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brittle, they are widely used in the art. Ctation List Patent Docunent 1:
35 Patent Docunent 2: Patent Docunent 3: Patent Docunent 4: JP-A H09-174441
JP-A H10-175171 JP-A 1110-175172 JP-A 2005-193358 5: JP-A HO7-207254 6: JP
2942989

10

TECENICAL FIELD

15 This invention relates to a cemented carbide base

outer-diameter bilade cutting wheel suited for sawing rare
earth sintered magnet blocks, and a method for preparing the

same.

20 BACKGROUND ART
Known in the art are OD (outer diameter) blade cutting

wheels comprising a cemented carbide base having an outer
periphery to which diamond and/or c¢BN abrasive grains are
bonded with phenolic resins or metal plating. The sawing

25 process using such cutting wheels is regarded very useful in
the industry because of many advantages including the low
price of the cutting toocl, a relatively small cutting
allowance, a good dimensional accuracy of cut pieces, and a
relatively high machining speed. Since the cutting wheels

30 are best suited for sawing of rare earth sintered magnet
blocks (or permanent magnet blocks) which are hard and

brittle, théy are widely used in the art.
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7: JP-A 2005-219169 8: WD 96/ 23630 9: JP-A 2009-172751 (US 20090165768, 10:
JP- A 2010-260124 (US 20100275522, | oDI SCLOSURE OF | NVENTI ON The

i nventors proposed in Patent Docunments 9 and 10 an outer blade cutting
wheel conprising an annul ar disc base and a bl ade section di sposed on the
outer periphery of the base and conprising magnetic material -coated di anond
and/ or cBN 15 rains i ch he base by el ectroplating
or electrolessag?g?? g, FH@eﬂﬁmg g? 5 ng gPZSB cutting a nagnet bl ock
into pieces at Bahegh Rocumepoy &md aPr2#42289di nensional tol erance, and a
met hod for manufactyri pg.hhensane. JPig ggbslggglggttlng mheel is suited
for high 20 accuracy cutting operation part ecause the bl ade section
havi ng di anond B@E¢eF EBNUEBREAsPve U@a?ﬂéz%ééﬂd to the base by a phenolic

resinshas a hi ghafégt dbb¥umkhtwas f gpng @@@@ gﬁga5§h0|ce of abrasive grains
is less conpatible with a dinensional tolerance_selected for tEe bl ade

section, the 25 bl ade section nust ggsd?%g%%36?66§esﬁgpéogﬁggé tting edge
t hereof, in ordeatévtnpbotmentt he: dhﬂemsnonaLzsoleuance of cut pieces or

rare earth si ntered magnet pieces a Ug nggoggggﬁgcyg %5365 jme when t he
bl ade section ceases to maintain 30 °a h accuracy of i Ng” operati on,

it is observed that abrasive grains shed off, abrasive gralns are fractured

to fgrm cavities below the syf§é@@g@§3t5§3ﬁN@@ﬁ@f@ﬁaining matri x (bond),
and/ or abrasive grains are flTattened_at their t&ﬂ1to becone coextensive to

the surface of e HFEFRETET RPTIRRFSES Wathaten Paamsaitsevednthdf &Reddi ng
and fr aCtdﬁiﬁaIOfblaﬁreaS:lakﬁzlgfgalm&ear %oﬁh@!ﬂ&@dnb}/ahr’rﬁﬂﬁhiaﬂpﬂﬂs@Ub&éé\garhﬁCaUSG

abrasi ve gr.ai heavi.ly c i ai nst a iece abra of f the

nor ot eed® A ARty FhseReh 8 APk Su B P By SOt BBttt ansi ve
to the surfdecenprisiagmEgreaEicamategimtcorted daaseddbynagorocBly i npacts
upon ,qut tifg,. Bt A5 d Afdlaoener abl.aa eb khahphgat pWhELERY rop1ating

or electrolegs plating, the wheel being capable of cutting a

magnet block into pieces at a high accuracy and a reduced
dimensional tolerance, and a method for manufacturing the same.
This OD blade cutting wheel is suited for high

20 accuracy cutting operation partly because the blade gsection
having diamond and/or cBN abrasive grains bound to the base
by a phenolic resin has a high rigidity. It was found that
if a choice of abrasive grains is less compatible with a
dimensional tolerance selected for the blade section, the

25 blade section must be dressed to reshape the cutting edge
thereof, in order to maintain the dimensional tolerance of
cut pieces or rare earth sintered magnet pieces at a high
accuracy.

At the time when the blade section ceases to maintain

30 a high accuracy of cutting operation, it is observed that
abrasive grains shed off, abrasive grains are fractured to
form cavities below the surface of the grain-retaining matrix
{({bond}, and/or abrasive grains are flattened at their tip to
become coextensive to the surface of the grain-retaining

35 matrix. It is believed that shedding and fracture of
abrasive grains are caused by impacts upon cutting because

abrasive grains heavily collide against a workpiece to abrade



5 grains are worn or consunmed. This phenonenon holds true for abrasive
grains of dianond when the workpiece is a rare earth sintered magnet
containing a netal elenment which is highly reactive at high tenperature.
The heat generated during working causes chem cal reaction to occur between
the netal 10 elenment in the workpiece and grains (dianond), and as a
result, i r C i ri-n t L.l ng rati_qn .coolant is
general | %ftlegﬁ}eg Vgo%%]ge%éei n%‘li#{{%?‘&rn tﬁ'ef %l?%%gggéofg(}%g&%i r'% 'Et %J%i te. Thus
it is nottimlievardie erextenatve heo cihe ingrireg dlastke 15 substanti al

i mpact  onyt e, Weaa a1 APIRSE VEx A R Sus &5 i 4 Yorth R rosh O R
For the (r;t\;/erl_ay po%tilorflé)of t he bl ade ssec_t??r:] thato pr%trudes bed}ionnd t he base

in a thi KHSSEH rBE: iDEO wWHFE HEE T EIdRis Lo He RRAY I'RETFHE i on has a

subst ant i gita ks drensdanadr tobesanee, tThak phendmeubst avilical téukl €bence
bet ween Xi mrum and m.ni nu c?f the.t ickn&zs of thee over | a% §>orti on
and Whe

t hr oughou Y e ' rEUET efic T 0P Uhe BiHhe Sedfi gt HE S
ci rcunf eretrceedd triveyrid adeosezin o mgnet d love Youwmdhessi clehi pshimitiout  of

t he wor kpj ty. 4 i.sch e d_cl i, At tin roove
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to alter the | to cause vibration to the workpirece with
| oud i NPATHGIS CAEHRP tP P63 b LU Wbt MU dreFWRRH fike étasluppl y of

cool apt tordnhCUtd i1k SidBkpl&adli Ml tprLid | o Aefn e encya dd such a
phenomenon occurs, the size 30 of cut pieces becones inaccurate, or the cut

sur f aces T ot @bl ST Th Hark¥!s use of these appearance
defects, the pringittgycetting opdugeton) fatdeobiatieisegénena beg ohed
defective or_ bl.unt ,. t:he S e i t,he i n-retaining
mat ri x BEWM hglawggrqenlg}%gé‘?%&(g%nﬁ? ppn‘g\ﬁogstr%iat%s%@%o@eedgsr%gn'ecessary SO
t hat t heyI'muy icorits ittt e blerd ing lvpeiattitat Howewelt indy dsithdragf a he

bl adg ssect it A+ tde @RIbads, G thdig WieelpFrLouse syt Hr adycddon 1y

ef ficiency because the cutting process is interrupted. Al so scraping of the
bl ade sectidPHbHFHE % he |ifetime of the cutting wheel. Thus it is
preferred to refsai thérovetlegshogtidn pessidenlddd obgecénothihe i nvention
is to provide cenent ed. car bi.de base outer-di aneter bl ade cutting.wheel

whi ch carPde %aaeef gge Fond I%h% Y& W tehgcu TR FOrC Ay ﬁ‘ajeéh%hseui t ed
for cuttitigicknerkpfecie typickdy ypoarieredash sistersthmegnet bl ock into

Pl eces atdﬁ%@ﬂl%%c@?%@@yis,a@ S d Rt od {Ofedigparing the

e itnvention relates to an outer bl ade cutting wheel
conpri si M @asds A MEe Fut AP dhdihe kRSt ahd-he iaidaect i on

on the oy@reiRa itherigrfut hehdasescddie ddrade e Gt LA rd&d b abr asi ve
grains anéjnda wrlrleénalthog oa}.li‘leoz_y gfggdmferenca of the blade section has a
low roundness, chips cut out of the workpiece are not
25 smoothly discharged and clog in the cutting groove to alter
the path of the wheel, to cause vibration to the workpiece
with loud impact noise, and to provide a discontinuous or
insufficient supply of coolant to the cutting site, leading
to cutting deficiency. If such a phencmenon occurs, the size
30 of cut pieces becomes inaccurate, or the cut surfaces bear
noticeable scratch marks. Because of these appearance
defects, the product yvield is reduced.
If the blade section becomes defective or blunt, the
dressing step of abrading away the grain-retaining matrix
35 with a grinding tool until new grains are exposed is
necessary so that they may contribute to cutting operation.

However, dressing of the blade section of the 0D blade



15 the netal or alloy bond being deposited on the outer periphery of the
base by electroplating or electroless plating for bondi ng abrasive grains
together and to the base. The inventors have found that better results are
obt ai ned when di anond and/or cBN abrasive grains having an average 20 grain
size of 45 to 310 m and a toughness index Tl of at |east 150 are used as

th b h bl [ f t t f
geomet 1y GGt FpOTraphy CORATTi DS, DECBHC RHER Sbr e TEoh: BFFEUTBVITy hoat
resi st anceut@ning numa@ct:easeswtanteraupltadt oudhmessnamiang E dfhe2 B latdel east
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over a long term e nmal ntalni ng a high cuttin curacy becalse of the
m ni m zedl§ i Rke B ragd a9 vee GFai Asthen n@reyatagr b, repadbbe- t hermal |y

consurged duri ngAthb(jébU g eper ahi,entWher est he gybe&del adgedBnesfiti ng
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an out er PRI RITHECRRRET LEFADFFEI b%‘égtjr’hgt‘ﬁlée?%r‘ﬁ‘?b? b FRA Rl ar
thin di scuodd ommmt&dlmeg btel:emhm/i:mgu'a Fousgd SE oD ddi-&iss O g 4804 t ©u A0 GPa,

ner i 2rek S B8 el Rt P A s ST s A e dnadi R
bl ade sechtiark mrsms@?eb@mstwe pupegh péingheignal adeubase. amad havi ng a

greatgr fhiekness,t 5_@_@1—1 agge Lhge bl ade section conprising abrasive
grains and a netal or ond, the nmetal or alloy bond being deposited

on the outer perF]P%hé?VEBF1‘E’Her6é§§35ytél @Et?’éb?‘étPh@dﬁrcél‘:ééﬂﬁow%%lm ating
for bondi fgnsbrasiy e %ﬁ@lm tegetber @fdchd cadel Hasenidheiadrasd e grains

di d/ BN ab hav ' f 45
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grain size of 45 to 310 jm and a toughness index TI of at

least 150 are used as the abrasive grains, and the blade
section is formed so as to meet specific geometry and
topography conditions. Even when abrasive grains having heat
registance and impact resistance and a toughness index TI of
25 at least 150 are used, the outer blade cutting wheel
continues cutting operation over a long term while
maintaining a high cutting accuracy because of the minimized
risk of abrasive grains being fractured, shed or thermally
consumed during the cutting operation where the outer blade
30 cutting wheel is exposed to severe impacts.

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

35 an outer periphery, an inner diameter of 30 to 80 mm, and a
thickness of 0.1 to 1.0 mm, and a blade section disposed on

the outer periphery of the base and having a greater



wherein OD. and ODA= are maxi mum and m ni rum val ues of the 25 outer

di aneter of the bl ade section. In a preferred enbodi nent, the bl ade
section further conprises a netal or alloy binder having a nelting point of
up to 350C. After the metal or alloy bond is deposited on the outer

peri phery of t he base by plating for bonding 30 abrasive grains together

and.to th Se t%e%agyOiYhe?'Q?%&elgeépiéllxté%&gjrg en abrasive

grains an Jbet en a Fasive grarths anot her
pref er r edalendotiveegtainheand adlenebet i on dLkeherordnpricesetat her noblast i c

resin haV&&Qdabéﬁﬂé'@Qpéél@@&n$n0{h8p0ﬁ9e§59&i£5h@r§h@fnP§§t$é§@ ﬁFSIH

havi ng a curi ng ten%)erature of After the netal or alloy bond is

deposi t ed® ¥ HHP Y %:rﬁgp‘é’i?l%%‘??r%*e%%ep%aa%’en%yf% APHY- RS r 2 BB Y
abr asisve @f@im t@@@tzﬁ@f and to the base, thme atm%rsmw aptdihd eSen 1S

|nf|Itrat d et bras%l%( ains and betv&en abr asi ve 1gral ns and the
base, ‘ERJ‘%{\E PP ho t?%@a?%‘é?nglé%%% oW i infTTefat e dhd cured
bet Ween aé)i,@élcyﬁ g5 ai §s3 andubeiNees abEgehyEs JLRi8s BNdothgtbasgst | 150 .
anot her aspect, the inventi o%{)r ovi des a method for manufacturing an outer

bl ade cutThdigPldRl SeOFHPT sHMgLEdRS sPEpslaf RABVIAHGRIBAse2Fh the form of

an annul %réﬂﬁﬂ@l&@tﬁér@aﬁ@fﬁm £19& bt leciays N0 A Mwnga§err0@huéus of 450 to
700 10 GP avi n out er et er f 80 o] 200%{m$]def| n an outer

perup%ery, WL GKRefR O Bl?r‘ét%Ye %op% c%‘é f“‘?‘)e*ls t 1.0
m  provi th hegrabeasi VB3,.gr-Ns,;) amd eJneG:trneomlaatgleng 10r: el ectroless plating a
nmetal or alloy on the base outer periphery for bonding the abrasive grains
together 15 and to the base to fixedly secure the abrasive grains to the
base outer periBhéGlts flotwxalBhades s@etidréhavi ng a great €A )t hi ckness
than the base. The nethod further conprises the steps of using dianond

and/ ar cBMapsasive ,graaidlsmawaa@ mxammaadgmaham&hzeaqhe%S oif0 t320 m and
a toughness i ndex east 150 as, the abrasive grains;_and shaping

the bl adetSEFtFGH s%ht]i“ha?v‘% A% BB LR t FORP IR L e B oV et T QY Bhis
whi ch eacht priod rivted®useet dotbeybing, tiwe & mackimess vafluchefbase; the thi ckness
of the ov I I t t r -T3r,
i D e SEFed SQE SO AL (R LOME ) S CunkdrliRes O )
of the blade section. The blade section meets a roundness
20 [(OD _/2-0OD_. /2) mm] in the range (2}:

max min

0.001 < OD__ /2-0D_, /2 = 0.01xOD_ (2)

max

wherein 0D, and OD, , are maximum and minimum values of the
25 outer diameter of the blade section.

In a preferred embodiment, the blade section further
comprises a metal or alloy binder having a melting point of
up to 350°C. After the metal or alloy bond is deposited on
the outer periphery of the base by plating for bonding

30 abrasive graing together and to the base, the metal or alloy
binder is infiltrated between abrasive grains and between
abrasive grains and the base.

In another preferred embodiment, the blade section
further comprises a thermoplastic resin having a melting

35 point of up te 350°C or a thermosetting resin having a curing
temperature of up to 350°C. After the metal or alloy bond is
deposited on the outer periphexry of the base by plating for

bonding abrasive grains together and to the base, the



wherein T3ma, and T31, are maxi mum and m ni rum val ues of the thickness of
the overlay portion throughout the circunference 30 of the bl ade section,
T2,"" is a maxi mum val ue of the thickness of the blade section throughout
the circunference of the blade section, and the bl ade section has a
roundness [(ODmax/2-01),"12) nm in the range (2): 350.001 sODnmax/2-0D" /2
5 0 .01x0D, "(2 erein_0Dn', . and aje xj mum and m ni nrum val ues of
The out or SRR bASEEE T REThh ste Sact bratea BEbI et e By Bhi s her
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di mensi ongl 1 AGLAH ACYh R erobtigd ed  &thed me@W R0 Fur tBRLER RESERIRT N OF

DRAWNGS FIG 1 sch_ematé_cal lX il u/st rates an outer bl ade .
steps of using diamond and/or cBN abrasive grains having an

average dgrain size of 45 to 310 pm and a toughness index TI
20 of at least 150 as the abrasive grains; and shaping the blade
section such that the blade section includes overlay portions
which each protrude outward beyond the thickness of the base,
the thickness of the overlay portion of the blade section has
a tolerance [{T3,.-T3,.) mm] in the range (1}:
25
0.001 = T3,,,~T3,,, = 0.1IxT2__, (1)

min ™

wherein T3 and T3,, are maximum and minimum values of the

max n

thickness of the overlay portion throughout the circumference

30 of the blade section, T2, is a maximum value of the

X

thickness of the blade section throughout the circumference
of the blade section, and the blade section has a roundness
[(OD__/2-0D_../2} mm] in the range (2):

max

35 0.001 = OD_,,/2-0D,,,/2 = 0.01x0D,,, (2)

max

wherein 0D, and 0D, are maximum and minimum values of the

n

outer diameter of the blade section.



35 cutting wheel in one enbodi ment of the invention, FIG |A being a plan
view. FIG 1B being a cross-sectional viewtaken along lines B-Bin FIG
1A, and FIG 1C being an enlarged view of circle C (blade section) in FIG
1B. FIG 2 is a perspective exploded view of one exenplary jig used
in the nmethod. 5FIG 3 is an enlarged cross-sectional view of the outer
portions of the hol ders sandwi ching the base in FIG 2. FIGS. 4A to
4D are cross-seEP?oWQFhQﬁeWEYoFuHFg?Er‘éﬂ’f‘pﬁﬁﬁ‘édi fFEREE bRet AESBI @fle section
formed ompldieibfpse. m&Et&d &r sehboptdcathy dlbtamstpat Bshdow ¢ frRassa: 10

t oughness_index JI usin n_all oy. cont ai ner_ and bal .. FIG 6
schenmat i cfa ]{13)?1T Ju%éjr%? easg:h%(?v S[’Igélrr%sas%?%e %Iat%l?(gr%?]c%h%fbft‘%%’ tﬂ?%kness of

t he over|sempord i bntoing he M bale secalbry HGetAdpeing a ehieimd i ¢ vi ew of
the measydng system +&nss il & 1,08 Peidd & W e JdEas &pr 15 having
a probe i'n contact wth the_blade section. FIG 7 schematically

i |1 ustratEEIOWR ITRERTIraR4 hee FirfTY it Ve HErpl e cihiorbass o 7A

bei ng an mxenples Yo e @d esddo©rom Nage of the bl ade section and FIG 7B
illustrating th«ﬁ cal gﬂl atiga 8f t he rogﬁdness usln% thg image. 20FIG 8 is
a di agr am showi Ag°? he"&uPERGaBer Bey tUEF sT8™PhES RunBEFehf “BF eBEEP whi ch
are cut faobmlatibre arttaliont ex Ebynagnethd| ockeuspangi pieroutertid ade
cutti.ng S 4 i

250Edn PH R TP e R PR Ebal Ve gt SRt e | e
out er bl ddee dltel ryt wheetinh e aEhtc gfestie hawirg iamekting ustrat ed
as conprigdiifk sPags 49 isotde fof Macan AUy $dids dsaidmde of
cemented carbide and a bl ade section 20 di sposed on the outer 30 periphery
of the ba?&bfaiﬁverh%f%%ea%ic‘??‘a%ﬁ% VIR T e IS AP il ReaSorided wi th
a netal dfometidle ablaye bond: yn electa dpla@tidcisrmed scttilesseqimt i ng. The

base 10 I &ndhd 18 S MAPIn g MR L lSifee of up to 350°C

infiltrate and cure into any voids between abrasive grains

and between abrasive grains and the base to form the blade

section.

20 ADVANTAGEQOUS EFFECTS OF INVENTION

Using the cemented carbide base outer-diameter blade

cutting wheel, an article, typically rare earth sintered
magnet block can be cut into pieces at a high dimensional
accuracy. Since the cutting wheel can be used over a long
25 term without a need for dressing, in cutting of an article
inte pieces of high accuracy dimensions, the extra steps
which are otherwise required to maintain high-accuracy
cutting operaticn can be substantially saved. In extreme
cases, the step of inspecting the dimensions of cut pieces
30 may be simplified. Rare earth magnet pieces having a high

dimensional accuracy are obtained at a low cost.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 schematically illustrates an outer blade

35 cutting wheel in one embodiment of the invention, FIG. 1A

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



that is, a doughnut-shaped thin plate having a center bore 12, 35 having an
outer dianeter of 80 to 200 mm preferably 100 to 180 mm defining an outer
peri phery, an inner dianmeter of 30 to 80 nm preferably 40 to 70 mm
defining the bore 12, and a thickness of 0.1 to 1.0 nm preferably 0.2 to
0.8 mMm It is noted that the disc has a center bore and an outer
circunference . sho in, Fl 1.. Thus, .t te 5 "radial", and "axial"
are used Te7 | "gf%v?h% %Ién&?' ot? t HE Qi s - a%‘gs%%l,nq P (RS i s an
axi al di meiesy orf cndeiaeC| Entade (9ecthidghtdn iBIG. rEgi al di mension. Li kew se
the ternms "insigde~ apd;.outside. o] i u relatiyve enter
of the disc or 1? %'rgt ati %gﬁlgggF?ég?vtéhgg %J???%g\?g ee?.k {:’fg) h%lz%g%g%ﬁgs a

t hi cknessiith 43R4 righgeh®fm®tHodo 1.0 mm and an outer dianeter in the range
of nots nore thapr@003Msbaradseasgbaserst s SHEBL HbRRNS,DBS §8N+RE

manuf actured at a hj gh accuracy T{ﬂg ensure(%ﬁicon,si stent cut-off machining of
o wor Kpi GUEEET \TRGHIRS O atee chd G rH B LIt At it B high

di nensi onal accEI@By oxetoaiboaget erassAstébitknessvoéwsess &hapebedt MM

| eads to i kel i d. of t I iLhdependent .of outer diameter
and mkes&d%##&?%euq}‘?sot%% ?rrgér)\uﬂf%% ursge%\?{(%?gigos%mea @ ﬁtﬁlg% baaf:sc%‘r acy. A

t hi ckness in extESs of s¢chemahicadlrali dsuahrahes eagedteuneangral | owance. 20

The oyt ere JiGHRILS 4:5ad $P 2O dMad MW Mn e Sl 26 d NatoLan, be
manuf actured by the existing technol ogg%%))férgr oduci ng and processing

cenented carbi del6The AFafBeEEicetiyhd geseloynta Faagerdfthe to 80 mm
so as to fdleremddheshaid ©fidibre sutef frmmahidd gy traott i AbBx@ngies of the

cenent ed ,car bi de qf. whi he se. i1 s made include those in which powder
car b des Hrdtern 1 ooy o B F e e T O Tl e such as W
Ti C, MoCmeNxQritaC sywltdhn, GnarkEl&endhtieding a wigvwderf ndte icomfarfag,orCo, N,
VD, QU Rhys 3RS el ald o dherag! .y i dderddig 1 30, Among these,
typi cal \}%vdb% %E% C C% andac%/\c%%;f@ 'Il:ak%%lcgi syst ens are preferred. They
shoul d have a Yotfng' $ %’@Iﬁﬂf‘ﬁ§}@@lh501%b957’90a@%l.h¢st? Yt‘%%‘ér‘ée‘?ﬁjéﬁf»‘lt ed
carbi des phifehhav e Al esldds sanduat | Wiy, susapliPl tadmptdRg or
whi ch can be, % ven such an fl ctric gonduct_l Vi tg/ a/vl th palladium catal ysts

projection image of the blade section and FIG. 7B

illustrating the calculation of the roundness using the image.

