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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 1s 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-A 10- 175172 as comprlsmg a cemented carbide
base having an outer peripHé PES iralive grains are
bonded with phegeliGrasis @ﬁﬁh&hﬂ@e vﬁie@@_ camonema@weﬂmded
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 implemented in machining rare earth

permanent magnets or sinteredadgheta.thE Heltéy blade cutting-off
techniquets moshwidely empleyed.ddy vistugrofdnasy: advamtagRs ting wheel

ieswdm% geetaggvsa%&m ﬁ@gke%f %g gﬁv'g?;#t'ng a"e A

on use o lades a accuracy igh machining
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BACKGRQOUND ART
Outer blade cutting wheels for cutting rare earth
sintered magnets are disclesed 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 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
prior art outer blade cutting wheels.

While various 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

thee gt Hpwey ery §PIAD1EMEle JPEA FRETETAL ndadfe-Ae A0EL7 PEFhanent

(the ipvenioesringluding the sagrassthedieset) iseloga SCULingrWhEElS: £
uSagbepgsof cemenied caailes p famented carpides mage by,
cementlngtungsten carbide ) grglnssfn A 'binddr MatiX of 2obARBY
nitREAMBEASY SirtéHAd are PobUttSFRRAAR YRV BPCUNGS floduids
as.duigh asb4s0 tar 700 :GP a abdvexikaerdinatilystionges Hiar thel steeldes, a

alipygiaterials haying,a Youngis,modulus of the arder 20 %Tp%ondGF’%éz a mass

high_Young's modulus implies that the guantity of deformation of a b _
ufidera cﬁ%in%a%lﬁggfé;rugﬁﬁnd:}}%s%’fa%)t? AfucRdE Thrg e technique
indiFliesihat ingep ihgsdnid coring foceo therdefte ciiontaf thébtade i 8B gnets .
reduced, and dhatifen the sarpexdajlestier 0§ theshlager e samp.accasy g
olauting Is pospible, exen whenythe hikngss. of fhs blade s decreased; ¢,
Although the cutting force applied per unit area o?'fhe blade refhains
sﬁﬁﬁﬁiﬁanf vhchaftBd Qﬂﬁ%%ve?ran ¢afihgFBrRdphietPeafie Hiagd s0in the

besdmedismaiterby die-thickness4iecresise: An e fdtiple , machinirg A

gmsa&h@reﬁﬂgﬁgﬂﬁmﬁ%ﬁ rﬁ%@%ﬂ%‘iiﬁlﬁo F@{F%Qg%fsﬁl@t%?%ent)
a cutter asse co rising a muitplicity ofr cutting wneeils e 1ota
BiERG Torce St fo ThE Culier SRS TE Fecticet PR Iz 26 -

cuttlng orce app IQ the cutier ass I
nGfTRR Bt duttiticPiResstadr PEr<HBETELa InGORBE RN saRTdpéwefWC)
opthweiastting fardeitodea-reciuiceth-fon thecsane tnumbel ekeutting vdieals,

leading. 10 3 paying obibednolps v 2-nawer ifihe raotor power hésnﬁofmlus as
nLa:{gr%‘? relative to the_cutting force, the advance of the cutting whee

aSe SRR mAY e ActeRrsB B oFER RS CHIRRFthE rSgarager than the

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

A high Young's modulus implies that the guantity of
deformation of a blade under a cutting force (or cutting
resistance} is reduced. This, 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
0f 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



The use of high-modulus cemented carbide bases 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
poweffectivie ttilizationwf rarerearthapermanentmagnet.material,thetgheallertting
fo:%@ Cﬁﬂiﬁga%%%@ﬁ% fh%ﬁkgh%ﬁ%@%@eﬁﬁ@% maé@@(;@g;giiigzaﬂfwislﬂ- |

_The higher the machinin eed, the more js.improved the productivity. It

2 would %%Ode%?ra eot%%ea%es%neoﬁt%F blade Eﬁ%ﬁ%)grwfﬁéle*l 1\T/v“h%llcih offers a

hightmBaaius Ak HighBeeuraey eSS redtBE tREKRESESF blade
confelativetd theicurrentecementedreathicte basescuttingwheelsb lade cutting.
HowdISELOSURE-OR THE INVENTIQN Epabodiments.efithe invention seekrare

_to pravide an outer blade cuttin Whegj which is cggaglg#oefgggingﬁ%t% Leer

=% high' déctifacy altPa fediced allowance while achisving improved™ "~~~
compgachinifg yields afd ¥edicetemMaeRinitity costs, &hdt& methsd Yop L1zation of
rarpreparitg thersamerEmhadiments.of the mventioreredate tdsan auter bladeing
=11 &GYtting.whee] comprising 8 basemade of cemented)carbide; A, metal y:c14.
e bopd haym a higher strength and higher modulus Is used to blng th
he bradive grdifs Tomprising diSmond grains, CBN grafns BF A mixture of
prodigmend graing and CBN graing 6 e outer perlphépy efthebase, blade
cut therebyimproving the mechanical strengthcefihe blagecsection and-theacy
desgﬁ@"amsg%@g%—' rigidity of the outer blade cutting wheel. Embodiments, ;.

r

he_invention thus may succeed in redu_pmg the thickness of the blade

CemBERSh aRd attelerdtity (e Tuttiig SPeed: Tn one aspect, the invention
provides an outer blade cutting wheel comprising a base in the form of an
annular thin disc of cemented-carbidedyavingan outerdiameter of 80 to
200 . mm. defining an quter periphery, an | di ter of. 30 to 80 mm.. ..
oG A Core- i a hiokees o0 110 16 ‘min, ane & blade sacton

blagfisgosed GHethe Gifter Beriphery of TREHASE antl Conprisidg Abrasiver 97

accgraing baunddawithealntetdl allowance while achieving improved

-

machining vields and reduced machining costs, and a method

for preparing the same.

Embodiments of the invention relate 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 cuter blade cutting wheel. Embodiments of the
invention thus may succesd 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 periphery, an inner diameter of

n)
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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 to 4.0x101 Pa, the blade section havinga -
Biskagsa e ReIEAIRL than dir thickigss ol he-Rase by 4t 19ast OBl o
mm. In a_preferred emboc?ment the metal bond has a 10 Vickers
ﬁ'ﬁ?dn@&%ﬁlﬁéﬁé%#&ﬁo‘%éﬁsﬁ%ﬁ% B F G pidal  aige Ty of
ribel basd comprisewatledsgondnastdl seldcihfoirothedyretph a metal
asisting-ef M Fes Gas Qjelsa%ﬁ@ %ﬂﬁﬁ'@i@?”ﬂ&m& lﬁﬁe?m&o of BN
the foregoing .metals, or an comprising at least o e foregoin

iy %leltla%s azr? os&uc}‘rﬁsofgh ?% elP}éd Ehbodima men ﬁ%{bla%e sel%tfogC he
|m$chadedad33ﬂere@trmpmtmgﬁhermétal bodd: o shatithe rﬁetbw BYond it . 0x10™
depositnd aniheouler PR, abite bagk yeIndip0: e 30N o

rains therewith. More preferably, thé metal 20 bond as deposited on the

%I’b)):)é‘%c%b?éiﬂ\ aan tteRaaskilaf Sird§86& e"eah1 %08 Pa
and 2x108Pa. bpradothee prefeiredensiddimehe the biddeocadtidreis a
fvﬁm&@iay hrazineelbe arasive grainssy thakthe retal popdsis affixed 4o

(; (%Her pF |}§)her¥L9f thecpl%s?n W, ”i bbndl %Smthxel%%rsaswg gralnst one
ereW|th secon% aspect, tﬁe invention prowaes ame

ﬁ?@ﬁ%n&%ﬁediﬁ%fibl%ﬁ%“btﬁﬁﬁg WHRBPCONPAsiAGLBROVEInY B bdse infthe Cu.
fermd ofman amwad thin discroficemented darbile having AntditeEoregoing

dirrpgier of30 10,200 myp 30.definiag ag AHenReNpNEIAR NGL, foregoing
dlarqe er of 3 %80 m, and a thickness of 0.1 to 1.0 mm; and
elec ropsiafa INg aP e’ Oruf together with abrasive grains to deposit on

the outefpedpBargisithe dasuberdiverdplatdecapéppevisientdrnr is formed
abyasive gtaivsare hoynehwitihée metalhondo they 3% abresive g5aiNsond is

| 0] r | r al
e A L A
g@}ﬂﬁagralns therewith. More preferably, the metal

bond as deposited on the base by electroplating has an

internal residual stress bhetween -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 B0 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 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



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 the base by electroplating has

an internal residual stress between -2xI08 Pa and 2x108 Pa. In a third
havasped, tﬁ@dﬁ%@@%}o@{@mﬁi@sggfm@thﬂt}s@@f P&ED?Y if!ﬁq@f@ Wt@éplfﬁﬁﬁ_

cuttin eel.comprising_providin ase in the form of an annular thin_
L b SomEIaT SbiaE N ok s ey STBO1S 200 fae <ha
thegsfinifg BRTUtEr pefipheRs anfinnéridiafter df 30lto"80 Mt aiferaing s a
blathickness iof0.1 to 1.0 mm; and brazing abrasive grains with a metal

band-onfothe puterperiphery ofthebase toform alayerin whichthe:

abrasive grains are bound with the metal bond, the_abrasive grains g mB
elec;ron@ap:mgm laa JIL 117 QKIH&;. resldu SLK?SS o8 a\ieen -23x10
comprising digmond grains, CBN grains'ora mixture of diamond grains
P2 aRd CBN graing; the metal bond having a Young's modulus of 0.7x1011
t04OxIQlL Ra;j thedayer, having arthickness: whichkis geeater thanthe for

pré_B'&E@?ﬁf;s afthg,;base Py atleast 0,01, mm,and serving as asblade section: 4
in a preferred embodiment, the metal bo}[\d has a Vickers hardness of 100, -
355 550 arita density’of 25 o 12°g/em3- Typically the meti Bong® “37°=> ¢
haconiprivesat least Oheimetal sefectdd front tHe goupconsistifig vt Niuter

oe e, GU, andiShan aleyncomprisingsat leastatworef the daregoing: ckness

ot Mmetals, or ancallgy . comprising At least.one of the foregaing,metals,and.. - ;

bQaphosphorusﬁ. As stateq in thgegreqmb!ekmgséouter blatde cfuétgpg awhieaelzz,EE in
“tsed i the Bft fOFEGHing Tare sttty sinterell *maghéts dte J
wh ¥esindieEb ehdatkdiamontbcuting whekis dving tdiarhoadrabrasivégrains the
abBoundwith-phenroliesesinsorthe dikenFon the-purpeses el improving the =
miYigld andseducing. the cost of mﬁ?%ir&'%%f ?aeﬂL sintered magnefs, itys
~ desired to reé{uce trﬁe tﬁlcf(ness of the peripi eral blade sectionandto
2 geedletate tHe Cuttintspeett Iir effdrts To meetthese rédlireniétts, the +3vex
haventerstpdid kattertion tothe bond wset«o birchabrasivetgramisitess of the
base by at least 0.01 mm and serving as a blade seciicn.

