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TITLE OF THE INVENTION Outer Blade Cutting Wheel and Making
Method 5 10 TECHNICAL FIELD This invention relates to an outer blade
cutting wheel 15 for cutting rare earth sintered magnets, and a method for
preparing the same. BACKGROUND ART Outer blade cutting wheels for
cutting rare earth 20 sintered magnets are disclosed in JP-A 9-174441,

JP-A 10- 175171, and JP-A4Q-175172.as compyising,@ cemented carbide
base having an outer periphery t0 which diamond abrasive grains are

bonded withBHeToIIE 18SiTis O tie iRe Paftd GROKE JRENYEHEBOnded
to the cemented carbide base, the 25 base is improved in mechanical
strength over prior art alloy tool steel and high-speed steel, leading to a
higher accuracy of machining. Also by reducing the thickness of the blade
with using a cemented carbide base, the yield of machining can be
improved and the machining speed be accelerated. 30 While these cutting
wheels using cemented carbide bases show better cutting performance
than prior art outer blade cutting wheels, the market poses an increasing
demand to reduce the cost of cutting wheels. It would be desirable to
have a novel high-performance cutting-off wheel overwhelming the 35
prior art outer blade cutting wheels. While various cutting techniques
including outer blade cutting-off, inner blade cutting-off and wire saw

cutting-off -1 techniques are imglementad, inFpaERining rare earth

permanent magnets or sintered magnéts, the outér blade cutting-off
techniqua s ot Wi EmpiBUEd<By WitRFoPMARD RAPARAGHSTing Wheel
ifeladrigtad e xprnsiveasUtling Whest csh Bageepablaetttigraidvwendeor
afrupe of hardmetad dlades, a high accuracy, a relatively high machining
speed, and a mass

BACKGROUND ART
Outer blade cutting wheels for cutting rare earth
sintered magnets are disclosed in JP-A 9-174441, JP-A 10~
175171, and JP-A 10-175172 as comprising a cemented carbide

base having an outer periphery to which diamond abrasive
grains are bonded with phenolic resins or the like. Since
diamond grains are bonded to the cemented carbide base, the
base is improved in mechanical strength over prior art alloy
tool steel and high-speed steel, leading to a higher accuracy
of machining. Also by reducing the thickness of the blade
with using a cemented carbide base, the yield of machining
can be improved and the machining speed be accelerated.
While these cutting wheels using cemented carbide bases show
better cutting performance than prior art outer blade cutting
wheels, the marketl poses an increasing demand to reduce the
cost of cutting wheels. It would be dezirable to have a
novel high-performance cutiing-¢ff wheel overwhelming the
prior art outer blade cutting wheels.

While wvarious cutting technigues including outer blade

cutting-off, inner blade cutting-off and wire saw cutting-off
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scale of manufacture, the outer blade cutting-off technique is widely
employed in cutting of rare earth sintered magnets. Traditional cutting
wheels for outer blade cutting 10 used bases made of steel alloy materials
such as alloy tool steels (e.g., SKD grade in JIS) and high-speed steels in

the <k 1idewever JPAI 4444 IR0 &9&?&%17%9 apd,1P-4, 10:1 %%%S?anent

(the inventors including the same as thegresent) Isclose cutting whee

UL 548 S br BAMERES CBRTEES S5 ERfeNIEFEaRiaae Bpg-off
cepfeHtgItINgSte edrbide QMC ) egrahey #tia biRdevrratrze ob Eobalbpr
nigkehmetgbly isiataringharesio bﬂﬁéﬁ@ffﬂ?@ MNGLA YO UWAGSMOdUS

I 0 P xtraordinarily stronger than t ee
e B, S b p e

HgPR 0BRGELASHUIS FpiREIREL the G tiEBR e8I AB6$6F adidde mass
ubdeta auttimgforteqbucattinghecsistaacebisaéduced t Thig, mrtfirmechnique

inplies atwndes 1 thessamg Qiiting fayce.the deflection;of the bladesis 280t o .

reduced, @gggg%t forgEegg e deflection_of the blade, the same accuracyg

of cutting i3 Possible avef when the thickness 3f (RB BIAdE 18 48creREEY!
AlFRtgRaRe T Ul ftEe S&Sstle Rgdicuhifaresrdfthe Isngd rematisioy tool
ssbstahtially: .yncharedy e everallrittingfoice agpliedde shesblastes3Qn the
becomesistpalier Pysbegh@ka%%%cr_egﬁealnﬁ&@ﬁg?'ﬂ% ARG,
P[acess, wr71ere a maﬁgst blqck is Tachl_neg Into _multiple plece§C at a time nt)
by A cUttér &s<erhbly SOMRBHSHG a FticRS ofketfiRPRnes st ive FRgFe
chitiglosce applitaaoheslster assambisis sediicednEmis eflonstheB5s .
noenter i CUting wheesigdbe iereasrchiof foMEtRIgRfBE SAPSRAWENC)

o5 A Mg fores Iprbe rduGadiordng spe. e glaiting whegls
leading to a saving of the motor -2 power. If the motor power has a

ARGt A STt Wtin R TEE thd AdRaRde 8f the elftimgSvAgsiulus as
asembis S0 becactitlerdbed tnsherantherdlitting tile reguiteger than the

steel alloy materials having a Young's modulus of the order
of 200 GPa.

A high Young's modulus implies that the quantity of
deformation of a blade under a cutting force (or cutting
resistance) is reduced. Thisg, in turn, implies that under
the same cutting force, the deflection of the blade is
reduced, and that for the same deflection of the blade, the
same accuracy of cutting is possible even when the thickness
of the blade is decreased. Although the cutting force
applied per unit area of the blade remains substantially
unchanged, the overall cutting force applied to the blade
becomes smaller by the thickness decrease. In the multiple
machining process where a magnet block is machined into
multiple pieces at a time by a cutter assembly comprising a
multiplicity of cutting wheels, the total cutting force
applied to the cutter assembly is reduced. This allows the
number of cutting wheels to be increased for a motor of the
same power, or the cutting force to be reduced for the same
number of cutting wheels, leading to a saving of the motor
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The use of high-modulus cemented carbide bases 5 considerably
improved the productivity of outer blade cutting. However, the market
imposes an ever increasing demand on rare earth sintered magnets, with
manufacturers entering into keen competition toward cost reduction. For
efirative #tili:z&t@e fold@!?ﬁ egmaﬁa.er:me@g iﬁh’%%@ﬁtlhﬁéﬁa’%if{?# t't:_? the
smaller the cutting allowance, the higher_becomes.the material utiliza
R R S S oMt oLy may

PR dBERARLTE hrfIF Dethediietie 8 Rafd bl bide Bt e @AMG theel
which offérs aibighofiodutits-andhighsacatmacy daspita-aieducaddsb
tBicknegs pfB em%%%zp %m%&&m%@? CEbige base £4HING
wh %Is. DISCLOSURE OF THE INVENTION An Obj:(gCt of the invention is
{5providR -an bUHET S0 bI5HE AR RhEBRIARA i8tapible JPCRAATHER
KigRaaccracy ane £rditesiainrataibite dshievirghinmpovédcturers

reackiningyietdscans seducaehBachingng eosisrandssmethamhdeion. For
Rieeadng Jie same S yepion elatespan gulcr biade cilipgayhee
25 comprising a base made of cemented carbide. A metal bond "having a
MGHEF fengthh FAGhE? InddAuS REGEA PPl BV aBRRsive §RaiRd gher
dormprisiag temoatgrams, CBN Drains on ay witlire dficiambgdegrairise

ancbe BN grains e the edtermpedphery nithebage Jerehys inprovingthe 1+

nical 30 strength of the blade section and.the overall mechanica .
P S AL Bk, ks Ul TR Pt o8 Siboliigr . wnich
REGERT ReARRNBSS Bl BRI SeioR CANT BE¥eReattd therc gy ced
Spebdk e ene @S peth dee trMeritioneprovides ancoittes btadedmeuwttingarbide
wheel conyrising grasesin the form of an annular thin disc of cemented

carbide having an outer diameter of 80 to 200 mm defining an outer

periphery, an inner diameter of -3 30 to 80 mm defining a bore, and a

thickness of 0.1 to 1.0 DISCLOSURE OF THE INVENTION

An object of the invention is to provide an outer

blade cutting wheel which is capable of cutting at a high
accuracy and a reduced allowance while achieving improved
machining yields and reduced machining costs, and a method
for preparing the same.

The invention relates to an outer blade cutting wheel
comprising a base made of cemented carbide. A metal bond
having a higher strength and higher modulus is used to bind
abrasive grains comprising diamond grains, CBN grains or a
mixture of diamond grains and CBN grains to the outer
periphery of the base, thereby improving the mechanical
strength of the blade section and the overall mechanical
rigidity of the outer blade cutting wheel. The invention
thus succeeds in reducing the thickness of the blade section
and accelerating the cutting speed.

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 an outer diameter of 80

to 200 mm defining an outer periphervy, an inner diameter of
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mm, and a blade section disposed on the outer periphery of the base and
comprising abrasive grains bound with a metal bond, the abrasive grains
comprising diamond grains, CBN 5 grains or a mixture of diamond grains
and CBN grains, the metal bond having a Young's modulus of 0.7x1011

oot QXIQd R e blade sectipibavigga thickpesgyduch ixgmeatet, 1.¢
than the &hICk (_aLssdof the Qﬁse bg atleast 0.01 mm. In a tpreferred, c
EMbodimeft, %eam%tglet?o FRaE A PORRKEE NP En L6571 55 T BEE M

ARnBAFof 2ITUCORRYEMB Ty Hife FetditforRPeaAprss ot laesstal
orednetal selasted froe thes oy eaipsistiichel Ni 2D, fdifgd IImBN

@}9&%_08@paislim&u?é%m@;m@fg%mgsmﬁ@ﬂscgﬁaaﬂ'% the

comprising at least one of the foregoing I5 metals and phosphorus. n a ,
Bieterted@Rthduinieng the ¥nuae sechodisiesmed By Blé&roptatiriy thel 0
m@t,alﬁ:mdﬁaca%@g é_ré%ﬁa;?;al hapd iy dﬁpaﬁt%%ﬂ&aﬁ?eﬂ%ehp%@;pl@gwﬁer
ase while binding. the ahrasive grains therewith. More preferably, the
trglg?g] ;ghgon{g1 as e%%%itg (?% ebba%s%%)}( ef—?‘a%ct\%{iﬂof‘a%\iéng{)ﬁélesgL an internal
residual $ffeds BERTSIT XI08'PA4AE D108 P2 T BAdtH plefetfed
émbbdinsetathinklades®ction is ofosme dadnabrazig thetgbresive, grapas 12

s thit thermetalbond, is. alfixgckio thg quierRerhery of the pasewhjle,
blnglng 25i[he ab&astjve rains therewith. In a second aspect, the c
NVentor provides a Mot fordi2PRrifg 2R S P Blate MitingSvhédt - U
BHpASing 2Praiding acwase isthesforh dfeamsaniralar tin dlist §bregoing
cemented earbige kavieg avoaiter diatgetet 0f 8840 200-mp3 3erdeflini® going

AL PuUtes p&‘ii&hﬁ%%ﬁh'@Pﬁé pliameter of 30 to 80 mm, and a thickness of

0.1to 1.0 mm; and electroplating a metal bond together with abrasive

grains to e pOsROAHET Bt MRS bf tHe 6add afeIsarddigiedimyépred
iRXvIsils cthecabrasive grains axetlduricbwith she thetal bbed ptbeads bond is

AypsetainsICamprigngdiagondaangs, &BNgeaIns & amiXRIE faing
q:'ﬁglogkgr%@ﬁ.q?ea%q:gﬁ’n'\é g{%@%ewft@.etah%%%d preferably, the metal
bond as deposited on the base by electroplating has an

internal residual stress between -2x10° Pa and 2x10® Pa.

