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TITLE OF THE INVENTION Method and Jig Assembly for Manufacturing
Outer Blade Cutting Wheel 5 10 TECHNICAL FIELD 15 This invention
relates to a method and jig assembly for manufacturing an outer blade
cutting wheel for cutting rare earth sintered magnets. BACKGROUND
ART 20 Outer blade cutting wheels for cutting rare earth permanent
magnets are disclosed in JR%.8-bE 44k Irfel@1d45171, and JP-A

10-175172 as comprisingg.¢epenied cgik&idgsg%agfaving an outer
periphery to hichgg_:\ia onqcabrasive ggazins are bonided with phenolic

resins or the I1Ke. SHce 25 diamond grais areB6nHel e Mifidnted
carbide base, the base has been improved mechanical strength over prior
art alloy tool steel and high-speed steel bases, leading to a higher
accuracy of machining. Also by reducing the thickness of the blade with
using a cemented carbide base, the yield of 30 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 35 desirable to
have a novel high-performance cutting-off wheel overwhelming the prior
art outer blade cutting wheels. -1 While various cutting techniques
?ncluding outer blade_, i_nner blafq;% gc\%e}g%v cutting-off techniques are
implemented in machining rar agnets or sintered
magnets, the dutdBREEEUERGESH fedniguBss Badodbdiddly cnprieky
By oirtuennfiraiadeaneyesiheludihg dan duexpensiva esltimpwheet ting
maahines Arraceapiable autingh aflowance on use of cemented carbide
blade, a high accuracy, a relatively high machining speed, and a mass
scale of manufacture, the outengjgggR%%thoRf& technique is widely

Outer blade cutting wheels for cutting rare earth
permanent 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 has been improved mechanical strength over prior art
alloy tool gteel and high-speed steel bases, 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.



10 employed in cutting of rare earth sintered magnets. Traditional cutting
wheels for outer cutting used bases made of steel alloy materials such as
alloy tool steels (e.g., SKD grade in JIS) and high-speed steels. However,
JP- A 9-174441, JP-A 10-175171, and JP-A 10-175172 (the inventors 15
including Whd Sar@BIHE [resEADTISERR T iflg WS “0Sing ades of
cemeaisd cankidesl Spment@duarbides nrate byscementihghRgiten a-°
C%Qﬁ%ﬂé&%@@ﬂ?@@rﬁiﬁﬁ!ﬁgnﬁﬂéﬁ afacahalp @rmicksal inetediyts or
sms%le{;@%%ge igh:dgidity matefials having & ¥auRgsneskiusastighas s
450 to 700 GPa" 20 and extracgdlnarll¥ stronger than éla%gﬁec%lgaég)y. 1ud]

5 mERFRIE IR TR SIS mBdulis of the order of 200 GPa. A high 09
Y sungis eRBERRIS PN STRISCEHRE tHR SRR O WefofMaliGh Bt £ Bltie ThEere
a euttingoree dor cattingt resistarca) isaetikfed PTRRS in furkl FpRESIRAECY -
unger 2b.the,sapeneutiingdonaaithe deflectionetithe blase iscrduced,
e o e e e deresed.

, ] ickness of. e :

10 A|ﬁ&%b‘?’yﬁ‘l% &E}_ttffl‘étfg%gg a%%ligg Ber ur rﬁtsﬁ%resg% tert%leggla]{a%egi%%?r?: ‘
substantiaflyade tiahgedt tHe DvERsF Lttt ot te Bhpfiad titfe Bigde
besames sanlesbysthecthickhkey dedrensalm eRchugplal heXcHiRfy steels
process. wheke ayRagnei Hlodisis mmachinesh intpemultitieddiecestatetiom JE-
gz én%u Oiggggse;nb%ﬁ egﬁ%ptrhazmt?érn; %htieligig/. af guttingswheelsiike fatantors

. > sembly is.r. :

15 nuiibet Bt fifg WhssIs tg%e%%%r ased (ﬁ%%ﬁ%%%hg%g ?%Sgg%/lv%fls
or theiaattrpRI ceTo BERIKRE T 8 ame ST AlhSerSi Cl%%g made by
wheeissleadingrteng saeingrer tedmatBF pEFeEIBthe nEEpeReriETs* of
margipsetative 10 e 1cuiting forse, she achvangezofethisiciiting swiddély
O e S Cerall Pitg e 166 —oromrns

- ) ases_C e Y -
2%prot égtﬁ' R Cia Bféﬁaéy cﬁ%ﬁoggﬁgw%%%ks t%%%%é?&%%%@%Qi%% an Jl(:e?/!é}r'als

incleaishng @eNRIRPOR rARFBANA HhterBa rﬂ§8§5ts?%vit?homa%afécturers

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

25 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 1is possible even when the thickness
of the blade is decreased. Although the cutting force
applied per unit area of the blade remains substantially

30 unchanged, the overall cutting force applied to the blade
becomes smaller by the thickness decrease. In the multiple
machining process where a magnet plock is machined inte
multiple pieces at a time by a cutter assembly comprising a
multiplicity of cutting wheels, the total cutting force

35 applied to the cutter assembly is reduced. This allows the
number of cutting wheels to be increased for a motor of the

game power, or the cutting force to be reduced for the same
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entering into keen competition toward cost reduction. For 10 effective
utilization of rare earth sintered magnet material, the smaller the cutting
allowance, the higher becomes the material utilization yield. The higher

the machining speed, the more is improved the productivity. It would be
dESFRSE &F havetdR Sutdresihtie GRAAGIhEE RhRAVERE oA higie18otor
rigiditgrand highizecovaoy despre shred ucatkthicknessiaft blade celatiwe to
the.guient cemented carbige-hase cutting: whaelsnGitatienilistBalgnty may
DB%“Q}?E‘J_EEQ&@&HP@ %E%éﬁnz%f’ea%ﬂ@?&%"ﬁ'ﬁ% L4 JP-A H10-175171

Patent Document 3: J Patent Document 4: JP-A

2005-193388 PSFelt D%cﬁmenjt%dj&% EPSIG 795 59PRISR B5ETRent 6:
JEoRaDEEPE P ABAF G NES PLISUChhuLiy 9feo s sie it Bd®ument
8: NV 9642 3680wDISCL BB REIXE THEINVENTHONVETe tpplicantng

prapassd atechiiguenfdixesiy bendingnathdiamond abrasivegiaing with

a BH@QQEB@%MJ%&%%néQmBL%QHR%P%QJEX Q,fo%f% appHlaL.camented
carglde ase and. a . tech I‘ll% gf fléedly bonglmg iamond or CBN
e

ective uti za 3 e ‘eart ere net m rial,
abrasie graing “With’s meta FRaving an adeqiae Y 8aAgE mBadits

tothe éﬁﬁlﬁérl%rf&ﬁ&ﬁ%%n%%ﬂ%ﬁted%ﬁr&ﬂ@%eb&‘é‘é“&ﬁ AlSs
2080:=¢7 251w ER 2045082, 1S 2009 185 68| KR 008007810, BN speed,

10403 10 or=SGmp234463). tBl hroutrhlade cutting whaehcoasigtsset-abie

twp, cpmRonents, ahasy and ahlads, Singg dhe hasg.thak accounts, fon
the maémtgz of the outer b@ggrcuttlng whe%l IS rePIa}%ced y %hl%h (rjg |Oy
ce?ngnted aﬂ)lge}ba% & outerbladers cu cuttmg wheerl'is |m%rove

mELRARICEPSREAE Eﬂdﬁgocﬁﬁﬁﬁ%ﬁﬁ%&ﬁgcﬁﬁ?ﬁ% RS gierting

thelpEtsart outer blade cutting wheels using bases of alloy tool steel and
high- speeg ste%I Ad%tlonally, since the binder is replaced by a metal

having an ng's modulus the overall
Patent Document JP-A HO09-174441

: JP-A HI1IG-175171
: JP-A HLIO-175172
: JP-A 2005-193358
: JP-A HO7-207254
: JP 2942989

: JP-A 2005-219169
: WO 86/23630

Patent Document
Patent Document
Patent Document
Patent Document
Patent Document

Patent Document

S I T

Patent Document

DISCLOSURE OF THE INVENTION
The applicant proposed a technique of fixedly bonding
diamond abrasive grains with a phenclic or similar resin to

the outer periphery of an annular cemented carbide base and a
technigue of fixedly bonding diamond or CBN abrasive grains
with a metal binder having an adequate Young's modulus to the
outer periphery of an annular cemented carbide base (see JP-A
2009-172751, EP 2075092, US 2009165768, KR 20090073019, CN
101537603, or SG 153773).
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10 outer blade cutting wheel is improved in mechanical strength. The
resulting wheel attains three performance improvements, an improvement

in accuracy of machining, an improvement in material yield by thinning of

the blade, and a reduction of machining cost due to acceleration of the
machining*8fe68.:43 15 e6mpatEdWith e plioFarsadite? tddd €tting
wheeisafdhesesintaord &y askgpfkenofdresinster pelyenitdeaesinsasnts
th%&bfﬂﬁié/enﬁﬁlgﬁithiﬁ heodlerdlade £Lating: whael CoRRIISIAG areplaced
m%?i | %f ﬁ%&%e @?&%%@d%&ﬁ‘&z@éa‘l%% fB[ea%}é%Q raifg.bownd byia 2

shows better mach |n|n%tgf)er ormance than the pI’IOI’ art outer

bI§HE ettt WiekidSit 1EBESHTES 10'teUiEE M “CostTriRRAbadle 8t =°
thafeReRgWwhBePEORARE EcHiighe b BindiPgabreRv@gidins 36 ocuter
cemeritedccerbide base Withiaingtdbdons arfd #i6 techriqlie of shhpang a

bladeyrSssradionsiieabragiva jayen f prasivegransbgunddly asmetah acea
QQQ'QvﬁgéﬂheégﬁEﬂgnéﬁrQQBEEE?ﬂ&%Q“@&HHﬁa k%%%ﬂ&%éﬁ the overall

mahufacture yield a}cnt eventually an increase of manufacture cost, Etl:S h
cof34red w?ﬁ?hgupnolrngrt SRk G Hn TGN Gded "TREHRAR 1T 'streng

maRsfaEffreHWRBeYRCEdSHF 63Pthd- B0 Yo it TR IAdE ARG e ts .
wheelgmiithoegkihe ioutecduadecutingaviieel tompesingrcenerset in
caghidease gnda metaiended; abrasive gsadlladenshaws bighefion of

performanae n. machining gs coranared.wish the arigr aft onier:kl d@peea as
cuttl%%) wheels havm a resin- bonded ak%raswcigram blg e the

caff Sf:ﬁlgher cos‘f he coslf ot the DL outer FhIAtR cut(t:ng fh%e‘f Smﬁgt the
beTetielVefofd Bse HtRan 816 R TtHRS H2-5f e PRAM &f&’cﬁ?reré‘ﬁétnoqf as
rareheard sisteved ageet. can be met. An object of the invention is to

provide a methed and jigrassemblydormanugciuing apampes blade a base

CUE@%nggﬁkéaakgéewa@%nHSmig%m%ﬁog%ﬂwsgsmg #und by a
outer b act) tlrkg w eeI )c/\nth bette%c;ost perforn%ance IS matrlyfact%ed at

a hlgh COs ormance ?n conjuncctlolnn\%vntﬁ tﬂe manu?aé:ture o?an %ePrlor

blaffet @ﬂﬁ?@vﬂf@&%&ﬁﬁﬁ%ﬁ% dhamhbtardisd-ShipetiEase anfeguce the

cost of manufacture of that cutting wheel. Both the
technique cof binding abrasive grains to a cemented carbide
base with a metal bond and the technique of shaping a blade
section {or abrasive laver) of abrasive grains bound by a
metal bond invite an extension of manufacture time and a
lowering of manufacture yield, and eventually an increase of
manufacture cost, as compared with the prior art well-known
techniques. The thus manufactured wheel is costly over the
prior art outer blade cutting wheels. Although the outer
blade cutting wheel comprising a cemented carbide base and a
metal-bonded abrasive grain blade shows higher performance in
machining as compared with the prior art outer blade cutting
wheels having a resin-bonded abrasive grain blade, the blade
can be of higher cost. The cost of the outer blade cutting
wheel itself must be reduced before the demand for reduction
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10 blade section formed on the outer periphery of the base, the inventors
have found that better results are obtained by creating a magnetic field in
proximity to the outer periphery of the base , and so that the magnetic

field may act on_abrasive grains pre-coated with a magnetic material to is
Ay et SRR HGHtHY thePady Sttrddiy FREAbr &N GFaRs PR ofitdt Pe
p&dphery of the base, and plating in that state, thereby bonding the
abrasive grain® e the baseheutbivpatipleearyi Mare paidicidalyy thethod and

atiaghmentab ihe abrasiyg A%y eF (Rgcaming: dlage-sectiam dedhewneel

base Is miggleahter by onugling g Jamanence, siae Jpagnetzgion. o,
direction, an position of permanent magnet pieces used. An outer blade

cAGSVITEBSTCIR pHE Y al it BRI & e PREVINSE SRIZERE® héfynt or a
s@lapikpgictindic ot abtaSive grhirkeea® beaB easily manufactured
depending orcapattietiasapplicatiohe Asstafed i the pfeambietrmosblade
ouler blade GHHID v¥iRe!susef Hht%ﬁﬁiﬁEﬁaEmf@{%féﬂkMHEG% a
magnets are resin jamond. cut e | [asiv
o ot hgren e e il 125 A O SHE B ene

imgreShP i ViR ahQ aduthad ths E5&F of FRACHIRIfY ParPd AR ShiB¥ed
maghets. st S td- T et REGhER hRKPESR BTEhé pipheraF Bradeer iphery
seetiothant &z caccalemtedheicuttings peegn 4t effoftsdbanesy these on
L?Qgir%m%sgéaﬁﬁsp%@%&g@cﬁlﬂ_@@@eg iRfis-98 thehandused to

ind abrasiy ins tg.the ou e mented.c hase, ...
B e oL e or el EOME I g GV frstne

h ) Iy
aldr8sivRAaEr i cBREHERE e ButsF BlatRSEUttiRE S Wit i inr <543 in
riidiEeDUERG TRE By PRIGIHE EFfecRBIfESETEHpPOAENTS thR® BF Bl ST
cupkiag piest is increased in mechanical strength over the prior art. 5

With respegi:te rpachiniag & 1are eadh-sintesafemagiiet: e agvant ot
s %P‘%QSQBE@%“&%%&% blade ; giting yheg! Az achievedan i gnter

improvement in mac inlngryleld and a reduction of machining cost,

FkRﬁe?gpﬁﬁg%ﬁﬁgﬁbEﬂﬁa emanence, size, magnetizatitn direction,

and position of permanent magnet pieces used. An outer blade
cutting wheel comprising an abrasive layer having a selected
height or a selected distribution of abrasive grains can be
easily manufactured depending on a particular application.

As stated in the preamble, most outer blade cutting
wheels used in the art for cutting rare earth sintered
magnets are resin bond diamond cutting wheels having diamond
abrasive graing bound with phenolic resins or the like. For
the purpcoses 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 reguirements, JP-A
2009-172751 placed a focus on the bond used to bind abrasive
grains to the outer periphery of a cemented carbide base. By

increasing the Young's modulus of the bond, both the base and
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cutting wheel, in turn, is very difficult to manufacture or 10 is manufactured
in very low yields even if possible, when prior art well-known techniques
such as the technique of binding abrasive grains to a base with a metal
bond and the technique of truing the height or thickness of a blade
sédforRRSERErERIVERRSRrf 8f GBPASIVEHrains o d By £ 1Eimetarbone
arehesad aFke techmigaedfisinding dbtasivelgraintad-hehammavith atmetal
berd faludes rios exasapige SePas|lingabersIve: Goda® 0B DasE adel is
elegiioplating faf binding, placinga. Jnetal ygze and.abasiye grains on a
base and h,ea}tllng them gotfor braélnrgg and pressure molgln%a towd%r
mixture of' abradiVeRFans anBs powdeted maf Bohd o the dufer-
PERFREY oftdBad8VRHeINR6R thelSHHPE S ENANAtatBRAPEF §1ade
partiohitoaviriekedbriass exghdingeal eapo ume neNethar orinotthebéning yield

teghRiquasara-appicalienken exampleo 26 Whes.alvasive: geains 4e thlade
be.houngd fo the outet periphery ;Qf 3 Apngardisgshaped,0ase asdphe,
invention, tfhe Platln or brazmgltechmge e ls ver dlf_fltcult to rel:[)ziln wh
abrasive gratns 1 &osecorttatt with the baSe Tnal the dbrasive Grains -
arBlodh & e disk tHerBasé Gilte i pRfAipheRFR0Fas B finfiféd B dfage ot
areandhegtechnipievel pressuret maldirgpa powderamipatird. obabdasivé the
graihangweepewdered nyetakberd 4a the puter:peripherycef a besgds

algq giffigylt io-manuiagtice an auterlade,cutting, PeGAUSEdNg, o

baﬂ%et c?nb%%dgeflggtegsgg the strain upon molding. 35 Even if a wheel is
manufsctared, the shapéand size of the blade section can be larger than

desired dépéndiRg T B2t MARGEIEUARG TORARICHS HHis Posdshiese
neetkio tuwsBahelzlade Sectiohe Sinfe the el bonddmang higha@brasive
meghamnisabstrengisthaamaoruerticnalresinsgisiised theiaperaticr:-ofig a
adjusting fhe sizeQfdhedladeection isvery difficllt Indhease abresian
bopd, evenf diamond © abrasive aralns, (which are gifficylt o grin) are
containeéd. swn%ly grlndPn e resin may use abrasive grams?o readily

shebecafo e it has®a oWttt Rafiicbf strBAgth, b0 the cuter

periphery of a base. It depends on the shape, size and
material of a portion to which abrasive grains are bound
whether or not these technigues are applicable. For example,
when abrasive grains are to be bound to the outer periphery
of an annular disc-shaped base as in the invention, the
plating or brazing technique is very difficult To retain
abrasive grains in close contact with the base until the
abrasive grains are bound, because the base cuter periphery
has a limited surface area. The technique of pressure
molding a powder mixture of abrasive grains and a powdered
metal bond to the outer periphery of a base is also difficult
to manufacture an outer blade cutting wheel because the base
can be deflected by the strain upon molding.