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 selscted
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 ars resinoid-bonded diamond cutting wheels having
diamond abrasive grains bound with phenolic resins or the
like. For the purposes of improving the yvield 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 £o mest these reguirements, the inventcrs paid

attention to the bond ussed to bind abrasive grains to
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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 abrasive grains. The blade section includes

aS|ve r ns in the form of 5 diamond grai BN gral or a mixtu
a? i ar%olgcll TRING ar ar%d acgﬁmger%%nsg]aca 19%05;% gor%lndl ﬁe a%rgswéelad@
g?ﬁh%%ﬁhé’hﬁ‘@ée HEbBRE f@ﬁ(ﬁfﬁ%%@%ﬁélmﬁbﬁhm’?@aﬁéwme base
kisd abbasive grring tafide hasease as éxrwitbatant tbeuriatienal deree grains.
amethslﬁwsi'@%é%as&@nfﬁ&u{af@scuam@%;wgem%gh&% the form of

accomplishing cutting of workpieces. The form and role of bond are

JESTHIBRE. Ghe Rporfat RERIIS e BorilE tHafhehIddeeepfograins and
f6ANed by ihe .bend isadispoded on thé ndiarperiphenpoba basemmdsto to the

sieasldlle the.gutpidim afibe Dase. The f@'g@ih(oéﬁ&%gs)ﬁé%@gltﬂ@?%nd to
ectiqn t tstr.addles the outer ri e hase ma an ahrasive lay
§a %as%g g?é"lﬁ%l a mlxtut?e wi trtFeabond or a%ye%r of‘?ﬁe%on%n%o%rge

deEDERBirP S tHOTRRUARET WoRkIEC Aaletial 8F hediitileg pBipoieg cutting
Corssgubatly, thiedhicknesspof thd bladesettiands greater2® ikarethat of

the baseﬁléd}-gﬁpagﬁdsﬂ.@li%‘l Eﬂ.{ t\HBH'E?aéQQSﬁQQ(@fﬁBE@ is e :r.splportant

increase the bond base contact area to achieve a firm engagement. If

BIAGE S&ctidiis T BEnRTRRd'SH 45T cdMBcPorfin 8GR0 SRSl the
tRemdnélds expreredouthidve animuffittariiiondysteehgthi2sse the as to

hasemtathat he:blagessection Wil reﬁﬁly%ratefﬁ@rﬁém base.(Whelegs) of
t%ﬁ@'%ﬁ%ﬂ@@a&d&m&?&%@% cﬁt@gﬂd@ \ Sglr 6 e e he pase

bond-base contact area is mcrease rovi C|ent %ong strength

SRReBf 6 (RREFST the BBRA. 36 TR BIRI TSR ISR pryVRABF ture with
ekise dfestape of Jrnding difiidchad bottidgasludge,. Tdepeondigugation ofie
thatl@!@@e é@c%%%&%§ thikerihan the l@i@u’@@ﬁﬂé t%ﬂ@@% Is a
between(tjli r]i(_jP1 %{vgggkglecg (lec% a ne at a position
insi e?ﬁe %ﬂ”& ISgapis 35 very Import%n?ln Cu an op]é?a%eater
b@%ﬁﬁs@%ﬁ§gﬂﬁd?@e base Such a shape is taken for two
reasons. One reason is to increase the bond-base contact
aread 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 50 as to
straddle the base rim, the bond-base contact area is
increased to provide a sufficient bond sirength between the
base and the bond.

The other reason is to provide for ease of escape of
grinding fluid and cutting siudge. 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 and the



fluid will enter the gap which gives a passage for removing the heat of

friction generated between the workpiece and the -6 blade section and
flowing away the grinding fluid with the swarf sludge entrained thereon.
Absent the gap, swarf sludge as cut off will be captured or engaged

blabetween the blade sectionand.the, wotkpigee te cayse substanptiahfrictionsyz -

,..and the grinding fluid _will not reach the Q ade tip, failing to release the . i?
o s S S O agbAE The TGNt e e Ut off
w1l hona i§ ARG TvOrEnt S AS 2 AsivE Lyiais of GiamoidtorsEBREafe and the
wor kgunrded on theinedgesite ircrease dutting resistance, thesabrasive igrainSluid
wi1Wilhshed upder the: external force. Atsitesiwhere abrasiye grains haver or

. shed, the_bond must.be abraded hy the wor gLece (rare earth sintered
ricTlon ana To OnLINUE CUTLXng O rai 1o,

magnet) so that a%raswe grains buried uﬁcFerneétﬁ may emerge from

bélof. Wiéh abrasive §riind'SREd oF afe- 8Bradeddivay: lonly* thé bondig=
graéftonthessurfacelot-theddsdde :sectionnand then bdaneiportiandromawhichrease
cut%h_r@éw?e%@g@a%@e'9%%%1@?%@@%@1:@@ t@.@lbionadn@é%%%%%b)éhe

e Warkpiece, new abrasive grains. emerge by themselves from below

** s é”‘y‘clle* IS repeated, “fresh sharp cutﬁng eages are gu%?na’tlca?ly& o <
bonegerefated (RIGWARS selfskarpeniaghe Embodifents 6F theSinveaticH
madﬁ&f@)sme@'ﬂ&_d ilakdeyebpén@@h_hgﬁ Qﬁf@ﬁt&ﬁ@ﬁdﬂkﬂt@kﬁl@dezﬁagin@nerge
= Wheel by, stugying the .characterjstics required for. the hond in the plade
h s%:tlon and failoring the bond so as to meet the %ulrement_. Specifically, .
“IShe HEchdnicaIMattre of the Bond tSed In the® biade Sectionmay be™ " ¢
borghprevéd (e Alianice’ thecbverall améchfariczl 1steerigth of #i3d olites bléde scraped
o fCUtHRg vifeebdndhisvay; a:pigh- performancs; high-stenglucultifgsive grains
eme¥feelis provided., While resip ponds of phenalicresins or the like are 4

most commonly used in the art, they are scarcely expected to exert their
=T ESwn Techanical stréhdif Betatsé of e Tesmois or pla&EE Rafifre®c (known as
" seAccordingrerémbddiments of the present invention, a blade section is
formed - usingas the hond asingle metakeryaetal alley bavingrexgellentoning

a high-perfcrmance cuter blade cutting wheel by studying the

h

, only
Vi,

characteristics reguired for the bond in the blade section and
tailoring the bond so as to meet the reguirement.

Specifically, the mechanical nature of the bond ussaed in the
blade section may be improved Lo enhance the overall mechanical
strength of the cuter blade cutting wheel. In this way, a high-
performance, high-strength cutting wheel 1s provided. While resin
bonds of phencliic resins cor the 1like are most commonly used in
the art, they are scarcely expected to exert their own mechanical
strength because of the resincus or plastic nature. According to
embodiments of the present invention, & blade section is formed
uzing as the bond a single metal or metal alloy having sexcellent
mechanical strength rather than the resins or plastics, whereby
the klade section may be imprcved in mechanical properties, and

at tThe same time, tThe strength



mechanical strength rather than the resins or plastics, whereby the blade
section may be improved in mechanical properties, and at the same time,
the strength of the base may be reinforced. In this way, a
high-performance outer blade cutting wheel with improved mechanical
of tHEIdiy 9F rebystness may-be proyided, The:patent references,cited v rmance
abO\ie,Oiln part, refer to electrodeposition and meta b%nd, butnotto . . _
cuter Bldde "cuc 1n% WheeL vlbn ambroveq urte aq%caﬁ1rlgldlLy or
necessary mechanical properties and concomitant benefits: The
robugigehahicakstrésgth ot thé®lade section on the outer periphery of the
base maythe enhaheedaceardirig talembodiments op the:presentr to
o1 ecinvention hecause the blade.seqtion comes.in direct confact with the 1o a5 a1
workpiece and mg%/ be thicker t%an [EQe Qase,qang beacakuse the blade ch of
PEOPEEction may betest for fatiiitating mechahical teinforcement 8 the base. " °*
the ppeRsingftheirim of the-basewitha thickimetal materialso a8 16 réipforee
ennathebase-maybie-mosteffediive:in-improving the mechasical propesties-of
vecatNewWhgle base, The guter blade cutting wheel according to embodiments

of the invention may be capable of cutting at a high accuracy and a .
90T KA ige oW e ray THpRoVe ATACHiNA Ry BOSC and FEdi 2uce the blade
sect prachiring e6steeBRIEF DESCRIERTION OF THEIDRAWINGS RiGotcemnent of
the Bekematicallyillustraies aa outer klade guttipg swheekin ane-embadimeant -

mate?gg"f 'Qéée_%téonu';:'?e%?%'PQea Qlﬁg }ggg’e_FIlr%\éBD%elﬂgsa% effective in

, cross-sectional view taken along lines B-B in FIG. 1A, FIGS. 1C,ID ancYIF

LR T BN Periaf eaRiews b aifferént? 8xampies of thé'Blade section on the

wholpase tim. FIG. 2 is a photomicrograph of a blade section of a
9@&@&@@@?@%“@@_@%@&'@%@@JttiﬂgM%Eﬁén;&flﬁ)cé@"f&@?%S of