20 FIG. 8 is a diagram showing the cutting accuracy
versus the number of pieces which are cut from a rare earth
sintered magnet block using the ocuter blade cutting wheels of

Examples 1 to 4 and Comparative Examples 1, 2.

25 DESCRIPTION OF THE PREFERRED EMBODIMENT

Referring to FIG. 1, the outer blade cutting wheel in
one embodiment of the invention is illustrated as comprising
a base 10 in the form of an annular thin disc made of
cemented carbide and a blade section 20 disposed on the outer
30 periphery of the base 10. The blade section 20 comprises
abrasive grains bonded with a metal or metal alloy bond by
electroplating or electroless plating.
The base 10 is in the form of an annular thin disc,
that is, a doughnut-shaped thin plate having a center bore 12,
35 having an outer diameter of 80 to 200 mm, preferably 100 to

180 mm, defining an outer periphery, an inner diameter of 30



35 or the like are preferred. For provision of cenented carbides with an
el ectric conductivity by palladiumcatalysts or the |ike, well-known
agents such as netallizing agents used in the netallization of ABS resins
may be enpl oyed. The outer periphery of the base nay advantageously
be chanfered (bevel ed or rounded) in order to enhance the bond 5 strength

bet ween the se and t ecti whi ch di.s .for d the e by ndi ng
abr asi ve ot ﬁém'\‘/\’/l tﬂfeff?‘?"est‘bbﬁy b%q?I rlé.'neg A & ady g[’)ee?]irbp’her %Ol s
advant ageduisckregshatf d@vein wheh. @ hlan bIMaISitokber&g?r amd ith merr or beyond the
border between {pe Q%%@té@dtm@ a@éa&w@ nayes diidg 95-0ding 4,0r 10 blade

t hi ckness adj ust nt urpose, the netal bond 1s left at the border to
prevent tHEE ST St NG ofllﬁ eI siepdridt ed apdPits - ThEeak§r®sand

quant ist y of gihrant %[ndmyazbﬁaﬁﬂﬂéﬂdﬁblﬂkl%&cﬂf&af&a:m tderithe tdd adgeess of
t he base and the averag&f% K n size of abrasi v ai ns because_ the range

avai | abl €%t PR 1R or® (He FH; 5 3 he PSR t h
respect tiemmgnetdic rm:o;;}etrl i &8 a)fretdn@JbaBmer&:jgneat éiksatigeatthenterms

magneti zali o d s RLE &d &, { R V& LM Alds dQ.d N, B3se by

magnetic attiacti on. Even 1f % Yas as% OWer Saturation magneti zati on,
however , &hieagmed itharedies s apr c*daﬁt é@tﬁﬁw v afrtai s g et Wephetheasdl | y

attragted towarshd heahaseabyacont &phbdns: 4 henooskhbonoef o a1 Pes rrpn@nﬁm magnet
and the strength of a magnetic field. For this reason, a base having a

sat ur at | GHHeEFhetd AR BT teR 1Rddte AR08 MY U5 MOTS Lhaft 1 44 dFbry .
25The satuy@aidsan dragiat igatdofh Qimaertm&ms saetsy ma‘tﬁffehyttﬁiﬁd idtg s sarrpl e

of 5 mm squares out of a base havin | thlck ITE |ng
magnet i z qjiggfh ac‘ifr‘ifg‘iﬁaa}n-%e%?uq%e sarerI r{]c errper & aucﬁhe o nggflgz

nmeans of veonkibireatd ng y3aing el yreg netometaart i \ASV)terhve mggpert [Hidak gft @0
magneti zarb!gqp d/l%{éh%dr[ﬁ]ﬂ hé'% Uty BALr at dryy assigned 3$ iR esat Yration
magneti zation. rasive grains used in the blade section are

di anond grefishstheatd/Qorl dibi ket ofP it thikf 3B U &t s CTph i HP e
Cutting ORf{eHdrifeBONt td oSy @lHnsi e GHRinkkedd cffmﬂlng;m teer age gr ain
size of 45 to 310 referably used in the bl t|0n . sed
ner i n, (RBSERRIH o P B PLIUAD (15 BS0% i Ao OF Redfan

di aneter eéascess of 1.0 mm indicates an increased cutting allowance.

20 The outer diameter is up to 200 mm in view of the size that
can be manufactured by the existing technology of producing
and processing cemented carbide. The diameter of the bore is
set in a range of 30 to 80 mm so as to f£it on the shaft of
the cutoff machining tool.

25 Examples of the cemented carbide of which the base is
made include those in which powder carbides of metals in
Groups 4, 5, and 6 of the Periodic Table such as WC, TiC, MoC,
NbC, TaC and Cr.C, are cemented in a binder matrix of Fe, Co,
Ni, Mo, Cu, Pb, Sn or a metal alloy thereof, by sintering.

30 Among these, typical WC-Co, WC-Ti, C-Co, and WC-TiC-TaC-Co
systems are preferred. They should have a Young's modulus of
450 to 700 GPa. Also, those cemented carbides which have an
electric conductivity susceptible to plating or which can be
given such an electric conductivity with palladium catalysts

35 or the like are preferred. For provision of cemented

carbides with an electric conductivity by palladium catalysts



measured by a particle size distribution nmeasuring systemutilizing |aser
light diffraction and scattering. |If the average grain size is |ess than 45
um there may be left smaller voids between abrasive grains, allow ng
problens |ike 5 glazing and | oading to occur during the cutting operation
and losing the cutting ability. If the average grain size is nore than 310
um problens may_arise, for_ exanp magnet. pi eces cut . thereby may have

rough surfackRe {rh- t%%l%u¥FPW@ @9??E?eﬁ%§haﬁﬂ pefaitfheirakaverht o
account abéa51wet@éamQSalﬂlﬂétaoﬁeéfaAmssreelmstmay b@eemﬁn@ﬁe@ay be used

al one or as a nmixtur f L f differe i Z br 5|ve
grains used inmtrﬁg ﬁag ec Ee% h§5|gﬁﬁa§é3§ %igﬁﬁgggtﬁﬁ80u5$ %
| east 1500h¢m£@ne@xbb¢Vﬂbﬁ@ orareueéﬁﬂh i v eded hagﬂehaht@ckbevkwmdcut

into eCQ?r@ﬁ[g@ﬁ Qé’{:x%ell?' 2de BHEE' Qﬂd"‘ﬁ?@élé@e‘“@é%l&ﬂewl@léﬁ i Sections

were formed by bondi ng di anond N abr asive grains aV|ng%an aver age
grai n si zZECHrEAStRRTEID ﬁﬁ1%ﬂﬂdﬁpﬁf%P§%%lW¢ Ye¢ies. vIhe AuBR @ees cut

t her ef r oncnEheetheh et ehygi mglefpérﬂpﬁ@fgsmmamw@@m@cm tmaﬂva@vé@und
that those cuttin ﬁo wheel s u3|ng %aslv ralgs ha E& val ue of at
| east 150"’%%%‘8’ P97 nt2 RYGh™ SEP TR AcTT At yPovRtda %%&‘W%‘?% The TI
val ue i s begeededtias bamse naed fbe pbagsivelleyet udttbmgofrineloyrad|ity of

abr a ive S i o] o] 5The
ouaree Pl b e Bk des | IRRCLEnBLE PRAREE, WIS PERLL ORI MecfBE
bal | and Ehprieeeder ntnelr wepyht tod hba@%uw*gmil nNBrem hetwu gRipdeztedl | oy

cont ai nergzpseal i Atd LNt defuarsiial) RE YUY AL HLATATS A el tai n
stroke at adgredeternlned freque and roomtenperature_(e.g., 15-25C), 30

and det er M MSPTHEAGE Y1 HY ThReclLeE)oRmotbdthit PFs abrad v (e taden || ed
to a si zegztmimvmm@easf a4 eied gﬁ@l:ﬂils S8coisé hene ntdngd aeaghdble . & the

over ht of abrasive grai |or to the t st)
Specﬁflcgfﬁéh%?$3n$m§%%%np%ré%an %$£ﬂe?%mer|€%n %% Rational Standards
Institute) B74.B3tR002sPscEppbi taabhetmspshpwtmswe tBe baseexanple, an
al l oy confal el 7da@efd PESn Bnagnetization is preferred for holding

abrasive grains to the base by magnetic attraction. Even if
the base has a lower saturation magnetization, however,

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

25 The saturation magnetization of a base is determined

by cutting a sample of 5 mm sguares out of a bhase having a

given thickness, and measuring a magnetization curve (4mI-H)
of the sample at a temperature of 24-25°C by means of a
vibrating sample magnetometer {VSM). The upper limit of
30 magnetization values in the first guadrant is assigned as the
gaturation magnetization.
The abrasive grains used in the blade section are
diamond grains and/or cubic boron nitride {cBN) grains.

Depending on cutting operation conditions, abrasive dgrains

35 having an average grain size of 45 to 310 um are preferably

used in the blade section. As used herein, the "average

grain size” refers to a 50% diameter or median diameter as
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space delineated by a side wall having a dianmeter of 12.700.02 nmand a
hei ght of 19.100.01 mm one end flat surface with a dianeter of 12.700.02
nm and anot her end sem -spherical surface with a radius of 7.14 mmand a
depth 5 of 3.840.06 nm The container is charged with one ball 72 of
chrom um al |l oy steel having a diameter of 7.940.02 nm and a wei ght of
2.0400. 005 g, and a predetern ned, wei ght of abrasive grajns 26 sieved

Chr ough A SURD N o HESH SEr e CHEECOM o Horme a5 BRE F XS haken
across a stibkeinf Baddr Siidhtmiaifreedtiegquency ofat 03y cydlifeshei n and
room tenperature. The all oy of which the container side wall is

nmade i s @VHHIHY VFeihes hpbsit3oh G ML RS mhdadedr an all oy
havi ng a fRecknet |y dRPe i sensr £8i+0 Hhinde allayid priwhedde fideat
surface and sem -spherical surface are.nade 1%5 an all oy of the
conposSi t i BIF3EBHEE (A ED 150) O A H 1 iy T HREUHY 8% 0 60.
To a sanplesinig alasewvet Digiaisildtpe tlasttaqd, aviee apreedetadmmsied dereen and
sanple anount |isted in Table 1, that covers the range from45 mto 310 m

whi ch corf¥soiean 2BLQ g hePZRRICRR BR%iH i %e T AFaR iR glagnit are

appl i ed St 9 ther SEANERF h @i Foddiz & of s £ SDNE i GBN ahbrashye
grains. For exanple, reference is nmade to di anond abrasi ve_vqral ns, havi ng a
St andar d Gt FLEIGE FUE HETE S19 S5 ARAN st ORI O s RNEH 15§ CFERR
(Fedanat igh ofcdatiropneant 25 W aducerise afarily asdwes) Wded Siaes designat i on
DB 181). The abrasiv rain re.firs il eved using an upper screen
(screen Ami“}ﬁt aeblOgts1%§$%/$n%§a%f'n%%f%qéesslo%%w? rimand a | ower screen
(screen B in TaBhe ddrhaavvagonahbdbeuseédelnftiiblblade faetThensiBoyldf those

abrasi ve 1@l ns AR Dedveerr the 30 ypper Ayl | ewerSeheersmane , pl aced

in the alloy container, which is shaken. The abrasive grains as mlled are

si eved t HaiRyHEar PostLbreadI FIRIRRTE SR FEl iRF 2 T e BFO PIRCEDDH | m

(scraen Guitedablfid)cuthhendnwhddDs tifmBe{idh seeos)ad@kesctivnd wdie wei ght

of underséze abrasive grains.is 5 %31

ormed by bonding diamon Aé'é%N é%rasive grains having an

average grain size of 45 to 310 um and different TI wvalues.
The magnef pieces cut therefrom were then determined for
dimensions and tolerance. It was found that those cutting

20 wheels using abrasive grains having a TI value of at least
150 could maintain a high cutting accuracy over a long term.
The TI value is regarded as an index for practical evaluation
of the durability of abrasive grains against impacts
accompanied with heat generation.

25 The toughness lndex TI is determined by a friability
test of placing one metal ball and a predetermined weight of
abrasive grains in a cylindrical alloy container, sealing the
container, shaking the container across a certain stroke at a
predetermined frequency and room temperature (e.g., 15-25°C),

30 and determining the milling time (sec) passed until abrasive
grains milled to a size below a certain level reach 530% of
the initial weight {i.e., the overall weight of abrasive
grains prior to the test}).

Specifically, the method pursuant to ANSI (American

35 National Standards Institute) B74.23-2002 is applicable. As

shown in FIG. 5, for example, an alloy container 71 defines a
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35 g) of the total weight (i.e., 6 g) of the initial abrasive grains is
reported as toughness index (TlI). As seen from Table 1, the screens and

t he wei ght of abrasive grains to be tested differ depending on the size of
abrasive grains. Table 1 Standard grain size (nesh size) FEPA grit

desi gnati on Sanple weight (g) Upper screen A

space delineated by a side wall having a diameter of
12.70£0.02 mm and a height of 19.10x0.01 mm, one end flat
surface with a diameter of 12.70£0.02 mm, and another end
semi-spherical surface with a radius of 7.14 mm and a depth

5 of 3.841£0.06 mm. The container is charged with one ball 72
of chromium alloy steel having a diameter of 7.94x0.02 mm and
a weight of 2.040+0.005 g, and a predetermined weight of
abrasive grains 26 sieved through a predetermined mesh screen.
The container is closed and shaken across a stroke of 8.1x1.5

10 mm at a frequency of 2,400+3 cycles/min and room temperature.

_ The alloy of which the container side wall is made is

an alloy of the composition X100CrMoV51 (AISI Type A2) or an
alloy having a Rockwell C (Rc) hardness 58 to 60. The alloy
of which the flat surface and semi-spherical surface are made

15 is an alloy of the composition X100Cr6 (AISI 52100) or an
alloy having a Rc hardness 58 to 60.

To a sample of abrasive grains to be tested, the

predetermined screen and sample amount listed in Table 1,

that covers the range from 45 pm to 310 um which corresponds
20 to the average grain size of abrasive grains, are applied
pursuant to the standard grain size of diamond or cBN
abrasive grains. For example, reference is made to diamond
abrasive grains having a standard grain size (US mesh size)
of 80/100 (corresponding to FEPA (Federation of European
25 Producers of Abrasives) grit size designation D/B 181). The

abrasive grains are first sieved using an upper screen
(screen A in Table 1) havihg a hole size of 197 pm and a
lower screen (screen B in Table 1) having a hole size of 151
um. Then 6 g of those abrasive grains remaining between the
30 upper and lower screens are placed in the alloy container,
which is shaken. The abrasive grains as milled are sieved
through a post-breakdown screen having a hole size of 127 um

(screen C in Table 1). The milling time {in second) taken
until the weight of undersize abrasive grains is 50% (i.e., 3
35 g) of the total weight (i.e., 6 g) of the initial abrasive

graing is reported as toughness index (TI). As seen from
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Lower

322 255 213 60/70 DB 251

Table 1,

screen B Post-breakdown screen C

Hol e size(Rm) 50/60 DB 301 10

the screens and the weight of abrasive grains to be

tested differ depending on the size of abrasive grains.

Table 1
Upper Lower Post-breakdown
Standard FEPA Sample screen screen screen
grain size grit welght A B C
(mesh size) | designation {g)
Hole size (pm}
50/60 D/B 301 1c 322 255 213
60/70 D/B 251 10 271 213 181
70/80 D/B 213 10 227 181 i51
80/100 L/B 181 6 . 187 151 127
100/120 D/B 151 6 165 127 107
120/140 D/B 126 6 139 167 90
i40/170 b/B 107 6 1le a0 75
170/200 D/B 91 6 97 75 65
200/230 D/B 76 3 85 65 57
230/2790 bD/B 64 3 75 57 49
270/325 D/B 54 3 65 49 37
325/400 D/B 46 3 57 41 32

A TI value of at least 150 indicates that abrasive
grains are less friable, are little pulled out or worn so
that a difference in wear {abrasion ratio) is maintained
10 between abrasive grains and the metal bond, and further
between abrasive grains and the metal, alloy or resin
infiltrated into voids between abrasive grains and between
abrasive grains and the base. Then high accuracy sawing can
be maintained over a long term until abrasive grains are
On the other hand, a

TI value of less than 150 indicates that abrasive gralns are

15 reduced to too small a size to retain.

-13-
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friable and are readily pulled out and worn, achieving no
interaction between abrasive grains and the metal bond and
failing in high accuracy sawing.

Diamond is used as the abrasive grains. Diamond may be
produced by the solubility difference method of converting
graphite to diamond using a metal such as Fe, Ni, Co, Mn or
Cr or an alloy thereof as the solvent, holding graphite in
the co-~presence of the metal or alloy and a catalyst, at
diamond-stable pregsure and temperature, or the temperature
gradient method involving placing a carbon scurce at the
hotter part and minute diamond seed crystal serving as the
nucleus of growth at the cooler part, maintaining the
temperature gradient between the carbon source and the seed
crystal in a specific range via a metal solvent, applying
high-temperature and high-pressure for causing diamond to
grow on the seed crystal.

Cubic boron nitride (c¢BN) is also used as the abrasive
grains. c¢BN may be produced by the method for convergion of
hexagonal boron nitride (hBN) to ¢BN using a solution of an
alkali metal such as Li, an element of Group 2 in the
Periodic Table such as Mg or Ca, or a nitride or boride
thereof as the catalyst, or the method involving placing hBN
in a high-strength anvil, and applying high temperature and
high pressure for converting the hBN to cBN.

In the abrasive grains thus produced, nitrogen which
is contained in the reactor cell or solvent is entrained as
the impurity. Effective means for minimizing the nitrogen
content is to add a getter metal having high affinity to
nitrogen such as Al, Ti or Zr to the solvent. However, a
careful. control is necessary in this case because these
additives allow for intreoduction of carbide into diamond or
become inhibitory to crystal growth to negatively affect
impact resistance and heat resistance. The temperature
difference method under high pressure is advantadgeously used
to produce crystals with less impurities.

Depending on the production method and conditions, the

abrasive grains thus produced wvary in particle shape and have
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several crystal orientations giving different hardness or
abrasion resistance.

For diamond, for example, [l11l} face is more
susceptible to cracking and cleavage than [100} and [110]
faces as found in the Hertz crush test. With respect to wear
resistance, [110] face is susceptible to wear and [111] face
is resistant to wear. It is then effective to produce
abrasive grains having a relatively much grown face of
specific orientation for a particular purpose by suitably
adjusting the solvent metal, temperature and pressure, or to
hold or bond abrasive grains in the matrix such that their
relevant face may engage in effective cutting operation.

In a preferred embodiment, abrasive grains are coated
with a magnetic material such that the coated abrasive grains
may be magnetically attracted to a base of cemented carbide.

Further, sputtering a metal such as Fe, Co or Cr onto

surfaces of abrasive grains to a thickness of about 1 um is
effective for enhancing the bond strength to the magnetic
material to be subsequently coated.

The magnetic material is typically at least one metfal
selected from Ni, Fe, and Co, an alloy of two or more such
metals, or an alloy of one such metal or alloy with at least
one metal selected from P and Mn. The abrasive grains are
coated with a magnetic material by any well-known technique
such as sputtering, electroplating or electroless plating
until the thickness of the coating reaches 0.5 to 100%,
preferably 2 to 80% of the diameter of abrasive grains.

The thickness of magnetic material coating should fall
in an appropriate range(because the coating thickness can
affect the size of wvoids created between abrasive grains

during formation of the blade section. The minimum thickness

of coating is preferably at least 1.5 pm that is a thickness

at which overall abrasive grains can be coated by plating,
more preferably at least 2.5 pm. For example, for abrasive

grains with an average grain size of 310 um that is the

maximum of the preferred average gralin size range, the
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coating thickness may be at least 1.5 pm as long as it is at

least 0.5% of the average grain size. The maximum thickness
of coating is preferably up to 45 pum. For example, for

abrasive grains with an average grain size of 45 um that is
the minimum of the preferred average grain size range, the
coating thickness may be up to 100% of the averadge grain size
because otherwise a fraction of abrasive grains which does
not effectively functioning during cutiing operation
increases or which prevents self-sharpening of abrasive

grains increases, degrading the machining capability. In

this case, the coating thickness may be up to 45 pum as long
as it is up to 100% of the average grain size.

As long as the coating of magnetic material has a
thickness in the range, it offers a retaining force capable
of reducing shedding of abrasive grains when the ocuter blade
cutting wheel is used in cutting operation. As long as a
magnetic material of proper type is selected for coating,
abrasive grains are attracted and held to or near the ocuter
periphery of the base by the magnetic field during the
plating step, without falling off.