Even if a wheel is manufactured, the shape and size of
the blade section can be larger than desired depending on

certain manufacturing conditions. This poses a need to true
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As a result, an outer blade cutting wheel having a high dimensional
accuracy is manufactured in a relatively simple 10 manner. By contrast, in
the case of metal bond having a mechanical strength sufficient to retain
abrasive grains tightly over a long period of time to ensure a high
addirakya e cattiriyi the sdheancthansd alrchoitimpedes dgrviing. As

akesint imvesrdifficiihtandjusidhesiza ohtile fteabnasive laged Since
thsp%le@@i@l gsdingAehgdeed inithe metalnhord danediatalyaftel very

% %t%rzzc?l\iec grains % e bound bc}/fthle rgaa&hg d &Q,eeg %gm%r does

op the self-s arpenlng action w IS oth erW|se evelope when

ra?@réﬁf{e‘éﬁtr%ﬁ&é‘r’sed‘PHEg‘?JfétaE%uﬁﬁéfr’e‘b‘fz Thi® kB hdPE Saiffdtip ined
theimathirdndgreithe abrasivesibyeraXceEiafitylf Prhthihe IR ERR /S Ryer
is reaching dstos dtruingpthessizeeanc shapedbheredfpfomexample;dhestrength.

thigkngss. gh ihe a@ﬁaw%é%y%rs.gae axialrel usipneexient of dhe 25 gn
abrasive layer from th % syrface, thg?r% ial Bf%ﬂ%@%&?ﬂgﬂnpm

thea raswe ﬁal er rom base er %1 e base, there is a risk that

a [oRRRST ma@ﬁmﬁ?d‘ﬁﬁ?eslg né&déB%n’ﬁ igh %%E?&cﬁ%?ﬁuﬂ?&fé’g a
complerad et’a glingrgt ot SEERHSATgHRiAG WHée|awerFhvgerains

mackintly i®seonLonsumec.ribhé machitng timezmaydee shotigneadoyracy
ingreasing the grindingspeaskehthe depth ke tndeipsidehs Se¥erfling .
maghining conditions, howgwar, e RPEARVE {8y S/ R3se Ay {18 Crazed,.

or’¢racked, or substantlally chipped away. These 35 defects may reduce
th@%@ﬁ’dﬁnﬁﬁ%ﬁc‘ture Under the circumstances, the inventors focused

the jig usédngserrbpradive HrimIBAS BSUAE Qo%ﬁ@?ﬁﬁ@l‘ipéﬁpﬁéﬁl Betgl

the haseivwiihdi metalybeatid ¢@ behdeposited by ayplatimg sechmiqued The the
blaga sectiondlaying thermperantrple agothe auterddade syittimg wheel

S B Qx bingy ﬁggag@é%% W@i@%“lﬁ‘%@%%ﬁ%%”‘é%W&ﬂ&E@é’%&?m rare

Severa proachés may be taken when abrasive grains ound with

°a ?ﬁéﬁﬁ?bﬁﬁﬂtt%nﬁéid‘@%%g?édjb §hiatling tehhique. Sudh™ees mere

difficult the machining of the abrasive laver.

Accordingly, when the abrasive layer is machined for
truing the size and shape thereof, for example, the thickness
of the abrasive layer, the axial protrusion extent of the
abrasive layer from the side surface, and the radial
protrusion extent of the abrasive layer from the base
periphery of the base, there is a risk that a longer
machining time is needed until a high accuracy of truing is
completed or a grinding tool such as a grinding wheel used in
machining is soon consumed.

The machining time may be shortened by increasing the
grinding speed or the depth of cut. Under such severer
machining conditions, however, the abrasive layer or base may
be crazed or cracked, or substéntially chipped away. These
defects may reduce the yield of manufacture.

Under the circumstances, the inventors focused the jig

used when abrasive grains are bound to the outer periphery of
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approaches include use of a composite plating bath having abrasive

grains dispersed in electroplating liquid, co-deposition of metal and
abrasive grains on the base, and 10 plating on abrasive grains bonded
with a conductive adhesive. In an alternative approach, the base is
sdiiwvichee bétheen Ngtmbnboad tordbdkndeantaidedspaces plating
careespangiag torthe wmhiasivedayesrthpispanesistillediwitbalaasivilo 1e as
graips eqtmatﬁﬁe@@reawelg@%@éq reta'@%qm%tqy% by;the 1 TGNl ve
force develo(pe amoné;%the grains, Ji ? ase, ar and Qlatlng is
effected. It is also possible fo ca?ry t|ng after abrasive grams
prebEFARE RN 2 th etk At (égralﬁf)‘tﬁ/ BTy ASSUteiRg afd th 2
maghalicainattracksl deanuiited peyipherdlqseripnteitheisse byS20h
prefpesr-asvagneticfield:aerass thecbage bytbeknovin means @H-Ang
HQE2072n4) o 06 by b uilding permanent naagreRigces dn 1ligrmembers

ands ndwm@h the aseb the members for [nag etl in the
base. Ina further ¢ app Er)o%%th abraswgbargag‘ms Coated with a d %Ie% mgetétl

SRS RE GPTCERIGHT BF 281 ﬁ‘é‘oﬁn‘ﬂ&ﬁ?&@wtﬁ%‘ﬁoﬁ/&éﬁﬁ%éﬁ%@dbeﬁ ive.
didposed atdeaa abi vaterpenpiibral Pertibn of the basedwititieds prdoearn

in &ignelemivbere presriffers appliethiowbingddbe ahrasaspgiaing ¢o tihethe
baser Qfithe f@&%@ngttt@%epaeer%ctﬁq%@dmg 3R.6989yetiVRains so
adhesjve are fgggblg fgr the énaclglnln of frare Letr;trth sintered, magnets

because the blade section consists of abrasive grains and a H‘netal bond.

ArhbRG theBa 1t H%Oﬁﬁﬁrdjaf‘c‘hetS%%?r?BBPﬂla‘fﬁ\% SErErasié gisimgers and

présifatednditP H2 fidghdtit mitiersr.g. N1y phiingrossitderning aperry

35cmagnedically attfaete datoras Duteppatipbetatporbanof the thase iegnetic

m%tt%ﬁ@@h/e( BegaUSeDY akrasive: arains shegef «durng he PGt icaily
ng.the metal l%%n%ganl.pt 9688}?&891@519&%5 -39 bind S‘Pr%r%ld @Bé'”%

t e base without applying extra stress to th e cemented ca ase

atPEOEEGHRN & gTRRAE Pré T8 WRR BT aghRTc PRt REl It B¥e “neans
unte? 2nihetie Teld, therfedbmidie bR 18 asprRIBARSEr SFeRpEt B eces in
prgduceemmagneticdicidadnishithe the base between the jig members

for magnetizing the base. In a further approach, abrasive
grains coated with a ductile metal such as Ni or Cu alone or
in admixture with a powdered metal are disposed around an
outer peripheral portion of the base, which is placed in a
mold where pressure is applied to bind the abrasive grains to
the base.

Of the foregoing, those approaches avoiding a
conductive adhesive are preferable for the machining of rare
earth sintered magnets because the blade section consists of
abrasive grains and a metal bond. Among these, the approach
to carry out plating after abrasive grains pre-coated with a
magnetic material (e.g., Ni} by plating or sputtering are
magnetically attracted to an outer peripheral portion of the
base is most effective because no abrasive grains shed off
during the plating, and the metal bond can be deposited 50 as
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base for magnetizing the abrasive grains, followed by plating to bind the
abrasive grains to the base as disclosed in JP-A HO07-207254 is effective.
However, if the base portion to which abrasive grains are bound has a
small volume or is made 10 of a low saturation magnetization material
such BinembrrRi cargkrl isistdiffidif tamoditer wagratiridd eHlra
acrossdhemutehpedphenalggortiancdidibedbase. As a result, abrasive

grains mab’ob%@ﬁtﬁ@tﬁ%%ﬁ%gﬁ%ﬂﬁﬁsdp%e O 2 SASFACIONY magnetic
atfractiye forge, may.n %Qslu%g%d 1%4, gg@ tion t@ﬁ&'emmega%mue of

requires con uctors and a power supply ectrlc conduction._If the
mARHRE ARG BRI Ol e cBRBR Hita TR TR EhGe Tittif adGAIAE the
cauRsef EREtftptan T, ahRYid- hfeABERS AHE ciReiBEmIohetRyem Ry pelating
electrically inselatdd byiarsugablenmeanstHdherathe 20 jig sE@mbers in JP-A
begorne eryBhersprae tahandlle, ansibesnanufaatiEngHecess besames
IngH! C&%ntaJP SIVE db%fgﬁ%veaioe%dg% guQuierhlade quiing Whgel s nage

can be manu acture using as the means for roducm magnetic

et of 18 HeXREP AT T AR (18 5 tirtiF B

petAicht magnéf pretesiwhich &re E’ég?ti@%oﬁtwgﬁéﬁﬁfarﬁhféltérsoaéy
sizeandsshape, ;mountipgthehpeahapent hrag et piseedangig neners,
sapgwighing-the-Rase Rever ke jigdnambeis tadefinesa 8pacte desired

th%r%peEtW}? egl Q@fm@@ Eﬁvg&@g@tg%c%@gewﬁgya H@Qr@é' induced.

material 30 in the s€ace attracting them to the base bg the ma%ne ic
i

attractive fotc8 Phtingto d8SoSit 3 THEt I for Bihding: abragive s and
grélrﬁoﬁ@etﬁesb‘ﬁéi’thﬁ?ﬁ] fHe Feqifing RHEF BI88e cltfingRfh&@npfgcturing
anpauresEmetaioicrd isoptimized idhd the abiasivetaydrigublades in the
seghan is£opirgleddp the 3k, desited size menieselyampessibie; anbtiaint s
formation of tf@&'@ﬁ@ﬁ%l%@dmgaewnay@gl@Qgﬂgemgﬂonﬂ%n the
true the Size of the lade sectlgn IS mltlgate NgTe y,a_-9

hlg:H%emf%rmance PSR HISHE tlng Wheel aving a hlgﬁ 5|men3|onal
acEaFRAEAN e APt PSCEFed 2 ARty EBSE Nechrdihgly, the present
invention Ftoyidesrametirodidue fampfdcturirty an ciitseblaeleadgttingtting

whaelentbagiObe manufactured by using as the means for producing

as” cemented

a magnetic field of the desired direction and strength at the
desired site, permanent magnet pieces which are easy to
control such parameters as size and shape, mounting the
permanent magnet pieces on jig members, sandwiching the base
between the jig members to define & space therebetween,
placing abrasive grains pre-coated with a magnetic material
in the space, attracting them to the base by the magnetic
attractive force, plating to deposit a metal bond for binding
abrasive grains to the base; that in the resulting outer
blade cutting wheel, the amount of metal bond is optimized
and the abrasive laver or blade section is controlled to the
desired size as closely as possible; and that formation of
the blade section is improved in yield, and the operation to

true the size of the blade section is mitigated. Namely, a
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s assembly used therein. In one aspect, the invention provides a method
for manufacturing an outer blade cutting wheel comprising a base in the
form of an annular thin disc of cemented carbide having an outer
periphery and side surfaces and a blade to section formed on the outer
pévigtieyestiperisase: suidemahadcoripiiding tHeeépbofigigpdsitgrat
leashv@ petalanenturagyecpieces having aa remanenicesofiatdeast 0.3 T
eaC_hr?n tﬁ%é&%ﬁi&ﬁﬁ@?@ oiﬂeeppaferwdima{gmtgﬁmegtea method
periphery or.within a spa 0 a uter periph
e e o e oL A2
maG§REHE He 6 atBEEEEkA/m at the base outer periphery and within a
space extéRdirelesrercrontiife basevikerpanpreAeprovithtdetafivnd
antian €/N abirasivengrains coatedi<? Guithia magretic matepriakbsmeh thatase
sajd magnetigfieldsmay achendherdiamendandior RN -ca4iiag
he2PIaaVE, e to. alhracly A seaured NRQUMINdOIE AR

outer peripher e‘resultant attractive force, and electroplating or

elEETSIERR FiSHRG O the D& S55u Rt Heriphety Hithttie SBF%ivE 3tdins
atfatieerteeets Wie by theSaBREIAE grains are bound to the base outer
periphery &d. fgros: they bieidet sestionwdy picalipnibethasgiretheferoe of baving
anpulandiir rdisc hassan osiard@meter f 40 Wn2QR ey dethicknessobs the
25 %%e%xé‘g TG0 innerdiameter of 30,10 8Q py: &¥0H99§1@99H“£%9I3ace

GPa, and a_saturation magnetization_of at léast 40 kA/m_(0.05

T) PR HInOHIF AR CBR §ATRs Cahtdd R R Aeagn&nd Ratsisne 20
préferabgrhada maghettstacephbilifRrs dTate35 10adtebunt afpretemnefic
enttiedithertt, eheleranore pelrhanent thmdret piecesaredishgsedy and
coptliguausly erewddisiaat ong - 10 aither Bsothsida surfagedH theripnery,
base and goncenitic With 6. diSG:{arD.Pas5: '3 ANIRSLAgREskh Neoatea

invention provides a Ji
with apmagnetiéghaterial such that said magnetic field may

act on the diamond and/or CBN grains, causing the abrasive
grains to be attracted and secured in proximity toc the base
outer periphery by the resultant attractive force, and

electroplating or electroless plating on the base
outer periphery with the abrasive grains attracted thereto
whereby the abrasive grains are bound to the base outer
periphery to form the blade section.

Typically, the base in the form of an annular thin
disc has an outer diameter of 80 to 200 mm, a thickness of
0.1 to 1.0 mm, an inner diameter of 30 to 80 mm, a Young's
modulus of 450 to 700 GPa, and a saturation magnetization of
at least 40 kA/m (0.05 T).

The diamond and/or CBN grains coated with a magnetic
material preferably has a magnetic susceptibility y of at
least 0.6.

In a preferred embodiment, one or more permanent

magnet pieces are disposed contiguously or equidistantly on

~10-
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assembly for use in the manufacture of an outer blade cutting 5 wheel
comprising a base in the form of an annular thin disc of cemented carbide
having an outer periphery and a blade section formed on the outer

periphery of the base, the jig assembly comprising at least a pair of jig
meHBES ek e Fidifg SEdRscorihstitftinkpRfatendl KaVRgR DL with
lakyer duter digmmetertran the base and at least one permanent magnet

piece securechid tie £0xehisposed inwars fdheguder pegpheny gf the
base.apd hawag a.emanenae gfaahieast 03 Towhereln whenheRase is s 1

hehl, é)eefwgcenril tv_bfﬂ% mempers, tgt.]r? 15 ma r]}et pieces in thel"e!'rl* mem_berg_
produce a magnede fefd of 5F 164st 8 Rt the Bas& Btk HerifHarydise

artf WiFT At epate e Ry 10 MARTEHT fife BaSd RRREY pEfishenb ¢
magrétictiefd aetidgan dtractahdsanrrerharmndfantiorb@8N abrasive
grains coaird With angegnetic weaigialdnm) proxiewydodhgnutessr jig
Periphsyofdhebasainkeendhame.deady dor electronlating or elegtroless, g
plating, [he jig assergbly may.fuher camprise 2 catjode for

eléctroplating disposed at the center of the Cover. THe fig as€&thibRfhay
fuRAEPEBATS 8 A p fUrE SRaft ¥6H86PpSRiNg 25 pIRal p&itsBPfigd 1nward
membears. ADNVANTAGESS EEFEGT SO |NVENEONd singdhenence of
manufaeteting eethodvaeddignassembly, a high-performance outer blade

cutting whagl cape 30Jnanufactyredn-piolhyiglds 39d afd,lon.costye
BRIEL DESCRIETION QF THE, DRAWINGS FIG, 1 schiematicaly ',
illdStirates 4n outer blade cu‘&m% wheer 1 oR& SMBednERtefthe: Tietd of
NPt IS FA4% BEInGPS PJRATSIV teIG PEB IRIfg Y i stddtighat
viewaakenxaRniised 8-Biin 1@ |Ahantdsie 4G deing airdelaryedaid
creasnsectional vipav abaicikcle € krElGciBankl F4Gu2dS @i pRESPEENE, or
vieuhof alig assemhly Used-in. 008 GIPeAIMaRL Rt thesinyention, FIG, 3 is
L0 ] Fro8 B0E BeL Y10l B REIPRE L ROTHRL O e, enem

ready for electroplating or electroless plating.

The jig assembly may further comprise a cathode for
electroplating disposed at the center of the cover. The jig
agsgembly may further comprise a support shaft for supporting

plural pairs of jig members.

ADVANTAGECQUS EFFECTS OF INVENTION
Using the manufacturing method and jig assembly, a

high-performance outer blade cutting wheel can be

manufactured in high vields and at a low cost.

