowedtd oot dovndmthe oven with the

vacuum ke IS ppte h e y% sin h Pqisson's ratio of 0 qu‘geO ] Using a
tool gr:%ding)tfrlngaéchl?r?é ihg%%‘l%%# V\?agsggérgd%gs %r%e]ﬂ%arai tﬁg f;‘[:)rat‘esﬁl\ge ?é%gé% p%(gtrsuaia a dfgtance of 50
pm beyondvwhé& kewiehead carbide base on each surface. After the 25 protrusion or thickness and outer
diameter of EB% %)fasive layer were tailored, 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
andan(Mnerdkﬂne@@@f@Q$¢nwggoﬁﬁgﬁwiched between the hclders cf the -§ig

as in Example 1. Diamond abrasive grains were previously

10 NiP-plated to form coated diamond abrasive grains having a
mass magnetic susceptibility g of 0.3%2 and an average grain

size of 130 um. In a recess defined by the holders and the
bage, 0.4 g of the coated diamond abrasive grains werxe fed
whereby the abrasive grains were magnetically attracted to

15  and uniformly distributed over the entire base outer
periphery. The jig with the abrasive grains attracted
thereto was immersed in a copper pyrophosphate plating bath
at 40°C where electroplating was effected at a current
density of 1-20 A/dm’. The jig was taken out and washed with

20 water. The wheel was dismounted from the jig and dried.
[0100]

The liguid epoxy resin composition in Example 1 was
coated onto the side surface of the blade section of the
outer blade cutting wheel and held for 5 minutes. The wheel

25 was placed in an oven at 180°C where it was held for about
120 minutes. The oven was turned off whereupon the wheel was
allowed to cocl down in the oven.
foio1]

Using a tool grinding machine, the wheel was ground

30 such that the abrasive layer protruded a distance of 50 pm

beyond the cemented carbide base on each surface. After the

protrusion or thicknesg and cuter diameter of the abragive
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[Comparative Example 1] 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. [0108] The cemented carbide base was masked
with adhesive 5 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 soldtiareat 46C fort0- hnimates fohdegreasihgvaashas witkdwatek saist imgmarsed in an

aqueous solition of 19 30-80,g{L af sodiut pyronhpspRate A6 WhsLe elegliolysis was effected at a

current density of 2-8 A/dm2. The base was ultrasonic washed in deionized water and immersed in a
sulfamate \RRES Aickel 958G ba#Y &E50C Whidtdans@itiekesatid phatédiacieafentdefsity of 5-20

A/dm2. 15 Qnce the maskingltapg was-peeled pff; the hase was washed with water. [0109] The base

was sandwiched between the holders of the jig as in Example 1. Diamond abrasive grains were
previously ijlgdﬁiblated to form coated diamond abrasive grains having a mass magnetic
susceptibility xqﬂgﬂ;%?gea@q an average grain size of 130 4m. 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 attractéd fgmented carbide consisting of 95 wt% WC and 5 wt%

Co wag machined into an annular thin disc having an outer
diameter of 125 mm, an inner diameter of 40 mm, and a

10 thickness of 0.3 mm, which served as a bass. The base had a
Young's modulus of 580 GPa and a saturation magnetization of
40 kA/m (04.05 T) .
[0103]

The cemented carbide base was masked with adhesive

15 tape =zo 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 golution at 40°C for 10 minuteg for degreasing,
washed with water, and immersed in an agqueocus solution of

20 30-80 g/Li 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 deionized water and immersed in a
sulfamate Watts nickel plating bath at 50°C where an
undercoat was plated at a current density of 5-20 A/dm®.

25 Once the masking tape was peeled coff, the base was washed
with water,
[0104]

The bage was sandwiched between the holders of the 1jig

as in Example 1. Diamond abrasive grains were previously

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

gize of 130 pum. In a recess defined by the holders and the

base, 0.3 g of the coated diamond abrasive grains were fed
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25 and uniformly 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 30 water. The
procedure of magnetically attracting 0.4 g of coated diamond abrasive grains, electroplating, and water
washing was repeated. [0110] The holders of the jig were replaced by PPS resin disc holders
having an overdiametéreofak2Emny andzethivkness of 18gmnat The bhgeaids satddched between

the holders sodhat theside sugfaces of.the.abrasive arain layerwere.xposed: §:The jig was

immersed in a sulfamate Watts nickel plating bath at 50C where electricity was conducted at a current
density of 2@ Apdarto ddpesithiplatia§ovehthebaae s sactioh. TheyrRAWasitaken out and

washed with yuater. Jhehasewas dismqunted and.drigd, abtaining an-quishladeJe.gytting wheel.