- Is.adiagram showing cutting accuracy versus cutting _speed for Example, .

e e CEbostba g e STE o oot BeGar St 299 =

fedu%ﬁg,5%%&@’7’*%3?&51%&&2%%&%%%@}’@%§|eY4leldsf and reduce

mach {grainsco-electrodeposited 35 cutting wheel with an

BRIEEF DESCRIPTION OF THE DRAWINGS

IG. 1 schematically illustrates an outer blade cutting

wheel in one embodiment of the invention, FIG. 1A being a plan
view, FIG. IB being a cross-sectional view.taken along lines B-B
in FIG. 1A, FIGS. 1C, ID and IE being enlarged views of different
examples of the blade section on tha base rim.

FIG. Z 1s a photomicrograph cf a bladse =zecticn of &
grain-co-electrodepcsited outer plade cutiing wheel in Example
1.

FIG. 3 is a diagram showing cutiing accuracy versus cutting
speed for Example 1 (grain-co-electrodeposited cutting wheel with
an internal residual stress of 0.33x10° Pa), Example 2, Example
3, Example 4 (gralin-co-electrodepcsited 35 cutting wheel with an
internal residual stress of 1.5x10° Pa), Example 5 (grain-co-

electrodeposited cutting wheel with a
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internal residual stress of 1.5xIC8 Pa), Example 5 (grain-co-
electrodeposited cutting wheel with a -5 Vickers hardness Hv of 440),
Example 6, and Comparative Example 1. FIG. 4 is a diagram showing
cutting accuracy versus elastic modulus (Young's modulus) for Examples

eRand Rdzampalaye BRATRGS LAt % > B HagIal 2hquin
cuttin accyracy versus Vickers hardness for Examples 1 o
@Gﬁ% "Examples 1 and 2. FIG. 6 is a diagram showing cutting

accuracyRZ@%su§ Lsinkeratgtress frdexanples ittong BESCRIBT IObrsus

QEJ&EE'%F&»%EBBAEQ ﬂ\dﬁ@fy MENT 1Refering taklGplehe0Wer ¢ ang
guttltnngh el |n % bod nt of the invention |s illustrated as

com I‘ISI Jaee eaT%rm of an annular thin disc made of

cemente %rblée HhoPa BRERESSLIRIAPU 88 p6EEd BAYhe SeHER PErPRERS

0f thi dras e dhesslatde seEtiamZlcomprisess abhasivegiains boudExamples
withy agmetal bond, the abrasive grains comprising diamond grains, CBN

grains or}algnxtgre of diamond 20 %]$1|ns and CBN grains. The base 10 is

in the form of an annufar HIRHISE [@EHEFERS SRldd- Hd8GGAShapeEsus
thih-Srefedr sikdinas tﬁl‘hrplﬁﬁéaﬁ@\?iﬁg alcdieSbore 12) having an outer
diameter of 80 to 200 mm, preferably 100 to 180 mm, defining an outer

25 periphery, ap gl Jamaleel o %%ﬁ%%&%%%\bé?%&p mm,
defining the bore and a thicknée

0.8 mm. t5& Fbtethat hd dfiic Ha’s 5’&8nf§?5%?e Bhadh Gutding Wheel in
difedinsfebastangs Shown the-IGnteFhasthe sermd 38t radiall amdl "@odgltising

areyssad retativie t@ﬂeﬁmﬁ%ﬂoﬁf the disaand-sexthe thicknegs R.ags
Bskinerion 808 e, 9 (Ul B8 TSN o cne cncer
periphery of the base 10. The blade section 20 comprises
abrasive grains bound with a metal bond, the abrasive graing
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 %o 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 isg
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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made include those in which powder carbides of metals in 35 Groups IVB,
VB, and VIB of the Periodic Table such as WC, TiC, MoC, NbC, TaC and
Cr3C2 are cemented in a binder matrix of Fe, Co, Ni, Mo, Cu, Pb, Snora
metal alloy thereof, by -9 sintering. Among these, typical WC-Co, WC-Ti,

GsC0c @neh WC-Tift §Cr e systams fsa prefeued., Alre. i*lOSQ:Q‘I?EBe”%
c‘%{p @E% a‘ﬁh gave an electrlc conductzmé)l/J Lgf'c'%ﬂ: ﬁg% a?llgg‘ité%g ?gn%‘fﬁﬁ‘i

ich can be given s%ch an electrics condut |V|ty wi
oF #E ikE Br& N hsy aWRB N TERTEAtEE capBides biw §iiensa Elecient to
cehduttivipwith palladiusmcatalysis obheslikeswell:known @g@ﬁﬁ:@y@h

ae&%@i%{geqvﬁgﬁgggiaaagw plafing.of  ABS e%#g rm% b?aa%

d. 10 In the invention, the metal bond is use
P%%’ﬁ“rm%%é?ﬁﬂ \éb%f&%ﬁ&ﬁd FREBHIYEUATE Abdefusor GFREsTEC

t@ﬂ%i%tan@wa@a@@aﬁsnmm@m@mmpam tie keetalve 11 -known
homeas aaungs E&@@Jﬂt&t&ﬁﬂ@sﬁr@éﬁi@ié)(%%@ thechiade S&EH@Eng of
cggsbg?gg%% teﬂa tgg %I{IB éesnstance that it receives during

high-speed cuttin result e cutting face being warped or

undulated Hif ﬁﬁ’@rri’éi‘é’%’tfrboﬁas Shfoliemoermss éEmBRedhin form the
H0x1¥ kPat fenblade sattions tittle defotmstdikeatheshase; whichds s

le for hjgh,accukacy cytti g h wever, he metal bond hasa .,
ﬁggrgﬁeﬁfgeﬁd%%s? 2% ﬁ:igd%sage %m@%og that Wheh abra&ivé gﬁ%’g Vard-8x107 to
abraeledlév\zay or sifedhsethebalpening ohaculingedge oRSMRL ECUE 1ess

the above-described reason, resulting in a decline of cutting
[}Fé}mahcé 195 PR notaf 1ihdne %@Fhoﬂ@ﬂhé”i% dREsiREadypY the
mumlglme:benﬁakrmnmlaipaﬁtoﬁmmab{mélmwgs hWoHKiag &

Qﬁﬂ:"@i%& SM@@Q@J&‘%@?U{%@G%%E%@S'%%@p@&.ﬂ?gt %gﬁe%“

in at gtat (_;[hx,a %]er and me sunna}%g/ the resonanS . 2 ore
THe'R me Sond tised Mer8iR tateaBly Hit®a ¥ickaras "

than 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 to
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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hardness df 100 to 550 and a density of 2.5 to 12 g/cm3. A choice of _
hardness is made in consideration of rare earth sintered magngts havmg
a Vickers hardness of about 600 to about 800. If the blade section is

formed using the bond 35 having a lower hardness than the workpiece or

rere e artc sirgersd, magnef, the bomg cazllife abeadechby: theoworkpiece
swhenaegensarys faciiaing selfpharpening,or, geli-emgrgence of,

ive grains. With respect to the density of metal bond which is
gc%ﬁ%%% SRRV E?’SE h%?p r?((:aéqsqullfc e'dendif i€ et tHan 2 ¥ Hrbf%5ind
Rered S Rwerihahthaestimmohe drFeBiIane BoRdaviaybealui rence,
swergthitbdind abtasive grainsalowing Gmasive @rajBsdo rshedsdf they in
dendhgemore Bl glond saddialices eaugh [ oh gregtenliantnatof .
C mgntet}ga%idegf which the base is made, the bladg sectlpn may have N
g?fgwér binding St&RGH T drid B8E§m5h§%céﬁtiﬁé%‘_cﬁﬁﬁm@%~ equa
SRe@dingrorkers harmetbas nisasuree by edcommierdially favdilatite the base
frcroadickethbamsiness t%@@tb@ﬁamarﬁ@ﬁéif&ea?ig% tBEh%ﬂ%ﬁQW% t_gength
' hi e minimized. The metal bond used herein i
gﬁgggﬁ%g&gﬁgﬁ% 71frrf(;'l')mg}[}h%-}ggrlonu% c‘%lr%s m%go P Fe, Co, Cu,

and Sn, ‘AT &fGY cBAPIRMFRFatlEaSERfI SR e Har e cregmrstalsa bl van

aNey- tomnprisingaviedichee of therfbniegaing snetals akdRRASMNOMYSCimen is

oL A o e g LEea.
iamond,and industrial s etic diamond), ¢

grzins, gl;%aemr?ﬁ%??o afg‘rgndlnsae %rgl%gealh‘)d &ﬁl\laﬁraﬁ?%e?ﬁ?e‘&?tél

ABIESEGrdineepRfd g BATRe IRRASSS T tivg bise (& wvhicty abasivend Sn,

Fraind oy boungdr Peciferably. 25abrastwngsinsRave apaye{age Rardicle  or

' f11Q,t . r rti gs' is.less.than 1Q m, there
e L T elne ana

% azsiﬁ)g %ﬁa%ading to occur during the cutting
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 size of 10 te 500

um. If£ the average particle size is less than 10 pm, there
may be left smalier gaps between abrasive graing, 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 fm, 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 vel% means a
less fraction of abrasive grains contributing to cutting
whereas more than 80 vol% of abrasive grains may increase
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operation and losing the cutting ability. If the average 30 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
rove B eptelarabints o ¥ 5%Ugbyt elure tiess thapADa@l%o mMeanhar

lese faction of Abrasive Orains LOPHIRWING, P Gulting, Whereas more than, ;
%O E(OISO/OO o{gbrasi}:/éf%{ams may. increase -11 unwanted loading during the
it |