BRIEF DESCRIPTION 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 bheing a cross-sectional view taken
along lines B-B in FIG. 1A, and FIG., 1C being an enlarged

- cross~sectional view of a cirele C in FIG. 1B.
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5 FIG. 4 illustrates the magnetization directions of permanent magnet
pieces mounted in the jig assembly. FIG. 5 is a simulation image of a
magnetic field which is produced around the outer periphery of the base
when the base is sandwiched between jig members, the magnetic field 10
being depitted Bylihes BEATRI U MY shoviing tHe2fitdgtithizafiopd 1n
dieetienb ol penfamentihaghey pigcesn sandwiching the base are axially
opposed Bsan BlIG.sA4AnMeh shoydagdhe spagaetization direstions of
PeEYAReRE Maghet: pigces sapdwiching {he hase are axially identical as in
C. is 48,13 Showind fhe magngiization dieclions of permaneny
magnet piéces sandwiching hié base aregracﬁaﬁy opposed as inlcll—qé.%cc,
aRENA SHOWIMAPR Rt B H th et tibs 'O pefiahehtrdghet
pieces sandwichinptife bansatiadidiyaitetitah asdarEGL.A 3120 F@&8.ch
6AtopadAreaT0s8aantiona views of pilagB-5ection forned on abasetine
difiarent embodimenisaFia« fde & PRQopugiagraph.efa plade section of
ap outer blade culting wheelin Example %'iFIC%I%}IcS %@agﬁa@fho"%@g
cuﬁlnggaqc@rag:y versus 25 cutting sp ed orCExampfes to _ZP ana°
CBHPARRTERENPIES 1° APR2 OB ERCRBATN BE T EPREFERRED
EMBODIMENT Refebdsg taFGa1{tid putarisiadé aating whdéel iAA30M2
osa®mhbaditnentmabihecitwention iaittusttated asoeomprisidig atbaseie4n
t*ﬁ@@&?&éﬁcﬁﬂ@ﬂ%@'@l@%é@@ %P@d&%ﬂ@ni%%xq{%ﬂ%fdagn :EHeFIG.
olfier erihery of theybase 10, The blade section 29, comprizes abrasive
grains bound with & metéﬂabgoncf the abrasive grains com ris?ng tramond

gPf5 e BoPEBRP §r SRR B MiREUIrE Y tRefdoraThe st 16%s RS t6rmAs in
oF af antulaetkin Wisshdifferentip stateen atdaghima-shigsad- iinlate or
ciseiinand2tthia glate havdinga eenidrbaied? . Breferabdy Hiebasahas v

an guter diameter of 8- to 209 mm, more preferably 100 to 180 mm,
defining ga, auter periphery. andnner diameter of 30,10, BO.TMMOTE age
preferably 40 to 70 mm, defining the bore 12, an
section formed on a base in different embodiments.

FIG. 7 is a photomicrograph of a blade section of an
outer blade cutting wheel in Example 1.

FIG. 8 is a diagram showing cutting accuracy versus
cutting speed for Examples 1 to 4 and Comparative Examples 1

and 2.

DESCRTIPTION QF THE PREFERRED EMBODIMENT
Referring to FIG. 1, the cuter blade cutting wheel in

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

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

differently stated, a doughnut-shaped thin plate or circular

-12-
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s a thickness of 0.1 to 1.0 mm, more preferably 0.2 to 0.8 mm. It is noted
that the disc has a center bore and an outer periphery (peripheral
surface), and side surfaces, as shown in FIG. 1. Thus, the terms "radial"
and "axial" are used relative to the center of the disc, and so, the 10

thickhRsBhath SR%HBfBnSRINTBENWREES side- suffaREsT ahdY tHe ReRfftrhas
lengtheistzradisdddérnensioh, 80hith &0 applicaiedoriathethetiaselandto 180
thewblade seciing. dhedwase opslisephaving athickness @f Snkte4.Qmmo to
anghapPutRk diarpeler of {o ZQOtmn%S mt@fettsf'm@@%%a %élbeanz and

such imensions can, b prepar d to an accepta curac an use
con3|s antly in cu?tlng o? rare éarth smteredem%g U]l& ata h|°h 0.8 mm.

dimensio Taﬁu@ﬁ?ﬁvépﬁtlwt%qfﬂﬁttﬁcﬁ%% I%%%ethéﬁ‘b gn
mALthe Reeirhay bellbegéyhdattdcted iidependemdofsiisidianetercand as
20:preparation @ the basaide ancaecepiabie acawagy iSaddficukiAir are

thtggasss@tm%tw L mpHpay lsad {ga larger rgﬁﬁh@mg allawance.

outgr dlameter is Iesst an, or eq{JaI t%zgo mm gto the |m|tat|ons
P g e sur aes nd
oft e current techm G4és of manu acturlng an worklng cement

cafbitie25% e ?i’faﬂw%‘t@rth frie Bor& i hrefEidiiy 7t e r¥HdEDf 3P0 80
MRS Heaeiftting Wiedslstimaytss temttetiion tHeadhaft oftal wutting
machine. Examples of tha cementethearbidmobwhich the base isomade mm

inglyde fhose #a whichpovide,earliides, of Metals %391%@@5_05&&/%&@11% a
and VIB o%the Per&)dlc Table such asDWC TiC N(IjN% NbC, Ta
0

such an ac l
Cu

C 2 are cemented in & binder matrix. ol?if:eep a(?
anPAftiF tHereBP by  EiteTiy HWihohG'thedB, %T(HIW(? E:or He- ‘?F"@}Co
angi WEr T T o Bysterds ake proferhblinsed iefgrn acsaswes over a
havingyatéoung'simothius: Xarietastic modudss) afndh0 ta 700n GRacAlSse
thags, cementedcarbides, whichhavaan-aleetic conductiyity-guiicientigy
eI%cltr(%plag@g Joly vgt%lclg qi e ]t% gl\{fn s%ch nbaLectrlc conductlwty with

e

palladium catalysts or th e are preferre henh cemented carbides

arE YT HT elebirit USHRTER I WTR TaIEERim talafEdiar iHead to a

larger machining allowance. The outer diameter is lesgs than
or egual to 200 mm due to the limitations of the current
technigues of manufaciuring and working cemented carbide.

The diameter of the bore is preferably in the range of 30 to
80 mm so that cutting wheels may be mounted on the shaft of a
cutting machine.

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 an alloy thereof, by
sintering. Among these, typical WC-Co, WC-Ti, C-Co, and
WC-TiC-TaC-Co systems are preferably used to form a base
having a Young's modulus (an elastic modulus) of 450 to 700
GPa. Also, those cemented carbides which have an electric
conductivity sufficient to electroplating or which can be

—-]lE -



like, well-known agents such as conductive treating agents 5 used in
metallization of ABS resins may be employed. With respect to magnetic
properties of the base, the base preferably has a higher saturation
magnetization because abrasive grains are secured to the base by
magHefc SaEhcdne BReHF the Qtuatbhirhighttizakon e fonm gatalysts
abrasivieegrbiire pre-ecated evitte d mafreticonatarialEarrbb i Aray rsticalyven
atiyacterktorthecbase by-aantielingibe pesitieaiaimmagnel piscessandibe

strength qf dhe Magnatic fields Inthi Se0Ses R DASENAYIINEE agents
saturation r%% n tizatg)tnigg at IfteaAsé S4OrkA/lrp1 40.05 T%.615r'ili'hf satgratlon
> m&§R&iZ&idK6 ?h B '

e 'H3sE 58 determined” by cutting a sample of 5 mm

square froftt Hie BaSBUI A GR P IRRKhESBI SRETIESSulfig Be base. the
magetizatioTe calvey(4rsHpoh e emraple a4 A5 Magne Viiatingn because
sagiplgdnagngtameater{MSMycThaimaxinae b smagnetizajiontyalues in

the, first quadyant is, 20 the satration.magnstizatione Theassmay he-

or R-chamfered at its outer per ral region for the purpases of

10 enfBh&fHG thelbond “sten "ﬁ% fo ﬁ?ig gl’?ﬁ’e g’eéﬂtlao%nﬁ%\gﬁmg“ g%r%s%é fans”®
boRREY: Rt BEhdarief RehRfie BRRM IRy DRAVERN tHRDd<¥ and
25ttheiabresivetlayegisbvei-atachined iferortdinng blafe thickmegretic
adipistment, the metal bendds retained s theybaurdary due dostiohn
chﬁlggggggz%gtgy ]c@figgnfy;ggng Lpgaqb@ {jgetqt@_r_b@om separating off. The
angle an ount of chamfering.m etermined in.accordan .

Y the thickne%sgeSﬁ %F?ﬁ"éi Bﬁgg anc teeg %%/gleFalé}él pg]#tic?g‘%i% g?a%%ra%gvé%med

gréitis Bekdise the FRRGOREreYiBR RPUHSR dif ok HiRKRASS ofthd 91ver
base.: Ehadiade spatinsdias-abmsivegoaiasbaindby aametak oohdi The the

abrasive graips ) %hgregg are digmand, graing, 33 GRY-QARR Q2 (vem) .
MIXIUrS 1 ereof while the abrasive grains fhoulcf aye begn cocatega\glth .
mabnRtRIRETE T hBASPE TARE Ha?dndds 6 Bbrasive grains to Be co%?gacfi .

20 withEerrrafietRt 192 ekt 576 tet8rmined in accordance with the
intended applicatien. Rey eaniplepdidinohdyfarsd(iadludiyg nuksal

peripheral region for the purposes of enhancing the bond
strength to the blade section having abrasive grains bound by
a metal bond. Even when the boundary between the base and

25 the abrasive layer is over-machined in error during blade
thickness adjustment, the metal bond is retained at the
boundary due to such chamfering, thereby preventing the blade
section from separating off. The angle and amount of
chamfering may be determined in accordance with the thickness

36 of the base and the average particle size of abrasive grains

because the workable region depends on the thickness of the
base.

The blade section has abrasive grains bound by a metal
pond. The abrasive grains used herein are diamond grains,

35 CBN grains, or a mixture thereof while the abrasive grains

should have been coated with a magnetic material. The size

and hardness of abrasive grains to be coated with a magnetic

—14-



diamond and industrial synthetic diamond) or cubic boron nitride (CBN)
grains may be used alone, or a mixture of 5 diamond grains and CBN
grains may be used. Depending on a work, abrasive grains selected from
single crystal and polycrystalline grains may be used alone or in
admaikedrea LwhEre Sy HRERIRFSL IR IGREOFGRRTE nYay Be EtfuditratRs
sizeppl.abeasive grains depempbseon tiatirioknass it of #echudéne \wiiehral
ab&ggmgrg{amﬁag%@@yagiﬁewlabﬁéﬁmaajy&r@@ms bave @i average
particle size PE#Q%O&%%@-;L% S,AVeIage Raticle size is 1895 thar 19:m,
there may be left smaII%r aps between abrasive grains, gllowing

5 providfed k& aAig Hifd foadiAg 6 occlif turing T @ cutting s operafion
anddssingiteesditing WSS IFMEPSTEfgE ParfidRSize fEFRthaR%500
m,dhepenyat aliseproblemss forexample ethagher picdesiuptiersbyre .
may,Bausjoush sddacesiceensideratipmahthenaytting aldilitys titetime
RO i e e i A A

re, netic material with which a

10 ordifis e BEEfed a8 l’ée%c]igg%oethgart%ﬁg E(’:paa]'feed%%"rlgsn'/e q;f%élr%erab Ly
mMagPFRVEvE nIEgretc Ba¥Ce ARbIfKEX BF HrefRFALS & 184560 % bz 500
prefarablysatdeashdbdgensireibae tha pbrasive 2bsgreins al® um, there
magnetically attracted tp the hase of gemented, gakjde Having a 1oYW owing
safliration ma netization v_wt%m a short time, and do not %hed off q%rln% .
binBRRPBEE platiry FeariBfie™ Bt IR IhE MaGREtc ThateHal e &t Co T o the

15|easpernt irstapsdletasd ROntM, FALAHHCEPAA BBy of tvd BE 38VforE®
of thgse metals ;oran allgy.f atleastonef thesermeatals and seepafoblems,

both of P and Mn. By any well-known_technigues_su tter|
elelfOpREHEFARd e%&?égsglﬁfé?ﬁlg? %er{r#egtra igsyapg |e§1t§§ %or%n%! %gh

COEERSSIRY althiCRRESSBF PRIl (-8 TH0eh  fhdtB Pretdranly 55t ime

to 5006 8beofitheegrafpdisrhEtergrE3Sines tie ARATHEHCsHSESHBIE S the
2oCoated gbrasyengraissdienends ob the magneticsasceptibility and

thickness qf the magoetic material £oatngs the e abmagnelicgrains are

coated may be selected so that the coated abrasive grains may

have a magnetic susceptibility y of preferably at least 0.6,
more preferably at least 1.0, to ensure that the abrasive

25 grains are magnetically attracted to the base of cemented
carbide having a low saturation magnetization within a short
time, and do not shed off during binding by a plating
technique. Specifically the magnetic material is at least
one metal selected from Ni, Fe, and Co, an alloy of two or

30 more of these metals, or an alloy of at least one of these
metals and one or both of P and Mn. By any well-known
technigues such as sputtering, electroplating and electroless
plating, the metal is applied to form a coating having a
thickness of preferably 0.5 to 100%, more preferably 2 to 50%

35 of the grain diameter.
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material must be selected in accordance with the size of 5 abrasive grains
SO as to receive the necessary attractive force. However, even in the
case of a coating of electroless nickel-phosphorus plating having a high
phosphorus content and a low magnetic susceptibility, for example, the

magnetic SRS&FRIYIARG B es8ad IO Lo eXferfitR Rdatbasive
treawianst. ddverdmuitiiajbe coating of faprsdrpning idiffereabmaghieticness
susceptibility ds possitte tor txanaplet antgyertuvinga oV maghetic:
S%&@QPPQEY:@@M guedaid with aslaygrhavincha bigh MagneliG s ze of
Isce t|b|||ty Then the magr;:etlc SUSC.e‘pthH,lX of coated abra%lgsC a%lr ins

Ji) Si.g ralns S0 a O recel SSE.I‘ ive
adjusted in an appropriate range, dependil mgl ' particular

sﬂ%%lﬁ%‘?\ THEEGR R abrasivéyraitts ﬁ&\?iﬁg"afnf’ag‘i?& BB phibftF kYress
preferaply- aherh OvGsmpke Hreferadhing |eastioh ahasehpresheontent
abiasive gain:mage quickly 28capignietivedsby sragretip field preducethetic
argugeéb@ﬁﬁg&@ﬁrwrweoflms&@%aswll fendeacribed lajer r@&@
th%refore th\%abialswe gr%h 1A ?{1%5@9;% §qg§1”¥a eagsneglcg

attracted to the outer periphery of the base th s ace 6

defhELEEY A AR T AT pRATETRAt P5ihagnet: n‘%’8&ﬁt’e‘fﬁllﬁg nfé‘lﬁb%?‘?’%@le a
in Fige 3. EEngagnbeie Saseeptisilisghe e REEhEAIY. 6o Hioe igversria

thati etbrasiveygrainsmiaygnat bedhllyadtnacied witkiveiheisddade;yor Then the
ahﬁ@@&\f@ﬂf@%@f@@%&%@@&t}ueeg cszlatm Al LoRReQUENls sy be
abrasive Jayer, (or blade s Sre% de 3Q formed . oran ¢ abﬁré‘é'%’e ular
Iayer contalnlng v0|ds may J1‘ormed and ‘thus have a":fow mechanica
strehbi? 5t # noted that the magnetic susceptibility x of abrasive grains is

measured BrefoloMse dn PR CONgAReR shAAHg h sutdddiaificter of 8

m%@@éﬁ@ﬁﬁﬂﬁfﬂ%ﬂ%{ @%6 m%%&g&a @@ig_@taojt?lmowt 5 fi¥Pe apfl@iigeably
graips are thinly and_unifor uted so as to form one or two .
A 216 paraﬁlrr}f'l(i?n avmg a mefcij Stti:‘pom ot about 0TI Iaufonq]tln a]\é%in

layRF9FRBIS ftaferds fAS0&d ifa W& phefe et AegtEatBBC®

con&sinehesth thée p‘é]gfm‘@mW@q &lll be described later, and
therefore, the abrasive grains are substantially equally
magnetically attracted to the outer periphery of the base
throughout a space 64 defined by a bhase 1 and permanent
magnet-meounted jig members 50 in FIG. 3. If the magnetic

susceptibility % is less than 0.6, there is a risk that
abrasive grains may not be fully attracted within the space,
or abrasive dgrains may shed off during plating, and
consequently, an abrasive layer {(or blade section) may not be
formed, or an abrasive layer containing voids may be formed

and thus have a low mechanical strength.

It is noted that the magnetic susceptibility y of

abrasive grains is measured as follows. In a resin container
having an outer diameter of 8 mm, an inner diameter of 6 mm
and a height of about 5 mm, abrasive grains are thinly and

uniformly distributed so as to form one or two layers. A
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closed with a lid and cooled down. Using a VSM, an initial 5 magnetization
curve (4nl-H) of the sample thus prepared is measured at a temperature
of 24-25C. A differential magnetic susceptibility is determined from a
slope of the initial magnetization curve at the inflection point, giving the
mBghafE SusEd oMy X6 Zoraihe §raiRe 1Rbt&ly 286 He %f?aﬁnéﬁc fdfd on
is thiberadrusiay the nitkel semtideganpleantthadensitpofn where it
abiasivegr@insis adappedrbulkcoensiyeThemagnekc materiaiis molten is
preferably Gagted o dhickessoatat leash 2.5waawhich easuresmthaticial
entire 15 abrasive grains are fully coated even in the case of coating ﬁ%y s

a

IR NARE LR aSNEGraitE halle & aVRFagd BRI SIS 5B
thenmeaxinuimaof thetpreferreduangef far4 exaniple, thaltbéengrthickhess
Mays heaatigast@ K ofthe: particle &izeradcha GoatingapEMdRs argrair
retpiog 20 falgs ulident o sieyentabiaslve QRS {00 (UM oiving
when the outerblade cutting wheel is used in cutting operation. Now that
the- B &'8PB6 Ay THAGHSME PdtsFRl Ts PropBAGSEYSCtEBH2 IS codiedably -
abrasiveggamnsiarecaiatied tmthbeaterderipherywidhebaselusdenthed

magngticfield2b dHingdheRiating siepavithrutshedding oft fitlsbed bulk
thi%lénesi of a magnetic coating is more than 100% of the average
par iclé SiZ& of abrasive grains, a_volume fraction of abrasive grrains that

do not effetivefP AR ich I EGTHY opEr RIoHWhER BbraREGraifs have
andtiaverage particte sizesof 20Uunngs the piniensmreftheh prefented-e

range, for exapnle  hegomes GraRter JESHINgLR a JovHEMERgARBY HHB: ng
noted that the metal bond for binding abrasive grains is a platin metaﬁgle
be GeRHBEH Fiter 35 hé& OLtEr Blade cutting v%ﬁ’e a8 g¢ eraﬁ;% par

eel’ls genéra
mmactmfedQhrougmme:sﬁepﬁaﬁ-pmpamgtaebﬁe@mgﬂﬁg rEngbradive
grainsip ihe base (05 fening:an abiasivedayerer Aladesectiondatreingene
the size of {he blade secfign. and, dresging e blade Seqlion 0. eXR936 ng
abrasive gralns]face. i ) ,
force sufficient to prevent abrasive grains from falling off
when the outer blade cutting wheel is used in cutting
operation. Now that the type of coating magnetic material is
properly selected, the coated abrasive grains are attracted
to the cuter periphery of the base under the magnetic field
during the plating step without shedding off.
If the thickness of a magnetic coating is more than
100% of the average particle size of abrasive grains, a
volume fraction of abrasive grains that do not effectively

function in cutting operation when abrasive graings have an
average particle size of 10 pum as the minimum of the
preferred range, for example, becomes greater, resulting in a
low cutting ability. It is noted that the metal bond for
pinding abrasive grains is a plating metal to be described

later.