[0111] Using a tool grinding machine, the wheel was ground such that the abrasive layer

protruded aPdisincE 5t 505 Beibna the e&merisd Babide- b5 6/ Baeh3tifade WAfer the 15

protrusion g thickpess angruter; diamaler-aidbe ahrasiyedayes yyarg tailargdytheayheelpwas dressed,
yielding a cemented carbide base outer blade cutting wheel having an abrasive grain layer or blade

section witPE ATERES G0 AFFRSHFat blté ' dametemst 1975mf. 20[¢eRteC SFaBR reports

the percentafiglds phaantiacidre efitbercamenigdcashidadase wuterdiade gutiingnyheesls of
Examples 1 to 4 and Comparative Example 1. A percent plating yield is calculated by pregaring 15

samples in ESBR EGh & 25mtil THE stEIF6fbdiding ABFSERE-§irts B platig? ftéigitisamples as

good whendpeialrasive grains shed or the abrasive grain layer was not defective, and dividing the
number of good samples by the number of plated samples. A percent working yield is calculated by
performing R s following

A liguid acrylic resin composition containing methyl

methacrylate, methacrylic acid diester, chlorosulfonated
polyethylene, and cumene hydroperoxide was coated onto the
15 gide gurface of the blade section of the outer blade cutting
wheel. The wheel wag placed in an oven, which was moderately
evacuated to a vacuum and then heated at 80°C for 60 minutes.
The oven was turned off whereupon the wheel was allowed to
cool down in the oven with the wvacuum kept. It is noted that
20 the cured acrylic resin had a Poisson's ratio of 0.4.
fc1o6]

Using a tool grinding machine, the wheel was ground
such that the abrasive layer protruded a distance of 50 um
beyond the cemented carbide base on each surface. After the

25 protrusion or thickness and outer diameter of the abrasive
layer were tailored, the wheel was dressed, yielding a
cemented carbide base outer blade cutting wheel having an
abragive grain layer or blade section with a thickness of 0.4
mm and an outer diameter of 127 mm.

30 [0107] |

[Comparative Example 1]
A cemented carbide consisting of 90 wt% WC and 10 wt¥

Co wasg machined into an annular thin disc having an outer
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30 the bond metal plating step until the dressing step on good samples, judging samples as good
when the abrasive grain layer was not defective, and dividing the number of good 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 manufacture of cutting wheels.
[0113] [TabidignExampié 112ample 2Example 3Eamtied Odmparative Exainple

thickness of 0.3 mm, which served as a base.
[o1o8]
The cemented carbide base was masked with adhesive
5 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 agqueous
alkaline solution at 40°C for 10 minutes for degreasing,
washed with water, and immersed in an aqueous solution of
10 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 deionized water and immersed in a
sulfamate Watts nickel plating bath at 50°C where an
undercoat was plated at a current density of 5-20 A/dm®.
15 Once the masking tape was peeled off, the base was washed
with water.
[0109]
The base was sandwiched between the holders of the jig
as in Example 1. Diamond abrasive grains were previously .

20 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, 0.4 g of the coated diamond abrasive grains were fed
whereby the abrasive grains were magnetically attracted to

25 and uniformly 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 50°C where electroplating was effected at a current
density of 5-20 A/dm°. The jig was taken out and washed with

3¢ water. The procedure of magnetically attracting 0.4 g of
coated diamond abrasive grains, electroplating, and water
washing was repeated.

[0110]
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1 Plating yield(%) 100 100 100 93 100 Working yield (%) 100 100 100 100 87 Overall yield (%) 100
100 100

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 bage was sandwiched between the holders so that
the side surfaces of the abrasive grain layer were exposed.