In another preferred embodiment, the blade section is
formed by brazing the abrasive grains so that the metal bond
is affixed to the outer periphery of the base while binding
the abrasive grains therewith.

in a second aspect, the invention provides a method
for preparing an outer blade cutting wheel comprising
providing a base in the form of an annular thin disc of
cemented carbide having an outer diameter of 80 to 200 mm
defining an outer periphery, an inner diameter of 30 to 80
muw, and a thickness of 0.1 to 1.0 mm; and electroplating a
metal bond together with abrasive grains to deposit on the
outer periphery of the base an electroplated layer in which
the abrasive grains are bound with the metal bond, the
abrasive grains comprising diamond grains, CBN grains or a

mixture of diamond grains and CBN grains, the metal bond
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-4 having a Young's modulus of 0.7x1011 to 4.0x1011 Pa, the
electroplated layer having a thickness which is greater than the thickness
of the base by at least 0.01 mm and serving as a blade section.
Preferably, the metal bond as deposited on 5 the base by electroplating

as an interpal resq,duals ess bet ee QS n Q8 Pa. |
lt;lP‘n fird- agpectgfhe Rvéntio org priowdes%N a mné 2%031 for pr%pgriil(é anPIZUte?B?ade
edtingwindal teaingidsing phaviding & Fascinnhesowhigflanignmdeptier than
dise oficeprenied Garbiged Gbhawngyameutes diametes DIRP Ond0& B ing as
% rlng an, ou :rm%erlplg,eré(fan |% ner dl]g_arrlnete gggo}g%g(g mm, damdoalted on
{hickness of 0.1 10 1.0 mm; an gzmg abrase grains With a metar

551d BRES tRY ofe? PEFPRARE SR BESE D foRivra Referif SAAkALnEtress

abrasiw,graing grehoundavish the mgtal bond, the 15 abrasive grains
comprlsmg dlamond rains, CBNF%A ins or a mixture of diamond grains

and CBN r§n§%5 R eohd Gint™Y Y30AGS MbAUILS G7REGTEPE For
PrePXI0ne P the teyerhadngarthidkiessheltith dogpadiei ttarptieviding a
thickness afiibe rhase by akleasi 0.0k mrarand mry'tmgo&s addade sectivibide

2341 8, rgﬂers%dcs@bgﬁgys%éhsfn%@' *88”%‘8‘5 '%‘?Jﬁ '}?c%dﬁﬁs%\?fcer
100 to 550 and a density of 2.5t0 12 g e metal bond

BSFHRBE Yt 1 aﬂeeeﬁe%ag@é%dcrfomhg@r&&p Wnsi@hfly of NigEness
@8, Cui dd Sndanmillopedniprising at Mast sduof theforegeing2® metal

BetAlS oaitan alley sarprisng-ableast;one ofthe feaoing MRlsanGyer in
used&l Q?]H% Aﬁ)gtatggfén the Qreamble me sté?uteretf_txagg?1 cutth_ga W%%%a the

e art for cutting are earth S|ntere%nmagn S are

RETfId Horea dEmo PR G WL ARANg BoidiamSRilasisdies or a
graxisaveund withaplendligresins artheCliite. daokihe putpeses:akl bond

@é)\;ovmg th&}/leld ,and re uglnsg Qe 8o§t 9f ma h|n %h leallg;tal S|@Beregayer
) b

magne% it is “deslred {0 reduce the thlcknesso t%e peripheral blade
derfibhartd tg:dcdaierate W ebittihg speaiter than the thickness of the

base by at least 0.01 mm and serving as a blade section.

In a preferred embodiment, the metal bond has a
Vickers hardness of 100 to 550 and a density of 2.5 to 12
g/cm’. Typically, the metal bond comprises at least one
metal selected from the group consisting of Ni, Fe, Co, Cu,
and Sn, an alloy comprising at least two of the foregoing
metals, or an alloy comprising at least one of the foregoing
metals and phosphorus.

As stated in the preamble, most outer blade cutting
wheels used in the art for cutting rare earth sintered
magnets are resinoid-bonded diamond cutting wheels having
diamond abrasive grains bound with phenolic resins oxr the
like. For the purposes of improving the yield and reducing
the cost of machining rare earth sintered magnets, it is
desired to reduce the thickness of the peripheral blade
section and to accelerate the cutting speed.

In efforts to meet these requirements, the inventors

paid attention to the bond used to bind abrasive grains to
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35 In efforts to meet these requirements, the inventors paid attention to
the bond used to bind abrasive grains to -5 the periphery of a cemented
carbide base. The outer blade cutting wheel consists essentially of a
cemented carbide base as a base wheel and a blade section of bound

alyaspedraing- The bladeseclianincludesabprgsive grais intheforpnafze
%gla,crgond ram;,dCBN %ralns or a mixture_of dlamond%?nralns and CBN

§rains Bhd 2 BRnd TP BikGTy fRESBratfe drafts fo FRTBRSEITREHohIe base

faRcRome &fréthfrdb@apileagdiiiand ¢ thing abfadivenfainbrestioe grains.
lmse, shaae i witbsiandihe tniatonaldaeand thes gENdiNgTRSISEYIGE of
‘?&Eﬁ}%ﬁﬁtt'qgé&g@er@é‘ﬁ%g%%%%“%“%’i‘i@&&%‘”QfOfd":’f%%‘ Irg'%egg-r:l?gs and

form and role of bond are described. One important factor for t IS

{HENHE BERR s @tidnFoRARE b thePBBAGEIIpBsal ththeHERIRS to the

Ferisherylifea basd sbumctoi stradtife thetauter dbreftiechaseaTie and to

nsartian 4ex-legs) of &:@g@la@@ seg&g%é@%t,st@aﬁdé%s Héﬁ %lﬂt_t@ﬁﬂﬂﬁfi:r?ﬁme
rasive layer of aprasive grains in. aamixiyre wi e ..

PRI e RS s e S I AR AR

RBETRF P 2 cUthHg pfisosEr LEBhiBGuEHT IRE gk esgsrinedtade

section igyreatera0 dngin theteof diie basa. Sneh @eshapeisdakeorfer tMportant

reasens: ©pe reasoinip incregsedheRongdinase cantact AregPea by the
aocgwi%ve_ a firm engagement, If the blade section is configured so as to
n

RATaE ottife BREET tREDIRE T ExSectBa 16 5kh e t°

con actlé’snly HE2
ifSaTRErRRRe bbhe QUEkREh REMohe Hagebasthat thadladeséation(witl legs) of

rendily separatecframntherhases Yaam ke blade saction is disposedrso 8sse
t raddle.th Lm, -pa IS ingreased 1o .
oS BB T e 0 YA S Gy

TR R el is-BY5ovRTe fofeaR81t RLAPE of I6RSIIAG RBicPand e
UtV Sluelfy e Thlsrcior fig urstiorrdfatheo bladecsBrtibnavipic i ticker

than eerbese rpeannthatiheitness of the blade section is greater
than that of the base. Such a shape is taken for two
reasons. One reason is to increase the bond-base contact
area to achieve a firm engagement. If the blade section is
configured so as to contact only the end face of the base,
the bond is expected to achieve an insufficient bond strength
to the base so that the blade section will readily separate
from the base. When the blade section is disposed so as to
straddle the base rim, the bond-base contact area is
increased to provide a sufficient bond strength between the
base and the bond.

The other reason is to provide for ease of escape of
grinding fluid and cutting sludge. The configuration of the
blade section which is thicker than the base means that there
is a gap between the base and the workpiece {typically
magnet) at a position inside the blade section. This gap is
very important in cutting operation because the grinding
fluid will enter the gap which gives a passage for removing
the heat of friction generated between the workpiece ang the



10

15

20

25

30

35

is a gap between the base and the workpiece (typically magnet) at a
position inside the blade section. This gap is 35 very important in cutting
operation because the grinding fluid will enter the gap which gives a
passage for removing the heat of friction generated between the

\%%@éecsee%@qféﬁa b'@ﬁ!%&fggfon aog fg% jiri 95'5? %fi”d'agv‘;'%% the

with the swar ge entrained there Swar sludc ge as

SN BEpRRET B A abR B R e eREBAdE DS AR arf i sludge
weorkpist ecthfcavisel s biestaapdahifrietiomnarsh g tiye § rindingzBuid ¥l Nolade

reagh 1 blade ﬂaefaﬂmg@lé@@a%% the.heat @h%@gﬂ@fgﬂoml@ysn, and
yttin Qpe({atlon }heéwa rﬁs s of the borgj |§ alsr?)éhaegort nést “adling to

ras grainsof diamond or CBRF afe founds
|ﬁ8rje%l%§ecu¥ﬁﬁg 1?@§§ta‘?f%ef hiec BRIV Gralits Wﬂpéﬁéd—‘\angéﬁmbng

extenrat farce. At sites where abrasive grains have shed, the bond must

be abradegd by, theyeudiece (rRLe warth s_'gteﬁg&nm%t}ég&@at As

raswe‘gerams huried underneath may emerge from below. When
S 3.

aag)raswe grafis?dns 15 o‘?']é%’%%?a&gd SGRy S5y RBTHEHY Bleft BRithecdges
StRfabecate fiRebrigetsadione and the pend iPertieh hond Whidrabrsivel L1 shed
grainsrareHestrtstheiscrapes off. s thethonddsscsaped 43 the grains

M%%'e&ﬁe&ewtﬁ@raé&fﬁagﬁﬂﬁ%eHlaerQ%Pé{éQ%”@f'Vﬁ? ffmﬁﬁ%y S re

<%/cle is regeate fresh shar cuttln?ﬁ 20 edges are automaticall

BliBraied tRAGHNTRINRISHETpé: ﬁa--)abﬁ?esﬁ%naaﬁ% Hitkbeded
|ﬁf€@§m¢@ammgrﬁpeﬁgmémob@1@adet@mmngaWheehbyzsumm shed

tbe ehasastoristics reguiyed dortpernnddn the blade sectipn 28@ndurrace of
t@g%rlr&%(]e b%nd s04s to mge%he E)eqr[ﬁe%g t. Sdoe |f|call% theh g?r351ve
ca

mechani nature o?rhe gond used in the e'secfion’is improve

SHHERE tREOVERSIF MBERameaRstFaRAs of fife oudér BikBe Remthgiwhagraped
[rythhwaypakndeperfommanserhighvstrengii cattingewhbeebig themselves

from below. If this cycle is repeated, fresh sharp cutting
edges are automatically regenerated {known as
"self-gharpening").

The invention has succeeded in developing a
high-performance outer blade cutting wheel by studying the
characteristics required for the bond in the blade section
and tailoring the bond so as to meet the reguirement.