The metal bbnd is a metal or alloy deposited by
plating. The metal bond used herein is at least one metal
selected from the group consisting of Ni, Fe, Co, Cu, and Sn,
an alloy consisting of at least two of the foregoing metalsg,
or an alloy consisting of at least one of the foregoing
metals or alloys and one or both of phosphorus (P) and
manganese (Mn}. The metal or alloy is deposited by plating
s0 as to form interconnects between abrasive grains and
between abrasive grains and the base.

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

method which ensures relatively uniform deposition of metal

-16-
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3 65 49 37 325/400 D'B 46 3 57 41 32 5 A Tl value of at |east 150

I ndi cates that abrasive grains are less friable, are little pulled out or
worn so that a difference in wear (abrasion ratio) is maintained | e between
abrasive grains and the netal bond, and further between abrasive grains and
the metal, alloy or resin infiltrated into voids between abrasive grains

and bet br as b T e r can be
ot ai nedbat e ol i A fiRe ARta g SRyl L B B S B o0
smal | a sigedtalont aﬂﬂh irocemeimrheen emdthat ﬂhﬁldfbwfbfsq%@%’soﬁ ey 150

i ndi cat escdfali ROFASAY IR AS A Lasivd AL NG AT g, raactdyrpd adiyd and
wor n, achleV|ng no i nteraction between abrasive grains and the netal bond

and falllﬁﬁ Pe FpAr HRedirsEyeSawi ng.
The stress in the plating film may be controlled by

suitable means. For example, in single metal electroplating
such as copper or nickel plating, typically nickel sulfamate
plating, the stress may be controlled by selecting the
concentration of the active ingredient or nickel sulfamate,

10 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 2n, S or Mn. Besides, in alloy plating
such as Ni-Fe alloy, Ni-Mn alloy, Ni-P alloy, Ni-Co alloy or

15 Ni-Sn alloy, the stress may be controilled by selecting the
content of Fe, Mn, P, Co or Sn in the alloy, the temperature
of the plating bath, and other parameters in appropriate
ranges. In the case of alloy plating, addition of organic
additives may, of course, be effective for stress control.

20 Plating may be carried out in a standard way by
selecting any one of well-known plating baths for deposition
of a single metal or alloy and using plating conditions
common to that bath.

Examples of the preferred electroplating bath include

25 a sulfamic acid Watts nickel electroplating bath containing
250 to 600 g/L of nickel sulfamate, 50 to 200 g/L of nickel
sulfate, 5 to 70 g/L of nickel chloride, 20 to 40 g/L of
boric acid, and an amount of o-benzenesulfonimide; and a
pyrophosphoric acid copper electroplating bath containing 30

30 to 150 g/L of copper pyrophosphate, 100 to 450 g/L of
potassium pyrophosphate, 1 to 20 mL/L of 25% ammonia water,
and 5 to 20 g/L of potassium nitrate. A typical electroless
plating bath is a nickel-phosphorus alloy electroless plating
bath containing 10 to 50 g/L of nickel suifate, 10 to 50 g/L

35 of sodium hypophosphite, 10 to 30 g/L of sodium acetate, 5 to
30 g/L of sodium citrate, and an amount of thiourea.
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D anond is used as the abrasive grains. D anond may be 5 produced by the
solubility difference nmethod of converting graphite to di anond using a
nmetal such as Fe, Ni, Co, Mir or & or an alloy thereof as the sol vent,

hol di ng graphite in the co-presence of the netal or alloy and a catal yst,
at di anond-stabl e pressure and tenperature, or the tenperature 10 gradi ent
nmet hod i1 nvol ving placing a carbon source at the hotter part and m nute

di anond seed cr%@?&lasggéﬁﬁgsﬁgtﬁﬂé hicFergedf PYr S/ HLRE fRE28SBFer part,
mai nt ai Nniggaihe denpes abake @i adheghe bet weenrddiei €y bonpsatdiceniand t he seed
crystal in a specific range via.a netal, solvent, applying 1

hi gh- { empBPIREF dTARE RF gRERrERel aOeh Ehd RN T RERERHFTY GF oot seed
crystal. to prod@ubi & hagoatihdtiieed ( cBNY iexagipde .udenh &g teereabr asi ve
grai ns. c%\k .t he V. i f Q&{%gﬂpal bor on
nitrige ( BNrg t%QgBﬁéﬁg%ﬁ%dggzﬁ%t?gﬁ&g aé\@%OF%Fklgéléi%g?glmsup as Li, an
el enent of1@F oipn2itn) thk Ferlest Tabl B RSP MEIrocathdrsEigitri de or

E_OrihdettW]?%ic%_%bet@%t@éyftpoﬁti&ﬁe?ﬁrk@m%nMQéVéLgQ?]ﬂ 1+ 116h YBN i][l a
igh-stre apvil, and. ap i n i epper at Ur e, .an ressure for
converti ng tHe® B?\Ft%l{l%w g%‘%/‘ﬁegh‘gl%ﬁ?%%‘ﬁ?ﬁg? ng'¢ h‘ﬂ‘é{%? oﬁ?ﬁ:}e@ew trogen
whi ch i s eabntlaé niedlse natdespaaed o ¢ tamre sof vient merenthak ned ras fiven

i mpurity. f iV f 1 Diy zin i ent | - add a
gortar vty | SE4L SulPate LOE ERETIAZLNO:S WD O DAL GREE Hlmadnd ST, 2
sol vent. Honke¥erf at3Deaak ed KALBNLR O $RAGRCRSHNYANG 4 hikseares ecause

these addjdingSor! 10%s f BFoh NEXOANELEONHOF i AL DY) dor | 1O sl adDNeRr becone
inhibitory to crystal_growth ative af fect inpact resjstance and

to ne I
heat resi®@HRELC T%Jee%‘gn?)‘éF%t?f? etkbﬁgf‘?%?’%?]%% NI e SFPFRFh HrEEN® i s
advant agaats! yoased @bt oa praghuecel € rystat saly tio | RSedud@Pud ihda@setic
Dependi ng..on_1he; pt oduct on gethad. andcondl tions,. Lhe, abrasi ve grains thus
produced vary i n par RAR:) sh&rpe and have —Several crysnt al~ori‘entati ons
gi vi ng didbmasive hardimssave sdyast bralbsi st rreeteFoandi Hiwedly flowlexanpl e,
[111] Tack, |5r Mo Suscaplid! Sul o SELKhNG-RNY ileR\age ddhan ik t00] and
[110] 5 faces as found in the Hertz crush test. Wth respect to wear
resi st anc&aing dpefdcel¥adsus cebt¢ breptat vitdaroamil §A9ug ¢ 5 P 1t ¥t ant
to wear. dimdSalhen £ffeftiyacdor poOduce ADrasd iga 9 abite NaydNpieery

re'aE%VE|ngn¥§gfgéngéﬁﬁ§%éﬁthe abrasive grains to the base outer
periphery.
The jig used in this process comprises a pair of
holders each comprising a cover of insulating material having
a greater outer diameter than the outer diameter of the base
25 and a permanent magnet disposed on and fixedly secured to the
cover inside the base outer periphery. Plating may be
carried out while the base is held between the holders.
Referring to FIGS. 2 and 3, one exemplary jig for use
in the plating process is shown. The jig comprises a pair of
30 holders 50, 50 each comprising a cover 52 of insulating
material and a permanent magnet 54 mounted on the cover 52.
A base 1 is sandwiched between the holders 50 and 50. The
permanent magnet 54 is preferably buried in the cover 52,
Alternatively, the permanent magnet 54 is mounted on the
35 cover 52 so that the magnet 54 may be in abutment with the

base 1 when assembled.
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specific orientation for a particul ar purpose by suitably 10 adjusting the
sol vent netal, tenperature and pressure, or to hold or bond abrasive grains
in the matrix such that their relevant face nmay engage in effective cutting
operation. In a preferred enbodi nent, abrasive grains are coated
with a magnetic material such that the coated abrasive grains 15 may be

magnetically attfracted to a, base o enent ed rbi.de. Further, sputtering a
Total such xs FEheChEsnegeRsnfaonntr Bettor abhasp 98 GPAPMG PEVE Ehi cknoss
of about dagnesieffecteveufdiciamrancs nigesh ealnomsli v rengtis t ot thecmaynet i c
mat eri al t g}gg:et s_t ally at
| east one{crge ?S%%é? q#ggﬂtl%o%?% ;‘?P?:tfﬁ’%:ﬁr an(g%I(F%%/g #?‘1[1\1/\% rxer%)afle sﬁch
netal s, deonth &0 |yndfabnestvehdhetas - o ldbiogghnitite alteq@@@ﬁrYone met al

sel ect5ed rﬁé&(@ﬁ@“ﬂo%e dbEeRBL 35h VEn D @ HSaEE KOt ELh WAL Ba SRUNGEL C

mat erial by any I -known techni que 25 such as sputtering, electroplating
or el ect r}i’ﬁ’é’ééhep‘ﬁét"i”h% HR% i MagPRE ¢ ARKNERS RAIRGHE ZdE PP T AT ¢ o
100% pr eheteabian %é@t@@‘yo@fazbh@sﬂwan@rﬁn@f abiasi ved giagmst 1d heoitdd ckness

of magnetic teri té shoul d fall ropriate range because
Che coat IR (7 CRNESLEant o of ret e &1 ety P OB ERYS R Cr PR e

abr asi ve @talmﬁmmgff@mfﬂmmwmlvm bbadet sexason? . THEA fmni num
thickpess of CO@réngrggtgeezs&QHw aty lsaah %eét%agﬁgt'ﬁae thigkness at

whi ch overal | asive grai ns can e coat | at T ng, noré pref erably at

| east 2. PFERATF Txadtpret the wretie Bl aH’lfﬂdWQch HeERRY dggS grai n si ze

of 310 mdhad dsg)éf}ﬁﬁﬁ@%t ot tw@trpr@f@fé@@blawmm@i%m@eig ange, the
coating thickness be at %%i‘?t | east 0. 5% of

Che aver dURFEE R S; $Ren ThE o T el Bttt Srath ani o us

to 45 umgrrnexamn ehiforsense, use of a permanent magnet having a
15 remanence of at least 0.3 T is preferred for preventing

abrasive grains from separating apart from the base due to
agitation of a plating solution and vibration by rocking

motion of the base-helding jig during the plating process.

As the coercivity is greater, the magnet provides a

20 stronger magnetic attraction of abrasive grains to the base
for a long pericd even when exposed to a high-temperature
plating solution. Then the freedom of choice with respect to
the position, shape and size of a magnet used is increased,
facilitating the manufacture of the jig. A magnet having a

25 higher coercivity is selected from those magnhets meeting the
necessary remanence.

In view of potential contact of the magnet with
plating solution, the permanent magnet is preferably coated
so that the magnet may be more corrosion resistant. The

30 coating material is selected under such conditions as to
minimize the dissolution of the coating material in the
plating solution and the substitution for metal species in
the plating solution. In an embodiment wherein a metal bond
is deposited from a nickel plating bath, the preferred

35 coating material for the magnet is a metal such as Cu, Sn or

Ni or a resin such as epoxy resin or acrylic resin.
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abrasive grains with an average grain size of 45 umthat is 5 the m ninum
of the preferred average grain size range, the coating thickness may be up
to 100% of the average grain size because otherwi se a fraction of abrasive
grains which does not effectively functioning during cutting operation

i ncreases or which prevents sel f-sharpening of abrasive grains increases,
degradi ng the chining capability. In this_case, the coating thi ckness may
be up 10 45 um BS°| BAG0&s Pe2Pslf PMRSDoF 6r PEHE AT JBRTBF BF o4l Lo,

As | ong asn ttte: ciig | degpefid negngie csimd erfi alhdaseented kowedsiden ddwee r ange,

it offer S..f3 r‘ﬁ?ﬁ%@‘:ﬁﬁ cedjg%ﬁ% Lﬂﬂ%ﬁ%m%é t@gedid&ﬁte@br asi ve

grai ns when t ‘ ade eel - uSed 1'n cutting operation. As
| ong as aragpiets cEimt@ri dlonfexgrpder wWagd iid d6&| desddefotocyatiifegmly

abrasizve @il N L1 Al g aeied andlielghdd QlrdedfedithOmt era pRldmhery of
the base by the magnetic field during the 20 plating step, w thout falling
off. . TINGIROTRATROHGHE | €0 aHoCHERR U oo s Lkl HRFDITRY M The

met al bonth disetbderet natrs stapahstagare: midlesed asdtkfgamihe @ ale
consisting of N.,_ Fe, Co nd Sn,_an allo onsi st of at least two
of the foc‘g%tgeoﬁ? nl\(I]ng]L ar?“e‘?%ﬁ’lé,dji%%‘? abaansealcfroyrei:con‘—isrll%L%llcanrg po?"laajtrh%leeﬁjtpeone of the
f or egoi ngnamstetl ssaymer t 9yisaain onesiote bot hs exfeqrhbo sphloriuse {d)s almhgrasganese
(M) .14The, Hudhd Y 4:5q ASROS 18 h s Rl T ML P 3% adOTd0t

i nt erl((:)onneécnt?t_%s&Ltet V\u/een g%r asclive gr ailyﬁs anacf%oet_weenr?é;br asi ve gl‘(g% n%r and the
base. SQW%%- off FepdSi tUFE OBlce Ofe TRIUSERG BiRepCaEItngti §ag8kéral |y

cl assi fi gghdriti0 de¥merdts eh8etsOMPlddy Aot anckaitel v nalmess plati ng
met hod. In the practice of the invention, the electroplating nmethod which
is easy tGEEN rt9N M nal stresses remaining in the netal bond and |ow in
35 production chis¢ spdcihe betetenl esgnédrseteantal papl i igeresded, whi ch

ensures r hLve i it I e platin
sol utL?on tgleoﬁ}e(%hr a%%’s%%?%%nrgy ée %%%%co%%rmﬁﬁ%ggr%s%rg%}?%nqgso&{lhat t he °
bl ade sedtitdn magnafortetmenes dipdreadvedmizbr 4'A 9ne tgrimist 4 Tl adr egreshr i at e
range to hg-desid ibed iatere Sifhrasd r88% idhd heeiptdingfddm my be

controll ed by suitable neans. For exar%I eJT, in single netal electroplating
&

such as APFECTGEY Mk ARPHRRT 4R A A4 KT &iFamdt® pfaetng, the
stress mybhsscantddied dye selectidig heaaneeid atden afedde mct ina

2o Sl B TR 0, IR USSP furilo latine. anc
organi ¢ consisting of spaced segments is formed.

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

25 magnetization direction of permanent magnets mounted to two
holders sandwiching the base. By repeating magnetic field
analysis and experiments, the arrangement of magnets is
determined so as to produce a magnetic field of at least 8
kA/m within a space extending a distance of 10 mm or less

30 from the outer periphery of the base. When the strength of
the magnetic field is less than 8 kA/m, it has a short
magnetic force to attract magnetic material-coated abrasive
grains, and if plating is carried out in this state, abrasive
grains may be moved away during the plating process, and as a

35 consequence, a blade section having many voids is formed, or
abrasive grains are bonded in a dendritic way, resulting in a

blade section having a size greater than the desired.
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addi tive such as o-benzenesul foni m de or p-tol uenesul fonam de, or an

el ement such as Zn, S or Mh. Besides, in alloy plating such as N -Fe all oy,
Ni-Mh alloy, Ni-P alloy, Ni-Co alloy or 15 Ni-Sn alloy, the stress may be
controlled by selecting the content of Fe, Mh, P. Co or Sn in the all oy,
the tenperature of the plating bath, and other paraneters in appropriate
ranges. In the case of alloy plating, addition of organic additives may, of

course, DERFAFBEY AFGTSERY d8Y CotTI thdRads RETEPHEETRG i ed out in a
st andar d y@yatyt sl aeithgpanyaknen afonvmid -tkingswn  pihaisiengobakhs sf ary
deposition of a single metal_or_allo nd using plating conditions common
to that blalf%r.eﬁeantp esc%?t t?’u% “E)arl% %aarc%ltelgr@e'l ectroplating bath include 25 a
sul fam c acid VexreSenaiokel theeperophant ngadach tonpaane@gn@sder ot®00 g/ L of

ni ckelg S%ﬂ@%ﬁioﬁp/é& Mc@(&@és%@&@ai% fefi;@’atscr%ébg&i g/'L of nickel

chloride, 20to 40 g/L of boric acid, and an anount o

0- benzenéSgGHI T dReHAR S pyrd ROTHHB & BRIRE o R 13Tt tID I i ng bat h
POt acS ] UM oy oS AALS, T Lo 30 b L 51, 250 amoni e we o and & to 20 g/ L
pot assi um pyrophosphat e 0 L o o anmoni a water, an 0 g
b7 pot asSTAN TH A, “Heqs g Dl T BT ST Aoy B Ry of tne

ni ckel - phesphams eadtieaydislecd rai etsmqgd atfi ngp thatdrecdritaai MOgend Extom Gheg/ L of
ni ckel sul.fat 0 f i nhite, 30 g/L of
sodi Er% a(L:ge (get %uxéf%c%e 30%09%4-01?5’%%0%%%%%%%@@;” p%lnugr%t]f%é% t hi our ea.
Wien a blsiderafesd iioreide fidrare e hsidinhgeabrags] wsigrl g on Gl ayase via

magneti ¢ & t{ACHIAL hRETIRNEN s MBYNEle MiSe hediaR0SHd fiRarddhe oyter
peri phery of the base to produce a magnetic field. For exanple, two or nore

5 per manerfi2Stadritt PETRAMT b PRI FedMmAReHymdh it- 1988 tdensi ty)
of at | easi3 O 3 sbedyier S0 el Oreddte Giddenssidaaes: afoldwer bage: posi ti oned

i nside the outer .periphery thereof or w.thin aces di sposed ,.nsi t he
out er15perpf\1pahceerde;/ % %%egc %%Ce %%%ltslpoancsed" léh‘th(f‘lns ttzrlr[])ec e c(“\insots“lrf%r etqaﬁta%%fo nmm
from 10 tiemyrsitde aauwr feactisraofy tde pasiHally tshidruse prwoiducien abragiretdes fi el d

of at | eqgle & kAN dNudlfe SRACELEX SN NG & U SiaNne: U 10 Mol 1£5% /4 oM

t he outer periphery of the base. The nmagnetic field acts on the di anond
and/ or cBNRaRSFAREYeH 18 P DARAFIWIH S THdtfhet | B e A 1 produce

abrrag_net inforkd M aat ingh ﬁl@irﬁ?leijzheB)bdﬁErs ﬂ&iﬁd rp&geify adtt lr@ceth itlcagsef.or ¢8ent he ]
apr asi ve ral ar neti ca atfracte a i xe ne t.o or near the
oea gt St Bheiieh, "B B hel Laiadd 38 & it id S R 2 el real ating
or el ect rdtmesatplat imgproftizatetal ord & |lesds slidarriletbduto admddre lase out er

per i pher v, 20, fa; (S EbY. RNl 00,415, A0 51248 6 A%, e DS put er

peri phery. = e Jig used in thi s process conprises a pair of holders
each conpydwingy & ERPRTORI1ia s el aig hdiasdenlcdmian Predraatd areaguttde

di anet er Jhant the QHaly dangiendfe t NgnBaSRagnetic material-coated

25 abrasive grains are fed in the magnetic field, the coating is
magnetized and consequently, the abrasive grains are
attracted and held to or near the outer periphery of the base.