35 The outer blade cutting wheel is generally

manufactured through the steps of preparing a base, binding
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The blade section is formed according to the invention by 5 disposing at
least two permanent magnet pieces having a remanence of at least 0.3 T
each on the side surface of the base and inward of the base outer
periphery or within a space located inward of the base outer periphery
afQ B8RP SEeAdinge didtankesst dHMoECTB RS FBnPIERSHESS U

10 bidke syl oo prodace rontdeheticziieldOf Hide ddeBik Admc it the basd
outes fperipheryansh withinsaspase extendiaga distasceof atamast Face.

mgp fram ihe b@é@t%nerp&ermga RyQuising Sliamgne and/n CRN GraiRs

prg coated with 2 ma %: materlal sucp that the;c ma%netlc Beld may : act
R AT aﬂnond an ralns causmggfhe abrasive gralnsr’t% be
atfr%{ﬁi‘é‘&%% §§c&€d%ﬁiﬁ6xﬂnﬁy?o€tﬁ§*ba%’é dier SPEfpREF By thet the
resuftantaitrdotivacfored, ahd BRsctroplatng perlattrgiEssplatindon thespace
base:atier pewipherywitththeabeasive gramsratinetsd Hiryeis vwdiareby
2Q.{he Abiasive gains-ae.baynddothebase ppiter REKIPHRLY 49aforanihg ce
blage sBect%)n A JlgC assemAJI% is used in f@rmlr%thle blage %ec‘ltlon TQ%}Q/m

assem ﬁ/ com fises appalr of jig members ea comprising a cover
in8llatiiy Hﬁ&l&%nﬁ%@ﬁéﬁﬁé’&e‘f’ﬁ%até’r tﬁaﬁctﬁeed‘ifélﬁﬁagata
ledésopeerafarehtmatgndl piecézeEeurbe tddse covépandeadispbsatt .
inyesetnithe atterdqetiphelyof theibass ithe pase iohekdibeivaen the
Jiqn%{afeges w@ﬂeﬂatingu%&ﬁ -t%édwsct@eaaﬁee%&@ﬂp@ydi%ﬁ%%@@%n the
comprising g}alrc%fdl members . 20,90, Tjggélga@ember 50.Include

;%éa u ﬁ? give ralns o be
cover of InS ulating mat rla and one or more permanent m
e

piBESBA G pBEEd ?ﬁﬁﬁ‘é%%vé? PREDHEEY i Relt btRBRNY
mertbiassBY; 307 THe pepfaheat magicesibtes 54158 arélp?teferably
ensheddedpndhecgvers b2eS2ralthauglp Bhithey may tieedisposedisa:=as

to ghutagaipstiherbase lapthe permaneni magnelpiecgsmavaied ke by

20 J'gtﬁ‘sseﬂ‘b'X Sh&“ Q§X§ %%a Sliglarge sough to %ﬁﬁfﬂ%e %%9{’15%%% to

25

30

35

grains tot e asew ile a metal ond is deposited to bin rasive

graftE oy plRtiftg tedfifiotier

A jig assembly is used in forming the blade section,
The jig assembly comprises a pair of jig members each
comprising a cover of insulating material having a larger
outer diameter than the base and at least one permanent
magnet piece secured to the cover and disposed inward of the
outer periphery of the base. The base is held between the
jig members while plating.

FIG. 2 illustrates one exemplary jig assembly comprising
a pair of jig members 50, 50. The jig member 50 includes a
cover 52 of insulating material and one or more permanent
magnet pieces 54 disposed in the cover. The base 1 is held
between the 3jig members 50, 50. The permanent magnet pieces
54, 54 are preferably embedded in the covers 52, 52 although
they may be disposed so as to abut against the base 1.

The permanent magnet pieces mounted in the jig

assembly should have a magnetic force enough to attract
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The necessary magnetic flux of permanent magnet pieces depends on
the distance between the base outer periphery and s the permanent
magnet pieces, the magnetization and magnetic susceptibility of magnetic
material with which abrasive grains are coated. The permanent magnet

piBRER Y Bl habe WordhanBAts (EPteSidtalihdtieifux efgRypdted
att tedstr@i Sthamba edevevareids ob it fedst OtANIAKRCHED rferably a
remanenchef aéteast ¢ Tmand«<t coerive fertepofatleast Ge8dvAfmpieces
ang pagiesPraferaly & rnanenee @falnleast 1y Joard fec0/eMe IUEs Qfha

2tiggst LO.MAIM. Reunanep; adrelhavind & JIEAlG Iemanesceise s .

more cfonvenien cally attracting a raswg grains because a 1F
mAGREER A Hang h JREBEFGATBREELR b duudt ARt
magat haddity aaehtthentedfRETEASE0.8 TagnsEdPiresritriBpnsresthy
abrasw eagrainsHesraanovingrawagdfaomithen base B1vibratkons dug tef at
agitation of herplating-sQlytion: aadesciation akthe-Base @ngd igh /m,
asserply dyting the g0 plating step, Permapept magnethaving a gieater ...

coercive forcé ensures that abrasive grains are magnetically attracted to

th8%dde %8R 18n§ A ByePINBR S O IE hot P BiGhoRT 2°
angaféws-or tazypré parsisii vt tHefigassenitily Ebécause B an -
greater freedorraifordesidodhenpoditionashape tand sizeobmagniet more
PigeRsHsesh A PEEMaReRt MAGet NAMind @ ghealel Foeseivedorerfake a
bem%%'r%:%%% agg,g&% t%%%ﬁRS”Q%FQ&t@?%@&%E@{@%ﬁ}? ggs%%%duced_ .

remanence. Permanent magnet mg;féﬂt‘)e coated with a suitable”30 material

whiBhT 8 LB AT Corfdfaerdfion e petStial fcfiitatEffith & pfathg® used
ligifd 88%eF td niRFRieNEachmRS3le oI Re RDatiRg ARSI WWEPlAFy the
liquics andyreplacemenh ofdnetal sperigsin the platinigdiquid Hinthesodatirign
matedial yharebyithe magegt isHRRroued KHGOTERSIeNHIH resistagcenk

a g@pggérrge{gg\{herein a metal bond is deposited from a Ni plating

solution, permanent magnet may be -19 coated with a metal such as Cu,

Sn(M'NiOF%&F@B&%}OP&ﬁﬁﬁﬁC &ﬁ?g a greater coercive force

ensures that abrasive grains are magnetically attracted to
the base over a long time even when exposed to a hot plating
solution, and allows for easy preparation of the jig assembly
because of a greater freedom afforded to the position, shape
and size of magnet pleces used. A permanent magnet having a
greater coercive force may be selected among those permanent
magnets having the desired remanence.

Permanent magnet may be coated with a suiltable
material which is selected in consideration of its potential
contact with a plating liguid so as to minimize leaching out
of the coating material in the plating liguid and replacement
of metal specles in the plating liguid by the coating
material whereby the magnet is improved in corrosion
resistance. In an embodiment wherein a metal bond is

deposited from a Ni plating solution, permanent magnelt may be
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The shape, size and number of permanent magnet pieces mounted in the
jig assembly depend on the size of the 5 cemented carbide base, and the
desired position, direction and strength of the magnetic field. For
example, when it is desired to uniformly bind abrasive grains to the outer
é‘r‘?ﬁ‘tr)@%/ gitHe BaB& A afitthalmdghet PleCF o arEial®® nfRgRet fiEces
caraspdrdingstonthe outer diameter of the 10 base, or rectangular magnet
pieces of se¥esdlapdlimeiers anonesite acd coatigaaesly (Malhoet gapsyes
diﬁe%%@@%%ﬂ@ ReHPheneebing eaﬁgnaherwneeg%ma&ﬂe&@epieces
be regugng Elth%g rpose%oL redtécing 8 Cost of{r(l)%gn% 2CeSy,
and In this case, a plurality of magnet pieces maé);s) e 15 eqwdlstan?

dué‘aésé&%?fh%‘?vﬁf% T SoRREBRTSHIMENE, dEFendRg Bt fe ¥heD it 1s
refifericinde B¢ NYAGHFOEPIbEebitht FhERS} VisetWash mdghdiiieo8d &
inpreasstkey that ntagnatice Materiahcoated abasive grams incertainate
argasAle ﬁi‘é@%@%@&@é@9&@1@@&:&)”@5@“@9@%@ NGRS FeSIL, 2
alrasive graing i '”a?%ﬁi‘% LArGa3RLE b;%\/@é’eén%é” olherargag, et bound,

formlng rectangular e segments hen permanent magnet pieces are

diSpEsEd 3 &&fcriﬁé&%b‘{}és %ré@ﬁx‘é“ﬁk&in@ AR5y b RIS dHfne the
bl rharpaffcuiiedpreston, e ampis; Lfadiaboeitial Roafirsctity be
of thabase by:changingtie sombifatienwfimagrietization ditectonseaf
pggmanant raﬁgngapm@;s Efeexampla-whepyit iscdasised t0 Yiebts may be
abr%%"’&%ré‘g%% E%QJS‘LQ!!EG%O'LP{&Q‘%%&‘? H%{”%%ﬂl%”te'?ﬂé‘%%ents,

pieces are ose as shown in FIG, 4( 1% so that N and N %oles are

opPREATIFS Hid %‘Soi‘é%“?r’éeé‘ﬁﬁo%d“\ﬁ R the Beshterd %eanterval
theseRR are IRGLISP RS Rfadife iR thfe chio nSIsT h Sftfdritmagnet
pieces:ohdhexppesitabidesiottivrbase dne straight opposed iatlee axial
dirgetion afe e hasen ok asshawn i FlG: 444)-s@ thalithesmagaetizationu 1+,

35 %&%%‘i%s gw%@a{@nam% RIeces ogr@eogeaas'a%a'dﬁ 9&@% areas

base are identical and Para lel to th e radlal direction of the base. In these

arfihgdmBhts, IS 20 RaGHRAR itk 8rE R eigaRFisi the base or

convergeﬁﬂﬂ@“ permanent magnet pieces are disposed as described
above, abrasive grains may be oriented and bound in a
particular direction, for example, a radial or axial
direction of the base by changing the combination of
magnetization directions of permanent magnet pileces. For
example, when it is desired to orient abrasive grains 1in a
radial direction of the base, permanent magnet pieces are
disposed as shown in FIG. 4(1) so that N and N poles are
oppeosed or S and S poles are opposed, with the base
interposed therebetween, that is., the magnetization
directions of permanent magnet pieces on the opposite sides
of the base are straight opposed in the axial direction of
the base; or as shown in FIG. 4(4) so that the magnetization
directions of permanent magnet pieces on the opposite sides
of the base are identical and parallel to the radial

direction of the base. In these arrangements, lines of
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the base, as shown in FIG. 5(1) or 5(4), and the magnetic material-coated
abrasive grains are attracted to the base along the lines of magnetic flux.
5 When it is desired to orient abrasive grains in an axial direction of the
base, permanent magnet pieces are disposed as shown in FIG. 4(2) so
thaRsRaRds pbiss are SPIpEIEEITith F98 bhke iRtFpoSEdIREFARAN e ©
thahés, the emagnetizetionidirGiion s O permané ) magnet (pieces grethiec
1neppesie sides ohthe basewrededenticakindhgddiak ei@ction9fdhgase
baa%%rpgr as,8howp.p %@m‘é@é&@af {he magnetization directions of

permanent magnetlgeces on the opposite sides of the base are opposed

and parall&F 8 tHe rAlidHitd&bn-of fie Bl%e ARMEELAPRAGEMetits 27
limesiesd of EGHene Ik drBpRanel (PRESEsemRt SuracRIsCaTe Bate,
asishpwadnd RIGSH(R) and B3, attRthesmagheticNmatérisl-poaked are
alspsie-araing are ailkastoskio e-bpse ;alongdbedinascahmagneticfIX. tne
In ALEMBOAMENT VGIeN PeFanen) MAdnetRIeresAe 70 AISROSE e

concentrjc with the center of the jig member and equidistantly sgaced

ap P IREFE nidy 58 F 2 EmBiHE io%r%vhledrgl}ﬁécﬁ%gﬁgt PRCeF Rt
oppbeitetdifBs HreldyinRietfic viith 38speerid the Base ahbld cotbiiRatiofihe
whrerenhelrraighet pldc@adri one siflepeatigned witla thve sppteasther the
othgpsisle: @5sThese sombivatians aredneligeddn thedofegeinger to the

combinations -apd shichyg combipation may e Wsed L desiteddota 1ines

pacr’técular ap llca(%gn. As dlscussel aboye, a I\llarleg/: of magnetic fields

may Blea%ro tCed arouRd thBButer perlpﬁer §f e DRSS y%ﬁ%%?eactf%gﬁ

th&ReniEifatioRA D PBEHor At fagnetizatiBRoditéStion dFpethfarfsgnetic
magrietrpietesanbeadtedhta e fig gmeinise sstise @isaraniich tive blagetigse
sapdyrighed By 1gpeabrgmedastatdispasing permanent magnet pieces
and analyzing.g, roagnelindieid.APreRgr g@ﬂﬁ’%&n adgtermined S0 as.
0 3o produge a madnetl fielof at least B/, preferably at Jeast 49,
KATM At the oUter periphery of the base SRA Within a Spateextendimg a-
ditdHEE bt T HhoEt FOAFIrBRPIHe obff=91may occur a combination

where the magnet pieces on opposite sides are symmetric with
respect to the base and a combination where the magnet piece
on one side is aligned with the space on the other side.
These combinations are included in the foregoing combinations
and such a combination may be used if desired for a
particular application.

As discussed above, a variety of magnetic fields may
be produced around the outer periphery of the base by
selecting the combination of position and magnetization
direction of permanent magnet pieces mounted to the jig
members between which the base is sandwiched. By repeating a
test of disposing permanent magnet pleces and analyzing a
magnetic field, a proper combination is determined so as to
produce a magnetic field of at least 8 kA/m, preferably at
least 40 kA/m at the outer periphery of the base and within a

space extending a distance of at most 10 mm from the outer
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periphery. If the strength of a magnetic field is less than 8 kA/m, the
magnetic force to attract the magnetic material- coated abrasive grains is
short, and if plating is effected in this state, abrasive grains may move
during the platln% 5 resulting in a blade section containing many voids or

h&RFhJPRBFasive gfra’fﬁ’ﬁ bSEHE R dRPRtBPHRE I &RHEr st Hfe than
bl&dEAsettiorhsag et thaf Uetirdd sizet A8 rekealtmaanplate sedtornal-
catvbe«hipped orseparated dusinghding and dressingtstepsi or édf€ected
trqjﬂg@ﬁsé deessing siepa d0viake:a 1R0GIMR. RB4heManURCTY IR CO8Y ,
Is jncrepsed, Breferanl hesP Q31490 of PELMANENE may “%‘éfé%s%rzt d08ng
portlon of the base to w |ch raswe grains are to be attracted. Briefly