Specifically, the mechanical nature of the bond used
in the blade section is improved to enhance the overall
mechanical strength of the outer blade cutting wheel. In
this way, a high-performance, high-strength cutting wheel ig
provided. While resin bonds of phenolic resins or the like
are most commonly used in the art, they are scarcely expected
to exert their own mechanical strength because of the
resinous or plastic nature. According to the invention, a
blade section is formed using as the bond a single metal or
metal alloy having excellent mechanical strength rather than
the resins or plastics, whereby the blade section is improved

in mechanical properties, and at the same time, the strength
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30 provided. While resin bonds of phenolic resins or the like are most
commonly used in the art, they are scarcely expected to exert their own
mechanical strength because of the resinous or plastic nature. According
to the invention, a blade section is formed using as the bond a single
wetaer Smetalalioyhpdng gxcellon! mectagieg steRgih e Biance
the resins_or plastics, whereby the blade section is improved in L
%%Eﬁgnﬁ%%ﬁﬁ%op%?ﬁetsz%ﬂgﬁﬁe HrhB IR TR S dhYER 27 e HhEedL tY
iS¥eftdreatinfethid wayr eiighdberformance outer blade cutting wheel

with imprevedgaeeanicakdgigity.«er robustnessdsrovidedathe patair o

f@i%@@f%ﬁ&%&‘sg APPYE. I, Raffteler 10 Ed‘%'e%%%d%%%smé%” aod oetal,
bond, but not to necessary mechanical properties and concomitan

BSTEHRS Fifd RECREMEAFStrénGthSIRRE Bl SeafstPoH tife outbe
perigianry of the base ¢ enhantée abderdingstacthicinventiah ebenatise the
Hlade seetign @Qr&eﬁ‘ein@@twn@maﬂ%@e&%&P&&Eaist%@n@{@U%%ntion

ickglrlgheancwee t%i%% argd bgcause the blade %ection is best for

?a?tl itating mechanical reinforcemert of the BaseT EREICSIY- e it oritnd e
BRI RIS tRiRR SR nRaelibisd as td hanfcrbe thapase dgdnbsicause the
effectivedeimpeoying the stedhanical properiesof the chamhela base.
Ths putarlade cuiingwheglafthe igxention is; capable of %Lgt_'gggt fase
Q\; @l_?cgug&c% ?{nd a reduced allowance, improves machining ¥|e S, an

([

reduiceS machining© c8es 30 BRAF DESERIPTIONUPRFRE the base is
BRAWRNGSTHIE . dehdmaticaliniiusthstenerhanerblader eptingiwheeolf the
intosieeemiediment of the invention, FIG. 1A being a plan view, FIG. 1B

being a S- I view t I lines B-B.in FIG, 1A, FIGS.

o T e LA T oE 2 il i
SahaRle of cutting at a high accuracy and a reduced
allowance, improves machining yields, and reduces machining

costs.

BRIEF DESCRIPTIQN OF 'THE DRAWINGS
FIG. 1 schematically illustrates an outer blade

cutting wheel in one embodiment of the invention, FIG. 1A
being a plan view, FIG. 1B being a cross-sectional view taken
along lines B-B in FIG. 1A, FIGS. 1C, 1D and 1E being

enlarged views of different examples of the blade section on
the base rim.

FIG. 2 is a photomicrograph of a blade section of a
grain-co-electrodeposited outer blade cutting wheel in
Example 1.

FIG. 3 1s a diagram showing cutting accuracy versus

cutting speed for Example 1 {(grain-co-electrodeposited cutting
wheel with an internal residual stress of 0.53x10’ Pa),
Example 2, Example 3, Example 4 {grain-co-electrodeposited
cutting wheel with an internal residual stress of 1.5x10° Pa),

Example 5 (grain-co-electrodeposited cutting wheel with a
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the base rim. FIG. 2 is a photomicrograph of a blade section of a
grain-co-electrodeposited outer blade cutting wheel in 30 Example 1. FIG.
3 is a diagram showing cutting accuracy versus cutting speed for
Example 1 (grain-co-electrodeposited cutting wheel with an internal

kesidual Stess 9l O.a3%l0' R2a), 4'6?5‘?‘”‘8%%@%3%‘?'%%&'55%" 64 ive

ara
rain-co-electrodeposited 35 cutting w with an internal r sufuaiﬁ stress
g"f’@&i% JPa), Example 5 (grain-co-electrodeposited cutting wheel with
a -8 VickEi$ haddnisssaH ¢ i 4ua), Exampledd, and-Comparative dexampkess
baRlE: Aoisrd HiROEaM SRR ICUHERG BEEYrasy VeEssyslastio medulis: na

ng's. modulys) for Examples 1 tg 6 and 5 Comparative Examples 1
%%y%gf%l 5 s lg%z |5ng§’r§?nss o?vrllr(%g gu’tting accuracy versus Vickers

hardnesg f§t Examifled PIFE%RY CHRMEREIVELEXARPI S AERTY. FRGSES
i$cHiageamahibndng ciittingiaeograey versus d0dnteraahgisesstiore Examples
Examples. 1 to 6. DESCRIPTION OF THE PREFERRED EMBODIMENT
Referrin%ﬁoGFl%. 1, the outer blade gttin wheel in, one embodiment of

RSP ASIRY 1S 2 DHse' I i e fohof &t Sus

the invention’is lustrated &3 compfi
v raRMin BisEaRBdEDT dEREmetcakbitle ahd a blade section 20
disposed on the outer periphery of the base 10. The blade section 20

comprises abrase grainsdips wilh somelal ke e, BhrAR 0rains
comprising diamond grains grains or a mixture of di 0

grains antr EBN gRAnSOThd Basé 10785 - RInPoPLER annbktaindeel in
(emfferemthp diared, ta dduhaut-aiapdad tiin piate brwircularethiaplatemprising
kaviag @ centenbeteel Zohaving ammowsndivareten 1of 80 t-200 Mo s
@&i@g@@dl%%%égg ”3% dgfig'% en ggtce{ lZgnp%r&]D }}E—{Xp%gé eorn the outer
diameter of 30 to 80 mm, preferably 40to

periphery of the base 10. The blade section 20 comprises
abrasive grains bound with a metal bond, the abrasive grains
comprising diamond grains, CBN grains or a mixture of diamond
grains and CBN grains.

The base 10 is in the form of an annular thin disc
{(differently stated, a doughnut-shaped thin plate or circular
thin plate having a 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.

It is noted that the disc has a center bore and an
outer circumference as shown in FIG. 1. Thus, the terms
"radial" and "axial" are used relative to the center of the
disc, and so, the thickness is an axial dimension, and the
length (or height) is a radial dimension.

Examples of the cemented carbide of which the base is
made include those in which powder carbides of metals in
Groups IVB, VB, and VIB of the Periodic Table such as WC,
TiC, MoC, NbC, TaC and Cr,C, are cemented in a binder matrix

of Fe, Co, Ni, Mo, Cu, Pb, Sn or a metal alloy thereof, by
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70 mm, defining the bore 12, and a thickness of 0.1 to 1.0 mm, preferably
0.2 to 0.8 mm. It is noted that the disc has a center bore and an outer
circumference as shown in FIG. 1. Thus, the terms 30 "radial" and "axial"
are used relative to the center of the disc, and so, the thickness is an

dakdransionaatd e esdth @reiGht) ira fadiag@imansionc, , ang

f the cemented carbide of which the base is made include
s hach Govtts Lo BE DGR h b GAbURS IVERVRE oes
SRR PSR Fakid alén a8 \WEecti Ge e Tl ing WiBtRigmt to
cememtedpihzt hingles matixchf EanCpeNgiMenCeubh, SA erlametakalloy

BEIRAICRY vESNIFriNg. AMeNg IRGSE IR WE-GO, W@Té}@éc%rg”d
WC-%IC-T& - osgt%tems are preferred. Als0O, those cemented carbides

Which Have Bt c CIRTUER ity BTRCRRE ¢ e AHOBIRIAG oF WRFEF1C

avedne
GHTMBE ghsHLSNCIY AlbTel @etiié Bldowmd ity Wwithspaliadilm c‘atdxlgstsv@rltheknown
likgeares preferreds V\eia cemnpried sathidegake given alkeleclif piating of
%@%gﬂkwima%al@gi%ﬂﬂgﬁﬁlé’ﬁt? or the like, well-known agents such

as conductive treating agents Used in plating of ABS resins may be
employed 130 tHEFRRFHOR  thehm et ohdie iR elitousRf the Blage the
dulctidn 26 Theomeldl -boftishoealkhkhave ady aiing's. dnhatis s of Dotk ksl

1 eferably 0.8x1011 to 3.6x1011 Pa. If the metal _ .,
téﬂgflad{}%% a%\(goat?n?g?g 121{ odﬁ{t%s %i‘(%)exsfsay th;PnaOJ?(_nLﬁf 53?&1%%5&&59%%3 to
Garbbé elefleeted by thed Sretting vesigtanae thatyib teaeivesdaingis of less

igh-speed cutting, resulting in the cutting face being warped or
uhcrgda}ﬂat(gd?ﬁftﬁe &tal Bgﬁd%?a%dé’\(%ﬁﬁﬁas%oaﬁfbs M6l ¢Fas S ?Y the
£0%101Y Pee tie biadeesdition istitttedeforameddikei the hase,-wbiebds

et way el WL A P 1
L o e e pehag 1 SR Stk HoEpbosdumore
fohtite 4.0x10' Pa, the blade section is little deformed like
the base, which is preferable for high accuracy cutting;
however, the metal bond has a higher hardness at the same
time so that when abrasive grains are abraded away or shed,
self-sharpening of a cutting edge does not occur for the
above-described reason, resulting in a decline of cutting
performance,

It is noted that the Young's modulus is determined by
molding the bond alone into a part of suitable dimensions,
working the part into a specimen of measurement dimensions,
placing the specimen in a thermostat chamber, and measuring
by the resonance method.

The metal bond used herein preferably has a Vickers
hardness of 100 to 550 and a density of 2.5 to 12 g/cm®. A
choice of hardness is made in consideration of rare earth
sintered magnets having a Vickers hardness of about 600 +o
about 800. If the blade section is formed using the bond
having a lower hardness than the workpiece or rare earth
sintered magnet, the bond can be abraded by the workpiece
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above-described reason, resulting in a decline of cutting performance. 25
It is noted that the Young's modulus is determined by molding the bqnd
alone into a part of suitable dimensions, working the part into a specimen
of measurement dimensions, placing the specimen in a thermostat

GrmbeL and sugng . resonance method. 30 The metal bond
used hglreein prggfébi%ga%% %/%ifél}g ﬁgr%dlglegg%]fliﬁﬁlt%%%r and a

FENSiGTE S8R §lenf PACEASRe Bt anesY i atrsRahsidershion
Gleagd brrdL simérst imagdetthhabinga Vickees harihess of:iat}mttﬁoo to
abottrBO0 If the hladesactionys iq,ml%t gsieﬁtéﬂe ?%a%H;Vé%i%ggaé,
ss,than the workpiece or rare earth_sintere , ,
E%Qggfa égc? %y% & )\é/vvoOrEpi%%:gm-o W%Ié% nEeBcitTaS.ngﬁ R8faRgY be low. in
SHFEER YRRy BirskireRRFddfc S BRABRSIELdRIMS VRh Faspes tothdns to
démsity of hetakbdrchwhich isscorcalatethtonVickers, hardagasHethe:, equal

dengjly iglest hhandono/emaagd hedrens lventpndbatef diamond . ..
and r%:Bé{\l thghbeonD may be low in strength to bind_abrasive grains,

allowing abrasive gLralns BeShaanIFIRY JBA%E & hoPethah o Hiemshrgnath
REFcL e BUicGrRhidriRalithabdmementaiicarbirididinehich the
base is mages thae m&&@i%ﬁwm|wragagiﬂgeﬁt&d%ﬂylo

i ippI hedding. Vickers hardness is . i
%‘é%i’ﬁ?ﬂ%ﬁ%&%ﬁ%ﬁﬁﬁ?ﬂ%ﬁﬁé@%ﬁcE%‘%%i%%asﬁﬁgr%%%%s%eg goimen is
a

Becaukt’a SRREINTAS i BbihNHat tfe FitEHRe DT tidRefemshbaized.
minimizeth T Heetetal ot ysedihbreie inatileagtone matabisssetecied

i A g
als, or_ana X
%%ef%%géﬁlggnﬁtgra%%%n%ngfg:rggp%%grﬁs.ti”ﬁe 3 ?/a{:slll\?e%?aﬁﬁ%ﬂﬁgg Hessfts - or
& BrbmiBhGRERS 28N thciding Faturabtigforidand amagsiatsyrheds and
tkosmid)rus.

The abrasive grains used herein are diamond grains
(including natural diamond and industrial synthetic diamond),
cubic boron nitride (CBN) grains, or a mixture of diamond
grains and CBN grains.

The size of abrasive grains depends on the thickness
of the base to which abrasive grains are bound. Preferably

abrasive grains have an average particle gize of 10 to 500
uwm. If the average particle size is less than 10 um, there
may be left smaller gaps between abrasive grains, allowing
problems like glazing and loading to occur during the cutting
operation and losing the cutting ability. If the average
particle size is more than 500 um, there may arise problems,

for example, magnet pieces cut thereby may have rough
surfaces.