5 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
section. The jig was taken out and washed with water. The
base was dismounted and dried, obtaining an outer blade

10 © cutting wheel.
[0111]

Using a tool grinding machine, the wheel was ground

such that the abrasive layer protruded a distance of 50 um
beyond the cemented carbide base on each surface. After the

15 protrusion or thickness and outer diameter of the abrasive
layer were tailored, 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 wmwm,

20 [o112]

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
yield ig calculated by preparing 15 samples in each Example

25 until the step of bonding abrasive grains by plating, judging
samples as good when no abrasive grains shed or the abrasive
grain layer was not defective, and dividing the number of
good samples by the number of plated samplesg. 2 percent
working vield is calculated by performing the steps following

30 the bond metal plating step until the dreséing step on good
samples, judging samples as good when the abrasgive grain
layer was not defective, and dividing the number of good

samples by the number of starting good plated samples. An
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93 87 [0 41 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 improved in productivity as well. 10[0115] 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 plotted in the diagram of FIG.
6. 15[0116]overFhé ReHTGatciraey Wasevaiates bygstbvibimjttencoudesiddeeliifglwheels of
Examples 1.fo 4 gnd Comparatiyg 9o luo whesls o eachDxarmrlent multinlg wheel

m

assembly was constructed by arrangingten cuttigr:é wheels at a 20 spacing of 1.5 mm, inserting a

rotating sha#Eiffb FR6res iAthd BEseHnETasSR nRFtenPicéther By dpgratiitethe multiple wheel
assembly at-4;500:pm and @feed spsed of 80Jpm/mimp Nd=Ra:B jare earth sitered magnet block of
40 mm wide by 130 mm long by 20 mm high was cutoff machined into 25 magnet pieces of 40 mm
wide by 1.5 AR1EAG (2 %/icRhe 3 B2 0'heR high. The cutting operation was repeated until the
number of cut magnet pieces totaled to 1,010. Of these, the magnet pieces cut between a pair of
cutting wheels of the same Example were selected for examination. Every size measuring cycle
included from #1 to #100 pieces, indicating total ten cycles. Early ten pieces in each cycle are sampled
5 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
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lo maximum and minimum among five measurements is the cutting accuracy (fm). An average value of
the cutting accuracies of ten pieces was computed. This average value of every size measuring cycle
is plotted in the diagram of FIG. 6. [0117] isin Comparative Example 1, the cutting accuracy worsened
after three size measuring cycles (from #301 cut magnet piece et seq.). In Examples 1 to 4, the cutting
accuracy did not worsen until the tenth cycle (until #1,010 cut magnet piece). It is demonstrated that
the outer bla@é 28lcutting wheels of the invention are fully durable in service. [0118] The elasticity or

flexibility of

the

%rllélagaf cutting wheel was evaluated, with the results plotted in the diagram of FIG.

7. The compressive shearing stress of the 25 outer blade cutting wheel at the edge was evaluated.
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robe was measured by a strength
Mfg. Co., Ltd.). Compression was continued until the blade section was ruptured. [0119] 10As seen
from FIG. 7 [fhtdiffléxamples, as the travel

It is seen from Table 1 that the yields of Examples

In particular,

working yield following plating is satisfactory.

[ester AG-1I(Sh

the
It is

demonstrated that the manufacture method of the invention is

improved in productivity as well.

[0115]

Using the cemented carbide base outer blade cutting

wheel,

into magnet pieces.

plotted in the diagram of FIG. 6.

[0116]

a rare earth sintered magnet block was cutoff machined

The cutting accuracy of magnet pieces is

" 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

spacing of 1.5 mm,

in the bases,

and fastening them together.

inserting a rotating shaft intc the bores

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

by 20 mm high.

number of cut magnet pieces totaled to 1,010.
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distance of the probe increased, a region where the graph exhibited linearity, that is, a region where
the stress was in proportion to the travel distance of the probe was observed. A gradient of the graph
in the linear region (i.e., 15 stress/travel distance of probe) was computed, with the results shown in
Table 2. [0120] [Table 2] Example 1 Example 2 Example 3 Example 4 Comparative Example 1

magnet pieces cut between a pair of cutting wheels of the
same Example were selected for examination. Every size
measuring cycle included from #1 to #100 pieces, indicating
total ten cycles. Early ten pieces in each cycle are sampled
5 out {(i.e., #1 to #10 from the first cycle, #101 to #110 from
the gecond 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

10  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 size
measuring cycle is plotted in the diagram of FIG. 6.