With respect to the position of the magnet relative to
the outer periphery of the base, if the magnet is not placed

30 within the space defined above, specifically if the magnet is
placed outside the outer periphery of the base, though close
thereto, for example, at a distance of 0.5 mm outward of the
outer periphery of the base, then the magnetic field strength
near the outer periphery of the base is high, but a region

35 where the magnetic field gradient is reversed is likely to
exist. Then abrasive grains tend to show a behavior of

emerging upward from the base and shedding away. If the
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25 and a permanent magnet di sposed on and fixedly secured to the cover

i nside the base outer periphery. Plating may be carried out while the base
is held between the hol ders. Referring to FIGS. 2 and 3, one
exenplary jig for use in the plating process is shown. The jig conprises a
pair of 30 holders 50, 50 each conprising a cover 52 of insulating materi al
and a pernmanent magnet 54 nounted on the cover 52. A base 1 is sandw ched

bet ween tPrshol@erat Sthartreret The Peyhimdite iyt BREirberefaf dBiey buri ed

in the coygse 53@uizb\|é1_erélac§i§@&ﬂcet$b_e mmm TRURL £ 5 | Shdiitgd on the
35 cover 52 so t hat hte ma%net 5 in abutnent with the base 1 when

assenbl edPeriphery fentt n’étfe BRI T4 theed gL hOt FRAGRe a
magnet i ¢ éot@eim fa oddentaioe keemabrmasie eclgirai s mab tFamt ethd ot base

duri th J t
arai e, AT e NS s CA TR B R o RS LK
bet ween twrmagelmt@rrp‘éﬂ%eme ammme)ﬂra@mtetmlmeam@mmu on of a

magnetic Apt el @l £0aed -ARIRST MeoSF 2l B9 sRded edJgnget 's‘%rfs%@ﬁ rray
be obtained from a pernanent_ magnet having a remanence of at |east

and a coetki e ynafAnetif okt BN INTHAS G 2 SRR S Sde"*renanent

magnet hasg mdxeher eaumwegrreaql ezntlatﬂyé rmgreat trﬁngnle&l d spmeduced ptraetgby1has.
Thus a p rrranent reat er, nence vaI u |s conveni ent when

it i9%destTe tﬂ’g aﬁ'éf%/n Etr%lc abt ast g{/e grai ns. o tHsosense, use of a

per manent rragneThde\ash@geao:15therr&ingn690bcﬂea$) Ietasfoms fFOi sherefiare ed for
preventinge aﬁ{éasqé’see gr gias sflrz%mo%egﬁvatj'z_'ég (8Ralak r)or_:nst @%c%a%%a‘ﬂugh[aﬁe

agitation of ating sol ufion an I bration byrocmg notion o

base- hol diltRy ?49@ s |W@Wﬁﬂ%ﬁ@f’g‘“?ﬂ%é&kﬁe% tHee RRIRINATY Magngrteat er,

the magnefn Py ileSadr b PlEONger chBgnedi e Rtgdacti Qi &1 8b1asi e t@leai ns to
t he base for a Long period even when expos%d to. a h| hﬁée%ratgre pl ati ng
t

sol utPon.Paifen FRE fr BESEMIEY TF0i%0% WEH Fedpedt i & shape
and si ze tfickmagnett usexh imsn i arod wsead:ré;amﬂ mamargertmenammﬁ acture of the

jig. Am ving I t fo) e nmagnets
nmeeting t%e{ﬁ%enrc}zsssary r%?":‘a&ne%}‘eé l%’r(;w)e‘{/q“lleI%//v ojfdépé%ys%t %alr%gogn &% qfsrt he nmagnet
with pl atérrguslst utd ohi s Heaperdreatemu ey ribitanst g efferabl Jeadatleth $8 t hat

the magnei,qmay fﬁﬁdﬂé‘s&%f‘ o AN rﬂﬁ'nﬁ gy usdif 20 waatidadmterial is
sel ected under such conditions as to mnimze the dissolution of_ the

coat PAg mat eri afPeFEHE2bHat | RS sBFLRT ot AP EheOEubREI 117 TR FotdGHet al
speci es ik tha Padd ng Sﬂi Waeal 1d @n eradimerianhieried weaet al bond is

deposi tedd}f'f{moe ear nc!katEi'!e as‘E@I: n us at ﬂie:‘fgmet Q)rfefbelr&{(fed section)

multiplied by 2}, so as to ensure a height or radial
protrusion (H2 in FIG. 1C) of the blade section, and the

25 thickness of the jig or holder is selected so as to provide a
strength sufficient to prevent warpade due to abrupt
temperature changes by moving into and out of a hot plating
bath. The thickness of the outer portion of the holder which
comes in contact with abrasive grains may be reduced than the

30 remaining portion so as to form an overlay portion (T3 by HI1
in FIG. 1C} of the blade section which protrudes beyond the
base in fhe thickness direction. If it is desired to
increase the dimensional accuracy of the jig and to reduce
the working cost, the thickness of the outer portion may be

35 equal to that of the remaining portion if a masking tape or
spacer having a thickness equal to the overlay portion is
attached to that portion.
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35 coating material for the magnet is a metal such as Cu, Sn or N or a

resin such as epoxy resin or acrylic resin. The shape, size and

nunber of pernmanent nagnets built in the jig depend on the size of the

cenment ed carbi de base, and the position, direction and strength of the

desired magnetic field. For exanple, when it is desired to uniformy 5 bond

abrasive grains _to the base outer perigherg, a nagnet ring corresponding to
dedt B B

the outer di anefef BRtehe2Halt WRICBetBfsh C ReLaRES shhpeBiiaghet
segnment s mosfespongi ag 1osdhet Dud efiateaiwel esn ofhidte aselOfidect angul ar

par al | el epi ped. magnet . segment s havi a.side of several ml]li er.s Jong
oy 10 bt TR oSt AR TS AT S8 daind TS e PRS0 phary.
For the peetposen ofhe dekbdens the userofd mayretho traghet e gt sfamy be

spaced apablod O £,85UCGnd 181 WREr o, 0f e aNale SegIBAL e siheIRAGHRY bet veen
magnet segnents nmay be 1ncr eased,115 thoucg_‘h dependi ng on thé renmanence of
éﬁﬁﬁﬁt

magnet sefhEhtatiredraigiip Eparitanrndtaat

mat er i al -x0af ©ehody agh vieo Hsduns su°eC di aidlethd M0l Ao @ ot Dt L NS
attracted %1 . anot her q{o.ulg of glfr,ai ns, not at ttrac% ed. Then abrasived rains
are al t erHhtet S Honded BH- S aYRasS L HutCHR P30 197 B HEICArEd e Y (9% base
out er perrgpeated A dyatletseota bneyohsngtimgnafirgpaioeih seghentis ofs tfher ned.
Wth.res t g i.c £i.8l e [ t-er, isphery,
 var et o HE A e e s xR e €7

t he posi thare aHdness kit § 7R 1 bht Wi FEei IO ToF  rerimetieaitt ndghdisldmginted to
two hol defsors i & hpdd e Pasee ByrdSReatd i JRONetd Codel £k anal ysi s and
experinments, the arran emaé"l of maghets is determ negq%p as tq produce a

. ; t
magnet i ¢ 476t JroHI1E LY FRAF RN 1 FEEfact B8] £ st ance of 10
mm or | egsoBleif raxd titee onsss wiesn phranerodd tihe haset MWeniddiepsin.engeh of

t he gnetic field is.le it h short ic.farce to
att rggt rr%og%resf?t 1%1& elfrllsaﬁ%%%?é‘gﬁ %ﬁ%{é%lveszlgorlgfdn??e and Vf% pirbi :‘lief fltgha?cs %arried
out in th®elatior anesiviagrai rsrmaneiie et Aafayard \rfmigttdry pl ati ng

process, a0 @52 5 CANSRAUSNGE & bl adeys ertd o MR NoL JBNYe Mal s d S

formed, or abrasive grains are bonded in a dendritic way, resulting in a
bl ade sec®y di*H¥i ng a size greater than the desired. Subsequent dressing

may cause the btgdeiseciiny, t ohbenseparat wdly aparha®é bakengihesgesgti me.
These concerns. may_ increa née'heP t %& %acé%re. (f\r/ﬁ%rab y the _
per mafient® t° |%u':8} a%seégp ar o 5%h rtion 10 H5br asi ve grains
are attrasmnics such as alumina. A holder is prepared by selecting
a suitable material, determining a thickness and other
dimensions in consideration of mechanical strength, molding
the material to the dimensions, and machining a groove for
25 receiving a permanent magnet and a recess for receiving an
electric supply electrode which is necessary when
electroplating is carried out. On use, a pair of such
holders thus prepared is assembled so as to sandwich the base
therebetween. When the holders are assembled together with
30 an electrode for electric supply to the base to enable
electroplating, this assembling procedure affords both
electric supply and mechanicai fastening and leads to a
compact assembly as a whole. It is, of course, preferred
that a plurality of jigs be connected as shown in FIG. 2 so
35 that a plurality of bases may be plated at a time, because

the production process becomes more efficient.
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General |y speaking, the permanent magnet is placed on the side surface of
the base inside the outer periphery thereof or within a space situated

i nside the outer periphery of the base and extending a di stance of not nore
than 20 nmfromthe io side surface of the base and preferably within a
space situated inside the outer periphery and extending a distance of not
nore than 10 mmfromthe_side surface of the base. At | east two per manent
magnet s havi ng SPPERBAEALEY of 25t SPEKEt 1D, BIF- (¢pedi FREAPHS 8F YRLSE one
magnet pesehwobgerdr aéiﬁedﬁr@ﬂ)ﬁ@’eﬂn@t anpess fa Cbep@@lﬂ*deﬁtﬁnd\ttiﬂ; neiteedpaces
such that t he gag ets are ent{re Y, 9L.P Q%I S|tuatedIrk @ n_t he spaces

wher eby a n%grﬁ FPETE° navi ng-a’s ren '€ast®™8 é’n be
produced awriimiag spapeiexeEndd hiens d5@ttamie ofbae hnrm$¢nahlri@ amm f rom

the oyt er%&?&xﬁcp@f&%(oﬁﬂ bee baser ThHen; o 20 ﬂi’@%é%@dé‘%‘ftﬂ?e l%ﬁf?'xﬁsoo’%ﬁ? of a

mat eri al avin sat urati on nagnetization an ess

i nduce a Wet@%‘if%@%’é@%{ﬁéﬁ Ber chedt BieEar inddhea apggmeriied 5t&t@ -havi ng
?E agprowwt@am@t%f@f@eﬂa&@@?@f ofiged: e agnd hie i %111&«]51 eryt ﬁf
e base en. magneti c coa S rai re fed in the
magnet i c FeeIgtethel oty %gﬁé‘?l%é%é%a%a’b éﬁ% F%P The®%br &8i ve
grains areEl@ttzactwed ahgs tmdtmt@omn,mmm@ aubeir pef iiphbigrof56 hesdase.

Wth fespect xﬁfu@{:éed p&é't t?zgft% @?aé%g&?ﬁﬁﬂﬁié’e ée)cfsﬁ,cg&‘édg Reri phery

of the base, nmag ne |s no C ned above,
speci fi capaces Q%ealh%g@fé\teih% W@c@%l olingiegs telpel adlive it hge diigh sy vwof inhe

base, thowgh c}ope ihesedoa #OF @msr-pt&ph 1@tidg di 3tangR fadl e outward of
t he outer B ri phery of_the base then the magnetic field strength near the

outer perdHARTIPHEST NI BELRI | st gFALIRAC &1 St o P SBLFRT S the magneti ¢

field grathentondudeires Sestabndt I«eday b €xadtindhen aumesi mee gs@psct end to

show 2 bet}?v% or of errer gnétge Chal f%fromthf? base and sheddi ng away. If the
e

p05|t|on Bt he n%dnré i $CT R e outer perlpef"lery of the base, but at a

di stance of rmr@sutantze owot rpimthegodserapeiepheny as thelpwse, Miwen the
magnetic {j lﬁs'e'@séé}ﬁoﬁ %%&W%ﬁ%%ﬁé%% B0t dBY Ecfhan 10 mm

fromthe outer 5 peri of the bas ends to haveastren%th of | ess
than 8 kN‘fFﬁm'Wﬁtlht e{“ﬁ‘ﬁf%?(td?uth‘é‘fﬂbrlé%l%‘?rﬁm‘b‘het?%al Iy ddmadtiatg -aBfasi ve

grai Bs be&mrng:arsgtom li n ét@ﬁettf]e C@@elstc]t@fﬁté&trw tpegtum@ratml%@ﬂlcoﬁg eljd
may be increase enl ar gi ng e 0 ne However, a |ar ize
Tagned | ©Hfor TP prSELTIOR PHRRR TR g e B | (24 P15 T Bdsones
| ar ge. of holldersh@pe © die fha c(thbd:ad@sesejlmsorm the thess hiaperof t he
base. The, t t

sandwi chet Jlbtzéfebv\%enélﬂ%f%%?%é h&#j&r’ er ma e%ﬁ%ﬁn%tcé@n@ V%ﬁt}??eﬁnén%i/etbe at

t he desi meakgyobit i bh W@%lw@ebYoat%lqlfﬁ%a@@ ot IpasEhaaspaee ot out er

di amet er tﬁteﬁe’-&ﬂ@@@pa@ltéﬂ@k@f&s% Qfe%g&lm@@ﬂl na@ffé’d’t@cﬁ e "BOEDNL
magnet segnments of 2.5 nml.ong 2 mﬂWdezgyf}ﬁﬁ% hi ck, for exanple, a

di sc ZRavig &h rb%"t%‘i‘ U?%f‘hé’(lé?n o‘f SOy it PO t%.%%tf%%%e%f about
20 MM i s agash @s thdee hDd deiamPOSpeci fheadpace tdwe mtﬁt diarret giatof the jig

or h0|de%brasive grains may enter between the chamfered portion and
the jig holder. Absent sufficient abrasive grains in this
region, the blade section resulting from plating may be held
30 afloat in this region.

The amount of abrasive grains held in the space
depends on the outer diameter and thickness of the base, the
size of abrasive grains, and the desired height and width of
the blade section to be formed. Also preferably the process

35 of holding abrasive grains and effecting plating is repeated
plural times so that the amount of abrasive grains per unit

volume may be equalized at any positions on the base outer
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is selected to be equal to or greater than (the outer dianmeter of the base
pl us (height of blade section) nultiplied by 21, so as to ensure a hei ght
or radial protrusion (H2 in FIG 1C) of the bl ade section, and the 25

t hi ckness of the jig or holder is selected so as to provide a strength
sufficient to prevent warpage due to abrupt tenperature changes by noving

into and Quts 8fe B, hohaPheth S0y DA Pa 1 Thend P KENESSaf ol By Ol She PSS i ON Of

R
t he hol der which cones I n cont ag‘% wi th abrasive grains may be reduced than
the 30 retf IRt Pedt Fer_bd%_: to form an overlay portion (T3 by HL in FIG

1C) of the bl adensestikoftayhi ghppaakr vdesibryosdsbhgeaseria s hweid hi ckness
direction, If it is gesir dto {ncrea e the dinensional accuracy of the jig
and to reftice thtd %F?i%f%o%?l} Fhe® t AT ekFess Dt HutdrVport on may be
35 equal fxadtiain offthe tendd iy polwnen add anores kprgf ¢cgel or3Gpacer
having a {4 al Qver [ [ 0

portion. b3 We&é}"‘%ﬂ%' m% gr]%agﬁlo;ﬁ V?Jhﬁ??:ihe%t%[]?}%@lg l?r%a}]béﬁygggm;aer (Iaﬁenbﬂgl eis
pref er abl §haih 1983 ApFaglvat SF2HES cPeRRF EM R 1P i higiepostasdindetause t he

overall jighavid® tH€i base-S e chechdbetyeeind spdwieess. i ¢ imersed in a

hot plating bath for degositi ng a netal bond on the base. Mre desirably
the i nsulZHFTHG Fatt? i SFCeHoUPY FAVEPENEM E8F TeTStHtl, theat resistance up
to aheut @O rmanich ¢ hesimahn € het kediesisd andge sdiifind ette t@ateimg ai n t he si ze

constant even when exp r e [ ermal,_.cycling_ in. nmoving into
and out o?p(?rhaetlﬁrj Jp? aﬁg‘%‘gc%gt hfg%ﬁs%éjdég?r[gﬁ%t e Frﬁsu(]f% iSrll:f:;rfrfiﬁcfeeri al
shoul d haed digmrasvahang stladi dingnsiudia i aeruracpravemprerrdtders from
bei ng varped Dyeddie. | HAr Nale ot 13385  AGHIMMALEH dug MRt ’g and

wor ki ng) to create a gglp bet ween the hol der and thé base when inmmersed in a
hot pl at i PR oW - 15 o difr SEus mEShedmest ity a9etet dhesvodiee so

wor kabl e M‘eaitbiangr@ﬁy@bfd@ﬁixv@c%afim BoPed Npaent hcrf@@ﬂf gip;azi@@tmzbihgy ary
position e ined, at_a hi ccuracy without fijssures_or chips.

Speci {1 caNTNIAHE HET dey SIRRSS e htlhs dPa Lt Hedtd i 20t pTaatieg Qlch as
PPS, PEEKGDIROMvEAR a BSF endeiRbiyantheegamitssbdaeh as al umina. A holder is
prepared by selgcting,d SHi kabl e, pul ehlabiade! eLBLbAGE LBLEKDESS,ANd

ot her dinensions in consideration of chanr cal "strengt |.ngrht e
mat eri al @ PaiHe off revRT A%, PARHL¢RT hi 9 iyl arly rodsie) fdfa 252 3ecdiiging a

per menentc IBRgNain &Nk e F €6ARSof Ofhd 5L i 10 @ik RCidd&n SUPPhY Slect rode
whi ch i s necessary when el ectr(ggl ating is carried out. On use, a pair of

such hol d&r<g piha? PTE ekt S HRPLD B bh thETate
t her ebet wegrondNigre tdwet dwol dhan s( @ ei wssenbl et trogaidwes v t h 130 ian nelteat r ode

for electyri .pIy{ . ?eb e (F@\p . ct pea%' i nbl i ng
procedurethaq‘ctf (S#%‘ss b% ‘%lée %%tf;gcféslﬁpcg y %%_deeﬁrrcg%hga]ﬁi%a éx%g%‘f%;r}l& ﬁ%&%%%ﬁ eads
to a conpaut clsganblggasard vikint ehody axe biteaakeio prefreriled Rlade a
pluralsi t o ofr §d 0S5 %L AMRKRL LS YiRde Gect 192 3B (A3 & B¢ ality of
bases may be plated at a tine, because the production process becones nore
efficientlC) is greater than the thickness of the base 10 (T1 in FIG.

1C¢Y. To form the blade section of this design, the space 64

is preferably configured as shown in FIG. 3.

More specifically, the clamp legs 22a, 22b of the
30 blade section 20 which clamp the outer rim of the base 10
therebetween each preferably have a length H1 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 preferably 10 to

35 1,000 um. Then the total thickness of clamp legs 22a, 22b is
preferably at least 0.01 mm, more preferably 0.01 to 4 mm,
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Specifically, as shown in FIG 2, a cathode 56 which serves for

el ectroplating and as a base retainer is fitted in a central recess in the
cover 52. Ajig is assenbled by conbining a pair of holders 50 with a base
1, inserting a 5 conductive support shaft 58 into the bores of the hol ders
and base, and fastening themtogether. In the assenbled state, the cathodes

56 are in contact with the shaft 58, allowing for electric supply fromthe
shaft 58 3% tHeeE ANWRIRTSEETIFI G 0D T2 o T gys T&&c R 1edfsiSeGti§ o %a pair

of hol derss S¢hidifed Ot e ﬂmﬁrﬁ@@bomtme hiad ttcglﬁ%lﬁttlﬁih@&ﬂéﬁéﬂ ﬁI&p&ﬁbng, c o
usi ng a spacer an end., ca . erst a the jig sho in F

S o enabe o Tot ot SRR HETE | 95 ned SR e et bk S actiy ¢ he
ca’ahode i srenct t ek esShe ¢t 1ae nbor qunetteot § ey lrtettaizrﬁsm afaytlre wsethtiast ead,

rand the s - tmﬁ%ﬁ% j n (R Usi ng
the j Pg plat |%\%]?5§s§%géfr?rg§§%ﬁ?§a% 0\?\‘?5# él’%%&f‘?‘g ?%{Pgaslsegsn%l ed by

sandwi chi#iff eHel Baskon Rinkercite e mahtanthgrtebings -faiholders 50,

50. In thhSeddit hdSoSOWIrél g e SRALH P4 HS defingd by peripheral
portions 20 52a, 52a (extendin og}:ward beygnd t he base) of covers 52, 52
é‘j’cﬁ;&?ﬁl%

of hol der’s®St & and tth PhEresast 1O BHse FELINACLGEMEBte CAmount
of abrasite: gradensi prcadoadedcve tdaar inmigretdt amdardal IS weleghed by a
bal ance and fed into the space 64 where the abrasive grains are

magneti calliFidasadePanel Hep dleDslq (19SS idtaiy 1 it vinish tiHei kasts
peri pher yaf #die carenteshcarbidadashicchadaiad dhampasebbi soet

such that abrasjve }gra_l ns nay enter between the chanfered portion and the
jig hol déiffspisierit Lﬁjf?%hr%?ﬁe At asTHAF G998 n this region, the bl ade
section resultimg énownpiat Fngsrayabeohabd Qe aflaap 1egshksar egiwn. The

anount of abrasive .grains held i.n t pac epends on_the er_.dj amet er
and t hi cKifegss ot the afasge,m?%%l stlpozneé]gfaahrdgsaﬁ)vlgasglr%% r,alannsd%e( Fci[gﬁs"i red
hei ghts ardh Wi dtdnsofst hef bhelgel sewtd ot t(dF e 43 nedr Amolyptefarably t he

process 3y iyl %)ﬁ%f a5d &1 I Al o AN &I 8D 2 Pl @i dg frpeat ed

plural tinmes so that t anount of_ "abrasive grains per unit volunme may be

equal i zedate arfy LI FEeHH 1He s GRS P pHee e Rthaside grains
may be tepfarissihongedihy idemi@t iqag t eabria@us. the strenbfnt BEs way, a

bl ade sectiion.s, formed., The bl.ade. section preferably contains abrasive
o e Tt ST ion Y o To o A Sl PSR et or by
30 t @o75%dhaly damk.orA fhactfionciofrd ess Ritan 40%dasy dlamimmeans] tdret | ess
abr asi ve (g;eqcié&sl qu{y_:éf' bsmlefé@e CAJ% tél{&m qu@(%iﬂg tQ i ncreased resistance

£ . .

during the cutting operation. raction 1 n excess of 80% by vol unme neans
that the In the embodiments shown in FIGS. 4B to 4D, the clamp

leg inner portions in contact with the base 10 are formed
solely of metal bond 24. To this end, the base is masked so
25 that only the portions of the base on which the clamp legs
are to be formed are exposed, and plating is carried out on
the unmasked base portions. This may be followed by mounting
the base in the jig, charging the space 64 with abrasive
grains 26, and effecting plating. After the electroplating
30 of abrasive grains, the base 10 may be masked with another
pair of holders 50, 50 having a smaller outer diameter such
that the electroplated portion is exposed, and plating is
carried out again, forming a layer consisting of metal bond
24 as the blade section outermost layer as shown in FIG. 4D.
35 Referring back to FIG. 1C, the body of the blade
section 20 which extends radially outward beyond the

periphery of the base 10 has a length H2Z which is preferably
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10 deformation amount of cutting edge during the cutting operation is
reduced, |eaving cut nmarks on the cut surface and aggravating the

di mensi onal accuracy and appearance of cut pieces. For these reasons, the
cutting speed nust be slowed down. It is thus preferred to adjust the

vol une 15 fraction of abrasive grains for a particular application by

changi ng the thickness of the magnetic material coating on abrasive grains
to change® thetYri Mmi 2nd ABosporefard i AC the HMadetsutdh a0

clonsi st?] eirg wedH e Oy_ﬁié ayf pﬂﬁ%&m (%ﬂ’aﬂis’ln@ﬂM)tl’Q@@ li%_Zb Twhicel 200I
carrpt out Il t he base t repbet ween | an axl . dlrecti,on an a
boay”( 20,05 et iR TEGTEFTy 0o v & by HiE (M ST AR O 1 Fher )
of the basendfued twishimtedshkdat tims Wi Vimpart s safdrweony ehizioe dife
descri.pti . cla S; i I formthe

bl ade 25 ‘g‘gtcttb?g%E%ﬁ%ﬂkn%ésis&gf“t&#ebﬁ%dgg ubind %ﬁ%}% b 0 is
great er t¥OFE helie Ekesd fofthehdwysd ergthTiHg p3negds1dP. ™Mo f£&em t he

bl ade sectise ofed i Sn UBSY Wecdhe SPAEHGHIS 1 edsf byt Lo0f | @i as

shown in FIG 3. Mire specifically, the cl | e 22 2b of the 30 bl ade
Soot Ton PRGN o T Ltar T GRS O DUt B ¢ i ot
pr ef er abl yn havie neadrengt i dlle ©f wOtH wardl Ccuiim swanfhess eapd éiearab) y 0.5 to 5

nm E%gSI‘ﬁ%%%%%@%eﬁg{l ‘F‘{‘,f;%‘g‘?%%gave a thickness T3 of at least 5 [ Am

(= 0. nore prefera 0 tm and even nore preferably 10 to
35 1,000 i km Thenthéeplotangt nethaéssabfagliuaporegrs2vaichR2nay sbereferably

at | east §; Odo AN adRAL; PE 6L A0k Valth Al tBt dABRas A SV al& MG{RIably
0.02 to 2 mm The blade section 20 is thicker than the base 10 by this

total thieRFREILY 1409 hieP | Bt PHHAT FCTARIRFY s U5, P9 12 4% 2thah 0.1
mm they mid¢h Hdddrady e€tn vaad ofe Pt Botedwihd eimdwa Mdnd hepsraseniad: 5

car bi de base .from bej ng chi pped or cracked, but |ess effective for

rei nflgrci?fb e égl]a{‘éa? a%ba%%heti nmes fail to prevent the base from being
defornmed by thelwuthengutesi bladeecuttinhevhealyt hatiingxtkedsld@e nm
reinfor cenent; of 4G, | Sof@elfy Andda facridice f Gpaag df the 10

t hi ckness 33“0(18Ic¢anpé)c?§gyiso essg?ian 5 Ia_Cn% suc"]f Tﬁ]i nlegs my fail to
enhance theeHEHRCHIT sTF MR AL BPLe T asel - tDIRGT Ed VISR S har ge t he
swarf sl ugdgfins used Hvs@Weittafl GraldA 41024 D, thd et M d afsa 42, a22b

By e e mal o 24 AN, abrasive Qralns, 284 Qe Wty consi st
and between abrasive grains and the base to leave voids there,
which voids are not fully buried by plating. The blade
section thus contains voids, i.e., peores in communication
with the blade secticn surface even after plating.