Preferably the blade section 20 contains abrasive
grains in a fraction of 10 to 80% by volume, and more
preferably 15 to 75% by volume. Less than 10 vol% means a
less fraction of abrasive grains contributing to cutting

whereas more than 80 vol% of abrasive grains may increase
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cubic boron nitride (CBN) grains, or a mixture of diamond grains and CBN
grains. The size of abrasive grains depends on the thickness of the base
to which abrasive grains are bound. Preferably 25 abrasive grains have
an average particle size of 10 to 500 m. If the average patrticle size is less

H}%m@mf@s{ﬁx{ﬁf}ﬁx@&'ﬁﬁ &E%aé'ewé@fnbgetwé?f%%réﬁive grans,

allowin _grob_lems ike glazing and loading to occur, during the cutting )
Sﬁyaﬁi’gh End RGBS cdttiid Sbalty oif e 206rdgeea ¢ Phftidlg spregation
ATote sharf 50 0cur tthege spee drisa prolemss dioceampleparabiey on a

pieses«ut herghy maav baye rowal swiases. Praferably the blade section
i\£e in aagrgctlon of 10 to .80%5)&’/ volume, an
V

niains abra rai d
et p A SRR Ao Yobrmemea: other
[R5 KPR Hora8Rénfains contributing to cutting whereas more than
80 vol% Xé adtnasive {ainsanay increaseE-1lthewantetklogding during the

ediiingapergtion. Bither siuatignincregses sesisiyce furng hesgurting,

an ration, andfso hg %thggls e;cad must be reduced. Dependl_ng on a ion
Bagt%ﬁlal?lé“ppcilcaﬁon, ol REEFST bY §6fhsiVe BTyratail OHERsEY

By AdtniRipidya 38itabidhgretiendstherdthahlabrasiveagrains vanshdva iputer
Ei@GS ( pertopHerthe MladeseciasL01 consists 0f agpait of slamp legs-22a,

%%M@Hgla&&mefhae%tﬂm%t%tzaﬁ%éoéiﬁsr%%}vgf%s &“%%?ﬁieéhy .

dir%ction 0 and_a body 28 which extends radially outward beyo

SUteF AR (petipheRl) SftRe b1 6 SO Bivisioms o tokUeReme dhe
Besckptrrtiideaustothiesiegsertbthetbedy she inteiriineformihttidatese 10.
section.)M'Eltt%tfﬁ@lm%iefatm@yblaggesagi@,ﬂgol@ﬁegﬁ thanthe s the
bicknesslfh base 1 13 More speciigaly, (e clamp Jgos 228,230 of

the blade section 20 which clamp the outer rim of the Dase 1

TSGR PEaGRFRerRRAiP habd v BAYM Ai POt 8 of 0.1 to 10

mm, and more preferably 0.5 to 5 mm. The legs 22a, 22b each

preferably have a thickness T3 of at least 5 pm (= 0,005 mm),
more preferably 5 to 2,000 um, and even more preferably 10 to

1,000 um. 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
is thicker than the base 10 by this total thickness. If the
length Hl 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 fail to
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 um, such thin legs
may fail to enhance the mechanical strength of the base or to
effectively discharge the swarf sludge.

The base may be chamfered or notched at its outer

peripheral region for the purposes of preventing fracture and
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mm, and more preferably 0.5 to 5 mm. The legs 22a, 22b each preferably
have a thickness T3 of at least 5 m (= 0.005 mm), 20 more preferably 5 to
2,000 m, and even more preferably 10 to 1,000 pm. Then the total

thickness of legs 22a, 22b is preferably at least 0.01 mm, more preferably

Q03R4 even Mg Prgfer ?Ié‘{r%g%i% 2.me- e;l;ﬁ%gll?égr%fection

2Q is thicker than the base 10 by this total thickness. If the ngth HI of
QAR IR IFFL DA EIBE than b, PRARSTHYCSFe SHil ERERRRFfRY such as
Sreveatfigrhaginedf hecbemeatdd canbivletizaseeflemtsging thigper-dance
Gracked, @@Meﬁa?qf&cty;e_tf@&ffqiefp.rci%aﬁw lﬁ@ﬁ@:ﬁesgosx@aqﬁtme%&%?ted
nt.the rom bein rme the cuttin resistance.
T P e e e ey e Shapes.
SRR RRETE R RBT AR ShHckFSR BFoPaEmHlebqbesstamds aprasive
surethimégigsh imay fail to enhance the mechanical strength of the base or

to effectielydischarge thesswarfslydge 35 The basgdpay bgLhamferedy,
or_notched at%s oiutgr ergl)fe al rgeglon for the t?ur oses of preventing

flacture and--12 crackln(?gt uri gO glfttiﬁa perafisit afid %%ﬁ%in?gﬁ (FIG.

dlectrofteiéd sfren§tinat properifodd of ER&mfding sweh 4sclude an
Grohamfefing ardy<ehamisEng tmay besaleatad inaseorganseveithdy the

RALCUIRE SITHATIQR, %@8{@}9@@;@@& égk?ga%dcgﬁfgo”aéf iqngular and 5 5,

rectangular depressions and apes, depending on parameters

&R %’ngé‘f%’lcﬁﬁgﬁﬁn&%bfgﬁ@e Ig%r height. As shown in FIGS. 1C

to 1E, th@kldihp ledhe2aha2id .maeopsity ok & mbtathoas t2indisd radially
A esvedBiHa (the B0 Apheppsist ot RERAN A (BIG A1DL A th 12
Delde anupdegungavereonsising ol petal bond 24 covering e, pase,
10 and an overlying layer consisting of metal bond 24 an Ia%raswe_ rains

%6 TF1G. Tt 8h BRYothRF Ralid HhetBi6uy 28 wifth _RIGHHsTadmifyi1s to be
dwwadd beyorithihelpatipheep of théiBase 1Ddws alengthh H2 mm, the blade

section may be consumed within a short time by impacts and
wears during the cutting operation, leading to a cutting
wheel with a short lifetime. If the body length H2 exceeds
10 mm, the blade section may become susceptible to
deformation, though dependent on the blade thickness (T2 in
FIG. 1), resulting in cut magnet pieces with wavy cut
surfaces and hence, worsening dimensional accuracy. The body
28 of the blade section consists essentially of metal bond 24
and abrasive grains 26.

The method of forming the blade section 20 on the
periphery of the base 10 may be either electroplating or
brazing. By electroplating or brazing, at least one metal
selected from Ni, Fe, Co, Cu, and Sn, an alloy therecf, or an
alloy of such a metal with P is deposited on the cemented
carbide base while binding abrasive grains therewith.

The method of depositing the metal bond by plating is
generaliy classified into two, an electroplating method and
an electroless plating method. In the practice of the

invention, the electroplating method is selected at the

-13-



1¢

15

20

25

30

35

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 bound. If the body
length H2 is less than 0.1 mm, the blade section may be consumed within
a short time by impacts and 20 wears during the cutting operation, leading

t8Acuingpwhsel witha §Q0%Ji£%}'”ﬂ% IE4he pady lenath ta exceeds, 10

mm the blade se ecome susce tible to _deformation, though
d%pendtén?%njtﬁetlglgdg‘ in@sosnﬁ PHe e régﬁltlﬁﬁ‘?ﬁ‘ﬂﬁ{:ﬁ?ﬁbn‘é‘fsw
pieces WA sEECelEE 8grfacss hnd Pritd edorsthitny dingnsiohat known
acetradyyiheibedy 28 obthe-Hadersestion epppisis essewially ofdpetal

Qﬂé]& Si n T el f formin the lade Se tion
20 on%:\{ga'lL g%r?pr{%y%%{% b%js?g tl% ma 529 eé:tﬁnerge rgctcr% latll%ﬁ?bﬁﬁ o
0

SFRSHOCEY é%ééﬁ&ﬁl%uﬁ@‘b%‘i&ﬁﬂ@ SPI@E%P&Pfe‘ﬁé’EAI 8B )
Fe, Co, Glieand-Ba, ma by therkof sordam cadloyest suzhed sretalopith Pisg

mﬂ@d@@m@@ﬂﬁﬁm @érmeﬁd@ée%@l@cﬁ@ﬂi%ab@&}@ag@én%m base

hod. of depositing the metal bo lating is 3
gen:‘% ass slcgﬂ%%) n/\}go ea% ele%troplgnatlng me o a%g ag’ eﬁ%:cfrojfees\fs‘?’d by

ﬁ?@‘ﬁ%‘iﬁé& RIS E e BPthe FivEhtBnCaRP eREABpRAREIABtTRALD
ibselorteci bt the Vi3 gresins bdcapss-itdsi eaby te@ tantfolinterndkpositing

s&wéssvr@rg@@ingsinstﬂr@ﬂ@%@mg and-eqds low B IPRLOSES well as
ctr%plﬂn% may be carr ed out by any well-known technique using a
% Ekiown & egﬁog\a%:ng &th for 5 depositing the above-listed single

metal or afdy HedhedidryaRatiy eenditions Sorimyslyadeesbvthato a
bt e d¢ledn thametal band issdepesitedihy amtmﬁﬂmgaﬁﬁﬂﬁmﬁéalﬁa%ains
reustaa Bopded tegethakand punddg s .hase,y 16 sl bond at the

same time, This may be achieved by 10 a com%gsne plating”method

using ac 0&% 8fing EaﬁPﬁ&\Y ng it aBlvE Grams Hisfercen insretve
f@ﬂb@aﬁé‘iﬁ@sﬂm abrasiiy graing iraultaneousalite tectapdepdsition Aisthe

welkas rim, followed by plating.

(iii) Method of clamping the base with a jig provided
with a narrow space corresponding to an abrasive layer,
filling the space with abrasive grains, and causing friction
forces to be generated among abrasive grainsg, the jig and the
base to retain the abrasive grains, followed by plating.

(iv) Method of cladding abrasive grains with a magnetic
material such as nickel via plating or gsputtering, and holding
the clad grains to the base rim via magnetic attraction,
followed by plating. Means of inducing magnetic forces through
the base may be one known from JP-A 7-207254 or by clamping
the base with a jig having a permanent magnet built therein.

(v} Method of cladding abrasive grains with a ductile
metal such as nickel or copper, optionally mixing the clad
grains with a metal powder, placing the clad grains alone or
the clad grains/metal powder mixture on the base rim, placing
in a mold, and applying pressure for bonding.

it is noted that abrasive grains may be previously
coated (or c¢clad) by electroless copper or nickel plating in

~14x
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the following methods. (i) Method of applying a conductive adhesive to a
15 selected portion of the base rim and bonding abrasive grains thereto
with the adhesive, followed by plating. (i) Method of applying a mixture of
a conductive adhesive and abrasive grains to a selected portion of the

basr img doliawed By dlating rihdidVethagef dampiag the,base Mithsa bonded

prSO\%dSed Jith a narraw space corresponding to an abrasive layer,

ifing the ggace with a ra%ﬁlé grains, and causing friction forces to be
generatetParhbBfgRiRasEranst it G ERRtherbasd & rdthm fhetal bond

dlsrasvecgraing] foljowed by plating 2ta@vin eitrachoticladdingriirasives

rains with agnetic_material such as nickel via plati r sputtering, ,
AR (R AN PAS 13 D Bal Who G HECRBC SRR 110" 2
folewpddwysalating tMeass afnaducing chagaetie évrees shrorehs the base more
may be one known from JP-A 7-207254 or by clamping, 30 the base with a
RF ARG A B rRAfER magnérddit FRrémd (V) MEth8d Sfcladdiing s

ddrasivergrainsowith sstuelile imetal sychias rickeler Gappesdopléanally the
Bixing 1 clad. oraips yith,a metglpowder placingithe clad grains glong, -

or the clad grains/metal powder mixture on the base rim, placing 35 in a

mBRTE dteplyiRigdresBurk ot bBhEIRY. FH§hotd BRAmErERd GHainP

PaG Here@ssht cokited fomstadyy electrofesstcapparoruieke| platimg-ernal

st redserdrs de inemase tm@b@ngﬁﬁ@@gtm@ﬁaw&ﬁgr@é@a b@ﬁd@% l&\ge same
lating, n.t ractice of invention en_the metal bon .

e D e

y i +
ORGSR S sRIRWELR - 2REFPPE Fibimpieeeish Sfedd)arifating
£24r08iRa tensile afressihase nitreapreferabbnbetveee il Bx0BePaagdl ts

tle8%10%: Pai Hgs téiéfic%%toi'ﬂeﬁﬂéﬁﬁﬂ@CtlﬁﬂH?ﬁreéﬁﬂQ%B%%irk%ge of
bsatsree@éellergtrggéatb : thgg y}irrrpe{asl '89@88%'{%%8? s a conseguence,
a stress is found to fall in the range between -2x10° Pa and

+2x10° Pa, provided that negative values represent the
compression stress and positive values represent the tensile
stress in the plating film. If a plating film has a stress
outside the range, the blade section or cemented carbide base
may be deformed by the stress, or deformation by the cutting
resistance may readily occur. As used herein, the term
"stress" in a plating film refers to the internal stress
which is left, when a plating film on an object expands or
contracts, as a result of expansion or contraction of the
plating film being suppressed by the object to be plated.