StARR g HEifidT s B?é’f‘é?a&ﬁ‘/ Gn W& idE ke 6 the baReSd eT
infaP@ of the Fastdsure S paribhgr/ oF 9@thirt baspaasoeeded Iaward st 2
thedsasetoutare pelipherysantiextensinga disthmpwedfat mest28tam,during
meﬁj@fsf%ﬁe@lxaﬁémﬂglg npsfrogrthenside siifareabthe-Basen B teps
%%?%“9 g é&t"%%d?@m‘a%ﬂ?”«!ﬁ‘éa%ﬁ% pieces.naving @ | S”#]%”% 6.9

tleast0.3 T a %gu Ic positions within the 20 range so that all or part o

the magn&tSietETRaY &t RRE rrge it I@ﬁ%@‘b‘éﬂi@%ﬁﬁw&ﬁ) cqoser
m&gné&hie flefF bLak 18astBkARFeahDeBictucrastitebase bitepre to be
pexiphery sl Withired Spaceadei®ndihg apdistancenofiat most dOamny fram the
tha ihaseerieepedphens lndeperdent ahuhether tha.base ds ggyaade of

a Eﬂ&!ﬁ% % ing 3 high atur QQemJ%QQQ%%“%@QQd Cé‘E’a?he OEsPsd“C'”

rce such as alloy tool steel or |%Sf %ee stee oramaterla

netic
ﬁ%poﬂ%ﬁ?’ sARtafiET S REgRE R bR AR e aB18 %t rﬁggﬂlgncmom
md’&”&f(ﬂ?%ﬁéhf &t dBAFENtEY BEYDIEEMa Mgy ridefiEIRadRg nidihdirse -
fluxy3@irdhweethgcrassliteshaseouperperipheryragstownibydinesafing a
Magnelicvy armagnelicsfield analysis isdle.o eandes predyced atihetne
baf&n%‘éteéé’e{}@@r)él‘i\”&“ G-magnetic. malgrial- C;S’fé%% by S'Xslgf s the

are carrled in the magnetlc leld, the coating |S ma netlze an

regﬁlﬁg’[ﬁe ?g ab?gégve gr%n% aré’ aﬁracﬁe% d r@talnaéﬂl?o Ehc 8&]? d of at
pehﬁﬁg¢y§ﬁ$ﬁéqnﬁﬁpA@? produced at the base outer periphery and

within a space extending a distance of at most 10 mm from the
base outer periphery. Independent of whether the base is
made of a material having a high saturation magnetization and
capable of inducing a magnetic force such as alloy toocl steel
or high-speed steel, or a material having a low saturation
magnetization and less capable of magnetic induction such as
cemented carbide, a magnetic f£ield having a magnetic flux
induced across the base outer periphery as shown by lines of
magnetic flux on magnetic field analysis in FIG. 5 can be
produced at the base outer periphery. When the magnetic
material-coated abrasive grains are carried in the magnetic
field, the coating is magnetized and as a result, the
abrasive grains are attracted and retained to the outer

periphery of the base.
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If the position of magnet is outside the range, for example, the position is
outward of and close to the outer periphery of the base, e.g., at a spacing
of 0.5 mm outward of the outer periphery of the base, the magnetic field s
produced in proximity to the outer periphery of the base has a high
strength, Béit tditiPioSihERtTe 8h B &hek8 tRE tgitfe b6l FRN ARGt
fieddaspdverseue aposthieihcabibsiver tyands béhavd likéaneving aieaiftoer
thgdagmeand tancie shagkoffelfdhe positonphmagnedds dnwakeh obthierara
oyer PperiRhery b iiehase apdispaced.a dispocgafnete than 29

mm frgm the outerrperj%h@cg}/ %f th&base, then the_mggnetlc field b
prBa0aEa At the BASE dlierperphary ad WithiS B Eiice Stendig’ase has
distamteoratriet o PRt froprdse HastnGdtefepéripiseiMmaysare ahe
sterihaffess thdve Srsdim tpoVidiagds s shertdorosito magnetieallybrasive
atyast the abrasike graivsmdnisuchaicase, themagretifield skhangiha to

may be inpreased by enlawing sie size,06maongtl, WhiEh Is lessayacigeb:
because a g asge{plblybofalarggr size |sdrequc|iredtfor mountin theth
magnet S0 The’jig membérs fave Fshape Corredpondtot ems%raepe g 20

thB@haSeE T He fig P HbePS Bt slichia Sive it the th&fmaRenRERfHEC

is focatéd mtafeatebint pbsitibaselaiveetotke pverwhendheiddsaiisa space
saagvdehed heiweesthediy saembearsskn ao exantplewhaecindbe hase:r
has.an puies2ndiameter of 122 maand 2 hickness.of @ 3, aBdoviaing
Permanent %"oaxgé‘e‘é’ée%%s flg dim ?S'O'Letdrzé’tm&&g@la?s&“v@ V). 0¥s.
1.5 mmfts, ISES having an outer _m%e%t‘er of &t least 125 mim and- &
thitRnEYEBf AREL0 dPEIRRL S HE TG Ment B pRekidfy s eased
outer diahsstetd thegigeheamisdr Bag@edquathd Gr rherd tven LOBCE2H)L
whesedu P is Higyodtarediametar of thedsase andd isthe-beighiofibe
abrasive ; layefnso Asde.psure a certain height (or radial protrusion

extent) of fje.apiasive IRer, The thickngss of the lig membervaries with,
its material and-is determined to provide 35a s?reng RRUMTcient to preverﬁ

th@ InéMbePTim by dLALRUPHY Arfabript & Pgeraniedharitd upbh
enpsrintnant rawoval front tvehet phdting soldtisnrordhediket jon relative

to the base when ithe base is sandwiched between the jig
members. In an example wherein the base has an outer
diameter of 125 mm and & thickness of 0.3 mm, and permanent
magnet pieces are dimensgioned 2.5 mm (L)} by 2 mm (W) by 1.5
mm {t), discs having an outer diameter of at least 125 mm and
a thickness of about 10 mm are used as the jig member.
Specifically, the outer diameter of the jig member is
egqual to or more than (0D + 2H} wherein OD is the outer
diameter of the base and H is the height of the abrasive
layer, so0 as to insure a certain height (or radial protrusion
extent) of the abrasive layver. The thickness of the jig
member varies with its material and is determined to provide
a strength sufficient to prevent the member from being
deflected by an abrupt temperature change upen entry into and

removal from the hot plating solution or the like. A
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-23 peripheral portion of the jig member that will come in contact with
abrasive grains may be thinner than the remaining portion so that the
abrasive layer may have an axial protrusion extent (T3 in FIG. 1) in the
thickness s direction of the base. Alternatively, the jig member may have
arpegiphétiekness-tHiroughbutits diameremphile thahaskihy @pRehaving a
thisknessegualio dbe axialpmtaisien mextent istattacked tadine remaining
parlipn s 1hgdmaisrial of the J%%@Q@r%MEI%@bi)é@erQnéﬁsqﬁw an

materla% WhICh IS free fro oeq;lgn l%y plating, )becreuae ethgﬂkgzgggggrbly

In WXhIC tﬁe%ase IS aampe efween thej JI0D Mmempers 1S immersed in a

5 pl&TG SERRPPRoM AT S metdHSHF K feiositdtf or tHe BARS MBRY
desablypthegitpmherbeknraterishhas Shenticat fesid@meterelpile a
resistancs; 1 bdye thabony 98 G laintkheat shatk tedistatioe eapalilempfotrusion
maiptaining dimegpsionsainchanged agaiist & abriptotemperature

change uplg? entry e|)rr1t%{r11n(cj) ge@'ﬁova_l éré)rﬁé%gpg glgttgge%yggly an

Moreover mem er material 5 desirably have sufficient

10 durﬁ%ﬁ%i’cﬁw‘é’t%?aﬁiﬁﬁ%lﬁwhﬁ’?é% b%sEr‘B“r‘l‘r‘ty?ﬁgf“wﬁ%ﬁc’uﬁ%é?sed’?h g tine
hobptatirre stheiohi ahrsigEHIaTbER igHefBCtEld e 56 idterTdicstRess dptveen
acedmujate dndubeg snaklingresdsworking atoproduce agapt betweesrthenich
Jigngavaer andhthe bagepf cassentheniy vaembenmaiedakmtish e the
W hat | jDe W Y. I Dt ance

Ofkgb'e 59 Jhat it may, QE‘ grked ahg= Ay desied, pasitian.and Aioh,

aCSU acy to form gI’OOVES for receivi §#ermanent ma netg %els without

15 fis@ir e P RPAEKS Exampids Bffite f }e(mf)%?’rﬁaf%rl R'can Be
us@élhé@rﬁiﬁau@lefféﬁ@h@%ﬁn@‘ﬁ%@ﬂ%@uéﬁ%’s’ﬁ&lyéﬁe&ﬂﬁfpﬁo
polyexymeihylenectRObE), modyethetetheikatonen(PEEKpval from the hot

DOBIPQ&(WJQG'L%%UM%&PP&bﬁﬂw@ﬁylatﬁﬂgsﬁkGDAB&b@QNEﬂ%(LPSEb’uM
%P %eat@ rsylfone gﬁ%§)c§gqr_ce<£m9§;%Jx%aﬂ%@élﬂfﬂﬂ:prW%xblt a

erred because |t as a 9 Rro |L%of ch% (ial re5|stan

20 dmﬁ’é’ﬁé’ibﬂéﬂh‘%ﬂﬁ?% GWGTREBHRS “aii is Commerdiafy availab eu:attlgn

reaggﬁabkgpﬁ@@bex is deflectad due to internal stresses
accumulated during molding and working, to produce a gap
between the jig member and the base. Of course, the jig
" member material must be workable so that it may be worked at
25 any desired position and a high accuracy to form grooves for
receiving permanent magnet pieces, without fissures or
cracks.
Examples of the jig member material which can be used
herein ilnclude engineering plastics such as polyacetal or
30 polyvoxymethylene (POM), polyetheretherketone (PEEK),
polyphenylenesulfide (PPS), polyarylate resin {PAR},
polysulfone (PSF) and polyethersulfone (PES}., and ceramics
such as alumina. OFf these, POM is preferred because it has a
good profile of chemical resistancé, dimensional stability
35 and workability, and is commercially available at a

reasonable price.
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-24 Jig members are prepared by using a material as mentioned above,
determining dimensions including thickness in consideration of

mechanical strength, and working to form a groove for receiving

permanent magnet pieces and optionally a 5 power supply electrode

which is nEeeBaRP M FEfcRFGHIATRY RYcaFietPodt. "R pakishjigs
mMeeniicsninl saprepr e dedrerraissemgb @ tivemc tombinedwiih regb&be dhtoean in
integrad @assemily. ddpaR assendlly, amelegiradedps cppdiictiggeleetrigitys

todbgopaseder coablog.gesiaplaing haskesalinlouen Bgdiadiy

members and the base toget er. This establishes both electric

RN BRI M SRS el Fa thThg B S EREETE PSS LRGERpRLating
cOMApERETOREoGIRE; it fs BRéferRid I3OmBRBReeidityh aRTPRATRE thafa
plaradityiof¢i§ assembhiedbedl jeidd asshownintBl@n2isoagte enabiembly .
sinpaneoss pialingdais ensphyadityokbasasuBefersingiacklGedty to the

elggioplalipa.cathpdes %@é@r@g&% tying.ag hase,bolders afgsfvgmﬂg jig
at the center of C%}/ers 52,52. T catho es 6 56 a£e in contacthwn

coRdLRTve & suppo shaﬁs§8 J?orgsu ortlng and securlng 56 p? pair of ig
mEMBES BE5688 Hatkfdcifigity %%ﬁﬁlﬁﬁﬁéd‘rﬁjom%t 'S}BGtooé’étﬁ%H}es

565 B81ah RIS . npachairsist jigunembeérs 56, 5@ efemmedntad omasigpport
shaftr58 anc Spased sapakta pradeterpined distanse, ysinc agein H:angde

an 600 6aR 6% TARIIAPRIDY SA0UD 1B 16 AILNARI18680: p1ating
eIectropIa{mg ln the ca of electroless plating, the cathodes are
unnecessary, antﬂnﬁea non-conductive base holders may be used

and the supsiidit 8Aaf rﬁ&yﬁfﬂﬁ be® néCSRERRPEFdTEIVE NORARat the = ©
basksis sardniched haraeerna piarsf fige30wnmerhbérsto tefinesaSpacet
bydbedig: members. andihecatteraperipbersef the:basecastdablerith a
amayatekmagnetisgnaterialcoated %@syep@ma;ﬁgwe@ﬂe@mm

balance oL the like atnd su&glle%% tha;cgh ns are atgacted aggdncjted
infie s space IK8 S own n ase 1is san |c1nedc 35between a palr
of figMefibErs 55 é'CPSSEEﬁﬁPgﬁFen%%néﬁa 1828 Ut jigmehieRe8G S56

or thvereBPe s B onft’base mounted on support shaft 58 and spaced
apart a predetermined distance, using a joint 60 and an end

lectric

cap 62. The ijig assembly shown in FIG. 2 1s intended for
electroplating. In the case of electroless plating, the
cathodes are unnecessary, and instead, non-conductive base
holders may be used and the support shaft may not be
necessarily conductive.

Now that the base is sandwiched between a pair of jig
members to define a space by the jig members and the outex
periphery of the base, a suitable amount of magnetic
material-coated abrasive grains is weighed in a balance or
the like, and supplied so that the grains are attracted and
held in the space. As shown in FIG. 3, base 1 is sandwiched
petween a pair of jig members 50, 50 so0 that extensions 52a,
52a of jig members 50, 50 or covers 52, 52 beyond base 1
define a space 64 with the outer periphery of base 1. Within
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define a space 64 with the outer periphery of base 1. Within -25 space 64,
abrasive grains are magnetically attracted and held in place. The amount

of abrasive grains attracted and held in the space depends on the outer
diameter and thickness of the 5 base, the size of abrasive grains, the
héRprantithi GhTesSiorHE Bl SE6HAIT 5 BETEANEY. RTSTRIIEEGhARthdeld
procegiaesaf holding abrasive grains and plating is preferably repeated
several times sehasie eViia-aneuyrpepulalionRertait yalumeidf in

aly '%%gt@n&e%t@wspsaﬂte@elweet t@ﬁﬂt&t@t%@tﬁﬁtm&ggﬁe@%e

to firmly’bind abrasive gralns ggpatlng method. Pre erabl% the blade

sé’&?oﬁt coREaiRS AbraEV B VRS Sn % frakfion BR800 BY Volime 2Re
mefe Prefaradie15ee-#5% by \Rﬁuﬁ@]‘l%s thh 16 VoedeEiRta 18
fracticredfis alfrdstiglgrainstoortiibatingdd cattengivhbréas gndee than 80
valt-etabrasive ipiistaaysdaciease timanted leading dirég dBesUtiggal
ORGIRUPL, Fithes Situgtiop 'OS&%%G%EGSA%@QQEVQUQQQ the GGy position
operation and so the cuttln spee fgtu t be red c%d I%egegdmtglog a
par‘ﬁ%ularhapfﬁjt EHEVBTurRe 20 Fraction of Abrasive grains 1

co?thﬁF‘éd’By%tb%&ﬁwd’& ShRraPkARYEdHt Ber than abrasive grains.
As shownPineEkes- abQ ythienbl duleadectionr: 20cconsistt asfng pair of tleanpledss
22a, 22l wdieh elargp the aldes penghessl paetjonpbthesbaspr¥eranly 15

therebetween in,anaxial 23 diregtign %d@oli‘%d)ﬁé%‘?)swg'cfb@&o%%%‘%mn of
radlaII%/ outward from the outer erlghg% of I;Che base 10. éThIS d|V|S|%[[11 is
hée

fof RN erEe 3 5escr|ptt|on ecause the Tegs aﬂdv'tﬂeﬁ) are inte raI

to Y8R the BIHHR BRI 0P PRSI PABIy RHE" TRERNSSY IR GTtheBIqdRy during

settionc2® fs greatee tadr tve 3@ iHibkmess That e baser Prefargblytance
thaspace G4ds definadhinthis sawghaughawtshovwnseind-1Eada Mose be
specically, thsecg,%mllﬁgso%?aa 22001 the bladg,geqtion 20WhigheClagiRime

the out perip Ig tlon of the base 10 the ween ea h, preferably
havjéaacf eng Tl lrﬁrsn “and ?nrgtre prg era%%/ 656 5 mm.

17&9&%ﬁ@22a1ngredlent other than abrasive grains.

As shown in FIG. 1€, the blade section 20 consists of
a pair of clamp legs 22a, 22b which clamp the outer
peripheral portion of the base 10 therebetween in an axial
direction and a body {20) which protrudes radialiy outward
from the outer periphery of the base 10. {(This division is
for convenience of description because the legs and the body
are integral to form the blade section.) Preferably the
thickness T2 of the blade section 20 is greater than the
thickness T1 of the base 10. Preferably the space 64 is
defined in this way (though not shown so in FIG. 3).

More specifically, the clamp legs 22a, 22b of the
blade section 20 which clamp the outer peripheral portion of
the base 10 therebetween each preferably have a length Hl of
0.1 to 10 mm, and more preferably 0.5 to 5 mm. The legs 22a,

22b each preferably have a thickness T3 of at least 5 um (=

0.005 mm), more preferably 5 to 2,000 um, and even more
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22b each preferably have a thickness T3 of at least 5 m 0.005 mm), more
preferably 5 to 2,000 m, and even more -26 preferably 10 to 1,000 m.

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.
TREASAELIFCHG DO i3 tARKFThartiihAEe 1B phisidErBaRfcidesse 98
If the Jength Hiobelaramdegs 228, P24sis less ithan 0 danen theyearaetatitl 0.01

effective.for igyenting therpeppberalparfion Qj‘zthedo@eufﬁomﬂeénmaae

chlgggd Qr Sfr@cked hut Iess géfectl}{ﬁ fo %lgfqrglrlgyt %
sometimes Tail 1o reventt e base from being deforme e cuttin
o RSEEESR el HhEAEEBdet O i TGRSR (70 bRECIESS

mableratdthe sEorifideest egsense. f thé fRidknesstPF oPERiAPp 1&g s Téss
thaarh Fmraackh srinilegs omayhkailbiasenianee thel mecttaealdstrengtheoked
thghase ok tQ seffeatively dischargrdbeswar slidam sbb Asshama iines

Fl 86At06D the cl S2 2 i a,me Q
ang; al%raswgr rgiani}st% ({SD%GA %%%%s%%a&r/ngt%ﬁ)%%%%z F%L?Géwt%ng

mEI‘ﬁr'Ei’esgtﬁ“ﬁﬁderI%wgtfé?/e}%%% ity SFRRstAFbANd Bh covarig firs et of
bagte1Baftl AR GVEHR/IRT |dfer ERHSistiGof PletakBERER4 2-bfar"iae

abrasiMe g aing 26,(F16 6. The metabbandmaay beufurtherdepasiedegs
So as t(%?j?y% the ekrlmre str cture th';al& a61C tqcfo Ehstr%ct%e as shovgg to

resultln i the ade sectlon avmga er strength. In the

erﬁSS&ﬁﬁéﬁ%lé’f ﬁF@ghGE‘-’tﬁ 6Dt PG 625 clamp legs 22a, 22b
which are orsigpiousitn thédSases ard ofophedtdsleBiefhelp@taldzend 24P
Hetgin qalatings dirsta casied ovbmdhiesthehase issmaskegh it shase (FI6.
POgigns Jwhete £lampees areda b formadare gxpoged.bergalter, the
base 5 alssembl d with the Algslrpemberg ?}e% gieg agezg4 ggv% 11;|Jl_lgg with

abraswe ran%]s n%ﬁls stat ating is effected. A ter rasive grains are

eld@FSdefoditet, %He%%é&%%h%&%ﬁ GRETHEIKAG Méntier &ty piedy
cowers BRra&a showmanFlG.82)(Hafngtsich afrsutes Bidmeedethée
eleciradepositetbpatian iscexposed @and plating sraffectedtructure of FIG.