25 As long as the load applied to the outer blade cutting
wheel during cutting operation is low, high accuracy cutting
is possible, even in the presence of such voids, because the
blade section does not undergo substantial deformation by the
force applied during cutting. However, where cutting is

30 carried out under such a high load as to cause the cemented
carbide base to be deformed, the blade edge can be in part
deformed or shed. An effective method for preventing the
blade edge from deformation or shedding is by enhancing the
strength of the blade edge. However, the blade section

35 should also have a sufficient elasticity to allow the blade
section to flex to enable smooth mergence of cut surface

segments.
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underlying | ayer consisting of netal bond 24 covering the base 10 and an
overlying layer consisting of netal bond 24 and abrasive grains 26 (FIG
4C). Notably the strength of the blade section nmay be further increased by
depositing a 20 netal bond on the structure of FIG 4C so as to surround
the overall outer surface as shown in FIG 4D. In the enbodi nrents shown in
FIGS. 4B to 4D, the clanp leg inner portions in contact with_the base 10
are formed sol efy ®f tHEEAPT bBRALOUTeFoePPILBRRE . { ReMBhaL #RAARSKed so 25

that onl yatihey Wiﬁd&ﬂﬁlaﬂflﬂ@ea b@éptpmg vymlqh: tde v arp 3mysc aie to be fornmed
are exposged, . and W car I’l on ttl? unmasked base aerp rtions. This
may be fott T% T ny*T h%o @t%? e chargi gt 8 %pace 64 with
abrasi ve ggtarersn zﬁ;re&mdmafgimimmgarm atthmgaasﬂtf tier thee wlabd rsﬁﬁ‘zaltqmg 30 of
abrasi.,ve \ ggﬁg ol ders 50,
50 havi ng]('gl{aél er oﬁ%%ﬁt%ﬁoﬁéﬁﬂat tt%l ect ro&’ at e%j prgrtl on is
exposed, LT &t |mf§l¢3§1ﬁza@<?i’é’él Ut URgE? MB3F°dF niPEeEeTAREY BN stiHd of

netal borgh @4nddse thiee gsa@‘%lm Dig-af MOSts | 2y r 5 & oW | thd VG 1 AD.
35Ref errl%lg back to FI G 1 e body of the blade section 20 which extends
t

radi al | y utharibd dREFIRS Pt tiherSs Tt P BRSO MRS 12AgtHR whi ch
is pref erwé;ﬁyer&dré ol Qagm o a0 D) epyeffmrtabt yul. o t20@ aMmartdougle my
vary W|thth of e i i | ength H2
is iess t bzfrxnuq ﬂtbg b %%ec g{esgt{%fn may q%e& (I}g{n%unrr%dé V(H:lsn aglq%/hort time
by i rrpacttsll‘amﬂ hecres. dhierrg fiolee .5 téat pluﬁgrobélﬁdlel ontbimigc whieedi dates a

cutting wheel ﬁéhﬁne%i’@rlts lif otd dBardfed NG DAV | £NH 2 excReds 10 mMm

t he bl ade sectl on may become susceptible to defornmation, though dependent
on the bl%RfELR hi%l&?fés%er(fr??wqﬁlﬁatl@“%ﬁﬂétji% g cktﬁt"ﬁ%ﬁhe&tbﬁﬁséé’é*s with
wavy cut @M:‘fr@@&ﬁxcﬁr@é\eﬁw@a 110 JRFISRN Nthed VIR Gt t BHRC UNARY - the By
the platin t hod, rasive rains which may be di anond abrasive grains
and/ dr ¢ ive tg}eallr% %Jg “honded together and to the outer periphery
of the base to $woibakle abhngdaraconranﬁlhtatmati@ secluda rhavaaihg ghiolenss ons

appr oxi na e z?r?d thaq,l eﬁ?i fre?g(:h as élp PUPr a,gf ﬁﬁh@ ng wheel
havi ng the bl ade sectio or bon gD abraS| ve gral ns 10 ‘base by

Sn-Cu alloy, Sn-Zn alloy and Sn Pb alloy, which may be used
alone or as a mixture containing at least two of the

20 foregoing.

The metal or alloy may be infiltrated into the blade

section, for example, by working the metal or alloy into a
wire with a diameter of 0.1 teo 2.0 mm, preferably 0.8 to 1.5
mm, particles, or a thin-film ring of the same shape and size

25 as the blade section having a thickﬁess of 0.05 to 1.5 mm,
resting the wire, particles or ring on the blade section,
heating the blade section on a heater such as a hot plate or
in an oven to a temperature above the melting point, holding
the temperature for letting the melted metal or alloy

30 infiltrate into the blade section, and thereafter slowly
cooling to room temperature. Alternatively, infiltration is
carried out by placing the outer blade cutting wheel in a
lower mold half with a clearance near the blade section,
charging the mold half with a weighed amount of metal or

35 alloy, mating an upper mold half with the lower mold half,
heating the mated mold while applying a certain pressure

across the mold, for letting the melted metal or alloy
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el ectroplating or electroless plating, since the abrasive grains used have
a certain grain size, the abrasive grains as 20 bonded are only in parti al
cont act between abrasive grains and between abrasive grains and the base to
| eave voids there, which voids are not fully buried by plating. The bl ade
section thus contains voids, i.e., pores in comunication with the bl ade
section surface even after plating. 25 As long as the |oad applied to the
outer bl abefElit¥aty Whtel thiurh e Rashiopefaereatiter] dhe Mgl décuracy
cecti on o T e o iy e Tor oo Sl
section does not undergo substantial deformatiqn e faorce applie

during cutdh it HEEVSHL - wiiBFe COREMT StEP3E odarred B6e aRder PSR a hi gh
| oad as tme caluse ddeaserendwtl Cahy deediadenl ostheaidef or ned, the bl ade edge
can be in part or.Ire r . AN fectiv od f reventing the

bl ade%edge fromg%g or ng?go%égggs ]éd%?%%;iiss b%e%ﬁ%{gn%?ngﬁ?ﬁ%f% @r‘engt h of the
bl ade edgeciHowevean adenthlfade werimimB5hehoud tthlal oo dlahay atsuftfa ci ent

el astici tyy d4k aéé@ethiarheolblﬁﬁﬁro%ﬁfﬁé Ofhd Qrd il S 410 BN erdmotdndrer gence of

cut surface segnents. Ina further preférred enbodi nent, a netal
and/ or al9E HhderOThRHFP L met tIHNY Pl et PR BBFSI LA E 44 at ed
into the oiesi ety A dte ONdshanthyp elevegip aidd@si o/ eciy angieand t he
base in the bl ade section. 5 In a further preferred enbodi nent, a

t her A8pl &85 %Esin having a nelting point of up to 350C, preferably up to
300C, and nore Phefiezabby-uplting@5sSpgintg metal teatedlontlvavhegvoi ds or a

liquidt i i %cpc{ga_‘ j ot i Ng L] temesatyye of up to
350C, pre el%e‘@éil}gg%%‘?‘go‘%, .angf'sin%#(e){%(t}@;;ér&e'f e%a ulyﬁlfjlc‘guto 25(%#%
infiltrat@riimd Qe ki RN G dCihdrase RS diethe MARRAT DIdde

cutting wheeinidsd hiseenbotid®lr | Soter AdAHdZedidd dadt i dltyalso al | oy or
resinis 14{)resent bet ween abr asi ve ﬁgral ns and]nbetrg)aen apr asi ve %ra! ns apd
the Base M MRYHOUMIIREDT adt?$ERT o rEmFhd PR 1 5 ISR iM% or .

Sui t abl e Hliawens gatidd [thaasd noddidehargdlad & sttt o Smarahd Ry g iand
alloys sugh, a8 A0 Qpald s 3010 Al Qe Sl Al PYeerpn-2n al Toy and
Sn-Pb al | oy, Whi ch may be Used af one or as a M xture contai ni ng at | east
two of thewindbriegbipygint metal.

Suitable infiltrating resins include thermoplastic
20 resins and thermosetting resing, typically acrylic resins,
epoxy resins, phenolic resinsg, polyamide resins, polyimide
resinsg, and modified resins of the foregoing, which may be
used alone or in admixture.
The thermoplastic or thermosetting resin may be
25 infiltrated intoc the blade section, for example, by working
the thermoplastic resin into a wire with a diameter of 0.1 to
2.0 mm, preferably 0.8 to 1.5 mm, particles, or a thin-film
ring of the same shape and size as the blade section having a
thickness of 0.05 to 1.5 mm, resting the wire, particles or
30 ring on the blade section, heating the blade section on a
heater such as a hot plate or in an oven to a temperature
above the melting point, holding the temperature for letting
the molten resin infiltrate into the blade section, and
thereafter slowly coeling to room temperature. A
35 thermosetting resin may be infiltrated by blending the resin
with an organic solvent, a curing agent and the like to form

a liquid thermosetting resin composition, casting the
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The netal or alloy may be infiltrated into the bl ade section, for exanple,
by working the netal or alloy into a wire with a dianeter of 0.1 to 2.0 mm
preferably 0.8 to 1.5 mm particles, or a thin-filmring of the same shape
and size 25 as the bl ade section having a thickness of 0.05 to 1.5 nm
resting the wire, particles or ring on the blade section, heating the bl ade
section on a heater such as a hot plate or in an oven to a tenperature

above t hecaRRASHgiPoi it | thd | RiEFEE tIRC F EMper@titiria d dh g 1RRF HHO el t ed

et ?I Ortﬁ{ﬁﬂyt&?té niﬂ&cf rede %I%detéktﬁzﬂ&ﬂe ﬁ@gﬁﬁ@,%@m té}ﬁmafttrwd sl fwlby
cooling to room tenperat ure. ernative) n rati is carried out by
pl aci ng tHE G T SRR E R 1 i P VHE 4t Iia/td'l dWéi %1%;1}? Tt W I cl earance

near the dod celidien 5 eiod | 000m Chag e ue. Malld elralkaf iwetlly ,a iniighed tanaunt  of

et al o 35§V} N AT HPRATe LD gl W A d QUL g el T

heat i ng t ing a cer aln pressure across the rml d,
for |ettilyamhenored thall retiih ot @leamandafigan ditee imtarle rediide secti on.

Ther eaf t &th 1:her B! thd Sm&ﬂi)ll'?éjlf LREL DI 2SR hd S dlifiiht &gl rang, the wheel

is taken out of the npld. The cooling step foll ow ng heati ngl}should be sl ow
so as to ZRAIH SATPITST A RAr i ha sHRr &b rhaelt%l"‘”d"rh a1y 9% est ed

on the blmadel S,’ﬁi:_tf PMheiliBgeitie fodtd®tom I Rgilhe a'@wlmj @aldayrdin t he

bl ade section or rr(gr oVi the V%tt?b” 1%/ OI_I t blleasdlen soectll‘eosnl for

exam}l e, B COhET GAtT3° avi § 1'% 51 et FiRe conai ai ning thi'orite or

fl uori ne gvanpdrel Eppt |deiktnat® birae WOseriadm.section. Mhemweafter

| ow el ti t g al 4 06-d el Aty ttahi lidy is
: R {@ @A {1y Ft!@é’ : eé/%asf?&![

used, infi tratl on e carrl e sandvvl et ween net al
menber s d*fh%lallrﬁ e*s%k%l% €8t of o"%h%rm%%peffhecGﬁﬁl}éﬁgn@télpeétorm@iwﬂygt o 15

the met alnd@ihigy Sshe@Usi vy $1er MRS ads MedThersid augenadataudieat srdigy.eby

heat i N9 t he base and the bl ade sectio and. bringin {—gebhgh][:ed. bl ade
secti’dn in cont %Rt witt he& o ?‘éﬁngoﬁ?ﬂ@FfY%]gYp%‘?%? ‘ﬁee fotsuiY abf e

infiltr atus‘agi r esifs] ¢t ite Maerbwpiastied 201t ésf el dtniergrodet thiasg
resins, q%ﬁeaer! MLV 'rhe‘%nrfeexza e {@é’i&%’lésess'srkseelph%’}o d G & ey POl yam de

resins, m de T esins resins of the toregoi “hi ch may
be used a:lcm@lcmlrim %kﬁﬁt@thetY'Nie thee sl lagramb egrs i Meriiged tﬁhﬁg resin may

be 25 i nfidd¢d@t@dnbdit é&egé}l@&etéqcéapn tﬁéiret%xafmatemgnyuy@réew dhe

thernoplastic resin into awre with a dianmeter of

0.1
pr ef @Pably% B34 BT A" pAtd HeIHH9 aﬂ}%h{%ﬂ]q%tﬂﬁfbe o‘?e‘itﬁ’é)r’sét’?e shape
and si ze amtdier b ade saedltan hasd g @ thigkinesSe fn Gdpdoitlidn.nm resting

the wire. partigles,op. 30 Ling,on-tDe,bhags Seotiol cPealhngntbe bl ade

plade section should preferably have the following physical
properties. The melting point is preferably not higher than

25 350°C. In the case of resin, the melting point is not higher
than 350°C, preferably not higher than 300°C, for the purpose
of preventing the cemented carbide base from being distorted
to aggravate dimensicnal accuracy or change mechanical
strength, and preventing the blade section from deformation

30 or strain generdtion due to an outstanding difference in
thermal expangsion between the cemented carbide base and the
blade section. Typically a resin having a melting point of
not higher than 250°C is employed. In the case of
‘thermosetting resin, the melting temperature is preferably at

35 least 10°C because it suffices that a thermosetting resin
composition has a sufficient fluidity to infiltrate at room

temperature.
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heater such as a hot plate or in an oven to a tenperature above the nelting
point, holding the tenperature for letting the nolten resin infiltrate into
t he bl ade section, and thereafter slowy cooling to roomtenperature. A 35
thernosetting resin may be infiltrated by blending the resin with an
organic solvent, a curing agent and the like to forma liquid thernosetting
resin conposition, casting the conposition on the blade section, letting
the conpositionfR@fPetRat e2lHPD PR Bf BB CRaBR, & heaX dmegs atwidvichbove t he
curing tefmersl Witgh tAerebypLdird g, s denaf iy of aMsaLoR i@ room

t enper at ur e. Alternatlvelg/, infiltration is 5 carried out by placing the
outer bl adfe RAANGHFUheEre T P | BRAS 1t PHTS AT 9 ol St &S the

bl ade sectd athe charigimg ¢heramich hadtfenni ddras wad ghedi et vafrit,he resin or

resin_co i tiaon i n n er l.d hal f wi.th the |ower. .nnld half,
heatin g %Oﬁér?a eodf rrsoq?édé V\%-I‘ JTalenggpp ayicnr% %angg rcfpaeirnatfdmp'r eqsns%vsﬂehlgc,lér 0¥s the
mol d, forldvean itdgan hehatesth dre mestian donpbdiay dreridifnd tihe elimasgiviche bl ade

section. Jhaneafdfy the rﬁ@gx%éﬁ GROAl %2 1t N& NV BRF Wik ebrd heR1 kel eased, and
the wheel is taken out of the nold. The cooling step follow ng heating

shoul d b@PXEIGFEH Yas e dWiat ar?ylll‘égi%ﬂessltff ALl e ST n havi ng
rel ati velgrgoegneidabidd tor i Sotisadion nfidd ratdronespysdie wardied out by
sandwi chi ng .t.he base bet ween tal. nenbers of stainless steel, iron or
Coppal.  CHRIANI ThE (o1 3P YAt HE Srb A TS MACIiRI e (RReTRSeal
menbers to genefmatehdentsul hbnebylddatsegtide, bese aima@0ve herdl rede

secti on, d._hringis t %%5{51 j cte, W nol t en
resin or ﬁé lﬂrlng éj I{rl}g!sjir’:% r%:%fﬁ)%??it |ec~‘g)r}m Ay . %mrée_{bdﬁ% ,%%aﬁa'l o?\@or rtgis% n to be
i nfiltrattka®dntded HhrodRgid ke@ iy SHodas iy erdridiise el e iadldsowi ng

physi cal fyopaiddeas.y Tdesgmtdddig point is preferably not higher than 25
350C. In the case of resin, the neltin oint is pot higher than 350C,
pref éfably not 4 g‘ﬁ%‘?c’fhﬁ?\dmef org %éf?) poRetbin pjrré?g/]e‘ﬁ‘??%gmfef‘}élﬁb‘—’enent ed

car bi de l;:a:sce::fdrmnmbﬁlcﬂrg el st qracad-dde angfreaat @ﬁwm:mﬁitrma:!nchdﬂw acy or
change ”?c%*l%”ééél%as's 4 engt hy, and Bﬁsvgﬂﬁhggséﬁ%i%ag% %S% leg.”rt”&q‘sure.

def ormati on or strain generation due to an ouisfandin i fference in

t her mal eygdndiben Weickeess W T dmedtldd ddébbiafe tes @vard avheadtbdde ©dct i on.

Typi cal | 12 1a%ide havd iR N td NG 1RQIMcL ol hipghey Lhani250G.is
enpl oyed. In the case of thernosetting resin, the nél'ting tenperature is
pr ef @PablBpr&e 39 Neast 10C because it suffices that a thernosetting resin

conposition has a sufficient fluidity to infiltrate at roomtenperature.

The metal, all v €Si Ry _have a har s which is not spyhigh as to
prevent self- s(r)%f gé)nl. ng gﬁmﬁbr@%‘i\?e"g??ﬁ gg%?aa’phenorrenon th(a )new abr asi ve

grains energe, contributing to the cutting operation) when abrasive grains
are wor nwherein T3 ,, and T3, are maximum and minimum values of the

25 thickness (T3 in FIG. 1C) of the overlay portion throughout

the circumference of the blade section, T2 is a maximum

max
value of the thickness (T2 in FIG. 1C) of the blade section
throughout the circumference of the blade section. The
distance over which the blade section axially protrudes

30 beyond the thickness of the base corresponds to the thickness
of clamp legs (24 in FIG. 4) flanking the base and is
depicted at thickness T3 in FIG. 1C. Since this thickness is
on both front and back sides of the base, the blade section
is shaped so as to meet the tolerance range on each side.

35 The blade section is also shaped to ensure that the
blade section has a roundness [{(0D,,/2-0D,./2}) mm] in the

range {2):
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5 broken or shed during the cutting operation, and which is | ower than that
of the nmetal bond for bonding the abrasive grains and the nagnetic nateri al
coating thereon. Also preferably, the netal, alloy or resin should not
undergo strength changes or corrosion even when exposed to the io machining
fluid or coolant used during the machining process. In the resulting
bl ade section, the abrasive grains, the nagnetic nmaterial covering abrasive
grai ns, the netmlodond ocmng 2tuw, netak, oableypgr resinzijnfiltrated into

voi ds are properly di spersed. 15As descri bed above, the bl ade section

i ncl udes gyerl.qy Port LS ol el cagh. BROLT UGS AXh ki 94 el dpbeyond the

t hi ckness' of the bage ¢ Bl"adé seerion is shapé ensure
t hi cknesSJU(fE:; iddaeGer1 ©f dfhg Helagieedegyti9or-t i on of t he bl ade section has a

tolerance [ (T3mmx; @Y a1 bi&'dé hee 20N G8s (dapdh MY a5 TBeeh3niHe S

0. 1xT2m " (1) wherein T3,""" and T3m n are nmaxi num and m ni nrum val ues of the
25 t hi ckfESeNEEPTad ma@gq%)dqﬁlqeﬁ}e BPEa - a}hﬁoﬁﬁt&ﬁ%ﬁv&?@%lﬁ’@n’t &

ci rcunf enghree tof stahe nlHgate: sacddien inkd, pidxess oaremm mmgvarlelm efitihe
t hi ckness (T% i.n.FlG, 1C)_.of the blade sect.i out th i rcunf erence
e s

of the bI'Edd *&dE"Sh trfhe 3§t ande BV &° S/ O?élé’[ CAXTER y
protrudesnsaumawmn@dﬁuraduckﬁhssbéﬁdeheebasencmnyebpondseﬂotYhecahlykness

of Chgim J£g5 1624 i G MoRnkignihe Baseand iadanisl ed el i ckness

|s t hi ness i s on h front ack sidées of the

base, t h&igiigee segbiigke i sHamaddso 45 biyo Q%@é’ttrtlﬁ‘e dtlﬂcélraéﬁﬁ?e range on each

side. 35 pyEe ik 1@ > SRCldOnd sne%tsqr@ﬂ@ﬁa@ntsqo@ﬁ&ur&n@w t he bl ade section
has a roundness x/2 OEhn/%% nnq th ran e (2): . 001
B 019%

0D 2- 0D n/ 2 Y%ﬁlﬁﬁeﬁ% e Haxt rﬁqgﬁiWﬁxm nmm
val ues ofbet h:hamftaefedjl(mteared)foﬁ he vnldade iencta @mgree of at least

15 C0.1 or RO.1, though depending on the thickness of the blade
section, because such chamfering is effective for reducing
cut marks on the cut surface or mitigating chipping of magnet
pieces. Where the blade section is chamfered, it suffices
that the thickness tolerance of the blade section overlay

20 portion and the roundness of the blade section excluding the
chamfered portion meet the dimensional ranges defined herein.