The stress in the plating £iim may be controlled by
suitable means. For example, in single metal plating such as
copper or nickel plating, typically nickel sulfamate plating,
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-benzenesulfonimide or p-toluenesulfonamide, or an
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10 test piece (e.g., a test strip used in commercial strip electrodeposit
stress meters or a test piece used in internal stress measurement by a
spiral contractometer) under the same conditions as the plating
conditions under which the metal is deposited on the base rim, before the

sérleéﬁeqf{hg@@trn‘gsléglm is fmeagul ured These date_aLfre coErtt ared wrtii L as

the results of a cutting test as in Example. dnd-an apprgpr}t’ rangje
e e Patirfy i |sa&ét%Ym|rt‘e7d'&saé%6Mse(ﬂUeﬁ%§e a3 bgeseys Ni-Sn
fatAeYo falhin therangersetweenc2ri@® Predndby 2d 08Ranprovided:ontent
that pegalive, values (eRESERL the 2R COMPIESSIonlres Q%'Ptéeof the
ﬁ%eceregprgs nt the tgnsrjcel[ stress in th%[glatr film. If a film has

fress outsr e thé Tange, e BIAGESBEHER of ReARRTRE 36%1 idelffges - In
3§ beddSoffied by eRtAdskngr dafitiiation Mfterastihg wifktasves may,
may ceadibeoctr. Asfmsetikerefiythe tews 2556Hess1in a plating film
refers to fe.intarngl skess Mpiclris.lellavpeq aiplating diim.on ap.ohigct  ; o
expands or contracts, as a result of expansion or contraction of the
plating film being suppressed by the object to be plated. The stress in the
plating fikpR-E1E8-bes @fieans. For example, in

single metal pta:tuagﬁu(‘éha&a@mﬂ?f or nlckel plating; spiealty @'?Kd

sulfamate plamk@e sirsss may be controlled by se t| %
concentration _of the active ingredient or nickel sulfama et éh/rrent

density during'Pi&tied, &8 &nperature of the platrngs?,gfba%ﬁn
appropriate raBgescanadddding an organic additive sush-as0 g/L
o-benzenesulfgniaige-olepriolisneskirnamide, or ag,:t5 glement such
as Zn or S. Besides, in alloy plating such as Ni-Fe aIon, NI-Mn alloy, Ni-P
alloy, Ni-Co aIIo or Ni-Sn aIon, the stress may be controlled by selecting
the conte MR2p LBl hd ddrhperdiaidiof the s
plating bath, antmloc}ther paﬁa?ramaetre in approprlate rarms do othg qase of

alloy plating, agshifion-ot.graanigadditives may, of coursg, bg egeﬁtlve for

stress control.
‘Boric acid 30-40 g/L

o-Benzenesulfonimide appropriate

Watts nickel-ireon allov plating bath

Nickel sulfate 50-200 g/L
Nickel chloride 20-100 g/L
Iron sulfate 5-20 g/L
Boric acid 30-40 g/L
Sodium ascorbate appropriate
o-Benzenesulfonimide appropriate

Watts nickel-phogphorus alloy plating bath

Nickel sulfate 50-200 g/L
Nickel chloride 20-100 g/L
Ortho-phosphoric acid 10~-80 g/L
Phosphorous acid 1-30 g/L

o-Benzenesulfonimide appropriate
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Examples of the preferred plating bath are given below. 10 Nickel
sulfamate plating bath Nickel sulfamate 100-600 g/L Nickel sulfate 50-250
g/L Nickel chloride 5-70 g/L Boric acid 30-40 g/L 15

0-Benzenesulfonimide appropriate Nickel- cobalt alloy sulfamate plating
bath Nickel s 2RSS 2-10 g/L 20 Boric acid
30-40 g/C0-Benzenesufonimide aj nickel-iron alloy

plating bath I\I‘fﬂ@?%ﬁlf&@é@@%@’é’é‘lﬁt% Nickel chlorﬁfé'ééﬂlCEYé/L Iron
sulfate 5-20 gho BariacidB3t-d0hy/EpSadiim ascorbate-apprapriate
o-Benzenesuligninide: appiriiate 30 Watts nickel-phgsphprys alloy

plating bath I¥|ckel sulfate 50 200 g/L Nickel chloride 2%—100

Ortho- phosphorlc e 10 éblg ne3 Phosphorous acid 1-36%/L
Benzenesulfonimide appropriate -16 Copper pyrophosphate plating bath
Copper pytophesphaie 302150 @imenatassive pyophosphateck08€56o rmed
W BeuEous anyPeuiR L AL Folgesl Maliate:2q 1Y g Ol

embodiment, the blade section is formed by brazing abrasive grains wit
£ Wibral BBAG dEY 1R DSGE AR TR Ry S EEHBM S by AR

pYayasyie grains and applying the premix to the base rim or by
premixing a braze with abrasive grains and placing the premix

and the base in a mold and applying pressure to bind the
abrasive grains to the base rim. Further, the metal bond may
be deposited on the base periphery by electroplating, to form
an undercoat capable of facilitating subsequent brazing, for
the purposes of enhancing the bond strength between the
abrasive layer and the base and substantially preventing the
base from being deflected or waved by strains associated with
brazing.

The braze used herein must have good wetting
properties to cemented carbides. Those braze materials
having a melting point of up to 1,300°C, especially up to
1,100°C are preferred because the deformation and strength
loss of the base are minimized.

Either of the above embodiments facilitates both the
attachment of diamond grains, CBN grains or a mixture of
diamond grains and CBN grains to the periphery of the base
and the enhancement of mechanical strength of the thin base
at the same time. The preferred dimensions of the base
include a thickness of 0.1 to 1 mm and an outer diameter of
up to 200 mm, because a base blank can be machined to such
dimensions at a high accuracy and the resulting wheel can be
used to cut rare earth sintered magnet blocks at a high
accuracy over a long term in a stable manner. It is
difficult to machine out a base disc of less than 0.1 mm
thick at a high accuracy, because such an extremely thin disc
experiences substantial axial curvatures independent of its
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10 abrasive grains and applying the premix to the base rim or by
premixing a braze with abrasive grains and placing the premix and the
base in a mold and applying pressure to bind the abrasive grains to the
base rim. Further, the metal bond may be deposited on the base

ipher oplagin 5 ndercoat able o fac'litagng
gﬁéfékeuéﬁg [lg?réa?z%%g fng;x %%i%t%%%sés%?e% ancing the bond ét?gngsth o-an

SRR BERRRBP A6 SV D8 GRB the TR IR SSoRshiaKEpERRNARGIRE ©of
Hdse fiomendinhgrdefldtied oun wewedlilanstrains @Ssopiated smth twaziegdue to
2thEhe braze vsed hereippushiRave goednatting RISPEENRS Ranufacturing

cement rbides, Those braze materials. having a melting point of up to
1%%0 ,gggcyg%ggﬁy ES%gnf Jl{%%% arg'}b?eé‘r%%eéc;%u(gr% t%%%e‘fg%gﬁl ore

Al ekGih FRAIS tRE DA etarelhinhizeti o Cergesmpadbote the
ainboeintents facilities botethe attashment ahdiamendaranscBBihe

HansilA axue pf dismpngdsgrains and CBN grains to the periphery of
the base Oand the gghggcement of mechanical strength of the thin base at

the same fima: The prafitr S iffendiBHS of tHe BR% ¥BSRdILGE athe
thitkABSS OF 0. VR 1 o afer BB rresdametbeotwp tbH20tkhm, Typical
besakseabase tankaearbednaeiised 4@ SHCR 1diRansOREEH3 Pighng
gecplagy Qﬁgéh%é%séﬂt'@&W&&aﬂg&%égd&%gﬂg@{efagsh Satlgtefggﬁt one
%%gnet blocks at a high accuracy over a long term in a stable manrier.

[

5TdiffitufiIb RabHifB YUt % b BRLH 1655 than BRASHEn HABKSI S are

HiglepREaMES bEeddsarsuch an extremely thin disc experiences
substantigl a&iafau@aw,eﬁﬂrllﬁaﬂ&%&%m %é@n&%@%&l%&%ﬁ@gﬁ; f giﬂﬁ R,Co,,

' i e mm le 0 an_unacceptable cuttin fai .
Welpsss n sressald raleedrle et B gy (.,
mArPE JifE-0 the FIRMRESA B19ne Cufht Remeniith cimide mtuf&eturihg 5
Y and anacHihimghtethnolegy £ TRe dialieter efrthementatbarasys wethehing
f@BgQéﬁ3@%@é¥lﬂl@VﬂﬂC@ﬁ@He§p9%Q§51ﬂﬁélting them, casting the

melt, and finely pulverizing the alloy into an average
particle size of 1-20 pm, yvielding a R,Co,, magnet powder.
The powder is then compacted in a magnetic field and sintered
at 1,100-1,250°C for 0.5-5 hours, followed by solution
treatment at a temperature lower 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.

R-Fe-B rare earth sintered magnets have a composition
{(in % by weight} comprising 5-40% R, 50-90% Fe, and 0.2-8% B.
An additive element or elements may be added thereto for
improving magnetic properties and corrosion resistance, the
additive elements being selected from ¢, Al. si, Ti, v, Cr,
Mn, Co, Ni, Cu, Zn, Ga, 2r, Nb, Mo, Ag, 5n, Hf, Ta, W, etc.
The amount of additive element is up to 30% by weight for Co,
andé up to 8% by weight for the other elements. The magnets
are prepared by weighing source materials in such a ratio,
melting them, casting the melt, and finely pulverizing the
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diameter of a shaft of a grinding machine on which the cutting wheel is
mounted. On use of the outer blade cutting wheel of the 10 invention,
various workpieces may be cut thereby. Typical workpieces include R-Co
rare earth sintered magnets and R-Fe-B rare earth sintered magnets
rein R is at least one of rare earth elements ipclusjve of Y. These.
%g%ﬁ tslgréo prepared as fol \E/lvrs% %%-éolrzaereoegarhfgﬁté%d rf‘n'&&igt’sng a R-
iReluBe"REBS arkPRACH1, Tpsteprr@ithése, therR20ubaniagheis have
2 EGRPDSHIOf 6N dVehyaweighty eeapsising, 20-28% Bo &30%0ke 034080 hours ,

@m—a?/gdzw%twaége%%ggg-_Jpegoafaﬂggg@%ggwg 199¢ for a

source materials in such a ratio, melting them, casting the 20 nielt, and

iRy pifvetidify ARSafPRETEAEYeFRge- {Bfticle size of 1-20 m, yielding

a R2Col17 magnet powder. The powder is then compacted in a magnetic

field and sintered at 1,100-1,250C fgg @b gaours, followed by solution

treatment. af a temperature lower than the sintering 25 temperature b

0-50C f(r)]]rg b5 eosﬂrg,% aﬁl'g’ %gf‘n%vt?élaﬁﬁoélntaoﬁehgl%ﬁ%natb‘fg@@%ﬁ& fg’?% of

et i R 4AE stibdeBaént Fobiiy 9E-FelBihad éaRh sintered magnets

have a campEsiionl £is,%0tineweghiycempaangbs 40%0 Rc 60D Warfcress and
L0 2:8%68.- UL AY AN SIPTRN £ BRMROILMAY DG AIRRL (AP0, 5 g

or ;crplgré)s\’/lng magnetic properties and_ corrosion resistance, _he additive

elements being selected from C, Al, Si, Ti, V, Cr, Mn, Co, Ni, Cu, Zn, Ga,

Zr, NBuMg1 Ady Sy His Ta, W, etc. The amount of additive element is up

to 30% bX W%ighafcg C% 35 an(cjiu to 8% by weight for the other .

elements. The magRel afe préfhea by Nehify S6MeRTRdiriiPifle base

stthda FRtC kRt theik Cdtistifigiie mBtcahefideflomilgaiizing sheoedBed

alley lateran aypEraRBaATIClesiza-Of 1:2Q pm, yilfingea Ry Fe-Bomagper,

powder. The powder is then compacted in a magnetic field and sintered

a&%—h;ZO Eefo¥%%1-§ 'ﬁ‘odpg,dulus of the specimen was measured

according to the bending resonance method of JIS R1605.