T Eithet SREAtbHREeaRsTBSLEG e d0RRG - REY 2

cutting Operation. . ; ' :
EP&ratiEHLand Fpthe Caittispede it weereduesd.iDeperidingorea ve
garitukar applicatien thevobyme diaction Of abgmsive bigrainsgs contoled ther

by, admixipg & suitahlg Jngredient other than abrasive grains. As shown in
FIGS. 1C to 1F, thé blade section 20 consists of a pair of clamp legs 22a,

22b whidclER the butdFim dihEbase 10 erBbeRfeaemtanBudd
gireSticTt $0 @hckabotly 28 whickrexténds radially pbwattibeyarihiie the
outes rrimipesphery @HF@ %?%%KEB&%@PFE f%‘% %%1‘%:?%%(18} ion
ipt] egs.and.the y are _integra rm
o T o A SR ed S the outes
itk dmreBase 10 HRMbRSSpddicallyF e ciirip 34§ 228, 2265 of
frerpladeseetiod 20awhichietdrmp the caterrinaiaf thedasent) the body are
ota e lorably O L0 T I T i, SIS et
fer 510.5 mm. The le a, >
Ry S5 Tehes B0 65 R0, 35 s FTERGEBPS 13 Bodsse 10.
pm, and™&EH FBFE bfdierably 10 the1 0bomyyni.chiser e, totditthicknebs:
ol ledys 22a; 22imis2prefaradily atleast 8104 mmnémot;:feiﬂfe&ra’e%o-gégg 40
andienen, r t m, T e sectl IS
gmk;%lfer than the n%%%og %éﬁs}é %t%%ﬂ%é(ﬁ%sg I?%ﬁleg%% Ieﬁr?gt%%igdflclgr?\pm

s 558 97 RESHRHPOYmbr thé > ™m. The legs 22a, 22b each

preferably have a thickness T3 of at least 5 wm (= 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 0.0l 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 HI 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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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 30
resistance. If the length Hi exceeds 10 mm, reinforcement of the base is
ipadekintbe daziifice thexpgarisel ithep diekriess E36f elalnsm teinis less
tBch&ﬂbISL@hébinsl@ﬁénf%\@H.fa”ptoﬁrl:&l@é@e;ﬁbla?%ﬁi“agﬂ(%%@m@ ffich as
e ffectively . discharge the swayf sludge. e base ma
E)E]é C a?%‘%%%‘gr r?égtc\ﬁéé %%ﬂg%ﬁ&g p%?i ra{éFaI Srg%%ﬁ 8§th%np3r%%%]ééac) c®
BrEtRnAngdatiGelay S13erddéRy ditPthB LRy operation difd-ected
dénfvanding aelgotreplatedistrengtan dudraped epndesafichantatidgiichrashapes ,
Geahaaisinoer RePamdedng mayhe selected inaceardance W &, rasive

Raarticul r situg%ion. Also notches may be selected 5 from triangular and
rec‘{e?r%'ﬂg%}grlgepr'essipns and other shapes, depending on parameters
such as BasERNERNESs AAF Bbrasive Jaydr -hdifist. AbastipwiersFE38. 1€2b

toalE cihesdamplegs 2Rat 22bboey consistof aupetal Pong2Aandzs (ric.
aepSe AN 20471249 Mohgongis| pERICANONG,24 (G 4. Of
include an underlying layer consisting of metal bond 24 covering the base

PO SR A e ik G Taye tohR st SHmBRFBdn8 22 atd AREEREFalRRe
DEYEIG 01 Bp Omthevert hand, favisdy:28 sitich egtentsadiallybafid 24

auvavargeeyond thepariphery otthe base 10 has a length H2 which is
preferably 0.1 to 10 mm, and more preferably 0,3 to .8 mm, though ma 5
var Witrﬁheeglgeoc()%f%' 1r:Jas%ll\E/ié1 gr'aiﬁgp OfBg%gOl%dﬁ%Eh%ﬂ"bg );p feh h?%ﬂsazly

RSEHRER REHIY e HlaBET SERRIVME behcoritmted NithAtashbroghk H2
Wpimpatts @20 wedery durihgithe Tuittimy, operatinbrieagdingrtora suting. 3 to
whﬁ:ﬁ'\/\@ﬁﬁ:@ho%&{ﬁt%ﬁ:ﬁ W%@nglrhgzo@(cﬁgés¥gén N85 to ve
SN R I R S LR T
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 H2Z2 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 thereof, 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
generally classified into two, an electroplating method and
an electroless plating method. In the practice of the
invention, the electroplating method is selected at the
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FIG. 1), resulting in cut magnet pieces with wavy cut 25 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

AR PRt @d&foplating of B biaziftp Byrelbcirbplting orbragingeat
leastane metakselpeteddtem Niohe, &£04Cueand Slrbvarpal&cgut%@i@@lf, 8bsts.
an allo [ with P.i posited on the cemented. carbide

base W%I%ﬁ-gl%%%%p gggls#em%ﬁg t e%%wn 8 'Ilahg%rlnget d%?%e‘ﬁ%ggr?émwn

thE BT BENE By Flafing Ts- rafly BRESARYARPRRHH Tor
glepwsplating niéth odtamite ahielbetiole$s platingernethook e tHeprastite
eftheniaventontheplectonlating Meibadiniglegiadatibe -13present,
because s eagy o gontol iiernal strgsses, temaining I the metgl hond,
and needs low production costs. Iectrop?gtlng may be carried outby any = -

WEERAGYA BhHiGudtsihghewknndhntaeerbsmiagdbapems to the base

depdsitngnienabowerlistet sihgle snetal oiakoy andi erdingrynplatiagieved by

eonchitigsssemmany vsgd e ihah batts nyhendbayBetat opd it i ng batn
evoj._sited @/ electroplatinghgbr éve rai ust b(__a bofr1dgd together ngin

g‘ouncfl th fhe Base bythe metaﬁ?%soﬁa a?‘t:"}qu %&%@eﬂrﬁe. PhisTRay 5° g

BOEFd By ITE-HGorApBRIE pREAY fnathbl UBHIRA cérmpusiteiplating well as

bath Hvingebrasive graias dispersed therein for co-depositing abrasive

grains sitageets wittmetal depogiian asalhes e fellowing. o

methods. (i) Method of applying a conductive adhesive to a 15 selected _

56 i%ﬁto?%qé’%’a’éé%’m dBEh S Bbih AgrhiRoRAdRYo iFrhbve grains

adieasile folidheltlby pldtieg i(ineMefleddL ofvagplpingrel atiituge of a

conductive ;gdhesiveand absasive orajins thasselgded poion,ahithe 1 ve

A3 I O A BY DAY RN MEI00d L SRIIREY B PERS 6} ene

%%ggﬂg;%% followed by plating.

(iii) Method of clamping the base with a jig provided
with a narrow space correspending to an abrasive layer,
filling the space with abrasive grains., and causing friction
forces to be generated among abrasive grains, 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 sputtering, 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 clad) by electroless copper or nickel plating in
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with a narrow space corresponding to an abrasive layer, filling the space
with abrasive grains, and causing friction forces to be generated among
abrasive grains, the jig and the base to retain the abrasive grains,
followed by plating. 25 (iv) Method of cladding abrasive grains with a

MESﬁEti@%éfé‘F@‘?%ﬁ@h 5R1iQRNiS bt Br PhtRPRgSaNG nokfrgs porded
the clabgrainsd tipel base gim via magnetic attraction, followed by

plating. Means,@f inducingJnagpetie foregs dhrough , thBase MmavRe 90enong

known from JP-A 7-207254 or by clamping 30 the base with a jig haying a
e TS P BB RARROA D1 BTy abbie TG
iiip asditotite shetal Suphasariekel vricapper optionsdly baixingshe clad0® ra
3rains with a metal powder, placing the clad grains alone or. the clad

AR Tets O drfiddre i tietBade ift, PIEER 38 iFATRSIE) angnd more
pRlivingesswedps bandings thignetgdhat alrasivearains may be;

reviously coated (or clad) by electroless copper or nickel plating in -14
BEET IS Hefosto B AORT SDAREO OPAE A DSt Egee 15 che
fassegeizne peaivpe i el piacticBivinhe vermioha Whis themnetat béndn a
isamp%ﬂad@y(t@ege.lectagm&&g gtezéf_gd ,gaedn@tal @&@;@%@.@i&ess%&?ﬂd

I ve a stress between -2x compression stress) and.
%%%rg%yad%%ﬁgif‘eésﬁffs ,Sgn Erzr[%]'oer%éS pl(?e er‘glab%){)e %rgft)\ﬁéeer? 1. BXIOB PA an ternal

BRI 68 AP THECBRUIPH RedBdrerdire @R the St SRfFddueEteh tHae same
baseiby elecirapiatiig: Tihert theynetalds deposited dera 10 1edt pikeemetal is
E&igﬁﬁzﬂ%ﬁs@ﬂdy@?& tiﬂé?&iﬂr?ﬁﬁpjalbﬂﬁer@em@tdbgﬁg%gtr%% MeLe$1¥ting