[0117]

15 In Comparative Example 1, the cutting accuracy
worgsened after three size measuring cycles (from #301 cut
magnet piece et seg.). In Examples 1 to 4, the cutting
accuracy did not worsen until the tenth cycle (until #1,010
cut magnet piece). It is demonstrated that the outer blade

20 cutting wheels of the invention are fully cdurable in service.
[0118]

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

25 outer blade cutting wheel at the edge was evaluated.
Specifically, the outer blade cutting wheel was chamfered
(rounded or beveled) at the edge to a degree of at least RO.1
or C0.1. The cutting wheel was horizontally mounted on a iig
by sandwiching the cutting wheel between circular iron plates

3¢ of B mm thick such that only the blade section was exposed.
The wheel was thus held so that the base might not be warped
upon compression. At a position spaced 0.3 mm cutward from

the outer periphery of the base, the blade section was
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Gradient (N/mm) 800 300 400 400 18,000 20 [0121] In the above cutting test, all magnet pieces
cut using the outer blade cutting wheels of Examples had good-looking cut surfaces. In the case of
magnet pieces cut using the 25 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.). It is demonstrated that as long as the gradient given as stress relative to travel distance
of probe anddnglicative df BY the plastieity or dexibility of thermnttingwhee| sheotzg-dighighat is, the

blade sectiqn as a.geraia degisa afiexially. tas.outer blaa cutingywheel s glfegiye for cutof

machining a magnet block into magnet pieces at a high dimensional accuracy without cut marks on the
cut surfaceblade section) at a linear speed of 1 mm/min, the probe having
a contact area with a length equal to {a protrusion {(mm) of

5 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.).

Compression was continued until the blade section was ruptured.

[0119]
10 As seen from FIG. 7, in all examples, as the travel
distance of the probe increased, a region where the graph
exhibited linearity, that is, a region where the stress was
in proportion to the travel distance cof the probe was
observed. A gradient of the graph in the linear region {(i.e.,
15 stress/travel distance of probe) was computed, with the

results shown in Table 2.

20

2%

3¢

f0xz0]
[Table 2]
Comparative
Example Example Example Example Example
1 2 3 4
1
Gradient (N/mm} 800 300 400 400 18,000

[o121]

In the above cutting test, all magnet pieces cut using
the outer blade cutting wheels of Examples had good-looking
cut surfaces. In the case of magnet pieces cut using the
cuter blade cutting wheels of Comparative Example 1, some
gsamples had cut marks or steps on the cut surface after three
size measuring cycles (from #301 cut magnet piece et seqg.).
It is demonstrated that as long as the gradient given as
stress relative to travel distance of probe and indicative of

the elasticity or flexibility of the cutting wheel ig not so
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5[0122] 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, the pieces as cut have a
high accuracy without a need for lo finishing after cutting. Pieces having a high dimensional accuracy
are available. CLAIMS: [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!80in, 26Main Hefiningeancdutée perphésilahdmner dizmbtskinf 39080 min, and a
thickness ot Lip.1.0 1, apda ade segtiamendhe ouey Ratbbensof e ase, salddiade section
comprising 10diamond anhd/or CBN abrasive grains pre-coated with a magnetic material, a metal
or alloy boreiMferhédiicdletiinsaingactretrblessiplatiiPfordendingrlsrasive afamsitdgéther and
to the base jand. 19asasin infilltated between abrasive graips and:petyeen abrasive grains and the.
base, said resin being a thermoplastic resin having a melting point of up to 350C or a thermoset resin
obtained byl@k##) a liquid thermosetting resin composition having a curing temperature of up to 350C.