Vickers hardness

The Vickers hardness of the specimen prepared above
was measured by a micro-Vickers hardness tester according to
the Vickers hardness test of JIS R1610.

Plating stress

A metal bond was deposited on a test strip (used in
strip electrodeposit stress meters) to a thickness of about

50 um, after which a plating stress was measured.

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. The base was
masked with adhesive tape so that only a circumferential
region of either surface extending 1.5 mm inward from the

cuter periphery was exposed. The base was immersed in a
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followed by aging treatment of holding at 400-1,000C for a 5 certain time
and subsequent cooling. EXAMPLE Examples of the invention are given
below by way of illustration and not by way of limitation. 10 In Examples,
the Young's modulus, Vickers hardness and plating stress of a metal

%mna&ec%effyr%@QﬁQ%I%"Oggagometg%gaﬁ% “%%Eﬂquf{as étmsfba'c for

bond was deposited on a cemented carbide base 15 to a thickness o

Aot STAE BoR TG RE I Fas BRERRA thErERoHPARE madSinddsGEsed in

@spednrarnsf 0 kG g1l win Jthitk). BhegYdund's secduins pf thwhosphate
specipen Vﬁﬁaﬂ@@é@iMdié‘%vﬁﬁéhﬁﬁé‘}?ﬂgﬂeéﬁ)n?”ﬁ@ﬁ%‘i’i_‘@dﬁnsity
Jl 1605. . Vickers hardness 20 The Vicker. rdness of the specimen |
AL v e S e A S e R

ARGAGIB fHelorkerdnEfhREsaBst breid RY6F0. FigtifgstiesstAng. In
rmetad bdadagaw tiepositathod a tes) stinfuiseddn 3bstip electiodepositd

siress meters) to a thickness of about 50 m, after. which a plating stress
TR R TR BOmoR R R ORI DT oD Wbt e vore

was measu
aHeF PO 9@ % 130 e@niaagmaciﬁ@emftommmammdmm an The base
arfer digpeterafik? %M .ok INnes tiametes Oéﬁ@tmﬂgkfﬁgkﬁ h@tg‘:itﬁsé where
0 ' Y/ ase, The base was mas with_adhesive
:gpg?isot a%é\gﬁl)?l aé%lg}fl?rﬁzr%ﬁé ?géglgﬁco eﬁh‘é’?guﬁgg?%%een%iﬁg 1%

: 2 .

it e d 45 1hE 3Bfomter Bedfhér/AMas’dkposbac themkabings After
immterseddalal 539 moihmersialblavailable hgugdys alkal:imawlutmatgn was
Afpiara 19yminutes fanfdegreasing washed mt{bwatﬁegsae@ '@U}esrggd g
%?L%u%i%us, S%lklljggg Ot«;éa Oetooschg{:{'n%fds%q!%gepﬂgﬁegS%I}atgu%er blade
where e egtrolyss was effected at a current gensi

cutting wheels with abrasive grains bound by electroplating,
having a different internal residual stress. FIG. 2 is a
photomicrograph showing the outer appearance of the blade
section having the cross section shown in FIG. 1D.
Illustrated in FIG. 2 are a cemented carbide base 10, a layer
(leg) of metal bond 24, and a laver {body) of metal bond 24

and abrasive grains 26. The metal bonds had a Young's
modulus of 2.0x10' Pa, a Vickers hardness of Hv 318, a
density of 8.8 g/cm®, and an internal residual stress

of ~-1.4x10% Pa, 0.53x10® Pa, and 2.0x10® Pa.

Example 2

A cemented carbide consisting of 90 wt% WC and 10 wte
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. The 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 alkaline solution at 40°C for

10 minutes for degreasing, washed with water, and immersed in
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5 of 2 to 8 A/dmz. The cemented carbide base was ultrasonic washed in
deionized water and held by a jig for plating. In accordance with method
(iv) mentioned above, nickel-clad diamond grains having an average

particle size of 130 m were disposed in contact with the periphery of the

haseddisohase d9uvasimiersed inagycke) suligmale plafi iMsphate
SQEC é/\gge#e different cqzuan ity of electricit wastconducted ata cur{egl Lt
Jensity of 51526 ATdE P egcjtfod'féatﬁwg‘?%‘&? FAtet WASHINg et density

r_Encvdi frofn Melfig; a Blelecsampbedasdapide byaskppisy mechimtuic

arthitlemesenoidd donikda isHiis wayh therewensyobtained tvee pinasialy. 1n

UIEGRlRA: Sulfing gelsoyh 2DASE BIARS ROUBEY CIRERRIAING g cay

having a different internal residual stress. FIG. 2'is a p‘ﬂotomlcrograpcfw

SHoWingG the'oliter appaaianeaof the biatlee settien havingthetcress e

m@fgﬁwlvmirbﬁ}ﬁ?%f@- %%&Iﬂy%f?ée%&%ﬁﬁ?%@%g ?Y)eef%tgg?c.?[)bi%% base
Se da layer (leg) ol melal.oon , a a layer (oo Ol meta qn

R e R R b VR Tt dOng where

2 EBFOT Pal BWVICRErSTRAEREES B v 318U TRIGitg e BI8 /@, &ndan20

iAteindl fesidualesttassp2 of nb4x 1081Ra; Ha3%10 Pasend. Axk08-Breval

Examplese Ajsgmentes carbide consizting of 99 wige WG and 10wt GO ohsne
as ma hln?{d Into an_a nlilar thin disc having an outer "30 diameéter of g

\%ﬁ . A et didmeterof o m aht S thiekhesERTEs Him, Aktained an

KBHred 3 lRBaseUtid basehess. madielith sthesieaipe Suotirad obly

@ tisctmigreatiahgegiomef githelisuwtce exendingdh:anm nw@kd #om £
t 902%% periphery was exposed. The base was immersed in a 35

czgo'mmerciallfﬁ1 avAilabt& St otR HREFR Siutibh At BocTofeitFiimues 8-8

foy dntreasingawashed with watey: @nd immersed in =20 aj) aguepus
solution of 30 to 80 g/L of sodium pyrophosphate at 50C where
electrolysis was effected at a current density of 2 to 8 A/dm2. The

demBRBE chrbide base was ultrasonic

A cemented carbide consisting of 90 wt% WC and 10 wtsg
Co was machined into an annular thin disc naving an outer
diameter of 125 mm, an inner diameter of 40 mm, and a
thickness of 0.3 mm, which served as a base. The 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 alkaline solution at 40°C for
10 minutes for degreasing, washed with water, and immersed in
an aqgueous solution of 30 to 80 g/L of sodium pyrophosphate
at 50°C where electrolysis was effected at a current density
of 2 to 8 A/dm*. The cemented carbide base was ultrasonic
washed in deionized water and held by a jig for plating. As
in Example 1, nickel-clad diamond grains having an average
particle size of 130 um were disposed in contact with the
periphery of the base. The base was immersed in a

nickel-cobalt alloy sulfamate plating bath at 50°C where

electricity was conducted at a current density of 5 to 20
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washed in deionized water and held by a jig for plating. In 5 accordance
with method (iv) mentioned above, nickel-clad CBN grains having an
average particle size of 130 m were disposed in contact with the
periphery of the base. The base was immersed in a nickel sulfamate

lating bath at 50C where electrici as conducted at_ a, current_ densit
U N TS A R e O R o )
figtAth& g, dWadé skéfsie werAhppad Hysa kpphegintithine apring machine
thickaesh oERrdaEN o) thisiviay,. thare was obiained eheodterdiad®tained an

iting-wheehwith abragiye grains haungd Q%Fé%%@&\'%%@%%%‘ b

bond had a_Young's modulus of 15 2.0x1011 Pa, a Vickers hardness o

I STETRRIERE) Bf 8.87G/ARP Fand RARAtAg) R sTRI St s Bisie o

Pa.4Exathpia 3 A cemanies cadvidaconsistingwf H80wt% Wenana +00#t% . g

20 Co,was machined into an annular thin disc having an outer diameter of

D5 Hm, 8R%nASr dRhRHBALT 26 Pt ahd S RiERNESs 4 63 mP #vhich

served as a base. The base was masked with adhesive tape so that only

%g%@(grqntial region of either surface extending 1.5 mm inward from
the 25 ouger periphery was exposed. The base was immersed in a

commerchalf PR 56855 afifd Soidtred A5 1o 15mafAed © wte
fePd&gre asag WeashethWwith avatanmnkhimrbbige diihs antsubogisasol giorer
of Béhie0-ghcofi sadinmn, Pyrophesphate: ahs0Ewheresdlegiolysisivas
cfieciachaka cirent epply 30062 o8 RATE, Thegementadgaibde, o
base was ultrasonic washed in deionized water andtfweﬁ by ajig for
BIAGHT AL T B XATRRE 1V fi GBI RP A ERTIN P rain S hSHhRG W shemga L
peetidlesizf ok 130.em werd aisposedandiomgact vithmthel pesipiefirofithehe
Eﬁi@eihgélaﬁﬁx\a%r ilmarb?r_ggg& éd3’.5dni‘3{‘@|‘§8_b,@|t RHQy %m%@é? g&q{ina

re tricity was conducted at a current density o .
T A e R Ao © o
thd jFLABRede SactisiPdBaRagpped byashpRingifackmker. and immersed in

an agueous solution of 30 to 80 g/L of sodium pyrophosphate
at 50°C where electrolysis was effected at a current density
of 2 to 8 A/dm*. The cemented carbide base was ultrasonic
washed in deionized water and held by a jig for plating. As

in Example 1, nickel-clad diamond grains having an average

particle size of 130 um were disposed in contact with the
periphery of the base. The base was immersed in a Watts
nickel-iron alloy plating bath at 60°C where a different
quantity of electricity was conducted at a current density of
5 to 20 A/dm® for electroplating. After water washing and
removal from the jig, a blade section was lapped by & lapping
machine to a thickness of 0.4 mm. In this way, there were
obtained two types of outer blade cutting wheels with
abrasive grains bound by electroplating, having a different
internal residual stress. The metal bonds had a Young's

modulus of 1.4x10" Pa, a Vickers hardness of Hv 422, a
density of 8.7 g/cm’, and an internal residual stress of -