To maintain the accuracy of cutting coperation high,
the tolerance and roundness are preferably controlled to
ranges as narrow as possible. Since abrasive grains having a

25 high toughness index TI are used, the blade section itself
has high durability, suggesting quite difficult trueing of
the blade section itself and outstanding costs for trueing.
To reduce the trueing cost and eventually, the price of the
outer blade cutting wheel, a provision must be made so as to

30 minimize the trueing step.

When magnet blocks are sawed inte pieces by the outer
blade cutting wheel in which abrasive grains having a
toughness index TI of at least 150 are used, the thickness of

the overlay portion of the blade section has a tolerance of

35 up to (0.1xT2 .. ) mm, and the blade section has & roundness of

up to (0.01x0OD_,.) mm, the dimensional tolerance of magnet

pieces cut out thereby can be maintained at a high cutting
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5Now t hat the bl ade section is shaped so as to neet the di nensional ranges
defi ned above, the cutting wheel can be used to saw nagnet bl ocks into

pi eces over a long termwhile maintaining the pieces at an acceptabl e

di rensi onal tolerance or a high accuracy. The bl ade section nay be trued
typically by grinding with a gri ndi ng wheel based on al um num oxi de,
silicon carbide or dianond, or el ectric_discharge nmachining, so as to
nmeet the %ﬁ‘ifﬁ%?s‘?Yor%‘fel?ﬁg’e%“gl"rF e EVGE HHCL BRI 0924 SebrVoN%at t he
edge nay Hegic hand=asadi b earad ammlcrmzdeﬁ) ﬁmaz@@rrﬁe ofpiataligast 15 C0.1
or RO.1 tho h. depen n he t n e bl ade._ s ause
such charﬁ er geslss e(?ecﬁge# léﬁ‘railgﬁcu e‘A %’Ei} SCCIE:duetmsc{Jr ace or
mtigati n@l@mlﬁﬂmgﬁ@tmml@n e@E@lQMéﬂe}h kmcmhaﬁcta? sacttiiory icarcenf er ed,

It sulfiGes-ddiafed Mo ddi GiDESS: érpdfsf ales ofy the hlade: sae_&r_t . Oﬁ‘h@ée'{:h@y 20

porti on and the roundness of the bl'ade section excluding the chanfered
portion MEEtURIEWiTEiRTorf Fhmustdeiifkde e o TSt Mtk ren
accuracy @&ddéfg_ operation high, the tolerance and roundness are
preferably cont Si nce abrasive

grains having a 1?1‘?9%1 %g%%%sgg'ﬂ%rerg%ag? Oﬁélé lo?hkéa%l%de section

itself ha«_solmxgﬁhd@r&éolnhdﬁé/ tis00es 100 _gui ke, dichll gulaliet KeeitRgnofi st he bl ade
section itself and outstanding costs for truei ng. To reduce the trueing

cost land ®Vferiiandingly e pr i celdfithe e Rstle dit tthﬁgb\}oﬁé@ a
provi si on, mst rp%é?daef r?a%és?s 30 'I%d}.lé“&lear{ t%%&%axéut i he | Wen

magnet bl ocks %r e Save pl eces by the outer in
whi ch abrisisidee sgrcdiimm mmmnmwnmﬁ Tigt tdte [veaHpiks® .are used,

the thic f%ﬁz}g vey Horidon, of, i} has a tol erance
of 35 up%sc?jo%x ,,%,%A% dé Eﬁ % adﬂesg!ctl on s la r'oundness of up to
(0. 01x0DrABOs tAA L iteHe %W&i%a‘iuz{w%%% RGP e EEENI out  t her eby

can he mamtined ot ﬁa@m?&éd@g arﬁilcllﬂaﬁy OMEfente | QMR ! eirBai@gRn when
abrasive grai_ns havi ng high

|I| %lfflcgh&y gif rueln ng
typi cal | Yha tHudiess Faex O t éi’tt PEa 30-14r &DFs &4t H&Stgr &i hg®of the
bl ade seodvmamigﬁjrtelnﬂblrms ha gito laarcarreec o it ltdd ngeheeaan o @l per f aromed® nor e

conveni enply AL 1L NPTl Ankous RIS NG I ASHAK & SRR @, the outer

bl ade cutting can e re
abrasive gralns are less exposed, leading to a lower cutting

20 efficiency, and the gap between the blade section and the
workpiece is reduced, providing a short supply of coolant to
the cutting site and hence, insufficient cooling,
exacerbating the cutting accuracy. These deficiencies vary
depending on the cutting conditions, and the radial

25 protrusion (or height) and axial protrusion (or thickness) of
the blade section, and in the worst case, seizure occurs
between the blade section and the workpiece. Reducing the
tolerance and roundness to a lower level than the necessity
not only increases the working cost of the outer blade

30 cutting wheel, but alsc reduces the dimensional accuracy of
pieces and causes troubles during cutting operation. For the
reason mentioned above, the thickness of the overlay portion

preferably has a tolerance of at least 0.001 mm and up to

(0.1xT2 ) mm, more preferably at least 0.005 mm and up to

max

35 (0.05xT2 ..} mm. Also, the blade section preferably has a

max

-33-



If the thickness of the overlay portion has a tol erance of nore than
(0. 1xT2max) mm the bl ade section is io outstandingly wavy relative to the
base. If the bl ade section has a roundness of nore than (0.01x0Dnax) nmm

t he bl ade section discontinuously contacts with the workpiece, which

i nduces, in the case of high-speed rotation, substantial vibration during
cutting operation, causing 15 chipping of the workpiece, and in an extrene
case, breakagmens tdie arikgaiseca . (@1 tnive apidcherp hand,0 .i0fl<dpe, H hinek nesse of t he
overlay portion has a tolerance of less than 0.001 nm or if the bl ade
section (pfenadiidddsd egfst D Gham Rroo1rpmhie dby-&AvE@Dgrdi B8-are | ess

exposed, | eadi %dé ﬁ]fgi&mﬁ*f%s it tgﬂyr%%ﬁfag,i 55@@@{,& ardithe,gap.bet wveen the

bl ade section an plece 1s uce providing a short supply of
cool ant tSEHHETCORY B§ SPEEUARE -hEREcCXANBLET | 8F eRPOWROPY nERe exacer bat i ng

thed_cg_t t isﬂﬂle%md roﬁwewgbglsmgef BGi eNei fowArih depe h.nctimg apryipghlazcut ting
conditions, .and the radi a protrusion, (or height) and. axi al protrusion
Cort b ol o e tbraaut e blahetaRnrhan FEe U te? taudte i M uhe e or's
bet ween tdimde adetdent 20n iandeshedwonkpi egtatHetechbhgtfhremt ®1 er &hee and
roundnes I r t t.hg nec i t ly: I ngt ea t he
sox}t%ra]pl?ih\é% &L}t‘?:\eé?hgl 2%%@&09 D& fég{:%\%egﬁ?,t %t YigNEh ¢ ®

wor ki ng cost o cutting al'so_reduces the
di nensi orfdlickeessaef dhepioresdagngcciigpsofr budl kbader seagten t4thgs

oper ghi Ofhe FeirddN®y GASCRPERALLINGE ABOME, thBensDigknesstod sne overlay
portion preferably has a tol erance of at |east 0.001 mmand up t

p to
(0. 1xT2, "SuGfAcensie theePersoly aF FEAEFSBCDO5 T MEW 85 HES 0285 T2. 4")
mm Al so,sHdw& hhadecsest conrpsgbanablky bhs nladeusekressn 0f0 adf ltgast 0. 001

mm and up._to (.001x0Dgax) nm re,preferably.at | eas 005 and. up to
(0. 005x0 ﬁélﬁ%%n)% SHBh 1?hgq?’hi éEn%%sccgrfb'p%(hSél% er??%@Pp%??(}ggnﬁ of "t he bl ade
secti on méordséveegsaried, 2bor kxavipben s Kitowdy wiid.eb tdehemabec ofi ew of

FIG 6. A%SNRWRAAELCasoAs Robk0:R2c0AYLED 21 BBLLST 00U SLe diaNaler than

t he outer meter o e 'section 20 is rested on a rotata
pl at f or mbdiadeTisechdrar 261 adbec EFERGewWhBefCcanpRd rektiadth FHPFIHB2. The
t hi cknesseh Whecavenl ayepiiraie0obst BRe bbadge S€€tt 060 200 | Sre measured

as topographical or height data. Although it is desired that
the jig have a higher flatness, the influence of flatness can
20 be avoided by the offset technique of subtracting the
pre-measured flatness from the measurement. In the case of a
thin base, the measurement procedure must be carefully
controlled such that the load applied by the comparator during
measurement may not become excessive, because the outer blade
25 is otherwise deflected to invite a change of the apparent
height when the base or blade section is pushed by the
comparator.
The roundness of the blade section may be measured,
For example, by the following procedure. A jig having a
30 smaller outer diameter than the outer diameter of the blade
section 20 is rested on a glass table. The outer blade
cutting wheel is rested on the jig. Light is irradiated from
below the glass table to project an image as shown in FIG. 7A.
From this image, positions on the outer diameter of the shade
35 of the blade section are taken as coordinate data. From
these coordinates, as seen from the schematic view of FIG. 7B,

according to the minimum zone center (MZC) method of JIS
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10 neasured by a conparator 83 using the height of the side surface of the
base 10 as reference. The bl ade section 20 shown in FIG 6 corresponds to
t he bl ade section 20 of the enbodi nent shown in FIG 4C as conprising netal
bond 24 and abrasive grains 26. As shown in FIG 6B, while the probe of 15
the conparator 83 is kept in contact with the surface of the bl ade section
20, the surface is scanned with the conparator. Then waves on the surface

of the bIBF%ectith PFLHEMHMARG VL Yop&r &5 @axihumheiYhe-)dans.

Al t hough 1tz isf dasd rethidat (e, )i @hare autegheridrealeiess, thile pilakkuence
of flatness can 0bvghavoi ded, by.the offset techni que, of subtrqict.i ng the
pre- measUted f9hthese ¢} o‘fﬁet hde:L et Erent S A Yhe’ tast of H T hi' ase, the
measur enernitr@raT ecivrcumst Lt ¢ aaref idge corawmlbedesusdctitad t he | oad

appl i ed r i %t not gﬁgg{@d ex ive,
becauge t ee&%%%?%?ﬁﬂg%sdﬁé%%m e le‘{:%dlrg?_ocl vite a %ﬁ%ﬁgé of the
appar ent THEl gt vieh teRSWaltd ok piade el GPaly Psher Wht & R at or .

The roundngssft idie dlader sechd anr@ede Pasredisdll il d9ed he

foll ow n rocedure.. A ji |l er outer djaneter than the

having a 30 s
out er i AT eI U SEHY GHERFSS AR P I heeoh 48 o, The
out er bl adeaxitdd ng wheel is rested on the jig. Light is irradiated from

bel ow t he gl ass ] n, .| e in F . Fromthis
i mag\éALI,O posi ti on%]tlg‘%%hgé?oﬁ[ﬁ%rg‘g%%%e?iegggfC’?ﬁtéflggﬁ\gg%é%% J())]E Hzé bl ade section
are t akeriragercioiordi neawi g dWorkietdre S dg dhatieerely se@WPieem t he

schemat | %a&i@xéﬁeﬂﬁcﬁﬁxe 30 ANk LOat1e U N JRHA ZRh SaNtgla (MO
met hod of_Jl B- 0621, the difference between 1/2 of_the nmaxi nrum (0Dma.)

and 1/2 & E9e A MR Bb)M AT hARGTS dinfRter Horit it piegid B&ion 20
when t he gfi ffarencertmn &shdist ©f it CORC &R rHecciune] e TheiseC BB ng an

i mage drawn (l?If}‘l]t conneé:ti ngEOSJ[ln(}pagurenent poi nts becones the smallest is
conpd?ed.a:@u PHOM: cBhtact heasur | ng instrunent of analyzing bright and
dar k informati oR-dat nafereaetisus embated smygngt gsfcl udectse seve®,Co,,

| 17 egul ardd as,d nCbidicnd sexPaned pabs AshugngE 8l AivEaR BSnpEastisd. 100n use
of the outer ade cutting 'wheel 6f Yhe invention, various worKkpi eces may
be cut tHéreby Py iHt Wordieeeis' g i wde R .Co 1% far tQT]sqgﬂthJrfed magnet s
and R-Fe-1B yaarg- ealdd sidte{ethdauetc WhehelynaRel prabar@asbyone of rare
et el SRS e Sl S 4, These el d ale RLEPRLELAS,
syst ens. dd@stiihase;hd hee IR2Cailidl nigreeltys thawe ral ionpdgid iy ntdeday wei ght)
conprising 20-28% R, 5-30% Fe, 3-10% Cu, 1-5% Zr, and the bal ance of Co.
They ar e PrEEFHR P I B0 et ftft RF sbidt tmt¥er§ g f SubRa™PIRfl ati on,
mel ting themeasirag poherelils, taRe oty thdl Yar aZmagnkhe caltiey at anan
gsintered at 1,100-1,250°C for 0.5-5 hours. The sintered body
25 is subjected to solution treatment at a temperature lower
than the sintering temperature by 0-50°C for 0.5-5 hours, and
aging treatment of holding at 700-950°C for a certain time
and subseguent cooling.
R-Fe-B rare earth sintered magnets have a composition
30 (in % by weight) comprising 5-40% R, 50-90% Fe, and 0.2-8% B.
An additive element or elements may be added thereto for
improving magnetic properties and corrosion resistance, the
additive elements being selected from C, Al, Si, Ti, V, Cr,
Mn, Co, Ni, Cu, %n, Ga, Zr, Nb, Mo, Ag, Sn, Hf, Ta, W, etc.
35 The amount of additive element is up to 30% by weight for Co,
and up to 8% by weight for the other elements. The magnets

are prepared by weighing source materials in such a
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average particle size of 1-20 m yielding a R2Col7 magnet powder. The
powder is then conpacted in a magnetic field and sintered at 1, 100-1, 250C
for 0.5-5 hours. The sintered body 25 is subjected to solution treatnent at
a tenperature |ower than the sintering tenperature by 0-50C for 0.5-5
hours, and aging treatnent of holding at 700-950C for a certain tine and
subsequent cooling. R Fe-B rare earth sintered magnets have a corrp05|t| on

30(in % Bipwjgffﬁl)o%orfb‘?}r%}% @164@%%81157619307%61:@16 d FD-BREY An additive

el enent %g;i thergs E&p{ g erties
and corr osl on re5| ance e%dlattlfve e erre t ce}%ﬁng sel ect edlfro C. A,
Si, Ti, WieQdingh,a CR)-FEMB m@agnezn paderZr , TR, phydesgisSiherf, Ta, W etc.

35 The a acteddi t4 %@a&l@é&f‘é‘tfiél&'par{d) S0P dvel ht do- Choard up to
8% by we ht For the other el enents. gctets are prepared by wei ghing

sour cé Oé? %1% 3 heuch Lokt &Y ci%ﬂlf}ﬁa HefF Mo i HG' 4 e el t,

and finelgoopul \rrdezd ngbt he addyart o afe avel ageeriddd esdzmpl 1-20 m

yi el ding a R-Fe-B magnet powder. The powder is then conpacted in a nagnetic
field and sintered at 1,000-1,200C 5 for 0.5-5 hours, followed by aging
treatment of holding at 400-1, 000C fEXANPIgertain tinme and subsequent

?F?luls??at FéﬁNZ%?mpl%% %rev\%lgél?n%? ?né‘??%f eEé!% Jfﬂ\élp%a%\%gn%n%ed car bi de

consilgt i myptofo¥o0ovast %WW@_@L%%CO was machi ned into an annul ar thin

di sc having an outer 15 dianeter of 125 mm an inner diameter of 40 mm and
a thickness of 0.3 mm which served as a base. The base had a Young's

nmodul us GRAESHR-S and a saturation magnetization of 127 kAAm (0.16 T). The
cenent ed carbi de basentad satdidehechbesveen of 90 wt3s WC and 10 wti

Co was machined into an annular thin disc having an outer

15 diameter of 125 mm, an inner diameter of 40 mm, and a
thickness of 0.3 mm, which served as a base. The base had a
Young's medulus of 600 GPa and a saturation magnetization of
127 kA/m {(0.16 T).

The cemented carbide base was sandwiched between

20 polyphenylene sulfide (PPS) resin discs having an outer
diameter of 123 mm and a thickness of 10 mm so that only a
circumferential region of either base surface extending 1.0
mm inward from the outer periphery was exposed. The base was
immersed in a commercially available agqueous alkaline

25 solution at 40°C for 10 minutes for degreasing, washed with
water, and immersed in an agueous solution of 30-80 g/L of
sodium pyrophosphate at 50°C where electrolysis was effected
at a current density of 2-8 A/dm°. The base was ultrasonic
washed in deionized water and immersed in a sulfamic acid

30 Watts nickel plating bath at 50°C where an undercoat was
plated at a current density of 5-20 A/dm’. Thereafter, the
base was washed with water.

A PPS disc having an outer diameter of 130 mm and a

thickness of 10 mm was machined on one side surface to form a

35 groove having an outer diameter of 123 mm, an inner diameter
of 119 mm, and a depth of 1.5 mm. In the grocove of the disc,

75 permanent magnet segments of 2.5 mm long by 2 mm wide by
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20 pol yphenyl ene sulfide (PPS) resin discs having an outer dianeter of 123
mnm and a thickness of 10 mmso that only a circunferential region of either
base surface extending 1.0 nminward fromthe outer periphery was exposed.
The base was imersed in a conmercially avail abl e agueous al kal i ne 25
solution at 40C for 10 m nutes for degreasing, washed with water, and

i mersed in an aqueous solution of 30-80 g‘FﬂL of sodi um pyrophosphate at 50C
wher e el ety oMy sixiclas( B39 Et iy S ine ERgw r‘ﬁeﬁ%’?’%k}/ Magme®s AQir e . Ltthe base

V\V@s ul traﬁ@n;k I ogy\alshq,aab]g@h@l@&ggg@%wrﬁre Iw'h_tlaq saild am ¢ acid 30
tts nlce latin at h. at ere an under plate acurrent
Honsity otickhdse Hrsai & 2P el HGdlh e %d@%giﬁéﬁ i Hadin

PPS di sc dha.\adtgman @fit ee ofoeter G’hel@&onsmaalwasafthﬂ.eldnez&&hofanl@pmyms

machi ged £ %”ecos'rd& r%aé?eec& 1%“:1%93[?&9%0 %rgprpﬁé/ P A Or#oerved' amet er

of 123 mm an inner ter . and a n 't he
groove ofcanid &fiiseg ﬂﬁnm%mlﬁmghétohhﬁmnﬂ'beobag%wﬂm sengwbghednm

wi de by lo5,dBR ik £ NSO &Y i st RansBardh egnet Sy1Ga, (tid d-

Br=1.25 T) were arranged at an equal spacing, with the thi'ckness di rection
of the sEFHERT Aidfedl i the thrt st hfatﬁer‘jeé‘t‘}sddieo'f e t§Po5FEIWFRBEYr cove
was fill ettanid h ta;na Wet’é wasidpdaed uxe,dslm S';EQiJil’ﬁdrh:ﬁa reag NetmnS egERNt S i N

t he roov etln et - bU|It holde e base sandwi ched
bt udanHie, A G DRI PUdnd i SIRA0P AR Ranan ool
t he hol dmd&mmbl a nmgimtim ﬁ:h‘elctamhm cttied t&tm eyutidie pragi@tenyas spaced

i nward avﬁiﬁ. 12NGE Andiyrd ramdf.d he hass, &fs Rar I Rhary @liopg, the base

surface. e magnet produced a magnetic field near th ase outer
peri pher (0 i &b vieistTakinl  Z782R 9% TR BT reerffiF agtcentod edbtmB f&Rmn (0. 01

T) wthie R &m@ndﬁim@é{rﬁt ance of 10 nmfromthe base outer
periphery. 15D a brasi ve grains havi an_average grain,size of 103 zm
ot atdar 3 or of P orBenE 28 a955 S A A D SORRere BT SRERETFANE P pFat ed 1o

form coatgd ¢ ANRNY ARAs ME dglra@y.msmléw ‘dRAcrRSS Ml imed Y ddediel ders and

the base, 0.4 g of the coated dianond abrasive grains were fed whereby the
abr asi ve DIPVGroal Ty WEFR- IR i el fgrmataaE@e Bt aRHFOrH YT but ed

over the @ntd nedlase dlélﬁﬁ{ecp J} PR Yho T idhdVdHe tsabrasd e g ainRs
attracted thereto was |

in asulfamc d Watts nickel plating bath
2t 500 Wi GEAOI AT TR PPURT e o ShrTHe Berdih a750 25
A dn2zo Theging wesrd akeghoticalidy eetshedtdd ovatret un'Elﬁ:quchdure of
Ol oPlt A A0 0 o, SIS A SR 9T B |
repl aced v.bytl'Pthiaf adireslivwge grains attracted thereto was immersed in a
sulfamic acid Watts nickel plating bath at 50°C where
electroplating was effected at a current density of 5-20
25 A/dm’. The jig was taken out and washed with water. The
procedure of magnetically attracting 0.4 g of coated diamond
abrasive grains, electroplating, and water washing was
repeated.
The holders of the jig were replaced by PPS resin disc
30 holders having an outer diameter of 123 mm and a thickness of
10 mm. The base was sandwiched between the holders so that
the side surfaces of the abrasive grain laver (blade section)
were exposed. The jig was immersed in a sulfamic acid Watts
nickel plating bath at 50°C where electricity was conducted
35 at a current density of 5-20 A/dm’ to deposit a plating over

the entire blade section. The jig was taken out and washed
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30 hol ders having an outer dianeter of 123 nm and a thickness of 10 mm The
base was sandw ched between the holders so that the side surfaces of the
abrasive grain layer (blade section) were exposed. The jig was imersed in
a sulfamc acid Watts nickel plating bath at 50C where electricity was
conducted 35 at a current density of 5-20 A/dnR to deposit a plating over
the entire bl ade section. The, j.i gfé}\lj\éas t aken out, and washed \(/s\:ziu__':h wat er ,

t

after whi'tih M iSdse deqi AP dasy, oSty At ShiE2 bl ade
cutting wWeelining an disidry @l sie face igrd ndigeg .machi ne, the wheel was

ground to tail th ver | oriion. i,ckness I ction such
that the bl adeotgse%: ?o% %?36’?%{% e%fg%&g}ﬁs)% aé]%%ah ) %l?é 5‘%@%%?62%% n%g?hi]ne&)
cenent ed fwarf@ideobhdde orwvaakly unftaicm othe houtkare sl arfettdre walsideai | ored by

wire el edd Q¢S chalpa yBC il o oM &My R MRR] Aas dr838edrs)

yiel ding a cenented carbi de base outer bl ade cutting wheel including a lo
bl ade sectfii G havibeyani odver |@mngordd gmrddsiegrpads cknessclhofsuisemm T20. 43
mm an overlay portj.on thickness toler e of. 0.0 chanfer 0.1, a

dosi gn ous S A o e ) DAL AP A A SR 55 of 0. 6
nm 15 Bxsagilieing AvcierrerRlt) caffbedeheensiveti Ageskedl wi%lWEnand 10 wt % Co
was mch'a}%d@do @%&wlﬂsé Nl ﬁﬁlé&%v'éﬁ&ﬁ%gg%ﬁeld'iﬂ{@ttﬁin%f al25 mm
an inner dianmeter of 40 nm and a thickness of 0.3 mm which served as a
base 1020 H&de iERTEP T AT RS s & sl SFa Mk teitdd destiviBe F PP ndissc $thavi ng

an outer Wigymeher of 123 mnsanamd bhi okBessyoboll i $aithaksenl y a

circunferential region of. either base surface extending 1.0 nminward from
t he out ert%ﬁaﬁ’ﬁ:@r %ﬁ/\/aos‘{)e%(ﬁ%'ecﬁh rbglsbe Mad | gsrb(f’%tr?ra ially
avai | abl ef25 2aquequoigl kalfi 1€ 7sal uin,0andt a4@Cuhdnes@ wIENOt. €S mmor

degreasi ng, washed with water, and i nmersed in an aqueous solution of 30-80
g/ L of sodium pyrophosphate at 50C where electrolysis was effected at a

current damginhe & 2-8 A/due. The base was ul trasonic washed in deionized

wat er and 30 i Mres&heh £ 8q acgbhi @ Godsi g MBS ter NGkt s phating batheat 50C
where an undercoat was plated at a current densjity of 5-20 A/ dni.