6C to form a structure as shown in FIG. 6D, resulting in the
blade section having a higher strength.

In the embodiments of FIGS. 6B to 6D, the portions of
clamp legs 22a, 22b which are contiguous to the base are
formed solely of the metal bond. Herein, plating is first
carried out while the base is masked, but those portions
where clamp legs are to be formed are exposed. Thereafter,
the base is assembled with the jig members and the space 64
is filled with abrasive grains. In this state, plating is
effected. After abrasive grains are electrodeposited, the
base 1 is masked with masking members {typically covers 52,
52 shown in FIG. 2) having such an outer diameter that the
electrodeposited portion is exposed, and plating is effected
again. Then a layer consisting of the metal bond is formed
as the outermost laver of the blade section as shown in FIG.
6D.
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35 again. Then a layer consisting of the metal bond is formed as the
outermost layer of the blade section as shown in FIG. 6D. -27 The body

of blade section 20 which protrudes radially outward beyond the

periphery of the base 10 has a height or radial protrusion extent (H2 in

FIG. 1C) WhictPrdpredérabhrde. 15@r 10 PRm? Anthieie PrEferaBRFOBY-8 1LY
mey ependiagood Stthe Sze bbladargsive grlaendtsbe Dourd: |Atheboly or
height H2 js-lasshasn0 Laenthenblade seciion maye epnssme@rerably
wignin 8.30g thne BRKnRACts AMGABIGINGCHING. oReang on

leading to a cuttin eel with a short lifetime. If tge btl)gy eig tI&IZ height
exXPRBAEIFS nith, TRE BTATE sEERR Tnaf 18 De2BWE susteplibfe f°°Y Petd

defdrnatibas thougi depéntiBnt ShehelpiflcSfidimesem ReFrengEyed
resultingninecuthmagnetngedes imtinwavyaeui sigfacesiand hentikee cutting
WQISERing slimensianakac@iracyutherhpdnetblagdersectiomdo consistsime .
essentially of fetal bond 24 apd alwasive giains A% 11 Lhe etal handils,

a plating metal, §referably at Igaict onetméatal g Iggtefg f om N&eﬁ% go, e
CPeHRE S ERGY ThErdst, 3F 2R Aoy 6F sudh 2 mhetdl Rith oné of both

of PLagrl K. B piftingt thé et is HeposHed BhtIbase WHild"Hihdihg
abpasivegraind: therewittn 20sTilng aethoth &f depesitingtheanéated bond by
platingsiss panerally-slassified intedtwa@n efecinoplating aathedandcasists

eleciroless plating methed, Hesgin, githerdhanelectroplating methgd which
is easy to control mtgrn}gl stresseas ri@%r}{ng in %@S metraégogdbalnd Qgeggas N
low produ&%% B8 stS %??hé‘ t1éctfordss pc‘fatrlnn methbd which ensures

relafieeRafitorrs HepERAichrertHE Mg b&Rd Wiitere®Pe PtirRf sBittich
canipensifateonagrbealided aldneorlin acombiiatitit ldepending lonth of P
padiculamappligation+ihease pé singla metal péating seeh @ coppersee 3thile
nickel Rlatind,dypically electioplating,in. pigkel sulfamate plating bath

e Ao e sl Re s by saetnd .
generally classified into two, an electroplating method and
an electroless plating method. Herein, either the
electroplating method which is easy to control internal
stresses remaining in the metal bond and needs low production
costs or the electroless plating method which ensures
relatively uniform deposition of the metal bond where the
plating solution can penetrate may be used alone or in
combination, depending on a particular application.

In case of single metal plating such as copper or
nickel plating, typically electroplating in a nickel
sulfamate plating bath may be effected so as to control the
stress in the plating film 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

element such as Zn, 5 or Mn.
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density during plating, and the témperature of the plating 35 bath in
appropriate ranges, and adding an organic additive such as
o-benzenesulfonimide or p-toluenesulfonamide, or an element such as
Zn, S or Mn. - 28 Besides, in alloy plating such as Ni-Fe alloy, Ni-Mn
alloy, Ni-PBafiéfeRi-Ca afiey-oF NSk Hiey st stesS T ffeddiafig fiivh-Mn
may beycomntrefted ogelegtingdhe ontent: o FesMaIRo o ahBndhithes in
all@ﬂet@m@wﬁ afdhere p@ma@%@mmwﬁﬁ'@te@imontent
appropriatganges.dn fhe caseofalloy.niating, aAdiipn MIPANG of the
additives may, of course, be eftective for stréss control. Iatln% may be
i@ TR BFERy B KRERT eRAMTGRS FSng ™ PRRRGHaR Welf RROWH ™°
fotBepesititgherid ebaverlised singiéirmetal GfalffPand drafdhy bragngay -
contlittansreemrhenbfiised foethat bath rExampdes obthe preferred
electroplaing bail inelidee acsittarateatisnicke! plectroplating B8dhinique
CoRaRING, 230,19 SO0 Ot ITkelslamals: S1290.4ll dfickel 1s
sulfate, > o 0 %/L of nickel ct%loilde, 203}? 40 g/laof %erc amdijfnd_an
apPrSSfiate 8ot B b Bz éne Stifshitide:; Aitd °Copiser!
pyFEORdsHRaE LIEEPERMALAGIShtRCorfAMind38o 150 g/L of copper
pyrophosphweieple6 tofA50.g/lp ok petassiumipproptpiphate; b2a0toi2@:1ude
Mly/Lef122¥naguRaYS AMMama, and Scitodd gilieh peiasSkn fillaitng 250
o e ot ahe s o
uti ini

SOsﬁ}lf%FEOdlsurﬁ%?ﬁopﬂ?&sp‘?ﬁe‘}’lﬁ%@& g}f% %%diugrh ézc%tgf{a,%fg} 5?%0
30RPEISt Sdidm BRFAtBaRRRNPRPHAOSTIABUHOURE of thiourea. The
aboveanetirods:ftiitard Both dral attachprent afvdierhostpams, CBN
grains&f mplxirepidiamanthand:GRY gwains tosbeqearipferyaiibe
bage in dimMensigns clase 1o,3Q e final dimensions:ala Higharciacy e, 1
an(g the oenilzjlcergegg ofamegh%glcallmslggngth of %%thalg bzao'se a/,tLthgfsame
time? On Usé of The ouqfer B Cuding wheel &fthe 9

potassium nitrate. One exemplary electroless plating

ating

solution is a nickel-phosphorus alloy electroless plating
solution containing 10 to 50 g/L of nickel sulfate, 10 to 50
g/L of sodium hypophosphite, 10 to 30 g/L of sodium acetate,
5 to 30 g/L of sodium citrate, and an appropriate amount of
thiourea.

The above methods facilitate both the attachment of
diamond grains, CBN grains or a mixture of diamond and CBN
grains to the periphery of the base in dimensions close to
the final dimensions at a high accuracy and the enhancement
of mechanical strength of the thin base at the same time.

On use of the outer blade cutting wheel of the
invention, various workpieces may be cut thereby. Typical
workpieces include R-Cc rare earth sintered magnets and
R-Fe-B rare earth sintered magnets wherein R is at least one
of rare earth elements inclusive of Y. These magnets are

prepared as follows.
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invention, various workpieces may be cut thereby. Typical workpieces
include R-Co rare earth sintered magnets and as R-Fe-B rare earth

sintered magnets wherein R is at least one of rare earth elements

inclusive of Y. These magnets are prepared as follows. -29 R-Co rare

earth sinfer€d maghetRidudd RESSAMPRRELs dystdnte BEthesadh.Co.,
R3Gaemagnets havesa cOMpoBition, (inadmby sveight) corapristg 2028%in
Ry 25300 Fén 8y1@%nEth dra%0 247, Ay e balapgerf Ca_They@te 1-ss
Pigbae by Neighing,asoucednalaials Ig such Afalaneling fiem,
casting the melt, and finely pulverizing the alloy into an average particle
sfzg" f%f-éb%‘?ﬁr}&ﬁmgla %ﬁ&%ﬂ maghet p%&%%%??h&%&md&?% fHeh the

cBfigactéddn Bifabnatit st did sintere i bt 4y1 6010280 Cfer 107555

hguts; felewedhy §@|U§i0£b19rﬁte%tmfﬂﬁr{]g?l @mg@g@tuﬁaéawer thamthe
sintering temperature by 0-50C for 0.5-5 hours, and aging treatment of
e S e Comnee 7 e SO e B erea

rére dartfl Sirtefed nfadféts’have LCothpositivh! 1%5h 9% by AveigHt):
comfisieg 5-409-RT 8PS0 Fes ahe&:R-8%aB. YAre atltlitherélegnent or
elemeatsamayebeaddesthereta-far. Bnproyving magnetic piopertiesaitnt of
cayogianyresistapses hie cadditivg elements, being sglested frang (Al S,

Ti O\é,lg% Mn, Co, Ni, Cu, Zn, Ga, Zr, Nb, Mo, Ag, Sn, Hf, Ta, W, etc. 20

Tﬁe amount of additive element is up to 30% by weight for Co, and up to

8% by wétghtfot the'sth&f Eidmehis: eFRd midtttS Safe BefaretBy s 1 tion
welghifighsbured shateridgin Saghea Patfd * nieltidg tiérh, Bastingdhé ek’ B.
and fiunidy pilverizingéne altoy: ninartaveragerpadicie: 8izenei 20 WMy
ot A o e
magnetic field and sinteted. a - or 0.5-5 hours, followe
R R e R I S T 0 =

stBse@enttooliry: IPEXEMPEE EXamiifes dftheShvelifion e divefitc
b8lkv BRI of Tl ASASSN ARLABEDY Wiy OPlikitaiff, 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 pulverigzing the
alloy into an average particle size of 1-20 um, yvielding a R-
Fe-B magnet powder. The powder is then compacted in a
magnetic field and sintered at 1,000-1,200°C for 0.5-5 hours,
followed by aging treatment of holding at 400-1,000°C for a

certain time and subsequent cooling.

EXAMPLE
Examples of the invention are given below by way of
illustration and not by way of limitation.

Example 1
A cemented carbide consisting of 20 wt& WC and 10 wig

Co was machined into an annular thin disc having an outer

diameter of 125 mm, an inner diameter of 40 mm, and a
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Example 1 35 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 -30 Young's modulus of 600
GPa and a saturation magnetization of 127 kA/m (0.16 T). The base was
maskad Wwittradhésiectapef§oFRat enly @ ceumftréntialaayion of alther of
surfece:extencing 4.@ mm 5 inward from the outer periphery was exposed.

The basewas JayBeised %@Mnmﬁlaﬁa@@ila@'ecéggegasﬂ%%“%%ly a
solutlon dg4OC fcor Jlo minutes f%r de gglaasm she a/vater aﬁd

eren ce ex
immersed in an aqueous solution of 30-80 ofasodlum pyrophosphale
at BB Thde e %%I&‘%%é’@ﬁé@f&rﬁ‘ﬁ% ERefitlensttyorage was

A2 PRE chinénteerdmbide bhscawas itpdsoig weasive @ ik addionized
watenanchmaerged i sosulfamaie Yatks nickelcglectoplating/bateat with
?%Miereﬁeﬂgcymr\yaa ggnf&fctgqﬁ@b% §U£r@iﬁ@4%l§it¥§f3%|29ga‘égmzof
or el ctrop atin U eriay, e.masking t as peeled o
s S

arPbuferdianfdtsr do‘?rf?é;%rﬂ arfd & thdhess of 10 mm were provided
with an aHlR&la?greple hfAag HErobRs dlidhetEl 6ERBI M, witsikeer 20
diamctesekil@anarandad deptreéd.5Smm. kueashgreove s nickel

pesmananignagnghpieces af2 SomimhlbY Z0ue MDA & S8l aucted
(SQW gtéﬂﬁ%@t‘z%@ﬁﬂwn% I\@%HA é:ﬂ'?'zéo-p dfé%t.er%lﬂlgé tangyan

dlsposed SO as to provide opposed ma netization directions as s own in
B WS Bupo DS WRRS SEaddiMbEs 1Hefbadifrae bave
saffvidREa TR tWEER tHeYRFmembers. At this point, the magnet pieces
were dispasedibn the side sarfaees aithe @ Sesarichgpacedud mmdhwesder

from the ®uter Aetiphery Rithednsss A magnelic-ieldRroduceddiad an
SPRg&. xtending 19 mi&%ﬂéﬂ%%&@ P&E‘BQ&%Q“ e E’E‘§en\%as 39 inner

analyzed to have astrength of at east 8 kKA/m ( 1 T). Diamond gﬁams

Wedréaﬁ}%‘?/?orUSW pladdWitANIFPs§ 2R Rhvé a rﬁ%ne&@ sG8EEL B %
ofE?@ﬁﬁWﬁ%W?dV@ﬁﬂ$§ pieces of 2.5 mm (L) by 2 mm (W) by 1.5 mm
(t) (Shin-Etsu Rare Earth Magnet N39UH, Br 1.25 T) were

eguidistantly disposed so as to provide opposed magnetization
directions as shown in FIG. 4A whereupon the grooves were
backfilled. The base was sandwiched between the jig members.
At this point, the magnet pieces were disposed on the sgide
surfaces of the base and spaced 1 mm inward from the ocuter
periphery of the base. A magnetic field produced in a space
extending 10 mm from the ocuter periphery of the base was
analyzed to have a strength of at least 8 kA/m (0.01 T).
Diamond grains were previocusly plated with NiP so as

to have a magnetic susceptibility % of 1.0 and an average
particle size of 130 um. The NiP-plated diamond grains, 0.4
g, were supplied to and magnetically attracted in the space

between the jig members and the base so as to distribute
uniformly throughout the circumference,
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particle size of 130 m. The NiP-plated diamond grains, 0.4 g, were
supplied to and magnetically attracted in the space as between the jig
members and the base so as to distribute uniformly throughout the
circumference. -31 The jig assembly with abrasive grains magnetically
attracted Wi iH@eRSEGTD BYs Ui AP VHELRY Bicker igig clrdphiting Balty at
5@€wrhereelecttcitymasseanducte s @l Sagurtentedensityndtse20 A/dm?2

for pleatraplalings d heaz @ssemblyovas dasherbwith watey. AgaIdhd&:0ka
Plated, diimond.o'glns weye praangliogiatiapled Ja e SPRCE ng . he

ereupaon plating was similarly effected, followed by water washing. The

i A8EBRbYy Vs WRFPELATSed 35 Snother jig to assembly from which
the electrégridd bfade $efioRAF4S le GIGTRN T HE-838EniHH fvas
imwagrsad e alsylamatecéaits mickel elpatroplatingreathoat DOEwhereas
elggticity:waseenducied ata coeantenaityaf Sr20-Akdm2 for
electroplafing averall the blade section. This wias follgwed Qo@)ﬁé!‘iatiﬁeg

washing. Thefre was obtaln%q an fut%r blade cu&tlgg V\éheel in. which t
bate FRESrovid8y TR RE F&TpRaR WRRANE Bisde E8&icH tabrasive ™
lag&B s Showritth RRSSBD Tt WAS JrOURES BY a-Buffats Hrifthig Machife
sonttzitdhecllrasmepayer 29 protiuded 50° UnvAdy from eithei side was
sustacaekthe semented rearbidehass; an dressed, ehtainiag an

abmw&&ﬁml@gt%qtgﬁlw&% Qadg cuting wheel havad & thickiessea
(Tzza?!rr?f 0{:4 mm. Fr|1 . 7 is a photomicrograph of the blade section. 25
ExXAmPR-5™A Eaifentéd carbide consisting of 90 wt% WC and 10 wt% Co
was machitéd httash SRRefaedhifuiRURETing AP Butett Bidfetdrcsi135
mwi arhintier dlasetees! 20anatcahda 3thivlkerdshef. 37ath, Wikclplade

sesued 8rA basea HiRad aaYornags needuhys of GO:GRaandra sadraiosuna
m%g“%“é@ﬂ%% 39%715'8{'?99(%%@@% so that the abrasive laver

protruded 50 pum (T3) from either side surface of the cemented
carbide base, and dressed, obtaining an abrasive
grainwelectroplated outer bhlade cutting wheel having a
thickness (T2) of 0.4 mm.

FIG. 7 is a photomicrograph of the blade section.

Example 2
A cemented carbide consisting of 90 wt% WC and 10 wt$

Co was machined into an annular thin disc having an outer
diameter of 125 mm, an inner diameter of 40 mm, and a
thickness of 0.3 mm, which served as a base. It had a
Young's modulus of 600 GPa and a saturation magnetization of
127 kA/m (0.16 T).