0.5%x10° Pa and 1.5x10° Pa.
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to a thickness of 0.4 mm. In this way, there was obtained an outer blade
cutting wheel with abrasive grains bound by 5 electroplating. The metal
bond had a Young's modulus of 2.4x1011 Pa, a Vickers hardness of Hv
480, a density of 8.8 g/cm3, and an internal residual stress of 4.6x107 Pa.
Examples4 40 A cemented carbide consisting of 90 wt% WC and 10 wi%
Co was nAﬂachlned mEP an lar thin dis havm @uter diameter of

consis 6«% 3 %igho wt%

125 mm, an Iinnér deame?er oJf mm, an a l'?]IC es
SSvEa B BRIBEThA Bhge AP A RRNIRT MWad%%ﬁ/etm@e% fnt SERET
al twowrofareafiall 5 region af eithee sudaemextendirg 4G mi) imwarcy

f{@mcﬂaﬁaeet%pe@pee%waémssgrwe basevas mersed iRA. was

commermalj% avai @ ble agueous alkaline solution at 40C for 10 minutes

18P EEG e St With WREr SEhd M ePSed irf aR &I REEN G TG
é’a‘%@S@@/l@@tb@@u uavpyrsphosphard2o gt 508 wheiawieetofisimwbke

eftected abaioeant densityxelos &a8 Altia2 vEhe cereneshsathide base
v&mg@éeeﬁyvm% §b61e0e aﬁgé’ﬁ%te%ﬁﬂgﬂ%% by &iig for,play R{'%A% for

in Example 1, nickel-clad diamond grains having an average particle size

o‘rﬂléble%e\ﬁefea.s%%gﬁaeﬁ eaﬂméfm%ewbewe#&%ﬁﬁe piggersed in
e bavewss ismheksieshincet WeLtS: midkel-aroh allbysgidtingnbpthrapbo€phate

wiereoa diffarant Oé@eamfl%%wﬁwa@fmeeet 8 %ﬁ&%@@r@gxsg,ty
of 540 go %/d QI‘ el troplatlng;1 Af&er wattergvasoaj%and re rasonlc

from the jig, a blade 'section was ?apped ﬁy alapping machine to &

{HRERESS BF0ILARRIFARI A TtHERE Wietd dolbiifeditfo BRiesndiadikg . As
blad & zattinbewheelsiwite lahrasiwedjrainsribunchhy eleciropiafing; haviigige
a diff. erlt mternal r%P 98%' stress. The metal b?ﬁds had a Young's

r
rﬁoauﬁ]% of 14%101]'Pa 8 VickerS hardrieR BT TN 292 BB anaf W &7
g?emmém ditebi rbsideal sFbss bﬁse.m Parents & 5x108P W22 s

bample-phosphorus alloy plating bath of a different
composition at 60°C where electricity was conducted at a
current density of 5 to 20 A/Am* for electroplating. After
water washing and removal from the jig, a blade section was
lapped by a lapping machine to a thickness of 0.4 mm. In
this way, there were obtained two types of outer blade
cutting wheels with abrasive grains bound by electroplating,
having a different Vickers hardness. The metal bonds had a

Young's modulus of 2.1x10" Pa, a Vickers hardness of Hv 440

and Hv 528, a density of 8.8 g/cm’, and an internal residual

gtress of 0.9x10° Pa.

Example 6

A cemented carbide consisting of 90 wt% WC and 10 wts
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. The base was
masked with adhesive tape so that only a circumferential

region of either surface extending 1.5 mm inward from the
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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 5 thickness of 0.3 mm, which served
as a base. T_he bas_e was masked with adhesi\_/e tape so that only a
siicwpfesentiah tegion af elther sugacerextending 1,8 MAkinuasd drof the
outer periphery was exposed. The base was immersed jn a_commercg}ql%/ P
SOITKHIE Aot s U8 ERalMR ol BINT AP H0B 6P 167D RRmtesesr at ¢ or
d@grebisirice svdshe digiih saaten San Winsipeds adlinh avadifueousnsblamme peed in
30 te§Rgihof Setitmqyreghosphaie sat 20C Weresiackoly§isopassphate
ected at ent ' 0.8 A/ The cemente ide b .
R R SR e R A i
2& irf EXGnth1d 1 Micke FOGI RO Y raHsHAAn Y ARV Sg B &R C
sizelofd 3Dmmdediendispdsed frecontadt withdheéyperigharyfofthe baséng. As
Thebaseyvas immersed in a \Watta; piskeldhasphesus aley plalingRatbage
of a different composition at 60C where electricity was conducted at a 20
BaFeAdEnsIyAS o 26 A/BM ZRF 2 IS BRIRR1Y. WiteroRaRswydiRg the
m&f_@m@ygcl fmmtth@ ji@@ebladﬁmoiWa&damm@bgemlappm copper
?‘%Bﬁl?o & ficknass-ofQ-4Jney, 19 cthigway, there werg abigined wo, .

es of outer blade cutting wheels with abrasive grains bound by

SRR ER g5 et SIS VikerE harhbedd ThidMetdionds

lkd¢ at Yonhg'simaduldS k2. xa 0er Paga ah\ibkersritardpausy of HVAM0 the

andy Hvab 25, ;arde reityt ab8. Sugle M ppdarvipternakpsidualms#ess ef to a
' Pa..30Q Ex I A ide,consisting.of %

cEal%rI?d§ %%%%/g %g Waazhom%ghing%[?n%t%%% g%rn dlar %%di&%@ﬁ%qﬁ%ﬁ%n

RaffFePdEEss Mth FAR ISR ANTE S o R At VAN G2 EieKk &3

mhﬁwmghb@ma_s é‘basa.efbé tiaet_a@vasaﬁ_S maskedatgh mlﬂe_ywe of

tape.stibaponly.a drgwmierenlial iedien ot eipes syTage N9 45 & o

mm inward from the -

g/cm’, and an internal residual stress of 0.5x10° Pa.

All the cutting wheels of Examples 1 to 6 were suited
for cutting rare earth sintered magnet blocks.

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. The base was
placed in a mold, which was filled with a mixture of 75% by
volume of a powdered phenolic resin as a resin bond and 25%

by volume of diamond grains having an average particle size

of 130 um. The mixture was pressure molded about the base
and heated in the mold at 180°C for 2 hours for curing.
After cooling and removal from the mold, a blade section was
lapped by a lapping machine to a thickness of 0.4 mm. In
this way, there was obtained a resin bonded cemented carbide
outer blade cutting wheel. The bond had a Young's modulus of
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outer periphery was exposed. The base was immersed in a commercially
available aqueous alkaline solution at 40C for 10 minutes for degreasing,
washed with water, and immersed in an aqueous solution of 30 to 80 g/L
of sodium pyrophosphate 5 at 50C where electrolysis was effected at a

urgent depsity oB?.t 8 A/dmz. The cemented carbide hase was .
%’Ifrg%tﬂic Bvé\’iésﬁe fff%eef)ﬁizg;%rv%%?esrsanod? hgg lc)sya/d a jia‘rf%? Sla\%/%rgl.Si\gyinOf +3
BX&mple 1, nickel-clad diamond grains having an average particle size of

130 pm were disposed in contact with the 10 periphery of the base. The

base wasimmersed | f.copper pyrophosphate plating bath at 50C
wﬁ'erie"‘e“re‘r‘*ﬁ‘ﬂ*‘_d“c rcity was_ conducted at a current density of 5 to 20 A/dm’ for
electropltifG T ARG Wafid HatinG Siteidal ont thebig, ¥pi1agd 10 wts
sactionswas (dppetiby atiappimgamachime toraiis thicknessoi Bl anmoknter
tahgwageweés% \A&a;;s,olﬁﬁair;%aar%%@@r @i%iiﬁe@gﬂhngﬂvhgﬁlﬂ&ﬂth %&gS{l&ve f

ins _boun egtroplating. The metal bond had a Young's modulus o
PR 3 B R BT 80 Sachohaaro o nint o vas
A tefhalfe SdBalstre 868 5%’ Ba 132G AIMhER UM XRBER 6f 75% by
Exdmpiesof te: 6Weeneesuited, for outiing rareiearis sinteredimagaebss by

RlgeksnCoPPataive i yPRIs. L A seniested cathide gangisting of 208 ¢

WC and 10 wt% 25 Co was machined into an annular thin disc having an
Jut8r Hilamdter 8F 125 ML ARAANERGi aRfetEPEMEd mnT shdba Shickaess

ofdhdved, fhieh ser/efasia basel Jhedase was draced ikaMekhent and
wigh was e with %”g%t”é %&F?{% ¥ syglume of 4 Fgé’ifvagﬁedé’é‘x?i‘gkcwas
resin as a resin bondf'an 25% 30 by volume ofglamon gralnsshavmg an

HRBGE pA¥tide LPRP HRY IBAFNFHE ikufre WShREZSEr@Mdldéd Bhout In
tha bmseannd tiested watheobioid aed88Csbn 2 dorids farepwring:dAftarbide

aooliaganeienpaval £ras ke meolghn a blade BRetig Was, lapRedByiAg « s
Iapgiigg machine to a thickness of 0.4 mm. In 35 this way, there was
ot

U Pdsin bbhHRd deieftetfi GG bakibiade ebttiiy Wifdel. FrE 2
Bondshag ac¥ouwy's modidéis of

A cutting test was performed. A multiple wheel
assembly was constructed by arranging two outer blade cutting
wheels from each of Examples 1 to 6 and Comparative Examples
1 and 2 at a spacing of 1.5 mm. The assembly was dressed
until abrasive grains became exposing. A number of

workpieces in the form of Nd-Fe-B rare earth sintered magnet

of 40 mm wide x 100 mm long x 20 mm high were successively
cut by the assembly while rotating the assembly at 5,000 rpm.
FiIG. 3 is a diagram illustrating a cutting accuracy
versus a cutting speed. After 50 magnet pieces were cut from
the start at a cutting speed of 10 mm/min, five magnet pieces
were cut while varying a cutting speed from 10 mm/min to 35
mm/min. For each piece, the thickness at five points, a
central point and four corner points was measured by a micro-
meter. The difference between maximum and minimum values

among these five points for each piece is a cutting accuracy
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-24 3.0x109 Pa, a Vickers hardness of Hv 50, and a density of 4.3 g/cm3.
Comparative Example 2 5 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. The base was placed in a mold, which was

W witt*R nA¥RFE ST 7856 bYAFVShATE0PE WEITRFerRE o oIS RReS
asa bosmbane @58m by preltmwiof diamendigegisinaving an average

particle size;ef 130 m. Pressure polding wasperformed: The; Dase Wast +1ng

removed from the mold, followed by thickness adjustment and heat

| K h ,

FEHE TN SR A O n Hinfosphers. ABHHE Sectivh s 15M3PRal by a ViokeTs
lappiteedachiedola ifeieds SSHRB 4t 45 P wiEg Ltherefogs each of
datenatkasiteiete cemenied garhidepbage eaterdladg sutingrwbeehickness

e . ung's S ' ic r
o0 e Henbit o 1A L A I e Bl AEE ERR L e
BRI Gheey &-HBIY W EnstrddRdbyTafaRgng RAHRER bR T
cuttingiiwheugls fren esshaofdixamphssel o §arpoCompatativeekzamplese is

a spaci . . The assembly was dressed 25 until
;abrggﬁfa%%in%ggégcg;gge%%ghgr}% n%?n%bre%%? \?v%rlfg}gcgél |%n%t &form of
REPEBIHPE edfthishvered arffhetast L9RRH Witde3R 0@ hifi 166y kpd-he
mMirahigimwere successively cut by the assembly while rotating the

assembly-a&5,000;pMm FIG, 35 & diagranyilusitaling 8 $UINGL.ACCWaLY + ting
30 ver u% ac '['[I%% speed, After 650 magnet pieces were cut from the st%rt
neg S i o1 0 S TR BB B B 0

AR & tinarépe)é
VERTRRG TR St gEsprisRilitorh -1 G mnitsinae Bl memapi e F ok ezickasiese, the

the thickaess atiffve pomnisa Londrat POl andifoul ¢oremnPoiRtEWass , the
measured by a micro 35 meter. The difference between maximum and ]
rﬁﬁﬁ%bﬂ?vﬁﬁggracy is less than 60 um for all samples, despite

more or less magnitudes of difference, indicating that the
dimensional variation is minimized even on high speed
cutting.