Ther eaf t é° WaFe M54de I<ha A AR i T REEHLHYF an out er
di anet er difamk3@rmafand | oy cneismeaf diGmebesas Mraahinked 0@ ene si de

surface téﬂfé%ﬂgss of 0.3 mm, which served as a base.

20 The cemented carbide base was sandwiched between PPS
discs having an outer diameter of 123 mm and a thickness of
10 mm so that only a circumferential region of either base
surface extending 1.0 mm inward from the outer periphery was
exposed. The base was immersed in a commercially available

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

30 immersed in a sulfamic acid Watts nickel plating bath at 50°C
where an undercoat was plated at a current density of 5-20
A/dm’. Thereafter, the base was washed with water.

A ceramic disc having an outer diameter of 130 mm and

a thickness of 10 mm was machined on one side surface to form

35 a groove having an outer diameter of 123 mm, an inner
diameter of 119 mm, and a depth of 1.5 mm. In the groove of

the disc, 75 permanent magnet segments of 2.5 mm long by 2 mm
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35 a groove having an outer diameter of 123 mm an inner dianeter of 119
mm and a depth of 1.5 mm In the groove of the disc, 75 pernanent magnet
segnents of 2.5 mmlong by 2 mm wde by 1.5 nmthick (N39UH by Shi n-Etsu
Rare Earth Magnets Co., Ltd., Br=1.25 T) were arranged at an equal spacing,
with the thickness direction of the segnent aligned with the depth
direction of the groove The groove was filled wth an epoxy 5 resin to
fixedly $8f &% He Trdghetr iyt WH P R igrddvi RakfpI sty Mpanets
Ea?get buid t - mtchol dar=1 e fﬁoﬁsﬁemm&&m@m&@g diet?@m aspad ingof fmﬁtt@ﬂo}
oerstcstructar W th t magnet si.des of t rs fa
i nsi de. ﬁtgllscé{n oW ched‘géscf ﬁgthnea%r? e Sl edi]lwnlvr% &%ae ("flii é’?ﬁ ce of
1 mmf rordl];rtqu@masﬁ mﬁe}rqxem ph&hy alrong@t IweSbis_él@dr wate. aTthepnaynet

pr oduced i neal qﬁﬁ{ g i s anal yzed
to ha\%e ala%gtE?gnncgt hﬁ){éﬁydl eastré hTihA/ Mgedﬁ?vﬁ%%rﬁug ts%g;cggbe\st%endr ng a
di st ance Qﬁmpll@trﬁﬂﬁ rforfiadie bl Mt gy rﬁ@rqe&her?h%QBS&rﬁYﬁé &BPAYiGBeqr ai ns

h?vhngogm@@%@g% gramlﬂ csﬁNz%:&{ rild).ﬁid E{Bs( &t@radﬁrshg{icad 3 s;r:LZgz x«gﬁ/hl%@;)e and TI
(0] , wer e rev] ous | e m Cco, e aprasi ve _gr ai ns.
U 3 ool e e afeet . ThEaH D dhoTRR s Regthleg
di anond abiraatss vehgy aniagme/wervmé. exbadwet elnwathie aabfrmare:e?(bigrjarrrms fwere

magnet| Caﬂﬂeﬁ didd _altﬁft%q: felaltrlﬁn% fzgirbcfﬁa%’ St QUtA-QVar tgﬁee% gcbase

out er peri phery. ive grains attracte ther o was
i mrer sed EW@Q&Q faamétgmldS Vite Il dledkelthel &rdssy DHEr semgbadyer e

el ect roplyatiidig wias K181 @ Havdild Qtr RN OF ft i 23 Adne. The jig

was taken out and washed with water. The procedure of na%TOgtl cally
attractind 4%y srtddd & Ao IR AL JHa tic% 1 At ﬁ]“htﬁrﬁﬁ‘ and
wat er wasiie@auas diapaatmd:ipiershol ders of the jig were replaced by PPS

resi n5d| sc 30 hEoJ dneéredh vr n . an ouéjerrsq%anteterao averanm aIrJd a th| ckness of
10 mi" The base VA% &an ed° bet Ween HHOIHerS S hat T tHe e
surfaces gif 1towe ”abl‘(%ﬂ:la\fﬁiag:rcﬁ-'g'tdl&yglﬂ&erlafﬁ&mefkncﬂ_hﬁ jofg wa o Reeesed in
a sulfamc acid Watts nickel plating bath at. 50C where electricity was

conduct e®TRVI@USdr & 35 % 5 -CFF LA AL AP e SRS 1 S 1SRG -oveer
the entirm kbl adecseCtde@inehay itthaVam lidken oid tad bmw,ed) M th osatteke,
after whi Ch t Qle 13S0 abdfgsn:Pvuentgerdalanqsd w%rrlee%edo bthe}—:!r%bn "é)tr%rs ll%leade
cutting
20 gralns were magnetically attracted te and uniformly
distributed over the entire base outer periphery. The jig
with the abrasive grains attracted thereto was immersed in a
sulfamic acid Watts nickel plating bath at 50°C where
electroplating was effected at a current density of 5-20
25 A/dm’. The jig was taken out and washed with water. The
procedure of magnetically attracting 0.4 g of coated diamond
abrasive grains, electroplating, and water washing was
repeated.
The holders of the jig were replaced by PPS resin disc
30‘ holders having an outer diameter of 123 mm and a thickness of
10 mm. The base was sandwiched between the holders so that
the side surfaces of the abrasive grain layer were exposed.
The jig was immersed in a sulfamic acid Watts nickel plating
bath at 50°C where electricity was conducted at a current
35 density of 5-20 A/dm® to deposit a plating over the entire

blade section. The jig was taken out and washed with water,
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Awire of 1.0 mmdianeter was nade of Sn-3Ag-0.5Cu alloy (mp. 220C). A
ring of the wire was rested on the 5 side surface of the blade section of
the outer blade cutting wheel, which was placed in an oven. The oven was
heated up to 200C, and after confirm ng an internal tenperature reaching
200C, further heated up to 250C, held at 250C for about 5 m nut es, and then
turned off, The wheel was allowed |0 to coo down in the ove

Using a st Ferarindiify Wi oo MM (i iRy 1o TG (e
overl ay pmrtéeorbladd hiwkingss witeédhe bl ade section such that the bl ade

section protr udgdwg %hg%afcg &%_ﬁ%blg%\egggrp‘gé%)e%{%%ge‘ég%gag?gg&%&gr bi de base

on each surface. uf er di ane
el ectro- cﬁllsbd"isarge macltﬁfﬁ’l(hb (A mEnEDE. tTige wilree Wasasedrtess od, thieel di ng a

cenented £aididde-Nase Qutele B} Ades cdd Ny v&}?edhé mm ng&?déjlc?rgiec tion

havi ng an overlay portion design thickness of 0.05 nm T2max of 0.4T nm an
over| ay pHttdbon THiCkiess Rbrged ekarfie $fem. oﬂ‘@em?;ve@haiﬁﬁeﬂlee@eﬁ UR design
outer di apetasocaf, ladva rﬁﬂt&Dme@ f Ofmiy .dn MAtaithB faupsiness-of 0.7 nm

Dy A S b SRR S8 Y a0 JO G625, o ves
i nner di aaletwr ofmdQitay . aareﬂathéncmrmio:ffﬂ) 3 Timw wiheiedh weer wéd oasda base.

The Clgmeng d. £ bisis, ahdwi ched between PPS di scs having an outer
di anmet er 123 mﬂangﬁg c ness of 30 10 mmso that only a

ci rcunfer ent i al UF&g¥ oh %‘Fr%@@ﬁegrb’ééé% uRR@eEnext Bhei Weeal Ovarn SRHORRY from

the out eryperd Pher s %oﬁi‘ﬁm{)&ﬁ? ﬂ@?gﬁzkﬂ% sed iHe apeamrercial |y

avai | abl e aqueous al kal i ne at 40C for tes,  for degreasing,
Amahed w39 Wb rS U d e e e F BB RO 1o G g L o

sodi um p%@@t?%%e%&ﬁd e V@@ﬁé%l@éc?(‘éa[ﬁs)@é S & fatdipdle b Lurrent

density of 2-8 Aldre. The base was ultrasonic washed in deionized water and
i mrertged Thﬁ PEEAYT ahamneden WAl ttehiaked 1y atingy okadt - GoCh#ere an

under coatm Y@ iy ey Ble FEpMY I eMhed@helely wak aréQsBudniclhgneakter, the

base was washed w th water
cemented carbide base outer blade cutting wheel including a

blade section having an overlay portion design thickness of
0.05 mm, T2, of 0.41 mm, an overlay portion thickness

20 tolerance of 0.018 mm, chamfer C0.2, a design outer diameter

of 127 mm, 0D, of 127.1 mm, and a roundness of 0.7 mm.

ax

Example 3
A cemented carbide consisting of 90 wi?% WC and 10 wt3

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

The cemented carbide base was sandwiched between PPS
discs having an outer diameter of 123 mm and a thickness of

30 10 mm so that only a circumferential region of either base
surface extending 1.0 mm inward f£rom the outer periphery was
exposed. The base was immersed in a commercially available
agueous alkaline solution at 40°C for 10 minutes for
degreasing, washed with water, and immersed in an aqueous

a5 solution of 30-80 g/L of sodium pyrophosphate at 50°C where
electrolysis was effected at a current density of 2-8 A/dm’.

The base was ultrasonic washed in deionized water and
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cBN abrasive grains having an average grain size of 86 5 um (standard grain
size 170/ 200) and TI of 160 were previously N P-plated to form coated cBN
abrasive grains. After the base was sandw ched between the hol ders of the
jig as in Exanple 1, 0.4 g of the coated cBN abrasive grains were fed in a
recess defined by the holders and the base, whereby 10 the abrasive grains
were magnetically attracted to and uniformy distributed over the entire

base out e¥MRr§hety . a THelF i G 2eld Nda by dsivhee hrrad aising thalch et tHBrlet o

B i roo Aedce el ShALABDS: afad) WEbLEd EKe opbadifUQa I plobiE NS e
electro a e cte a curren ensi 0 - . e
has t ko L an e EeRE Gty « aaPEFe YAS PRoBeOLrOEf VitgRetically O

attracting 0.4 ¢gBNfabpatédecBNaahsahbvéngrannsyeehget gopliat shge andssvat er
washi ng was repeated. The holders of the jig . were replaced by PPS resin

di sc 20 HBF det' @REat hPE BT EFe dt Bhet &Y) A B (R ¥ ckness of 10
M The Base, ¥@ss BN Shiesk et veerothec bt ster sais ot 1 Fhiegsi dgs sur f aces

of the abrasive grain I%éer wer e exposed. The jig was imersed in a
sul fami ¢ 2t Vil SPH SRS pt At TREC et Pt evE T r9%i the whe
conduct echaatira Exumeld P5 @lensd tyf ofthd- 20t d BN ;aisleposid @rilmd ivigeover

the entir | ade_ s ion. . The |] out shed with water,
after Whif: cptj"fihe algée:é(%/\%; %elés]ln%%#l?b m%ﬁgpﬁn%ﬁs oégrpgi 1}#?%30 t%th\ljou"frheerrebqyade
cuttilng vitheelabyRsivai grapoxyweesimegonpositiom iobtadtred by 801 di ssol vi ng

bi sphenoly,.f #,gh ¥e i @yl + LLhere @Nsb & CyRndi R de s dBl i & eShd-{ Qi ding

conponents in an organic solvent was coated onto the side surtface of the
bl ade secttoni®d Whe otteraDragieve TS viHeer2 Ay heteF2%e? % nutes. The

wheel wasinphateed | 1h e OvEfamic 1804 witet €s idimes) hel £ {105 wbautaB5 k20

m nut es. The ov s turned of f whereupon the wheel s.allowed to cool
down in t ero‘?/e%feg@mpfatln%"ﬁ% %Fé%‘?g%%eaﬁr? ncd'f%e%gc%?rh%l,tx HE" wheel was
ground t &2 |2ofdihe Bher iay wpast Lakeor othi ekdesasbédt bthl maetesectlihen such

that the t] ; T he
conent og ML ERE o0 MASRLEMER # S BLA0EMS )4 4 OF SBRE Vi
abrasive grains, electroplating, and water washing was

repeated.
The holders of the jig were replaced by PPS resin disc
20 holders having an outer diameter of 123 mm and a thickness of
10 mm. The base was sandwiched between the holders so that
the side surfaces of the abrasive grain laver were exposed.
The jig was ilmmersed in a sulfamic acid Watts nickel plating
bath at 50°C where electricity was conducted at a current
25 density of 5-20 A/dm®* to deposit a plating over the entire
blade section. The jig was taken out and washed with water,
after which the base was dismounted and dried, obtaining an
outer blade cutting wheel.
A liguid epoxy resin composition obtained by
30 dissolving bisphenol A diglycidyl ether and dicyandiamide as
main resin-forming components in an organic solvent was
coated onto the side surface of the blade section of the
outer blade cutting wheel and held for 3 minutes. The wheel
was placed in an oven at 180°C where it was held for about
35 120 minutes. The oven was turned off whereupon the wheel was

allowed to cool down in the oven.
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5 The outer dianeter was tailored by wire el ectro-discharge nachining
(wire-EDM. The wheel was dressed, yielding a cenented carbi de base outer
bl ade cutting wheel including a blade section having an overlay portion
design thickness of 0.05 nm T2m of 0.405 mm an overlay portion thickness
10 tol erance of 0.01 nmm chanfer CO.1, a design outer dianmeter of 127 nm
01% " of 127.05 nmm and a roundness of 0.4 mm Exanple 4 A cenented
car bi de consi st VA§REf 205UREICRACIBABAEN Gt DAFR1TD . whle nHkAfheda s ngHowrd

Zgnm ar tflét.b ntegclhﬁ&ih@\{é @?@ﬂl@ytﬁr@imﬁrtM%ﬂ&@%f armé %‘ﬂé%&' a”ﬁt er of
mm an a | CKNess 0 serve as a Se. e ase
Founer s et i clERor e i Bladt | Eip S et e Far T 0”05

7). 20Th%§%@%%%&:@&%@%&né’%&%&%ﬁ@%&% vweens &5 disesdhaving an

out er di aneter of mm and a thickness of 10 nmso that only a
ci rcurf eréir i At teegl orneteRi Yhertphker adirfncel ekt ki g 19 os@mygmar d from

t he out erpfiefipPhesd y(s)f@:@eem@ﬁed ThENgHRASEe Waas dlr@E%re%ed yllfélfal%%mzer cially
avai | abl e 25 ag eous al kaline solution at 40C for 10 m hutes

degr easi ftf; IRt EFe ANPLT rﬁr]e?‘%‘“eoc‘%‘h“aﬁﬂ a‘&%ﬁe%hsl%%}‘ﬁﬂ%% %f 30-80
g/ L of sadiams Py ofphers ket En @it arb O entibn e decioml desd sgmaish pfkeedecbt a

current gjeggé t ¥ ong 8 cﬁ/ cy ” ST% b%%e %t%p[ p%fqir(llﬂ% \41@3{1:%{%(3 n dei oni zed

wat er imerséed in a ‘sultam’c aci |ngsbath at 50C
wher elOan imideraoae avasO ph htred. sehamicar réhtl densiesiof @Q@r Alihneter

Thereaft efs e haseomas Hashed ol tih Wl o DR 2PTAsIve ghal ns havi ng

an average grain si ze '6f 86 m (standard grain size 170/ 200) and Tl of 250
were 35 previously NiP-plated to form coated di anond abrasive grains. After
the base pyasmsandiM ched between the holders of the jig as in Exanple 1, 0.3

g of the coated, di anpn bra grains vvere ed.in ces e ed by
the hol ders andAt‘ﬁ%m%}aggg #’%‘g‘ﬁ ‘E%%%BF%%%’V g?%i ‘ﬁggmﬁﬁ?eaﬂég%e Jf%al ly
att r ast ed’d oveendnagh froedd ynith sar i dutwedhovigrin bl enthael dmsen cutterr

per i pherydla{meeté %ﬂ“i%‘sess nf‘élf(%%lﬁ’(ﬁ%spﬁérﬁ@t@ﬂ @Cci(?qmﬁ he&(rﬁ%()a was 5

imrersed 1 n an ectr orus alloy plating bath at 80C
where el éﬁt#‘ﬁif@ﬁﬁ At ny Was V@?#C&:twv%eaﬁ %y WREe t al?‘é‘ﬁ3 baseafddndshed

Wi th wat efounkfres Hﬁcﬂﬁf—‘ﬂ% eoOfssmaned iHad |y AlddRotidly thdhdk Dfaton! oF

di anond abrasive grains, electroless plating, and water washi ng was
repeat ed k™ %e']e was di smounted fromthe jig and dried.
The cemented carbide base was sandwiched between PPS

discs having an outer diameter of 123 mm and a thickness of
10 mm so that only a circumferential region of either base
surface extending 1.0 mm inward from the outer periphery was
exposed. The base was immersed in a commercially available

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

30 immersed in a sulfamic acid Watts nickel plating bath at 50°C
where an undercoat was plated at a current density of 5-20
A/dm*. Thereafter, the base was washed with water.

Diamond abrasive grains having an average grain size of

86 ym (standard grain size 170/200) and TI of 250 were

35 previously NiP-plated to form coated diamond abrasive grains.
After the base was sandwiched between the holders of the jig

as in Example 1, 0.3 g of the coated diamond abrasive grains
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Awire of 1.0 mmdianeter was nade of Sn-3Ag-0.5Cu alloy (mp. 220C). A
ring of the wire was rested on the side surface of the bl ade section of the
outer blade cutting wheel, which was placed in an oven. The oven was heated
up 15 to 200C, and after confirmng an internal tenperature reaching 200C,
further heated up to 250C, held at 250C for about 5 m nutes, and then

turned off. The wheel was allo ool i.n_the qQven. Usi ng
U T TS R TR MRS, R TaRES: Dathg: BORECED SBt BhP oP2¥hie over | ap
porti on ovhdduioKgss am‘ratsherebIgidxﬂnse@telrenmagnbtlihauyh&tbi:adeesecds i &g

prOtrUdeqlrﬁ_e&ﬁl?Cﬁg]_s(t%)buq:fedsgvlé@ QE&C’gﬂtEPS BSQS”BS? é’%ze on each

surface er was tailore W re el ec c ar
machi ni ngfien Tier FOMh thee am@@llv\ﬁagréﬁé%éatr\;lpéﬁdl hlgeaeﬂg vesent ed carbi de

base qut efyRlade; Gyt tdd‘%l‘@?ﬁ:‘?r’ol‘e%%' H@Lbﬁ@lapﬁbégﬁo:?%thPﬂoi)aﬁié@lﬁg&‘ overl ap
portion design thickness of T2 an_overl ap portion

t hi cknesPa%t @tarfde O eI %Ctéﬁéﬁﬁér PéptERIIVag ﬁ%g?ﬁﬁe‘éut ghedijdffet er of
127 mm GReAx fenl 2Gt] d78 wiithed mtundwasarof Thd &Qad\d\dux@rmar ative

Ex | 1 A d b 10 % Co
P hed s e s o 02 n g, P Shn eay sl B dhirat s ot o

an i nner oliesimet, erelca‘cm:@:lmas adatanghi akdewatet vasShimy ms cheyeaﬂvatl as a

base. t r%gi ween PPS discs
havi n8 antwolu%eer gﬁgngtﬁgrgmo?gbgi%ﬂgg%g&geft%@gk%gé;gﬂogf M S0 that only a
circunferential®regronchf 1 ef t idr dbaBRt eUrTaR end%e epdli ¥y~ 129~ PmbFhvard from

the out erg sy ARERY. Waso &ﬁXDQSangTBQ hasewwas WaRERSRdeldNoa gaaMErcially
avail abl e a ueous al kalé ﬁ sgl ugron at 40C for 10 m nutg}s f or deqgr.easing,

washed witH St et 2% G SAfEeds S8 A1 2 g7 Dof
sodi um pymcqmosphattcﬁz ata 500 adwat eirelactawalny.si Yheasvehl eaksetieatted aprr ent

density d T i i i oni zed wat er
and i %Tm(rlcl;oeé 0|%n'%a ’S%H ;a?r)lf %é}gc$%§w%# i%%%rg}ayﬁ%ﬁ%%&a C where an
under coatrageehigiatdP 4t . af wiihreanthaidiesd typ dgfo 52300 CAi drd Berdd tCerfort he

base was JMpshed Wil Mt erand @@ Al as o4& 9r @has wﬁ%\é'ln&a%” ad48f,@age grain
size 15 of 103 um (standard grain size 140/170) and Tl of 200 were

previ ousIfP MO |SYEY kb $187 RE04t ed di anond abrasive grains. After the
base was sandvvn{@mﬁig b@tm@;eﬂa&élegbm(w;ew mdchige | | Bh@swhdée Exaa®l @rdund. 4 9

of tgg C%%}% fioén%cééggé% %1on or thickness of the blade

section such that the blade section protruded a distance (T3)

of 50 um beyond the cemented carbide base on each surface.
The cuter diameter was tailored by wire electro-discharge
machining {wire-EDM}. The wheel was dressed, yielding a

25 cemented carbide base outer blade cutting wheel including a
blade section having an overlap portion design thickness of
0.05 mm, T2
tolerance of 0.02 mm, chamfer of Co;l, a design outer

of 0.398 mm, an overlap portion thickness

max

diameter of 127 mm, OD,, of 127.1 mm, and a roundness of 0.5

30 mm .