St piece used In inter stre measuremen a spira
e e R T SR A B P, Hapresuits
Bhdér WHIERIRE el is2 dlepBskethtR Hse bABE i, FEBROTELSFessahge of
therglating 4 5l is Taedsiyed i Thesasdawtaramonapared with thedesyliisnce ,

B M IO o AR WL F e ane
+2%x10% 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 f£film 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

w]fu



10

15

20

25

30

35

a stress is found to fall in the range between -2x108 Pa and +2x108 Pa,
provided that negative values represent the 20 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
CArBRRNPatiPiayBe Heformed byBteisiass, dndeformativhahyithe such as
cuttiFg resisancemayreadily ecchn As usedsherein, 18g tgim 2p 'SHESS  sn
e Bipting Undefels o iigmal sUess ARy LI ANSNE RIAING, o e
film on an object expands or contracts, as a result of expansmﬁ or
EntF&ttioitof the NigtAG fifiA bdindg BEppressEd biifie bHjesta Berplatdd. the
TPR& tiregs hethe. platidg dihenap decontmtied by 3G suitable ameansarf@ls. In
kel s latmate, B, e auess o be ool b S e my.
a a e stress may be controlled hy selecting the
ggn?eﬁ%%%nh gﬁh%%ﬁ/%ﬁﬁare%gigmscﬁrrﬁgfel%%ﬁgﬁ”l% ¢, the current
density dtFHBRdISEnG fard th@ RErhpErRGrePfthdiIabag B5angthdiven below.

appropriate ranges, and adding an organic additive such as

o-benzepgsyHonimidearptalusngsylfonamidg, or an -15 element such

as Zn or S. Besides,. in alloy plating such as Ni-Fe alloy, Ni-Mn alloy, Ni-P
alloy, Ni-Co aﬁ?ﬁ? %FNi-%H%#B?F%e stress may be cjoqﬁr"cﬁl% 5%/ Selecting.

the content dFFekfdn, F21E@ 6 Sn in the alloy, the teffpstaturg bt the 5
plating bath, anctather garamesey's in appropriate ranges; 1n gthg gase of

alloy plating, additian of pgganic additives may, of courge, 28 effective for
stress control. Examples of the preferred plating bath are glveng €low. 10

Nickel sulfam8iHRARG B RAekE 8 Ramate 100-GPERP RIS sulfate
50-250 g/L Nickel chloride 5-70 g/L Boric acid 30-40 g/L 15

o-Benzepesulfonisie approprisfe Nickakeahaltalloyssuifamate plating
bath

Nickel sulfamate 250-600 g/L
Cobalt chloride 2-10 g/L
Boric acid . 30-40¢ g/L
o-Benzenesulfonimide appropriate

Watts nickel-iron allovy plating bath

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

Watts nickel-phosphorus alloyv plating bath

Nickel sulfate 50-200 g/L
Nickel chloride 20-100 g/L
Ortho-phosphoric acid 16-80 g/L
Phosphorous acid 1-30 g/L

o-Benzenesulfonimide appropriate

~16-



10

15

20

25

30

35

" 0-Benzel

Nickel sulfamate 250-600 g/L Cobalt chloride 2-10 g/L 20 Boric acid
30-40 g/L o-Benzenesulfonimide appropriate Watts nickel-iron alloy
plating bath Nickel sulfate 50-200 g/L 25 Nickel chloride 20-100 g/L Iron
sulfate 5-20 g/L Boric acid 30-40 g/L Sodium ascorbate appropriate
imiteoabosphiate I0LAattsonidizdiiphosphorus alloy
plating bath Nigkelsstilige-S§Pndi ad dNickel chloridez3Q-108 gflr,
Ortho-phosphgric acid 10-80Q g/L. 35 Phosphorous acjd 1-3Q g/L
o-Benzenesulfonimi é%%pPgF%PaQeoﬁléhélgSper pyro%(é§§;§}c1%§gte%gting
bath Copper gY#8FRESHIFFBADLES0 g/l Potassium pyrbphdsphaie _
100-450 g/L ARqtuiesss ammaniast-20 ml/L 5 Potassium sitrate 720 g/L In
the other embodiment, the blade section is formed by brazing abrasive
rains with a metal bond onto the base rim. This may be carried out b
gremixing% grr%%eoﬁﬁ?ioee{%grggi% Gthins AHd g&ﬁ?}%g%ﬁgtﬁrgﬁi%‘fo med
BasHATSRY SrEAfitivg briZeswitd Bbrasikegmindand pladingthe base
premix Bndghedpasedn cameltand@pphing peassuietd Binskthee with
spsb R Aran I heAsS i FHH0CE Be el BB M Bse rim or by

deposited on the base periphery by electroplating, to for an _
@’ﬁ%@%ﬁépgaﬁaﬁﬁ Ht Fadiitaling RUBRE e BRI P FdRfbsERGfPremix
anifaridisg tes bond strengikibetwearpihey Abtagve yerantddhe basethe

anasubsi@ngaby preventipgdNBase rim. Further, the metal bond may
be deposited on the base periphery by electroplating, to form

Ved

isY e, b
s 8 r]

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 fo 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 loﬁg 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 itg
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base from being deflected or waved by strains associated with brazing.

20 The braze used herein must have good wetting properties to

cemented carbides. Those braze materials having a melting point of up to

1,300C, especially up to 1,100C are preferred because the deformation

aétstFe fgihmiossIof tha bdsecimeasiniiniz etk @5sEitneT df the abewds to an

amla@idi@ﬂﬂﬁﬁi@ci&ﬂa]’fﬁﬁila@hdbgtattﬁﬁhmﬁﬂboE@amﬁ%W@i'ﬁa@%N ject of
ns:Qr. ixture of . di rains and CBN grains to t eripher

e U

th8 SahtPHhAE T9R Seidied BRRERSIENS R BAsE 3o idladeanutacturing

thicknessiofQihto tauhrandagy outEhdiatieteedttipotd 23 MmMptral bore

hecauserabaseRlanksansie roachingg tosyech, dimensignsaia high.y o

curacy and the resulting wheel can be. used to cut rare earth sintered
?ndcégﬁeét%ﬁﬁ)cﬁé at a%ﬁhmgc%grg”cf 53/‘&8 A Tohd AT iR SAbIEHERnEREIt
iSY5tdifft U ®hadifin@ut Beshse disc of less than 0.1 mm thick at a
high accoracysbecausensuciuar exteatly thif sty S¥peEeneas the
sbalartal i) cupvaiures pdppendent alits d 7 QUIeL diameter: Ao ooy
ess in excess of 1 mm leads to an unacceptable cutting gost,?glﬁng

thickn
t“&oé‘ié?ﬁé\?é’ﬁ?e OBRLESE the frehtioh. PAE DuteFdiasesst Sarretsoand
Mt & §ué 3¢ shedintiatio Arof ehve dunean edmentenrednide manafadtarng one

2 andapachigintteshanlogysThe diametes of the centriab Bargds e are

E?P%? 9f30 19.8Q mm w@ich corresponds to the diameter of a shaft of a
grin iﬁgemachine on v(\?l“fich the cutting wheel is mounted. On use of the

outer blaie"CUthiAg WheBF&RtneLId fivehtiBa SvsriclsineipiecRCmayBé R.Co.,
smsthersby. DypitalewerkpigceRittludenRaGo tarehearth sintempsbmagnets (in
andyRuarBhrare earpsinierry nagsgsls wheesin fRisal leastone gf rage 54
331th SleMERts iBSYSive ot These magnefs are, prepared as follows | &
source materials in such a ratio, melting them, casting the

melt, and finely pulverizing the alloy into 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 0.5-5 hours, followed by sclution
treatment at a temperature lower than the gsintering
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 registance, the
additive elements being selected from C, AL, 5i, Ti, VvV, Cr,
Mn, Co, Ni, Cu, 2n, Ga, Zr, Nb, Mo, Ag, Sn, HFf, Ta, W; setc.
The amount of additive element is up to 30% by weight for Co,
and up to 8% by weight for the other elements. The magnets
are prepared by weighing source materials in such a ratio,

melting them, casting the melt, and finely pulverizing the
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15 R-Co rare earth sintered magnets include RCos and RZCo17
systems. Of these, the R2Co017 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
ralid omeltingsthem acastingethp20:melte and finelyspulvenzing the sdoding a rR-
Lo 80 ysiade RAKAle sizenl 130 AL Yieldng A R2Ga maghet o

powder owder Is then compacted In a magnetic fie fleld and sintered
TPER661CA0E 16 05 HHHHE HBloEd by SoRiorP HeakmEAE afad 5 houss,
temiperarie bowep tivan theesintesiny 25 témperatyedly @GO @5S for a
heirsaand agirg Heatenieigheldingab798-950C 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. 30 An additive element oE&fEAFédts may be added thereto for
improvingxaagrietic ppeites ard cotrosionesisianae, the addiveray of
glements-being, selegterfro \%ycw%b SheTl Yin A GO, NI, Cu, Zn, Ga,

e

Zr, Nb, I\/J[o Aﬁg{ Sn, Hf, Ta, tc. The amount of additive element is up

to 30% by Welg?ffl?c;refd 3hgnd UFB SRR foF Rk Tifehardness and
Slefieing. Bia essyriats aaregirepaisthy avedghing soursk hmaterdals fivllowing
siscthadatio, melting them, casting the melt, and finely pulverizing the -18

alloy into an average particle size of 1-20 dam, yielding a R- Fe-B magnet

powdBENE aREKYS then compacted in a magnetic field and sintered
at 1,0004,2@0G fobo.adb da@grﬂefpcuawesdayoaglagé@@é@@@@&%ﬁ@&r&%am

400, QQQ&J&&@& geraipdime éw%ubSﬁ%@eQ&ﬁ fé%%t E%@M\%Eﬁ&@led

Examples of the invention are given below by way o ration and
B arsfotdimitaibrindchhrRdamples, thesvogrigis modulds, Vickérsc 1 mm

haidners andrplategskess phametal bend are BRasied by ke neasurea

gggm” e%ux%he 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 pm, after which a plating stress was measured.