20 It is demonstrated that when a workpiece, typically a

rare earth gsintered magnet block is cutoff machined into
pleces using the outer blade cutting wheels of the invention,
the pieces as cut have a high accuracy without a need for

1¢ finishing after cutting. Pileceg having a high dimensional

accuracy are available.
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[Claim 2]The cutting wheel of claim 1 wherein the resin is at least one member selected from the group
consisting of acrylic resins, epoxy resins, phenolic resins, polyamide resins, polyimide resins, and
modified resins of the 25 foregoing. [Claim 3]The cutting wheel of claim 1 or 2 wherein the resin has a
Poisson's ratio between 0.3 and 0.48. 30[Claim 4]The cutting wheel of any one of claims 1 to 3
wherein said base has a saturation magnetization of at least 40 kA/m (0.05 T). [Claim 5]The cutting
wheel of anfyldnésf:claims 1 to 4 wherein said abrasive grains have an average grain size of 10 to 300
pm. 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 io cutting
mmeelunnd@§@@ﬂuibepsﬁﬁ outer blade cutting wheel comprising a base

in the form of an annular thin disc of cemented carbkide

5 having a Young's modulus of 450 to 700 GPa, having an cuter
diameter cf 80 to 200 mm defining an outer periphery, an
inner diameter of 20 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

1.0 diamond and/or CBN abrasive grains pre-coated 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 resin infiltrated between abrasive grains and
between abrasive grains and the base, said resin being a
thermoplastic resin having a melting point of up to 350°C or
a thermoset resin obtained by curing a liquid thermosetting
regin composition having a curing temperature of up to 350°C.

20
[Claim 2] The cutting wheel of claim 1 wherein the resin
is at least one member selected from the group consisting of
acrylic regins, epoxy resins, phenolic resins, polyamide
resing, polyimide resins, and modified resins of the

25 foregoing.

[Claim 3] The cutting wheel of claim 1 or 2 wherein the

resin has a Poisson's ratioc between 0.3 and 0.48.
30 [Claim 4] The cutting wheel of any one of claims 1 to 3

wherein said base has a saturation magnetization of at least

40 kA/m {0.05 T).
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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 is 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@keasat &id holThite codbdrbradioe yraifs BEeIBEhe BuekpEHpheén6f the base,

electroplating or.elgctroless plating a.metal gk alloy,on-the, hasg autes pegphery andthegoated

abrasive grains being magnetically attracted and held, for bonding the 25 abrasive grains together and
to the baseito fixedly.secure the abrasive grains to the base outer periphery to form a blade section,
and letting a thermoplastic resin having a melting point of up to 350C infiltrate into any voids between
abrasive 30 grains and between abrasive grains and the base or letting a liquid thermosetting resin
compositior fidwing & duringtbmpevatuteof wpree350¢ infillvateiatedny keidsbetwésen Sabrasive

grains and between abrasive grains;and thehase apd;cute theteaty(Claim g[The method of claim 7

wherein the resin is at
susceptibility g of at least 0.Z.

[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 allicy
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 tco fixedly secure
the abrasive grains to the base outer periphery to form a
blade section, and
letting a thermoplastic resin having a melting point
of up to 350°C infiltrate into any voids between abrasive
30 grains and between abrasive grains and the base or letting a
liguid thermosetting resin composition having a curing

temperature of up to 350°C infiltrate into any voids between
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5 least one member selected from the group consisting of acrylic resins, epoxy resins, phenolic resins,
polyamide resins, polyimide resins, and modified resins of the foregoing. 10[Claim 9]The method of
claim 7 or 8 wherein the infiltrating resin 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 15(0.05 T). [Claim 11] The method of any one of claims 7 to 10 wherein said abrasive grains
have an avetagegrain size vh:4040300ddm=20 [Etaiasliz]el hermethodiaBlamhendatelaimsa 7 to 11
wherein saiguarbéa%ive géaajgs have a mass magnetic susceptibility xg of at least 0.2. 25 [Claim 13] The
method of any one or 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.

[Claim 8] The method of claim 7 wherein the resin is at
5 least one member selected from the group consisting of

acrylic resins, epoxy resins, phenolic regins, polyamide

resins, polyimide resins, and modified resins of the

foregoing.

10 [Ciaim 9] The method of claim 7 or 8 wherein the

infiltrating resin has a Poisson's ratioc between 0.3 and 0.48.

. iClaim 10] The method of any one of claims 7 to 9 wherein
said base hag a gaturation magnetization of at least 40 kA/m

15 (0.05 T).

[Claim 11] The method of any one of claims 7 to 10 wherein
said abrasive grains have an average dgrain size of 10 to 300
pm .

20
[Claim 32] The method of any one of claims 7 to 11 wherein
saild abrasive grains have a mass magnetic susceptibility yg

of at least 0.2.

25 {Claim 13] The method of any one of claimg 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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