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

-32-~



10

15

20

25

30

35

The base was masked with adhesive tape so that only a circumferential
region of either surface extending 1.5 mm 35 inward from the outer
periphery was exposed. The base was immersed in a commercially
available aqueous alkaline solution at 40C for 10 minutes for degreasing,
weshed wih 4 3paree Anthindth 2988 M Ansedudd i sBlitivh 8103980 °f
gloafi wodiymapyropbiosphate af 50C winere eddetrilysibywas effected farged
curent dansity of 2=8 &/dn2 £ he gemyented carbide base was ultrasonic

washed in, 3 deignized yalerpndlimmersed in gsulfamate Walts,niekel
electropl_atlnogzj bath at 50C where electnglt)é was onducteﬁ IC a currimiL

dERSIRPSFBDI A EM AT HEtSSRtnG R (derTayer: The masking tape
wad e Bt HiY Hrethasd WASWHBRES vAtPRETSIBYA R 6PfGUCTed
mem ke rsafeOM davirig ancduter 2lamétey’ o2& hentard dahickness of
1Q s vete provipled withiam arrigar geeoyrbaviinosas puiekdiaraetesof
122 M, anJgnet Gjameter of 118 mm and a depth of 1.5 mm. In each
groove, 105 permanent magnet pieces of 1.8 mm._(L) by 2 mm (W) by 1.

o (SR LI0 FA AR o KD T4 R e At Per
eqfidistan iR dRspb e dted 888 5Tovd e i EMticiP TRagRelZ466h tirettidhs
asaishowarndzi@ B eheireapan thet ¢grodveswiers betkiilédrThediasaner
was saaduiched betwarnihe Hgdeembess. At thismpointtheanagpetove,
Pig6es YaIR Hisnesed 20.9n the side serfaces gf the Pase anchsParedsly5: . s
min N0, fom the QutgLberiphery, of e, 0asgp maghelic fied, vere
pr%uééc irg a'Space extending 10 mm F6m the outer perlg ery ofthe

baRFWAS 280 15 FROE S sfRendth B P TSt ds KARF(582 T). 25
NiRaplatdd therhomddgetTs havigea rmhgretid isuSceptibRityyesterprandghe
angaverage paticle sinerafil3ad . tintud 4ig ssermsupplieiechad between the
magnetically.altracted ipthe sRage betweenthedig mambersard thesposea
base 59,85 (0 distribute unfforlyhroughout e lrcumfer egCh 30,1k o
jigBssenibR with Abrasive grains ma netlca‘ﬁy attracted was immerse

a %%*éwv\?&t%ﬁiwipnery of the base. A magnetic field

produced in a space extending 10 mm from the outer periphery
of the base was analyzed fo have a strength of at least 16
kA/m (0.02 T).

NipP-plated diamond grains having a magnetic

susceptibility y of 1.0 and an average particle size of 130

um, 0.4 g, were supplied to and magnetically attracted in the
space between the jig members and the base so as to
distribute uniformly throughout the circumference.

The jig assembly with abrasive grains magnetically
attracted was immersed in a sulfamate Watts nickel
electroplating bath at 50°C where electricity was conducted
at a current density of 5-20 A/dm* for electroplating. After
water washing, the base was removed.

There was obtained an outer blade cutting wheel in
which the base was provided on the periphery with the blade

section (abrasive layer). It was ground by a surface
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electroplating bath at 50C where electricity was conducted at a current
density of 5-20 A/dm2 for electroplating. After water washing, the base
was removed. 35 There was obtained an outer blade cutting wheel in
which the base was provided on the periphery with the blade section
(arasiietayeryhlt meassgrourd byte: satfage 138 grandimg prachingssd Waﬁxm

the ghrasivedayer geoteided 80 um from &lther side sHfacaHfdhse ,
cgmenteg ca ?che base, and_dressed obtalnln%f\n %bra B'k ed er
C

grain- elecfro ate:(Ii OUt%I’ a’gla%e Cut%i‘l"r]é ﬁeénhaVIn a ﬁﬁ ness
ORI, SO SARDIERR LAREE BaltdS EBRER GRS %Wwe )

10 wt% Co was machined into an annular thin disc having an outer
dimeitare0f3125 mm, an inner diameter of 40 mm, and a 10 thickness of

0.3 mm, W%é%@@ﬂ asAbase clhadsa 1 Yeupg'sonogriusyef 600 GRayts
d a saturatl Icization of 1% Wg}l@ %6 T() The.base was

wa R G an annu having, an osuter
maskedgwnﬁ eS|ve tape so that on y a Clircum erentia region ofoelther

sGﬁf%’B%te‘%&eﬁﬁmbzf d°hm 285 1R EFd Frotf i outdr F&riPflenRas®
ekpbskaeFheBade walimiitisdd fifameraialy Wvailable eficdbus
alkaling' soluitoniat40€ oo d Ccrinates for slegueasingnwesiedtwithtion of
wager, @Anirmmefgeq-jn an aqueous solution of 30-80 g/L of sodium

pymphosfﬂl}' S‘(%QO&\Q’@%Sﬁéﬁ%%ﬁsa‘é’ﬂéseﬁ?&t%qpéo&% at%‘éﬁ!e%ly a

denS|t m2. The cemented carbide base was ultrasonic was hed

H‘&%ﬁ%&feﬁjaﬁoeﬁﬁﬁ{br%d%t&?ﬁlf&rﬂﬁf@%aﬁ&ﬁ?%’rng 1.0 mm
ewﬁiﬂaﬁﬁ@%aﬁﬁlat SO HR B IRIBEHIGi TS ETBAEEEed TRiEa RafRrifas
density 9£&-20 Addmsnfigreléefitdplatinglan i2beurderayer. Theamasking
tape waspeeled aff, and the basenwasswvashed yyth-wateg A pasrefdigritn
”Wé@@%rs 9f,E QN having %OHE?%Q}QQL%@ Of 1,28 M 4pds3 1hickpess of

10 mm were FErOVIde with an ann roove havmg an outer dlameter of

153 Y PR PR e ey o?cil% mm aehqea%ce OIS iR 1R e

gﬁkw% current density of 2-8 A/dm’.

The cemented carbide base was ultrasonic washed in
dejonized water and immersed in a sulfamate Watts nickel
electroplating bath at 50°C where electricity was conducted
at a current density of 5-20 A/dm’ for electroplating an
underliaver. The masking tape was peeled off, and the base
was washed with water.

2 pailr of jig members of POM having an outer diameter
of 128 mm and a thickness of 10 mm were provided with an
annular groove having an outer diameter of 123 mm, an inner
diameter of 119 mm and a depth of 1.5 mm. In each groove, 75
permanent magnet pieces of 2.5 mm (L) by 2 mm (W)} by 1.5 mm
(t} {(Shin-Etsu Rare Earth Magnet N3%UH, Br 1.25 T) were
eguidistantly disposed so as to provide magnetization
directions as shown in FIG. 4C whereupon the grooves were
backfilled. The base was sandwiched between the jig members.
At this point, the magnet pieces were disposed on the side

surfaces of the base and spaced 1 mm inward from the outer
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permanent magnet pieces of 2.5 mm (L) by 2 mm (W) by 1.5 mm (t)
(Shin-Etsu Rare Earth Magnet N39UH, Br 1.25 T) were equidistantly
disposed so as to provide magnetization directions as shown in FIG. 4C
whereupon the grooves were 35 backfilled. The base was sandwiched
DSOS G At s TRAAE HE nTagHet FELSS dte disposeace
orsttesitisurfaces dirgre base entbspacad thmnyimnfardnfzohrtve water
-3drparplharyrof thevease sAraagnatiefield predisced in aspaces. 02 T).

extendingnll@tﬁm LfrQm he-puies REFIRRRIYII e PasewaR. RalYZed to
have a strength of at least 16 kA/m (0.02 T). NiP-plated diamond grains

haWAG EPiRyeticys $uREeptiBiliBFR 6.8 G TPaR RATEIE arfdRssi2E oF30

1360 Mo 04 g, W@eeswﬁﬂﬂ@aam@ raaana&%%a@r@pi@d I/ SNACE N the
between ttpe j(jgme ers, and th ase so %—1 dbstrlbute unlfogmly
Yy

ers an
Wltﬁ aebraswe grains

thr(?u out the ClrcumFerg‘nge aSSGm
AR EEAR L AR A TR AEh (e CBABEHBE AR AT hate

electroplafihg bbith st sRIhereidlecaiaigawEs coreiirsedaane tinehty
denstiy=eftE®OsALdmArie retettraplating pAfter pyateriwasihiage the base

W@iée@@yggafquhea&agﬁewh Therewashiainad gnuterplade req
cut n%WheeI in é/\{lhlgtg thepafezwaﬁ/%hwl ed onlthet@erlghggg\/gV|th m_gc or

blade section (abrasive lay er) It was ground by a surface grin

m¥Efite S5 HE e %%s%%yéﬁa@ﬁ’ﬂ%ﬁ%c‘?ﬁ?"fr&%eeuﬂ?& &ggembly -
surface oftheXeereatetPEatias fase dr dréssed cotithiniagydreel in
abrasive giaensdeectropiatec-outere20 dladeeuting wheel havirtg &he blade

thigkpess{ T2a0f 04 tam: drxample A Agementrg: gafhide cansisting of

95 wt% WC and 5 wt% Co was machined into an annular thin disc having
ardGaft+58 HafRi8rof 2251, Bif it i dietdPEPAORARE TIPS 50 o
thiEkness o8 midevhioh Sereed Bsthdbasendiniad acyoundes nrsdulusnd
of 888:e&n, and wasalinaticn nagastzaliraf AR kAN e dThahase
was maskedkwith adRgsive faRa 39 thal R0bia.3Q cissimigrential rggion

of either surface extending 1.0 mm

Example 4

A cemented carbide consisting of 95 wt% WC and 5 wth
Co was machined into an annular thin disc having an outer
diameter of 125 mm, an inner diameter of 4¢ mm, and a
thickness of 0.3 mm, which served as a base, It had a
Young's modulus of 580 GPa and a saturation magnetization of
40 kA/m (0.05 T).

The base was masked with adhesive tape so that only a
circumferential region of either surface extending 1.0 mm
inward from the cuter periphery was exposed. The base was
immersed in a commercially available agqueocus alkaline
solution at 40°C for 10 minutes for degreasing, washed with
water, and immersed in an agqueous soluticon of 30-80 g/L of
sodium pyrophosphate at 50°C where electrolysis was effected
at a current density of 2-8 A/dm".
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inward from the outer periphery was exposed. The base was immersed in
a commercially available aqueous alkaline solution at 40C for 10 minutes
for degreasing, washed with water, and immersed in an aqueous solution
of 30-80 g/L of 35 sodium pyrophosphate at 50C where electrolysis was
effected atha coerent UehsityrdfiZi8 Addim2wa3b Themwementedveatisidein

bage; wasAdl asenic-Washedhine deianizad Avalel aada fuNREsatimackel
SUJ?&%%E? \éi%tmbck@ét%legtéoe@twqqn@%afeﬁl%emretgl%@c%wa&tea

con ucte at a current density of 5- 0A/dm2 for electroplati Rl
urilerfay 2 TRE mASRR lt%pegwas%peélé%moﬁ and T E 5\;\7%3 Washed

5 withfeerY& Pair DRfighREKBEF s GISONR habRfy-&H o%?r' d%‘?ﬂet@?eof’i%

mmweandastircknEshowas5enm were provided with an annular groove
having anpuigs diametsr Pimbib e, &n iporr Adwdiamedar 66120 mpaaster

a depth,qf Gy, dn eagh; gragve; 3% aysuale Q%GEE%%BEW%P&%C%%
havmqéan outer diameter of 125 mm, ané)uter %rcuat% ﬁ%%th of 12.2 mm,

an RREF HraFEEr B 120 i 2Hn HNSF afciats Tength 7P SRnd 5er
10 thiGkABSS OF 306 MAP(SMinAR L PRARE EarB Maghiet Néguﬁ‘ﬁ’*%r gEoLH8 T)32
weresoritiy usushadisposethse asotbegvida vhagnatzatide dirkkivases of
shews imf|GndBuvbereipamthe 1@ovRSoNerezbackiiledaT hmbase diasmeter
Saggwi%%pet\é(ﬁegﬁngrj'%f@%@@aﬁ@eﬁ‘&gﬂs@Pirltl the magneladigees
were aX|aIFy spaIcggl %S()jmm fégm tqﬁout eri ofl\ghe bacsq\gbé&g ar
uced In

magflnectlc elsd pro aspace extendl (g mm rom ﬁ"le outer
i

15 pedipReny of Wi BaseAg ariaR e FHFRATER SfeAGtn® O RE 1ALt ka/m
(0.94gRe NiPaplatad diamohtiogins halvingra FnagAétic Susteptitingx Ghe
1.0;28d-anaverage paricie sige of 30 s &nydk2 gyvisrectigdplied-teen the

and Jpagogiically atitactacsin theispace hetwiagh dhe jigdnembrrsang the 1y

base so distribute uniformly throughout the circumference. Thgjlg
asSENBIY W'II[% %ra%ve gqr:gllns m)zé neFt%ljf Lhattr cte% v%% immersed in a

20n|Cﬁéﬂﬁﬁ6§ﬁh6h?slgll8§%”é’|%€trbﬁ’e§s BRATRY 5hRBAE. theBlatifg™ the

wasdbboweeriphery of the base was analyzed to have a strength
of at least 8 ka/m {0.01 T}.
NiP-plated diamond grains having a magnetic

susceptibility % of 1.0 and an average particle size of 130

25 um, 0.2 g, were supplied to and magnetlically attracted in the
space between the jig members and the base so as to
distribute uniformly throughout the circumference.

The jig assembly with abrasive grains magnetically
attracted was immersed in a nickel-phosphorus alloy

30 electroless plating bath at 80°C. The plating was followed
by water washing. Again, 0.2 g of NiP-plated diamond grains

having a magnetic susceptibility y of 1.0 and an average

particle size of 130 um were magnetically attracted in the

space so as to distribute uniformly throughout the
15 gircumference, and electroless plating of nickel-phosphorus
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by water washing. Again, 0.2 g of NiP-plated diamond grains having a
magnetic susceptibility x of 1.0 and an average particle size of 130 m
were magnetically attracted in the space so as to distribute uniformly
throughout the 35 circumference, and electroless plating of
niéRelogheasherimi 136 kil ogifas sl arliadffected affies platthgrandwater
washingnihe besensas removeshisoattherjighasaemily. Teekenwes.
?hbtained %ngte %ﬁdﬁ%&ﬂ%wage lgk@twihimﬁla% b@éﬁf&ﬁ% Rx}%igg%n
e.per ry wi e blade 5 section (abrasive layer). It was groyn
suﬂglccef%i}% in%arsr%c‘ﬁ?ﬁe %}(:)Ot%]é;éﬁge cééra?sﬁ\?e Ii’aefe%pr%ﬁﬁjdﬂeldt O‘ililuen EXa%e
frofidittat SaB ARG SRR demdtelGarBiR BestYafd SHesaes,
objaiidg an alarasive gsainsalettroplateaigerdladeatiting wherld 50 um
e 2UGleSe 612):000 4, L Al beruiting WisBe BADPISs,q

1 té) 4 wer suitetd for cutting r%re earth smtereq magnet blocks.
compiisive BXEHPRE"E ARememad Carbi CortaiShitg 2P 5 Witbe Wiee™
artf- 28Sv8 T 15750 Wes ndtied itot & ahRaRE thii? disethdvidg ek

outer diarklertbel 28 mhamarvineek gliah cteraoipd @ snin, amdda ek resisted
of €3 rax vihighserved-Aasa hase: Jhesbasenas prasked.with adhesive
tape so that only a circumferential region of either surface extending 1.5
mm_ H%Oa@%afgefr%@am%guaer periphery was exposed. The base was

[ available aqueous alkaline solution at 40C

for 10 minbitéSRTIEGr 2T Wiashed With- Watet, 4Ad Fhn&Sednif dif wts
adtreoisssolatibhrefB0-80cg/arofaspdian piindphdsplrateaatib@Cashereter
eleatsplysisrwas effectpd , 25mat tnawireat daasityob2-3 A/am2. e a
cemgnigd.carbige basewas witrasonic washed iny deignized water and
immersed na %%Igam%% Vynatstﬁ Qéc@.l tgllefgéroglsatln Qath at SOgh\g/Qe(r)e 1
electricity Was conducted At a current densiy of 520 Ardm2%or niy @

el ECHSIERRG EH 30 urideH e ro F he iBase wasHtah &F t¢ R PdWer sGppy

20 jigiovvered fhecmicked undeshayee Weshesposas andnneedted The jipse was

25

30

35

immersed in a commercially available agueous alkaline
solution at 40°C for 10 minutes for degreasing, washed with
water, and immersed in an aqueous solution of 30-80 g/L of
sodium pyrophosphate at 50°C where electrolysis was effected
at a current density of 2-8 A/dm’.

The cemented carbide base was ultrasonic washed in
deilonized water and immersed in a sulfamate Watts nickel
electroplating bath at 50°C where electricity was conducted
at a current density of 5-20 A/Gm° for electroplating an
underlaver.

The base was attached to a power supply jig so that
the nickel underlayer was exposed and mounted in a jig
provided with a channel where a blade section was to be

formed. The channel was filled with Ni-plated diamond grains

having an average particle size of 130 um. The jig which was
held horizontally was moderately immersed in a sulfamate
Watts nickel electroplating bath where electricity was
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provided with a channel where a blade section was to be formed. The
channel was filled with Ni-plated diamond grains 35 having an average
particle size of 130 Fun. The jig which was held horizontally was
moderately immersed in a sulfamate Watts nickel electroplatlng bath
whePS BRI ACRF WasS\B 7 eBhdiefst k¥ atirent Uensi of 2710 A/dm2 for
elettroplaiwiga thivagjig together with the base was taken out of the bath.

The basemwas fupeghackeaneMmauntied again i as)ig -k Provgdedawithg.
chamnel W’Pﬁée @a@éd&a%eqtmwso@&e f%rﬂhe% QH%’c?da@AfH“!{%f a jig

electroplatin electric con ucnonnwaran

RSB o B HRRRS falbidibaBE  hAO G Bowks
SUSRSi - at%ééHéﬂ“Wésbﬁ’nﬁr‘é?ééan 2 BT SURRAREE Wal¥ fiéraItric
electrdplatingnbath at 58Gowhefe lelettricigmias conducted at a current
density of9:20Aviehe2 vior flectiopating-oyarall dhe aleckeoplated sectienNbase

foﬂ%‘é’fg&%i‘}’@t%w&?h%pwe jegullipg ik blade cUing.whes] was

groun sur ace, rm mg_machln & SO that the abrasive layer

pro'tlrudae pun HrSnTSither siae SUrace dDF T cRRTehiBl 28rtiadibass,
aﬂﬁ%&?%tﬁﬁn@%ﬁ%é%r%lﬁ‘é@tﬁtf&pl&%‘tféﬁté%aée%fbtﬁﬁ&m
wheel kédwngzrnhckiessqie)af 0. 4imne RE-Cooparttidesexdamhpie 2 A
cerpenteskaamjde sopsistingheh g0 wt% WC and 10 wt% Co was

machined;10 20 2pyiaa clsc a0 e oulel, JATIELeLAL1Z5 UM, by

an inner |ameterlgf 4%9 mm c%nd a 250th|$knes of 0, 4 mm w ch served
asabase Thebase w palacea in B mold. and the" ouf‘er perlp Serat

cavitywagifified Owith & noxtiaetdieISiiide velumieod soponideregpérenedic
resi-gs r%%ilseboryiu$q@%§%la)4vaﬂﬁa§ﬁ@amr@bg@?a%@aving adn

rage p i Ixtur e e
ab%u%tg%ﬁl ?a)%%% ané’%eatggd ?rﬁi Ltt%he rr?g rHat iu'é%tg %P'é%ﬁ%%?s ﬁor cugr#g

AFRFEBBIT the HhsRiwis 4akBn out of

Comparative Example 2

A cemented carbide consisting of 90 wt% WC and 10 wt%
Co was machined into an annular thin disc having an outer
diameter of 125 mm, an inner diameter of 40 mm, and a
thickness of 0.4 mm, which served as a base. The base was
placed in a meld, and the outer peripheral cavity 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, the base was taken out of
the meld.