Examplie 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

outer periphery was exposed. The base was immersed in a

-19-
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Young's modulus A metal bond was deposited on a cemented carbide
base 15 to a thickness of about 2 mm. The bond deposit was peeled
therefrom and machined into a specimen of 10 x 40 x 1 mm (thick). The

Young's modulus of the specimen was measured according to the
EEHESG fasnahvmblidulef ASIRPEES5 2 ekl hafdiessizm Tae 40° C for
\lickersoharelness of deeyspecimen, prepared ahove was srcasinad R rsed in

'Qi?r%&ﬂg@q{g %gﬂ%i%hesé%r %ongglngoto %ﬁ \é@k dli%';ﬁj §§o§%to%fphate

JIS R1610. Plating stress A metal bond Was e 03|te onat

@5edin ¥R REGGEESIS Fél‘?eé"éaﬁe?gl%?ﬁ?ﬁdth ii“:iin@sé’BF’éBBGt Gppsity
o, afterwhidhy diplatingrstressmeas: abasardd. Exdragle Ascemeéntegonic

cRIbidecansiging af 9@ wike\WG-apdd hwi% 39 Go wes rﬁaghiﬁﬁ?gﬂa&@g In
%%gn%larfé%m dl%% hawpg aép ute dia eIer ofd12 mm an ln olad
Om

ameter o m, and a ness OF 03 mm; WHICH SEnelras s base’
THebase e masketiniitly aﬂihearwen:tage sodhationly asdireuraferentam were

r@gg%rb%a'tq@{ %HBE\P&C@“%E%Q%Q %@f%fﬁ&{;%%%ﬂs OMY  The base

g’\?gﬁf lﬂgéwas exposed. The base was immersedina -19 commerma

3558&%%@“%%5&9005%%@&% Eé%ﬁﬁfé%?%e@}:eéﬁ where
washdd aienlatiraatd iiTmefsed e Biniatjuso usesol gioriot3e do 80 gf L
efgadium I%ﬁﬁ@shef?giaﬁis:/%@ﬁ qrvfm/aﬁlegtfgcljyé@%&(?%@yf&%@t a after

density, 5.0t 2 to m e cemented. carbi as
%ﬁg%%lnlc wa%ﬁ%d efo%?f&%va%%n? ﬁeldjoygé jig %?pl‘%’n tlon was-
&éaﬂaQnéér*mﬂt%wo\v)qﬁaﬁﬁ@né&aso»t@wm%@fd.amﬁnm In
giairss Wavingtare averagepartidle sirgloft13G amtwpess dispeserkin blade

earHtachyithitbe periphery oftbg base. Ebsﬂ?éeb%ﬂ/§swf%ﬁr§8‘éf8&at:.ng
|c‘l§,§l sulfancliatgfplatl gcbath at %Oac_:twhere adffer%nt?guanw

eleciricity Was conducted at & current denaity of 5° FHor 2 is a
g@eﬁgﬁ%ﬁﬁagpmgp show1ng 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 layer (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 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
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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water washing and removal from the jig, a blade section was lapped by a
lapping machine to a thickness of 0.4 mm. In 15 this way, there were

obtained three types of outer blade cutting wheels with abrasive grains

bound by electroplating, having a different internal residual stress. FIG_. 2

i§% pHbtSHRrEgrEpRisHbWIRg 1Re BrtdCashdaradces ofithebppeopbctigrhate
Feetvirig thie erossesactiontshonys isFisl 20 Hustiated i HG-2a8%€ density

ide b ; ) bond 24, and a layer .
?ﬁ'&;?fﬁm%;;%%%“nﬁ?%}%%é%&%% B A Shonic
&Sﬁn&‘g MO AUfCEZ B 52t B, 2rdicRerch&ilngsd beHE R @ kpting. In

FEIRABAEIT:8 g3, madizrdintemal residuisd stéss B5wf -1xixd081Ra1ad CBN
8 Ox Exam A cemente ide consisting

%‘§§O§§vgt%f\ﬁcﬂg§d%l% \%V%%F%)ew %%Qaki E|refe ?h%oe aﬂ}gar(;1 r?%; ar thin disg

ARG SFFodtRr O30t SrfrietEi Bh 1 2B e BhDMTeTYdiametdcosG mm, Biel base

adsiciimess ok . 3imny whickhservad &aadasep The hagenaas masked c where

Ui et e g eI el 6 o

. m Inwal rom e u ; .
e P S et VAT R LN Rlireemoval
£810%o 2 4DESfor 21 B hiifatessoF degresmingl arashedowitla weaen @mgl machine

mermmcn%@ﬁnomwwsmlutimﬁotﬁ@éO@Qﬁ/L%@@Qi%s obtained an
h lec is.was effected at.a current
A e e O T

densit '
ﬁz‘?,ﬁgﬁ?ﬁﬁ%fb’ﬁ%d water SR FEIPBRA jRpdr Bl § deedidateot
with-rethopl(jv) nentignadabeveidiekelwladic BN grainsaying gnoe 5. g
average particle size of 130 um were disposed in contact with the

BéfPhery Bt S e Bage sy mimerseerin @fickePsdifinkie
plating bath at 50C where electricity was conducted at a current density

ERQ&%@Q 10 A/ldmZ for electroplating. After water washing and removal
romt eﬁlg, a blade section was lapped by a lapping machine
cemented carbide consisting of 90 wt% WC and 10 wtg

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 circuemferential
region of either surface extending 1.5 mm inward from the
outer periphery was exposed. The base was immersed in a
commercially available aqueous alkaline solution at 40°C for
10 minutes for degreasing, washed with water, 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 delonized 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 5%0°C where
electricity was conducted at a current density of 35 to 20
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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 electroplating. The metal

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

Hv 318, a density of 8.8 g/cm3, and an internal residual stress of 0.5x108
Ra.diaXafnpleed Acearapntecicarbida consistiag of 99 awhe WCand 18md%: 1

206 was maghined jnta an annulagthin, discihaving, ap Lﬁe&%@ﬁ&efﬁcme

]to i m an inner diameter of 40 mm, and a thickness of 0.3 mm),

SSvEd SRICKREESTIRE plsd IR mé?k&&ﬁh%esm%e%ﬂﬂﬂwed an
&eredmicreftacwddionofdithel skfibe ekemsling 1 Sombn ivbardnikio iy

t@ﬁé&@@[@eﬂp@erym expasedsdhe hase wasdumerseddtalus of
commerg available aqueous alkaline solution at 40C for 10 minutes

for A&gfea r?g Wadhedwith REANGRFinheFSedhiR anadieres oI Gforf - 8
of/3hto 8Rra/L0f sadiwp-pyrophosphate atdAG where glegtiqlysiswas

effected at a current density 30 of 2 to 8 A/dmZ. The cemented carbide
base was ultrasonic washed in deionized water and held by a jig for
BRaaRg.1&s 4n Example 1, nickel-clad diamond grains having an average

particle size-ein33@ ¢a Wwese slisposesha Contagy vgd!eh t&ﬁ@ @@Fglipﬂ@ryaﬁfdlthfo wt
%sqﬂT i rsed in a 35 nickel-cobalt alloy sulfamate plati
hath aat%g[gﬁh%}geﬁeIg}égﬁ):ltgr\l/vaaénggﬁdaucte% afla%cjzurre %ens 0{‘15(%09‘%]r

562198 RAneS f&rzeﬁea%maﬁngl%ﬁé? HARIPSIERIRS afd r@movancﬁcfm
theljitkreisladeSettidnmwms leppet byea-iagpirg machie: to aHkickress afzs

Rd=man Iwa@ wardbetrwagbtaiped gl ogterplade cuttingauheslwilh
QQ |ve |ns %J?b und bé{ 5 eIectr |ﬁtln .The {fn%al bond had a Young's
X

us 0 2 AT BETa VickeTS RarIerd of Hy ﬂ'@olﬁ“ﬁ%ﬁ@.t%ﬁa‘% ghe
@}éh?sf RREAB IR 76 aTROEASS o2 BxBOF Pa/AEXAMPRT4ckD An a
cemmeateclicdrbyde candiatirig: ohet #dUs W laad kewWi%1 Coiwasat 40° C for

MACGRINGEHHBLO0 2 anfuardBdiSC NaVng.an QUI8! water, and immersed in
an aqueous 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
guantity 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 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
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%10° Pa and 1.5x10° Pa.
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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 15 region of either surface extending 1.5 mm

inward from the outer periphery was exposed. The base was immersed in
ally available aqueous alkaline solution at 40C for 10 minutes

for degrefasasganashit dowith ivbie ; @ansliisimersedfin 9an etk ewds sotutioh wts

e{o3Q,10:80 44k £f sediLim By raPhosRAae-2Q g% ROG Whergglegliolysiswas
%ffecte at a %urﬁr%t densr% of 2to 8 Ag[dmz. The ce %.ted carbide base
a

was Uitragonic wAgh&d'in d&ohiZed w ”e*?fé{%a%&’ y a Jidnﬂ')’r p?é’tlnga. As

REECATRABRS1 OficKe Scla diafhérd gFaRE VY an Boemge tiblessizaas
k3@ dmewere ditpeseddn taptactwithihe 2nperipheryofthe basarihe

base wasdmnaersedsin & \Walls. nickekiran alioy plating Rafh At S0 whers o
a different gilfjam'%é)f electricity was conducted at a current density of 5