FIG. 4 illustrates a cutting accuracy versus an
elastic modulus (Young's modulus) of bond for Examples 1 to 6

and Comparative Examples 1 and 2. Comparative Example 1 had
a cutting accuracy above 150 um and Comparative Example 2 had
a cutting accuracy approximate to 250 um, both exceeding the
acceptable cutting accuracy of 100 uym. In contrast, Examples
1 to 6 had satisfactory cutting accuracy values of less than

100 um. The dotted line curve in the diagram is a regression
curve calculated from these data, and it is estimated from

the regression curve that the range of Young's modulus
providing an acceptable cutting accuracy is between 0.7x10"
Pa and 4.0x10' Pa.

FIG. 5 illustrates a cutting accuracy versus an
Vickers hardness of bond for Examples 1 to 6 and Comparative
Examples 1 and 2. Comparative Example 1 had a cutting
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among these five points for each piece is a cutting accuracy -25 (pm). An
average of the cutting accuracies of five pieces was computed and
plotted in the diagram. FIGS. 4, 5, and 6 are diagrams illustrating a cutting
accuracy versus an elastic modulus (Young's modulus), Vickers s
hardness, anc{)internal stress, respectively. For each of five magnet é)ieces

QP AEPEH S50 hif/ih; th&ThiRRASSE St fivEHBIRGSS centl Poliftd

apatfost seEafpaitistnag measkRsby,a 1uisr-getek stha gifferenee um,
bﬁg\gggn {g.%ximun% ,a@d inimum_values among these five points for each

prece 1210 5% ifng Sac%ﬁra%fly(mrg}ﬁ%na%%&el of tHe' BithRYS acciffide tted
of Hive prédeewhs cortpdeadiiRinplbted iF e aligdRIMSIEING: Falculated
ilEisteates auttipng accueTy Versus a stihng: speeddar Examplesddafon

ang Gemparativg Exa 1 arati E)g%m .as.the cutting, .
speed increases, the cu tingogéﬁ%é%lgcr%gegs su stgfﬁgfﬁg‘g . Eu%tlng
Beemlasytet caltingPadéiftaoip istiesbeliame 60 HYol 80 santpléky; deshite

more or legg Magnitudes of Liffareace dpdicagng thatthe, dimeansional,

V%Q%g%ﬂ éamsi%ngégd 0eézegoondhitgh spé?ed 2 cuttigg. FIG. 4 illustrates a .
cutting accuracy versus an elastic moduiue dsung'ét ‘rjnoﬁd’ulugfoilﬁoﬁ& fgpmated
EBGEPADIERS. fPETSTE EVMnSAtEHGe EXaiiifle S 1agRRR. Chatparhivaange of
Exaepifal had ra e4tiingR6GH aey abeyr 1904N 204 COMPAAING, +o 100 um

Example 2 had 25 a cutting accuracy approximate to 250 pm, bot
ckecbgitgane adcopthbie Rutthirfaccutddy of A0 W. In contrast,

Examplesxtldm%é th@ﬁ%ﬁ%ﬁﬁea aggHRacY@lyes pfless thaa
CalRUIS Toim e VAR ot S bt oD e PrEsBsR=!
cONETHE e 8f YBERES MBEGRS BrovfingEhtase prasielcuitng
atopraryas bistweenhix1Gill Payadd 4y0d011idRaskieSs illudmtes aesult,
CHUH eAHaCH YIS ANess of the blade section is reduced, the
concomitant reduction of cutting accuracy during high-speed
cutting is minimizeq.
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Vickers hardness of bond for Examples 1 to 6 and Comparative 35
Examples 1 and 2. Comparative Example 1 had a cutting -26 accuracy
above 150 um. In contrast, Examples 1 to 6 had satisfactory cutting
accuracy values of less than 100 m, indicating satisfactory dimensional
Vayiatias. The dotted line curve in the diagram is a regression curve
calculated 5 from these data, and it is estimated from the regression
curve that the range of Vickers hardness providing a cutting accuracy of
up-to 100%% i9beswebhade 100 bnbhidy B5ee EIGoamitssdnas a cutting

accuracy ¥epsiisanninteidak skese of Bandferfxamplesn] & 8cltdg cemented
estimated 1Q.from,the reqression ey Inthediagram thatthe ragge of 1o an
internal stress providing a cutting accuraqé g up to 100 m is between

: ! . p .
-5 HXIHe R ZRB P Hx 168 PR HaLBEEIT HEMANEtrated that AcEBrdifg 18in9 a
theriavertich, ahéilate sestiorf istiniproved b nechaaigal 15 strength

and the oyetallaides blade autingyuhes] isdmpravesdiinemeshanioalry of the
ri idité/ Qr r&)bustness. As a r%sult even when thebthickgess cgthe bla,gl

as an OoMmprisin aprasive rains o wit A I & bond,
section Is red@ceﬁ, %he_ concon anY (eé’ucéflpn of cul%ﬁang accuracy d?mng_
higtf:speed sciiting I itfinGi2B@ TAG 178 CLAgMe 1 9&ig-buger S1BNe grains or
cattimgrwheel cdmprisingral bgse im thestotmosaryasaunlar thingdiseobl bond

mented 5 garbide having an outer djameter, of 80 to 200 mm defining,
;ﬁa‘éﬁﬂﬁ paér%%%?ﬁ an ﬁ’h%‘gﬁdfg’mg erCg of t%o 80 fint d%efi?ﬁgr?g & Gorgd+d
abdagithiclaressaaf avdrig0 anrhhanl relsladwisection slisposetieon thiean the

ottaIpaiphery of tha dasesandhgompriskgsabrasiye arins bound with a
metal bond, 10 the abrasive grains comprising diamond grains, CBN
grains or a mixture of diamond grains and CBN grains, the metal bond

héving a YBEnGY tRodERRIT CttdrsioResioef patabmy L wherein said

metal bond has a Vickers hardness of 100 to 550 and a density
of 2.5 to 12 g/cm®.

3. The outer blade cutting wheel of claim 1 or 2 wherein
said metal bond comprises at least one metal selected from
the group consisting of Ni, Fe, Co, Cu, and Sn, an alloy
comprising at least two of the foregoing metals, or an alloy

comprising at least one of the foregoing metals and
phosphorus.

4. The outer blade cutting wheel o¢f any one of claims 1
to 3 wherein said blade section is formed by electroplating
the metal bond so that the metal bond is deposited on the

outer periphery of the base while binding the abrasive grains
therewith.

5. The outer blade cutting wheel of claim 4 wherein the

metal bond as deposited on the base by electroplating has an

internal residual stress between -2x10° Pa and 2x10° Pa.
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blade section having a thickness which is greater than the thickness of
said base by at least 0.01 mm. 15 2. The outer blade cutting wheel of
claim 1 wherein said metal bond has a Vickers hardness of 100 to 550
and a density of 2.5to 12 g/cm3. 20 3. The outer blade cutting wheel of

cgaim 1 opgvheredt sid faetalhend somprisesft 16ast Aemetale1aims 1
s,gljec%t_adkflrom ,the?g%%gp conglstln of Ni, Fe, Co, Cu, and Sn, an alloy

comprising at féas R TG0 hetdis TSFRRAIBY SGAprEHgRe

|eRstHe 6f Hiebreycing whéthls had PStisHosphiotus. . ife seter ladde
cpitirg-wheel phany obe oficaingst Wnd Werin@Eaid biagde sestioniise grains
formed by.slectroplating the metal bond so that the metal bond is

deposited on the 30 outer periphery of the base while binding the abrasive
grains therewith. 5. The outer blade cutting wheel of claim 4 wherein the

metal bod me tepdsied arripaEsabyelestroplatingeldas ant 35 ngtewhade 1
residpak stiess between -2x106 Pa and 2x108 Pa. -28 6. The outer blade

cutting wheel. qf one of claims 1 .to 3 wherein said blade sectipn js ..
formed by?%%ﬁr%n %?e aatﬁ%%ie(/elélr;?r%es%ra{? tﬁ%S n?&a?ggﬁ& i af%&z‘é% tgmc

tRE GRBEPERPNER THRE FREINEIIE BTG e ABRRRRE gRAiNS S to 200 mm
tderewithng. Anmethod-fargpreparing ansouténbladeddidtiad siheef 30 to 80
%mpraiifgg Qrga%qi%ﬁxagéasw Hﬂ.ei:;t?{m of an @ggl:@agfgn diSCd 119 of

cemente arpiae Vi an outer di eter.o (0} mm_defining an

outer periphery, alr %angglﬂ?ar%e%erto %n(;bt%néao TR NG Wﬁ&l@heastér(%s&’i@
t§453-Ffin Fandertbbl &hd-Benetsf Benaesdether withfalsasVebgrsingn

te deposib phdhe duteyperipheryofgaic hasebrad bwieefreplatehlayebiund

whieh, the,abrasive giaing are POURd - o s ve grains comprising diamond
grains, CBN grains or a mixture of diamond grains and CBN

grains, the metal bond having a Young's modulus of 0.7x10" to

4.0x10"" Pa, said electroplated layer having a thickness which

is greater than the thickness of said base by at least 0.01

mm and serving as a blade section.

8. The method of claim 7 wherein the metal bond as
deposited on the base by electroplating has an internal

residual stress between -2x10° Pa and 2x10® Pa.

9. A method for preparing an outer blade cutting wheel
comprising

providing a base in the form of an annular thin disc
of cemented carbide 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

brazing abrasive grains with a metal bond onto the
outer periphery of said base to form a laver in which the
abrasive grains are bound with the metal bond, the abrasive

grains comprising diamond grains, CBN grains or a mixture of
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with the metal bond, the abrasive grains comprising diamond grains, CBN
grains or a mixture of diamond grains and CBN grains, the metal bond
having a Youngs modulus of 0.7x10°1 to 4.0x1011 Pa, said electroplated
layer having a thickness which 20 is greater than the thickness of said

RasgBnat least Q0L m-a3d sending as:3, blagde.section, § %Qsifﬂst@d

of claim 7 wherein the metal bonqlas deposited on the base by

elesmgplatifg Hakn pfehal a9 residudl ek hehweena2Rl 08 Perahdving

2x108iRan3eA r%gth@ﬂ g% e if%zg:amwﬁef r@i@d%ﬁyﬁmggwgesk said base
Ryising providing,a base in the form of an annular thin dis¢ . 30 o

g%mnentedgc%r%ide rr}%viﬁmgn a%no%utsé?ﬁ‘l‘ralnqgte?%f %&hi)az% r%%:%&ﬁ?n'mg an

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

t6 0.0 mrithanadtazidg @brasive ggrainsiwittl aimetal boad Dnihdhe ioutesid

RRsiphery Oh gaichlase v forma layardpadichythe o abrasive grins aRnsity

boo#rgj \%t theﬁnet?lcrt%g)nd, the abrasive grains comprising diamond

grains, grain% of a mixture of -29 diamond grains and CBN grains,

the metal bond having a Young's modulus of 0.7x10" to 4.0x1011 Pa,

seid layerhavingt Bdhickpeas whiek isgreaterithanthedhicknese ot saidsaid

hese. Pyideasid 0 mn.and sepdng aér?ebkﬂg%éfcglgb'ie%%w’f@om the

method of ar%/ one of claims 7 to 9 wherein saild metal bond has a

VAERER (FPRLEL P 908%0 %50 &t aensity - of2S B2 §Rerdd 1y 11.
THEReiRAa 9f ahy bhesdf daims? t6119 Whewdo saig medtalbondr an alloy
copapisasiableast 0re sietaheelgetechtomdhegaraup cRIASISINGAENI, Fe,
%‘?ro%ﬁh%@@§.r" an alloy comprising at least two of the foregoing metals,

or an alloy comprising at least one of the foregoing metals and 15

phosphorus. -30
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