The resulting outer blade cutting wheel was ground by
a surface grinding machine so that the abrasive layer
protruded 50 um from either side surface of the cemented

carbide base, and dressed, obtaining an abrasive
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the mold. The resulting outer blade cutting wheel was ground by a
surface grinding machine so that the abrasive layer 35 protruded 50 pm
from either side surface of the cemented carbide base, and dressed,
obtaining an abrasive -38 grain-electroplated outer blade cutting wheel
havREPa StHiOTes et bW 55nk 11611 Féidids the plafdratigredyield
oftbatdrrisiade ( Bdtlingfwheblsnmanufactured in Examples 1to 4 and s
Comparative fxamplepbrWhempladingissefectedyan adase tmfrm 8lade
plated 5 l]a}tk@ﬂé@&getnméa@émeﬂf ip,perEeaage isthe fymber of -
a%%%ptaa:lg tg@te%}({:uttlr%v\ﬁh.eels (10 wheels in Examples and 5 wheels in
comparative I:exam%’i“é} ivided by the 10 total number of bases plated
untl the BGPTSR AWHErfaR L tod
alorzishentayaras lgrotmd dndairésgetiintodd fibisipwhee tthee wWorkirig
yiglghbér perceiiagptiashe nuraben ot aceepiablnwwrked cutting swvbeels
(1 wheeks in.Examplgs and éw%ﬂg&e&qwaﬁ@mﬁ&ﬁxa@ﬂ%ew}e%e
by {he Pumber.of ageeptably plated euing wheels which ate, ground g
dressec . the total yie a7is’ the plating yie muﬁipﬂeaeb%( fhe wor Ing
yightt GHitf rEpresentéthe RRYaYd uliticit @ptabRdittifigWiKEsIs  $10
wheelsig Erdmples and 5 weds i Corhpatetive. Exdmplep2oiae yield"
olained.ckalledk (urit: 1% bxamyptedCamparatie Exanpielahtdidg
B T Oy PR E T Ay i i
otal.yi : : : . : s seen from Table .
SRS B iadch By T Shibel be sCSSELITBIEET citing
CHHﬁﬁﬁﬁﬂV@lCh are ground and dressed.” The "total yield" is

the plating yield multiplied by the working yield, and
represents the overall yield until acceptable cutting wheels
(10 wheels in Examples and 5 wheels in Comparative Example)
are obtained.

Table 1
{anit: %)
g
1 2 3 4 i
Plating vield 100.0 91.7 91.7 85.7 52.0
Working yvield 80.9 90.9 90.9 83.3 38.4
Total yvield 90.9 83.4 83.4 71.4 20.0

As seen from Table 1, the yields of Examples which
differ in a certain range are improved over Comparative

Example.
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Example. -39 Table 2 reports the thickness (mm) and radial protrusion
extent (mm) of the blade sections of the cutting wheels immediately after
manufacture (immediately after binding of abrasive grains) in Examples 1
to 4 and s Comparative Example 1 (10 wheels in Examples 1 to 4 and 5
wheels infe€bhfpaite IR 1 Fk RS (2R thétRickAésdl axial
potoisioniertenttand radial prétrikstorbéxtdat ot atlilade settidreesaoltiting
akhdetermingddamensing:8 aluas at tites/als ahddiper 15 anpular
bladessecliqrand computing an.ayerage:, the tickness, (T2 I F1G. 1) of a

blade section is measured py, clamping the blade section with a
cOATREFSATy gvégﬁiqugiﬁicroﬁet%aegﬁﬁg%npaFo}Baem S|I % tiaimeterdfs °
mfterhe diaPPRAARISN ©&EAMRY2 i HG. 1) of a blade section is 15
determindd byshorizordalhnptadihg theistade sectiorionltherddblesoba
cnmercialjhavailablia nosreeptatcoasdingde weasurDgavasbindon each

sefling weu-reqrdingieswith the,origin, at thescenter of 1he bore,andse per
measuilng I;Qfa gtasnce g%%/ve%% tc emo%t,te{ erl_g)ger)(r gf the pa%%tgvhlch is
praer\il?ci)luéa}y measureple 56 and the ou?erppenp ry of&fhelbﬁgge section
dispdSERLFOURT 2R DESE outer PoriphRRFIA0TRANESR (dfitTRRTred by
Exdmpbd @orhpardthaede @anpleon 2 8thla0@dme57ia0 B620a4/418D1850

0.28£dbh2del. SHA. 4§70 .766p6.a3410.253 0ab3 6r4 33 05826:.0. 962

0.p84:0 $920,60251::070. 0608 0246 0,546 §.494 1 2Q Thickness 387 is
0.501.0.582 0,488 0.950 0.894 0529 0.537 0,473 0,880

ermine orizonta placing the Qlé%e section on the -
table of a commercially available non-contact coordinate
measuring machine, setting work coordinates with the origin
at the center of the bore, and measuring the distance between
the outer periphery of the base which is previously measured
and the outer periphery of the blade section disposed around

the base outer periphery.
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0.556 0.587 0.581 0.503 0.780 0.593 0.541 0.513 0.444 0.940 0.611
0.561 0.524 0.475 1.030 Average 0.598 0.550 0.557 0.478 0.925
Maximum - minimum 0.10 0.09 0.08 0.07 0.36 (unit: mm) Example
Comparative Example 12341 1.212 0.601 0.531 0.558 1.500 1.182
0.498 0.562 0.541 1.200 1.154 0.5224L808 0.590 1.060 1.108 0.623
0.616 0.620 0.800 Radial protrusion 1.221 0.554 0.601 0.560 1.10

extent 1.248 0.581 0.576.0.560.1.240.1.076 0.517.0.552.0.575 1 gt
1/155 0.608 0.614 0.582 0.770 1.127 0.535:@538 0.615 0.940 1.% xglﬁgfi"e
0{567 0.576 0.593 1.14p-Averaget-164-6-563-6-567 05791092
Maximum - minimum 017 013011 0.88 0.73_-41 As seen from Table ®
the blade sections of the @ufttidig whéeks’ manufacired|in Exdmples heniso
aithickness close to the dgsiged dimension as ¢gogpared witfz 4 0.760
Comparative E>.<ample i %lnu' the thi&i}%lse» g .lc?ditl:li IU(;U lzllbiun extent-of
5ithe blade section have-substant ally rpr?um:xd variations. Table 3 repors
an average working time t&ketfwhen’tt¥é2blade®séetion marmifacturediirp 50
Examples 1 to 4 and Compasative Example 1 arestialed ingthiskness andzo
g frf;ggf\f If(;l I(Eaifmn:) }ell%.g}'?él':;% \I?QE%@?*rﬁnp \Ieeé;srégp; ?Q\?éééxar .'p!e0 i
314 1 Thickness grinding 148 8% 6p 46 376 6.537 0.473 0.880
0.556 G.587 0.581 0.503 G.780
0.593 C.541 0.513 0.444 ¢.94¢0
0.611 0.561 0.524 0.475 1.030
Average 0.598 0.550 0.557 0.478 0.9825
Maximum - minimum 0.10 0.0% 0,08 0.07 0.36
{unit: wmm)
Comparative
1 2 3 4 1
1.212 6.601 6.531 0.558 1.500
1.182 0.498 0.562 0,541 1.200
1,154 0.541 0.508 4.590 1.060
1.1¢08 0.623 0.616 0.620 ¢.800
Radial protrusion 1.221 0.554 0.601 0.560 1.100
extent 1.248 0.581 0.576 0.560 1.240
1.076 0.517 0.552 ¢.575 1.170
1.155 0.608 0.614 0.582 0.770
1.127 0.535 0.538 0.615 G.940
1.154 0.567 0.576 0.593 1.140
Average 1.164 6.563 §.567 0.579 1.092
Maximum - minimum 8.17 ¢.13 .11 0.08 3.73
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time (min) Radial protrusion 48 37 22 16 92 grinding time (min) Total
grinding time 166 121 88 62 468 (min) 15 As seen from Table 3,

Examples 1 to 4 reduce the total working time below 1/2 of the total

working time taken in Comparative Example 1 although the working time
differs in &Scéram fage. FELSY & a diggkhdustctnrasuaihghe
acouraty g20hwersosmaouttingspeed A Eiktiaglest waspesfotmbeckdess
muitinie vieehassrmbbewas Grisiiusied DYRAFBRGNE WA PWERPIRAR 1 ve
cutingyinee!s oy each phFxaRIes 0 4.0 COTDARING PAMBIS oc
1 and Z at a spacing of 1.5 mm. While the assembly was oper_atea at

5 100 1o S0P & EUN APEBBIoS ST i ROMF N e e

earth sint@f tnaly FERABER oFP46 TRERARI 'R SNt 1818y K@@ mivhigighthe
5@ heaignetepietes afat(:fantwice xi20 Bxarhighx 1.5cmm thick wengpanbtive
Oufx attd Ihereafier tihe-LUting prathwas eiangatifea rapge Al Saent
MIYEy 808> MAGRSkRISEEs erp GULOW & Gaas0eed. £aeaeht v
mggggt Elecle), its _thlckness at five points, the center an our corners was
méastfed by’a micrometer. The 5 difference between maximum and
minimum values among these five measurements per magnet piece is a
cutting accuracy (m). An average of#rd euting accuracies of five magnet
pieces was computed and plotted in the diagram. In Comparative

Examples 1 and 2, the ¢utting accuracy 10.gradually increases asdhgarative
cutting speed increases. In_Examples 1 to 4, the cutting accuracy is E*2m®ie
below 50 um, though havinglmincr vargation 5, ind3icatinb that the
dimensional variation i$ minimized even on high-Speed cutting. As is
evi taj combined with Table 3, a 15 high-performance
outgfniglkgd%eﬁg%gggi%%e el cdridisting of®4 bage ofemented“€arbide ané’&
blade_section of metal bonded abrasive grams tan be nanufactured m
highyidas hadtfifian.|the fite takenantil the witeel i$ worked tg the 92

1

Total grinding time

(min) i66 121 88 62 468

As seen from Table 3, Examples 1 to 4 reduce the total
working time below 1/2 of the total working time taken in
Comparative Examplie 1 although the working time differs in a
certain range.

FIG. 8 is a diagram illustrating a cutting accuracy
versus a cutting speed. A cutting test was performed. 2
multiple wheel assembly was constructed by arranging two
outer blade cutting wheels from each of Examples 1 to 4 and
Comparative Examples 1 and 2 at a spacing of 1.5 mm. While
the assembly was operated at 5,400 rpm and a cutting speed of
30 mm/min, from a Nd-Fe-B rare earth sintered magnet block of

40 mm wide x 130 mm long x 20 mm high, 50 magnet pieces of 40

mm wide x 20 mm high x 1.5 mm thick were cut out.
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desired size is significantly reduced. 20 25 30 -43 CLAIMS: 1. A method
for manufacturing an outer blade cutting wheel comprising a base in the

form of an annular thin disc 5 of cemented carbide having an outer

periphery and side surfaces and a blade section formed on the outer
p&tipheaf e the s eshid nvethioeedompsisiHptreesteps of disposing at0 to
least fitionper Manentsmageet pigces:bavingra remarence of aaleasifdadl
eaeh onathe 8 faneetthe 10 basegnikioviard-Qiiheass outene

. p%g%r%%@/ or glit ci)n a space Iocat%d inward ofag]ebbase outer gggﬁigggry,ﬁ(}g

10

15

20

25

30

() ers was meas a micr
extendin mm from tﬂe Side surface o?ﬁ1_e bage, to produce a

€ g : !
mahHeteRERl PR BRARRANE SHSE SR Rt =eRe wWittiAta
SpacE eReARIIRGTEN A HESMMtAgTISds @ betsr periphatytisipvidivigracy
digmgnd and/gr GRYayasive.grains cogted With & magnetie Hatgfialne «
such that said ma%ne'g‘i:c gield (rinalgy:L actt odp the qtiamond and/or CBN grains,
c uls‘c‘iﬁa‘cthvé’aasbr%%l\%u gerain%nto & arscted and %egﬁ?é]drﬁﬁnproximity to
the base ButePBRAPAEHY By theTRLERanAt altthctivetforcE Wifd pg accuracy
elecdpddiing dnelectiese pldtg ontthenasepotder.penpbenswitiithe
ahrashe grains gitracted, herglq swherehy, the gbrasive. grains grg bound,, o,
to the base outer periphery to form the blade section. 25 2. The method
o GEHY RIRREIN"REBILETNT the RIHTRF LAY ahitilarthin Gitemsd apat
OIRF Hidiheteri6f 8028 PDERMAY 8RBk s 0B ged Tt gan inner
diameter 8304080 tEnt & ¥Young's seodidis of 4b0iteef00:GPaTanda 3, a
satueafion meghetizadionflat Ieash40kAmm £Q.0Lk 138k hamethed »
ofglaimJeorgerein i flamond aadior GEN. grans coaied il 3y ongea

i 1d

mggnetlc material has a magnetic susceptibility x of aﬁgas

rasive grains can be manufactured in high vields. In

addition, the time taken until the wheel is worked to the
desired size is significantly reduced.
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4. The method of any one of claims 1 to 3 wherein one or more
permanent magnet pieces are disposed contiguously or equidistantly on
either or both side surface of the base and concentric with the disc-form
base. 5 5. A jig assembly for use in the manufacture of an outer blade
cGlttB®heel comprising a base in the form of an annular thin disc of
cemented carbide having an outer periphery and a blade section formed
on the outemperipery lGnahitrbasei saidyig assembiy semprising g
le@st &1 PRILRSi0s MgMbers sach-camprisiig.A SOVER Of RRHaing matesial
having. sllefder oulst diameler than the base and at least one, pefmanent
moagne piece secured 10 the cover, cri\isposea ifward 15-of the odter
p&HPhERFET i basB @MFhafmbla tehfiikifile st T 83 PARRBIGRY of
whies theslsase ¢ Aeltbbtwe @oting jigimeniersstirwanagnet pieces in the

jig membetsspeeduee aimagastic field véraldrast Snt at Hhie-baseruiteng

periphganandvithing 20 spaceextending 1 0Jnm fom {he DASe:QUEr or the

berihery, said magnefic field acting to.atract apd secure diamgnd and/or

C ?\fabraswe grains coatedawnﬁ a magnetlcpmajfgrlalrl% proximity tI(l.') fhespace

oUF PeHDHEY BT thB TS tPREED THERT rBEAYREFERAMDI&HTFBAIRS 20

elestrbiess pleingl @5 61ThHediy assamblyaisclairnd, fuafiereomprisingtac

cathbede fer edectreplating dispasad atibe weateooftide sevepn3ddy. die

jig, assembly 9f SlAiM. 2 fHEhes CAMRLSIAG @ SUPRALt Sl fOberiphery,

Supportlngﬁégaa&fnaérsd%fajx%rq}lengQS%r_%%N abrasive grains coated
with a magnetic material such that said magnetic field may
act on the diameond and/or CBN grains, causing the abrasive
grains to be attracted and secured in proximity to the base
outer periphery by the resultant attractive force, and

electroplating or electroless plating on the base

outer periphery with the abrasive grains attracted thereto
whereby the abrasive grains are bound to the base outer
periphery to form the blade section.

2. The method of claim 1 wherein the base in the form of
an annular thin disc has an outer diameter of 80 to 200 mm, a
thickness of 0.1 to 1.0 mm, an inner diameter of 30 to 80 mm,
a Young's modulus of 450 to 700 GPa, and a saturation
magnetization of at least 40 kA/m (0.05 T).

3. The method of claim 1 or 2 wherein the diamond and/or

CBN grains coated with a magnetic material has a magnetic

susceptibility ¥ of at least 0.6.
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4. The method of any one of claims 1 to 3 wherein one or
more permanent magnet pleces are disposed contiguously or
equidistantly on either or both side surface of the base and
concentric with the disc-form base,

5, A jig assembly for use in the manufacture of an outer
blade cutting wheel comprising a base in the form of an
annular thin disc of cemented carbide having an outer
periphery and a blade section formed on the outer periphery
of the base,

said jig assembly comprising at least a pair of jig
members each comprising a cover of insulating material having
a larger outer diameter than the base and at least one
permanent magnet piece secured to the cover, disposed inward
of the outer periphery of the base and having a remanence of
at least 0.3 T, wherein

when the base is held between the jig members, the
magnet pieces in the jig members produce a magnetic field of
at least 8 kA/m at the base outer periphery and within a
space extending 10 mm from the base outer periphery, said
magnetic field acting to attract and secure diamond and/or
CBN abrasive grains coated with a magnetic material in
proximity to the outer periphery of the base to keep them
ready for electroplating or electroless plating.

6. The jig assembly of c¢laim 5, further comprising a
cathode for electroplating dispesed at the center of the
cover.

7. The jig assembly of claim 5 or 6, further comprising a
support shaft for supporting plural pairs of jlig members.
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