R26 A/ @72 8P Bl EPRaP ARRF water falffiy ¥7F HRREF fidnt the
frerEnBaetaseclionveds- Rippe dasiug tapping Bahachiae o bitickmess GfC for
¥ mﬂhdlﬂébiSﬂ&q’&y,dégﬁﬁawgiel@btgiﬁgﬂéwoﬁ\fﬁﬁs @%@@&er bémd e CHiiBOsed in
e i rasjve.grains ctroplating, having a different
e b ol Vhug e B og copnate

F9x101¢ PR FickeREhARINES S DIERFASE T Sh ¥R ndly Bf BUrgRNf3 density
afid antintetnal/dsidualisteeseoknd 81108 Paided bfsd0$Ra. vk rasonic

Rxample 5 semnanted garhide consigling. 9H99Wtxo WG apd 1QWie; 6P, as
\ivgs&%lcnhiggd 'ntonanc n u_Ial_.'Lglén glsc havén%an outer digmeter of 125

mm, an uPner |éme%er 0 Ocmm, anc gigri ickness of %vﬁrﬁ% Whichverage
peweticiea bise. fie base wasvemasketbpits edhesivedapeso thataniyhe
?&Hfrﬂﬂ@&?”&@' {ﬁg'%a%eefth%fg”@&gee&s%”sd'Qﬁu%eésme inward from. _
he outer periphery was exposed. The base was immersed in a

BoRTercRGSRANEER fkdshikdiiR%diGich afa6cddf ferent

composition at 60°C where 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 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 dehsity of 8.8 g/cm’, and an internal residual

stress of 0.9x10° Pa.

Example 6

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 diamester 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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10 10 minutes for degreasing, washed with water, and immersed in an
agueous 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

cemented carbide base was ultrasonic washed in deionized water and

REESY B figIobsRaring2AseEPMSELampld e, REREI-H188 diampRticgtaiis 2
havinganizacrggavpartista sizeqpf<d0-masreldisposed intcenagt with: ¢ for

91e perphey gidheass, Jhe.basewagdmmersed g lattsng smmersed in
nlckel-%hoski)horus alloyﬁlatlnga ath of a different composition at 60C
e

FRePEBRANRTIG WAL EBRAGE et at® R citfent WerSR BB Y3 RgARhate
for eldCtioprag Aflacardywashingarrifreadead frot thejigrabladiensity

sectiprnewasg [apprd. byenlappéng nashinestora thicknass of 4R onic

' , ther re.qbtai t S t lade, .cutting wheels with
ab%a%l%ye gmlmn?égéegﬁ%?%y ﬁg&%%%ﬁr?g,%’; r#a(\a/tgl g% diftérent Vi ear%lng' As

FiBrdredePHhe Metaf6bfds Fadh SRR BRI B %G1 #Ppagerage
Vickeishardness of Hv 440, and&he528, Sdensityiof 8.8:0/ems, @i he
interna#residu% res%gf 0.9x1(¥ P%. 30 Example 6 A cemented carbide
B6iisiSting of 86 wio S8d 107 W6 BB WEE Fhadhiifed fito AR &hritiRPST
YR eRStOsRaG anto s i iametdr 6F1250MM, diennee dfehetee bt wowas
sundakd adthicknesswffe3 Ak sdliclyserwed asca base,/ Ghe Base was

é?é@%%@?’l‘ﬂ%&@&he%\ﬁ&p%%%é*}at%‘%i&' Cﬁﬁ‘&e@&ﬁ%é‘igf@o%f the

either surface extending 1.5 mm inward from the -23 outer periphery was

&xFos&. TG SEFEEThTaSelaR B ComérciiiDRiAfaBRe s ddéo e 2
Hikktika sslution & 40CWor Thmiites foregrbasiagyamshetatitted an

siatesr apddaanersed iR ARREHEOUS 88lUHBR O BPJORRIAOLRMEMLy
B S D am T R R DS e o
Wabhedin Heionizediwktersarnthinduebysa fig féivplating. As darExamplerl s . 8
Jirkgh-clad diamond grains paying,an aVera08.ss of 0.5x107 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 20 wt% WC and 10 wts
Co was machined into an annular thin disc having an outer
diameter of 125 mm, an innexr 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 pm. 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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particle size of 130 dam were disposed in contact with the i0 periphery of

the base. The base was immersed in a copper pyrophosphate plating

bath at 50C where electricity was conducted at a current density of 5 to

20 A/dm2 for electroplating. After water washing and removal from the

ji2y, @Bt ePsectioiwas dappdck biirzelappmg Machine tamila thicksassyobs 4, 3
44mm. In this way, there was obtained an outer blade cutting wheel with

abrasive grains bound by electroplating. The metal bond had a Young's

modulus of 1.1x1011 Pa, a Vickers hardness of Hv 150, a density of 8.8

Glent emdisie idienamab tesidual stress of 0.5x101 Pa. 20 All the cutting

wheels of esd teH-wese suited ifot eulinggatm eaith sirteeth 10 wes

b 9 parative Example 1 A cemented carbide consisting of
W T B A i e
RiRG SiroREr hanBter SR RfR, &1 Rt efafttet Or a0 MG a
thickriess 3d 003 nim 3wihich sériell asearbade aEheabasasvas lacedibrawas
mioihanhicl wasdlled, With admixiuee ¢ 3% by, yeiime of 2npuuderedsss oy
%«ir&%g resin ag a resin bond.and 25%(% 30 by volume of diamond grains

having an average p%?ﬁ’gfglé 76 o‘?oﬁ. . IF%:%{ nfiktute éédprae%gu s by
FOldEE aBduGhanie ahRdHEatedviiiHe #0IEALIR0E feaZ hbolsfarize of

quriNG.m/Aftes Cooling andJemayg! frem e pold, ablads Seiionvas
Ia%}ee%\?gi a lapping machine to a thickness of 0.4 mm. In 35 this way,

HEPE Vs BiaThePs r8Gh bortrré QMFENBY cEidigBnester plgetheng and
Wwhat|. Theaborhhad m Yourg'gonodifine 9phe48.0xA08 Paja Yickedson was
hagiresswf HY 3@padha density of 413, gicrph, Campatatiye Example 2 5,
@hclem%rged Cﬁ@ge consistilgg aof 90dvvt% WCtand 0 wt% Co was .
machined into an annular thin-dise havingan outer “diafietersPios ki de
RA &g eherPsta oot 1dst Wb afcknesEer (einhavhich Bered 'as
ABSeadNEHasewas* pa, a Vickers hardness of Hv 687, and a

density of 13.1 g/cm’.

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 exposging. 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 I'DIn.
FIG. 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 pleces
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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placed in a mold, which was filled with a mixture of 75% by 10 volume of a
WC powder/Co powder mix as a bond and 25% by volume of diamond
grains having an average patrticle size of 130 um. Pressure molding was
performed. The base was removed from the mold, followed by thickness

agiustment agdeheaidreatman inaargen APesahess %blaﬁwhcg@@ces
was 15 lapped by a lappin hine 1q a thickness of 0.4 mm. In this
v‘flgfi, t(f%nrlg %%a%%t?tﬁf% iggé%aé:rejd} c%%rlref’“erﬁéﬁl dafbide base outer blade
cutting whet - THe bénd #a@ £ YauhgSi ATStRINGs 45uxtinatipeg & cutting
Yickers hardnesswf I—Ia\h6&'l_t,a&'tda feasinuef 1&dglems. B0 CUling vickers
ieskuasderformed: A muliple Wieel asSarly HaS,EaQRIrUEled By o
arranging two outer blade cuttln%~| wheels from each of Examples 110 6
AAd T AHBRRTVE EBRRTIBE T1 Ahd® BPEXPalihg™St B/ RAR THeRe thickness
agsdribly wad diessed 28:ohtikdbpsietgraing ecameexpesingoMnts was
pemberof weorkpiesesia the farm ofuﬁﬂﬂsh F@ﬁ% fare=eaith §@E%{@9nma§£§rfnum

0 wide x mm long x 20 mm hjgh were successively cut by.the .
gégiem rf[i]/lﬁhl e Yc];’%%%r?gs the 3% e%%ﬁlsgt &88 rBr?%?—%@. g a)édi}gtélr noee s
Rlustrating a auttmg-acourbey BO vérsusvataniagspetde Aftet S0mpagnet
Riesesuarecy from Jhestat al a,gulling 5peed of 10MBYINJ¥e n the

aagnet ieces were cut while varying a cutting speed from 10 mm/min to
g]% ina/min. For each piece, the thickness at five points, a central point
and fourfc8rne Spdikts 4% aitems ket byt Aficro3BIRasT. RHestifferersoet ting
betveee ¥ sraxinHfpard Miniteun aldes ameng thess fivespeints for eagh
' j in y.-2 n of cutting accuracies

B il o e e PR e
SR G a RS TR RTing HCEEERG S af B aksvE m eldiddRakRs . the
Etaungy nedilug)eYickers & bardnasse andrintesal SIressargspestivelyspi te

[ [ 0 min, the
E‘Fhé?é?en?s’@s of five magnel piaces Gt af a-9nsed of 30 mm/min, e 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 pm and Comparative Example 2 had
a cutting accuracy approximate to 250 pm, both exceeding the
acceptable cutting accuracy of 100 pwm. 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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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 10 a cutting accuracy (pam). An
average of the cutting accuracies of five pieces was computed and
plotiedarthetdiagrams. ki, 3 lstrates-a sutling-acotlacy Versysea had
cutting speed for Examples 1 to 6 and Comparative Example 1. In 15

EBIpEr e Ekaffibté 17 8s W& CHfTY SffeedtificasteSthe Raming 0 K-
deciiraey increased sihstantallyd iméxampled, tharduttingmecurgaygisiotted
less dhar S0P for Al sSamples, flespite More-gLlessmagRiludes 9ty ated

ifference, indi§ating that the dimensional variation is minimized even on

iR spaset 20 Shftthy. BIEC. 4 fiustratsd SMuhiY d&PalPSerrgssion
EraEe niddflus itromag g enedulis céfssn dior Exepples avtibdd randk cutting
Qem%eQV%E@gé%s 1and.e Gamparive Exampleyl iad g putting

accuracy above 150 tim and Comparative Example 2 had 25 a cutting
accuracy apprdkirate 50 fif, HofExdEsHifG T a5t eptatsie Sultihg

aodigacy bf 400gms o £ohtrast, ExanBHesyll tos6 hadsatisfactory suigimated
aemacy vajues-efdess than: 100 pyp. diie dotied.line cynee i'gﬂgerange of

diagram is a regression curve calculated from these data, and it is

SBHABRAfrEHTSE hPFTe8diBe ctinfdihat B AGRIESEY0RAgSIMEQUILE0 um
Reovigiingan,acceniahlescutiing agcyragy, igsbefween 0.7x10i1 Pa and

4.0x1011 Pa. FIG. 5 illustrates a cutting accuracy versus an Vickers
hardness bf BoRd16PEXSFPRST G Bethdieahparart IEkembhes 1
anven Compardtive liByatepleck-tidda cldtingn®6 aeetraicy aleamteah3QaD.
breenipast, Bxamples bye fhad satisfackory gutting.ageHyagy yaiuesof
Ien§s ghgg dJ_,O{)nmm é@%%gu%%fagsjfactgr dimensional \4Car|at|ons. The

dotad ‘line cUrveTin the diagram i€ & regresdion BRE RS dIatedS flomesult .

fiese RaNahB% isebaknreed frof fHeerdgtesiforsection is reduced, the

concomitant reduction of cutting accuracy during high-speed
cutting is minimized.
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curve that the range of Vickers hardness providing a cutting accuracy of

up to 100 um is between Hv 100 and Hv 550. FIG. 6 illustrates a cutting
accuracy versus an internal stress of bond for Examples 1 to 6. It is

estmated 10 from the regression curve in the diagram that the range of
internal stress providing a cutting accuracy of up to 100 pm is between
-2.0x108 Pa and 2.0x108 Pa. It has been demonstrated that according to

the inveffloR the™IRde LB chaT ISRhENEan AREERERREFAL5 strength

and the evérabouter blage tottingpWhes! isnimpravedivimethanicaf cemented

rigidity 96 ra%%a(?s%&%afew@lwg@beaﬁw?mie.lﬂw%cpfrﬁme dadeing an
sectlon is reduced, the concomitant.reduction of cufting acgurac r :

h| h -sp Sheed- ¢t IngYIS minimized: 20~ %L LfltHA% ou gr adc(ié1u anlng @
&ﬂﬁﬁg WHER| 2oFipHREE DRE if the ’F(S’rnlr oiaaﬁuann@lf&fl thin disc of

cemented 5 XIaflaided@myvingan Dupersdidmetertdfe8Mhiot260 pan dsfining of the
%Jt%aeaeﬁgylemﬂ@n%@a@ﬂ@ @fr%qw%aan&iaﬂmg 8 R¥€a1 bond,

and a thickness of 0.1,t0 1.0 mm, and a br%je section disposed on the

JUter PRABRENPIREBEsE ARAT LT IfiNg ABRRA SFAMME o TRY wiFEd 2 ©F
raetal-bowde ﬂfﬂﬁmﬂm@@@e&y@M&ﬁmﬂﬂ§n§ﬁ§(ﬂﬂﬂ@ﬁégﬂé@@ mmmal bond

9{9{%@ g Mg of diarpgnd graips and GBN graing, mgmet
Sal

having a Young's Todulus of 0.7x10" to 4.0x1011 Pa, bla sectlon

HahAG a%ﬁ?&h%%s RAVARE Grebbdham IRe Whickheds of §§1%I'°6’déet5‘3?%t the
leastd0dsmnmp i 52 ithéauter hyade: catiag twiedl bf mtaim 1 wherein said
metal bond has a Vickers hardness of 100 to 550 and a density of 2.5 to

12 g/cm3. 20 3. The outer blade cuttlng wheel of claim_1 or 2 Whereln

s?aid metgr"r?or?dlégfﬁph§8§1%t fEhst bR o@P deRtietifg 1 whersin said

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

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 of 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

ocuter 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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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 25 phosphorus. 4. The outer blade cutting wheel

@f any onmef daimes 1piadavheretl sajdwhade seetiamis fermeddyclaims 1

%?C%O%lgggg 'txt.] esrge lb a'? eso thca’%.m)e mf talrb oonngeig q)e C{?Ji:tggi%n thc%e
outer peripﬁery 5 the base while Binding the abrasive grains |
HRFEFHY S, Il BGtet BIddEEulting iFSet bf BRIG 4 fhekéiktnd Hfetahe
barttas pleposited-pndiie hasetaselestiaplatibg hdsan [eindgrnakive grains
residual strgss between -2x108 Pa and 2x108 Pa. -28 6. The outer blade

cutting wheel of any one of claims 1 to 3 wherein said blade section is

formed by brazing the abrasive grains so that the metal bond is affixed to

the outef pedfhedy diahenrzarawhiabimairgtherairasie graiisitg wheel
ibergwitls ih A method for preparing an outer blade cutting wheel

comprisi vidi b in the annular thin di 0,0f. R
cemente cg%%ié%k?]ga\%ng% %%%u%r %&?\é}tﬁf% ggﬁog%o%%ngnﬁaéﬁr?%énandmc
GiteFPRABISY, SATRMECIBMERLoFSD 86 i 3RS Thitknéss &P0 400 mm
&= Omiimg and aladteaplatmg Biveetal bend iogethedwdthedizrasiveé gfains 80
iendeposit on theiutge periphery.af said base an, 13,plectroplated layer in

which the, grasive, grains are. bound i g melal bond e abrashve.
grains comprising Biamond grains, grains OF A MiXtUre of diamon
FaiEnd eBlerpais, #e AaPBoRFh&AFG BPESUNGS nidddiubase an
@I¥xt@Tbid «texil Ay Ra, saicelectropiateddayersiadngeathickness bound
\which 20Qs grealer thag ghe thickngss.al said :gaéqof Clﬁg aéé%%%%%gm&amona

and serving.as.a blade section. 8. The metho aim 7 wherein the
AEBtRONdHe dEpBLREd Bh the BHEE By el 8 SHaReG fadiimteriaf 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

depogsited 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 B0 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 layer 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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25 residual stress between -2x108 Pa and 2x108 Pa. 9. A method for
preparing an outer blade cutting wheel comprising providing a base in the
form of an annular thin disc 30 of cemented carbide having an outer

dampterot3Q 1o 200dm-kasiefiing A5 OutsEL PRERRArYL 8RN AR diARefer
of 30 to 80 mm, and a thickness of 0.1 to 1.0 mm, and brazing abrasive

FAHRSWRhBORTREEIFO G Bnththe olter pefiphbry Ssaid bhde 1876 baving

layeminorhiessthen 8brabiasive gsains ara boubdavidhthacmnetal hondk4he vase
asive-qraj omprising.diam ins RS O ixture of

?% igm%%gﬁasiﬁ? gnﬁ%é%%rgns, t %@m%%%‘oﬁ%%agvié%@%%hg's

modulus of 0.7x1011 to 4.0x1011 Pa, said layer having a thickness which

18 @Yreate L trramtighthiclkoné ssof sartEbage dledireast G.01Immhane servagdd

sk Mladegection. %104 Hre methad-ghagy ane afalaims €40 9aWReeitensity

saé'd 2mgt@l bogl 1@@5 a;Vickers hardness of 100 to 550 and a density of

2551 g/%m " 10 Tf. The method of any one of claims 7 to 10 wherein

said metal bond comprises at least one metal selected from the group

dansistingiod Nie Eiee & 0o £ uaand G antaltdysaamaprisiog dtdeastdweiofl said

e fareaning melals- pL 20 alloy; eruprising aideast ane ot theJoregaing .
metals and 15 phosphorus, -30 Quter Blade Cutting Wheel and Making

MERTR, CREBSTRAET IR an Sutef Blad&utlity Wil e8mpRRiryary
armutarisithin disclisssetoftemeatfted barbfidedavimpanettdrdianeten oflloy
GbRYL MRk gndanek diamelae 0530-8R4NEbL ARgha ihicknrass: of Arkk1.0
I‘Qgg&g\g&g@de section disposed on an outer periphery of the base, the

bla C

e section comprises diamond grains and/or CBN grains bound with a
metal bond having a
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10 Young's modulus of 0.7-4.0x10"1 Pa and has a thickness which is
greater than the thickness of the base by at least 0.01 mm. The outer
blade cutting wheel is capable of cutting a workpiece at a high accuracy
and a reduced allowance, improves machining yields, and reduces

macMnmgQRﬁﬁ§ Bigde-gptting Wheel and Making Method|

ABSTRACT

In an outer blade cutting wheel comprising an annular
thin disc base of cemented carbide having an outer diameter
of 80-200 mm, an inner diameter of 30-80 mm, and a thickness
of 0.1-1.0 mm, and a blade section disposed on an outer
periphery of the base, the blade section comprises diamond

grains and/or CBN grains bound with a metal bond having a
Young's modulus of 0.7-4.0x10% Pa and has a thickness which

is greater than the thickness of the base by at least 0.01
mm. The outer blade cutting wheel is capable of cutting a
workpiece at a high accuracy and a reduced allowance,
improves machining vields, and reduces machining costs.

FIG. 1
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