Comparative Example 1

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

thickness of 0.3 mm, which served as a base.
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were fed in a recess defined by the holders and the base, 20 whereby the
abrasive grains were magnetically attracted to and uniformy distributed
over the entire base outer periphery. The jig with the abrasive grains
attracted thereto was immersed in a sulfamc acid Watts ni ckel plating bath
at 50C where electroplating was effected at a current 25 density of 5-20

Aldn2. The jig Vﬁas t aken oat and. washed with vvat(gr, Th@ ]g)rocedure of
magnetical |y atttactPRGEBSE GEEPILOaRTRE dTETroRABT E_RT Ve orear ey, FFS
el ect r opldaitd ¥y, haanich gved re rowiaessh | digamviste o epfeat 23 .mml hendhad ddrisckofedsheoff i g wer e

repl aced I esl i 3 8 er_di f.123 nm
and a thi@ﬁ@ggoof % dnéﬁf)ﬁ'hag %%%ﬂm%&g\gﬁg% gﬂaeggl net%%en%egr r%sc?ers Y]
t hat t he sitf@osurdscayioig t hed abf dgivar dyrigion | Hrerouls e meipadwty Tes jig

vas i gnersgdhddy a gulf dise aeisd iMBkisell ¢keb RbakkRgiRally alL 39Gpwhere
electricity was conducted at a current 35 density of 5-20 A/dnR to deposit
a pl ati n@BEaUT Fetkehtite el Tedt &P Crifes ild:}/\%’?”t%rf%t and washed

W th vvglt Q:'éegr@csiiefg Whidhd der Digs evanas: dissip uibired: st 101 i 80, acolddishi ng an
out er a uttin e Awre of.1 0 mmdi.anet.er, was of

ot g0 el o E e a3 ey STRBRATR P BHE Shere. ¢ o) ge
surface cfladiedilvadies sexd | off oftadhatow eruthieade dangimng athee!8 Amwinéh was

pl aced i ke Wes. heat Rt 200G . ang aft e gonfirm ng an
i nt e(r:igal r#{}gé]npb%\régt}?rae&ﬁleg%ﬁgng_ 200C, kg‘e(t;}ﬁrt er _leat ed up _ttgeic Z%HC, hel d at 250C
f or aboutimeHsaf ! AR ¢ FHEH Y6rTts THERHed Latdd BB e G X & cool

down idnt txh%xfé?/% Uﬁldercoell-{Si% Pp1tdacs %fic{(iﬁiﬂbguﬁf&iéﬁf 'hﬁ%gl tddfe saheel was ]
groun o tailor_the oyerlay portion or thickness, of the ade section suc
that t he Miditle SERTTORE bTbt 1 HARAPIT: AR 19%) WHED SR Hebeyond ¢ he

cement ed car bi dei dased cnbeashvsugfates Hiovihe outevech@@edesimasiiai | ored
by wire el ectro-di scharge machining (wre- eD1|\4 The wheel was dressed,

EDM) .
yi el dPng & déemed ta Bt B Toitide H40dd At Bty Theédl 4% fdieng a
bl ade segiian My Gridn. PVETd AV P ddP R R DM tdMdraness 01 QrdiRs T2 "

of 0,45, D, a0 Gucale Borl L on JSIOESS 20 Lol Sranos pf 0. 44, 2 desi on
as in Bxample 1, 0.4 g of the ccated diamond abrasive grains
were fed in a recess defined by the holders and the base,

20 whereby the abrasive grains were magnetically attracted to
and uniformly distributed over the entire base outer
periphery. The jig with the abrasive grains attracted
thereto was immersed in a sulfamic acid Watts nickel plating
bath at 50°C where electroplating was effected at a current

25 density of 5-20 A/dm’. The jig was taken out and washed with
water. The procedure of magnetically attracting 0.4 g of
coated diamond abrasive grains, electroplating, and water
washing was repeated.

The holders of the jig were replaced by PPS resin disc

30 holders having an outer diameter of 123 mm and a thickness of
10 mm. The base was sandwiched between the holders so that
the gide surfaces of the abrasive grain layer were exXposed.
The jig was immersed in a sulfamic acid Watts nickel plating
bath at 50°C where electricity was conducted at a current

a5 density of 5-20 A/dm’ to deposit a plating over the entire

blade section. The jig was taken out and washed with water,
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Conparative Exanple 2 A cenented carbide consisting of 90 wt % WC and 10
wt % 25 Co was machined into an annular thin disc having an outer dianeter
of 125 mm an inner dianeter of 40 mm and a thickness of 0.3 mm which
served as a base. The cenented carbi de base was sandw ched between
PPS di scs having an outer dianeter of 123 nmand a thickness of 30 10 mm so

t hat onl y circunfer i.al i on_ of eithe e, su extend| n 1.0 mm
inward fr etrné" ﬁ}fer}? ‘-’er‘% télﬂf affi e(:,\J n a
comer ci ajdt;exa\tﬂldcmmcmtaquepumﬁlkal i ne soI ution at 40C for 10 rri nut es for

degr easi ng, wash %%tgf\gﬁtgr agpgd.. | g@%%sﬁvﬁ%re A e%?r y5|§5 o SOt on of

30-80 g/L of sodium pyrophosphate a was effected at
a currentaldensi . rof 2208 QY dn. riRg Piséhgayiget vasones tedsikad tha dei oni zed

wat er sands 1 d JMRIeEd b2 S T e acd sk W tor rﬁr%ecluﬁglatmrkga@aéﬂ@néoc
where an undercoat, was plated at a current density of 5-

Ther eaf t éfe&he WEGD VS RIARRA i e - c@ﬁ%ﬁ?’ggl \V’é‘SgP&Fﬁ§dhé‘Pl ng an
aver age gfcﬁIZUCS’ICZe 0fd 0 LtE‘br(iSilﬁ:ﬂldﬂ_:f chrgriaitreidiaie ted@elrdumnd Tl of 140
were previously N te orm coal BN | n Af the
base was fsa%% ezg)cge 'vve%uné ho?adter S g? Zaﬂ Fad |lq{ %<t qudo\él%r

of the cc?d:tcmi; cBMuighrteess veargt aimw'i viermngde pim aTh@ce@@edemaﬁedlprtaﬂe

hol degs ?Hj MhengbysJldh the abrasive grains were magnetically
attracte to and unifornmly distributed over the entire base outer

periphery. The Wbﬂg\n@hs‘ﬁﬁ%aﬁ%r%ﬁwl@g NP ERE r abRR IV BPR} Y35 VBEC Y iher sed
in a fs]chI fregritG i AN tesrddt Kdeelp &}@%dnzgaxg&gi&ﬁn@bcdﬂ;ﬁd}ﬁa adiecdd opl ating
was effected at a cuyrr Sit e vvast n out
And washEHHR R e IRCEAR B HEh et LA PR T 0.0 o

coat ed CBY afy 38| \We @Rl Nthe eé&@:w&i aldr.aeansh ety é’&%{"d’&ﬂ&% r epeat ed.
The hol ders of theﬂglg were replaced by PPS resin disc 20 hol ders having an

out er5di afR erutEr mafethd'as t ek R Wi emfA L ether abies i ¥8andwi ched

bet ween tmdm%ﬁﬂ; S weid- &Mt he Tslgdem%@af algfgs a@tesbtéadalgrl@m\mggrﬁaa: n : ayer
wer e expose e was | nmer sed | ultTam. C acCl tts .nlcke atlng
bath at | SEESHED GIRAT H15F vk Portimded Ht e ditet ineluding 2

blade section having an overlay portion design thickness of
0.05 mm, T2,
20 tolerance of 0.044 mm, a design outer diameter of 127 mm,
CD

of 0.41 mm, an overlay portion thickness

aAx

of 127.1 mm, and a roundness of 1.29 mm.

max

Comparative Example 2

A cemented carbide consisting of 90 wt% WC and 10 wti
25 Co was machined into an annular thin disc having an outer
diameter of 125 mm, an inner diameter of 40 mm, and a
thicknegss of 0.3 mm, which served as a base.
The cemented carbide base was sandwiched between PPS
discs having an outer diameter of 123 mm and a thickness of
30 10 mm so that only a circumferential region of either base
surface extending 1.0 mm inward from the outer periphery was
exposed. The base was immersed in a commercially available
aqueous alkaline solution at 40°C for 10 minutes for
degreasing, washed with water, and immersed in an agueous
35 solution of 30-80 g/L of sodium pyrophosphate at 50°C where
electrolysis was effected at a current density of 2-8 A/dm’.

The base was ultrasonic washed in deionized water and
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25 density of 5-20 A/dn2 to deposit a plating over the entire bl ade
section. The jig was taken out and washed with water, after which the base
was di smounted and dried, obtaining an outer blade cutting wheel. A wire of
1.0 mm di aneter was nmade of Sn-3Ag-0.5Cu 30 alloy (mp. 220C). A ring of
the wire was rested on the side surface of the blade section of the outer
bl ade cutting wheel, which was placed in an oven T{ue ove S heated up to
200C, anciBFEEFC Lot i 7 nf o HALE nECT Rl et ettt 1 R5EM F Baoet 104 her
heat ed upwvite@r® SC uhddth@dit 260€ PDatSh abautchrremtut dsysang dheh- 2ar ned
of f. The t o] o] i oy, Using a
surface g%?%ﬁn?ﬁ%%%%ﬁé\ggf hgh\%mgé gv\ﬁgsg‘?%%ﬁgdtgg?%i V%Fefhe overl ay
portion or thickBBsabsésihie pradesshevina auchvehaget feabhadézeeetfi on

pr ot rude di stance (T3) of_ 50 um be e ce ed.c i de_base on each

Purt ade. B0 (ol Tt 14 TV D ST e bk Ti0 dfSehar ge

gachi ni ?@faﬁi?mzﬁﬁhﬁlMI tovaso it esseth d yeml di iga @i wengtd fits car bi dF
ase ou ade ¢ in ee aving an..overl ay

portion ?f%fs%)%% t??f? c anse{?’sgw%%] %éﬁgﬁ%ﬁyg#%@%%ﬁgﬁﬁe%% 8%%@0(\)/% a%/ jplogfti on

t hi cknessad 0in ofxcaremce bf ©. 948 ofm the dexiipd otklérakif asetergod i e

OD127.2 nFgqand & roundnessr Pled B¢ R holders &5 Nohd NGagemepied.rar bi de

base outer blade cutting wheel, a rare earth sintered nagnet bl ock was
sawed i nt B FreRfiied s b e cF 1 VBRI PP RV At WeRretd pfec®idis 15
El otted i@imrﬁiigaginlam@ibﬂ@ (8&7(3\3/;"] t.‘t?.e erllcﬁr:ihﬁa su@alzwgo@@@vz@@y:eaywr@ yval uat ed
y providj,ng outer, e cuttin eels o anpl e to 4 an nparati ve
Bl os TSt T T Wi e S S ate BT Sar h YETHR TH® 12 vheol 5. A
mul ti pl e lnmestsad siantd ys whSarcbn see Ud twat ty 120ckeet gnpnng vwed e ut3d ny
wheel s at i . L nS i tatl fh.l t bores in
t he bas es‘?ﬁ%l?]%a%é%tgteﬁ%%a%hrg% ‘f%geﬁ%@g%? %%e%a%%&?ﬁe&%ﬁ%l ge]“te\/\heel
asserl y at2%, 5080 -pnTandI4df eed Spked eRt3andmiarhcdavhNBlFeabeFar €hearth
sintered prgneduil aek f gifkO: 1A WM flea byrd20i2p oM | §ngr o 20=dme s gh was

sawed into magnet pieces of . 40 mMmwi de by 1.0 mm |l on = thickness (t)) by
20 nmm hi g‘?Pral%eV%aq?ﬁﬁg‘l%pe‘?Ja‘%?‘bW%%“r%eaﬁré‘g Yt T x?q;éhws of cut
magnet piegesatedal ed to 2,005 for a pair of cutting wheels of the same
Example. O the t he. nmagn j ec o e paj. r ttin
wheel s of the s'glrgr% %’(gﬁ% % %rghgeﬁggt‘gér?o%g\ﬁgg?nggaﬁ o%.gQEgée?;Hs‘%‘%ség
nmeasuri nreyddws imctivdedard romies doameiodr pifecled3 mmdindtd nghiotress want y

cycles. BEaflymfivePhaGes al eaehiiiled deewediPlied o1 ddrsL a0 #hak0 #5
fromthe first cycle, #101 to #105 fromthe second cycle, and so forth, 35

and #2, 002¢ 5482 GO 53501 1 FHRIaRIRTWE 9rain tRyex ke exposed.

The jig was immersed in a sulfamic acid Watts nickel plating
bath at 50°C where electricity was conducted at a current

25 density of 5-20 A/dm’ to deposit a plating over the entire
blade section. The jig was taken out and washed with water,
after which the base was dismounted and dried, obtaining an
outer blade cutting wheel.

A wire of 1.0 mm diameter was made of Sn-3Ag-0.5Cu

30 alloy {(m.p. 220°C). A ring of the wire was rested on the
side surface of the blade section of the outer blade cutting
wheel, which was placed in an oven. The oven was heated up
to 200°C, and after confirming an intermnal temperature
reaching 200°C, further heated up te 250°C, held at 250°C for

35 about 5 minutes, and then turned off. The wheel was allowed

to cool down in the oven.
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in the test, when the cutting accuracy exceeded 50 um indicative of an
unaccept abl e accuracy, only the correspondi ng wheels were dressed agai n.
For five pieces in each cycle, the thickness (t) of each piece was neasured
at the center and four corners (five 5 points in total) by a mcroneter. A
di fference between maxi num and m ni nrum anong five neasurenents is the

cutting accurac é}n% An average val ue of tge cuttjng accuracies of five
i cces was conpllFaBd #hFUThGEragEioarte BROBRFy thoevhesl FRRGIEGEIS | o
plotted itotteli hagriaen ofeFldy Boridim Sonpaickness Bxamphesbladnd 2, the
cutting accw acy WoLsened, aff ery, SeYen.8les, &Hd‘&%&y&'&fséé{&m L cut

magnet piece et seqg.) and ré-dressing wasS necessary to resune ah acceptabl e
cutting ag€EW@GYm Bayd@Mmiescdmé®tdd Qrlii®s hde vas dwedleshrflaspi te sone
variations, until the 15 twentieth cycle (untjl #2,005 cut L nagnet piece),
and a’satif 4Ty LATG R a‘ﬁ%%r%%’yl%a%dn@f M I OVET© 2 FHF T m wi t hout

a drop. machinidgibwilesEiN )y at athd hatediheraguidete slegide yauwtitding sheel s of
the invention are capable .of chini rkpieces O typically.rare earth
Sinter oq CHITRICE SHRENE el TRTLRL SR MUCPRR Al Y LESLIdLIS S 7
1. An out erlddedeeciuten ngpwhee| a oppe ¥ sangper bawe desidre fhickmdsamannul ar

thin disco ofs Geaenied carly de eyl N dvdofelnGot iyl Ghdi0 to 700 GPa,

havi ng an outer diaréter of 80 to mm defining an outer periphery, an

i nnert®di dieterange f 1O G° MR- hdPeSiMm Rbeys Srage ek P4 B 'hnfimand a

bl ade seadp on ofi Sposed il el ULRTuRBIdRhery 10f32t én base and having a
greater thickness.t haQ t he bas dsai dbbl adl?alo sefti og cggpri ﬁ n abrasi ve
grains and a merait8r CAFI SHERAAY CREPRICAPEr SPTSy BANACHEIRG: Béposi ted
on the outlerebera phery edriihes baserdy redeott dplath Mporsarettimtess plating
e T DA
15 plotted in the diagram of FIG. 8.
The sawing accuracy was evaluated by providing outer
blade cutting wheels of Examples 1 to 4 and Comparative
Examples 1 and 2, two wheels for each Example, with a total
of 12 wheels. A multiple wheel assembly was constructed by
20 arranging twelve cutting wheels at a spacing of 1.0 mm,
inserting a rotating shaft into the bores in the bases, and
fastening them together. By operating the multiple wheel
agssembly at 4,500 rpm and a feed speed of 35 mm/min, a
Nd-Fe-B rare earth sintered magnet block of 40 mm wide by 120
25 mm long by 20 mm high was sawed into magnet pieces of 40 mm
wide by 1.0 mm long (= thickness (t}} by 20 mm high. The
sawing operation was repeated until the number of cut magnet
pieces totaled to 2,005 for a pair of cutting wheels of the
same Example. Of these, the magnet pieces cut between a pair
30 of cutting wheels of the same Example were selected for
examination. Every size measuring cycle included from #1 to
$#100 pieces, indicating total twenty cycles. Early five
pieces in each cycle are sampled out (i.e., #1 to #5 from the
first cycle, #101 to #105 from the second cycle, and so forth,
35 and #2,001 to #2,005 from the last cycle). It is noted that

in the test, when the cutting accuracy exceeded 50 um,
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grains having an average grain size of 45 to 310 mand a toughness index TI
of at |east 150, sai d bl ade section includes overlay portions which
each protrude outward beyond the thickness of said base, the 20 thickness
of the overlay portion of said blade section has a tol erance [(T3nmax- T3mw)
mr in the range (1): 0.001 5 T3max- Tam nO. 1xT2m x(1) 25 wherein T3 and

T3n, are L d. mni hi.ckn o] he overlay portion
throughou?ggﬁggg%gguﬁ?g?%2%§£§€é#ﬁ§bg%a%gggé%%fbnsgﬁﬁ"?héis a maxi mum val ue
of the thfeknessonfiintewbhtade werei dneshedughain.the circunference of the

bl ade section, agd 3934l g;@t:@geiﬁe%bﬂ“ck}éie@ kAUNEASERnkEA1PHEXL2- 0Dm n/ 2)
mM in the range (2): 0.00101)"," 2 - Drain/ ..0.1 x0D,,,"( 2 ) 35
wher ei n 043SHaP 1 anRe CRRERE ABRTaAd2 i FRAASVESTIcandr EPRE GOFRPTEI GRbter of

the blsadepsestsomn t3tdbhe vyt himgerbeetes! o alivfemitieiveisaigh bl ade
section further conprises a net i.nder havi ng a nel%tn% poi nt of
H*BnCYhet 89

al or.alloy b
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worsened after seven size measuring cyvcles (from #601 cut
magnet pilece et seqg.) and re-dressing was necessary to resume
an acceptable cutting accuracy. In Examples 1 to 4, no
dressing was needed, despite some variations, until the

15 twentieth cycle {until #2,005 cut magnet piece), and a
satisfactory cutting accuracy was maintained over a long term
without a drop.

It is demonstrated that the outer blade cutting wheels

of the invention are capable of machining workpieces,

20 typically rare earth sintered magnet blocks at a high size

accuracy over a long term.

w8~



after the netal or alloy bond is deposited on the 15 outer periphery of the
base by plating for bondi ng abrasive grains together and to the base, the
thernoplastic resin is infiltrated between abrasive grains and between
abrasive grains and the base, or a liquid thernpsetting resin conposition
isinfiltrated and cured between abrasive grains 20 and between abrasive
grains a t base. 4. A nmethod for manufacturing an outer blade cutting
wheel coggﬁ 'g the steps of: providing a base in the formof an annul ar
thin disc 25 of cenented carbi de having a Young's nodul us of 450 to 700
GPa, having an ter.dia f | Dl er. petlphery,
an inner 1cfi amet%rII %‘ft%% ?%&g% Qnﬁrlﬁt@%ﬁ%ogﬁt%% %ﬂ@i%*gg'%n?gy%'%n m@]gé

provi di ng e & & giihsar dHylm okl st prameige breakidds d1asindlati ng a
et al sor ydiy Pmddierbases aeredperdhery, dvRpdmebddw: abiasd i grai ns
together and to the ba%?aéo fixedly secure the abrasive grains to the base

outer perlfpri¥tq 4%y P S & | YH Ha R STy B Great®t tHi%Ckness than t he
base, saiithmetdodbf WG hes oMK, Amy 4 henisikapssofaf WsiIng:oli lamomeh ,and/ or
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t hi ckness of the overlay portion of sai ade section has a tol erance
[(T3na.¥ﬁ?9 mﬁﬁaﬁrquﬁiiggmﬁpqubelng deposited on the outer

periphery of the base by electroplating or electroless
plating for bonding abrasive grains together and to the base,
wherein

15 said abrasive grains are diamond and/or cBN abrasive

grains having an average Jgrain size of 45 to 310 pm and a

toughness index TI of at least 150,
said blade section includes overlay portions which
each protrude outward beyond the thickness of said base, the
20 thickness of the overlay portion of said blade section has a

tolerance [(T3,.,-T3,,) mm] in the range (1}:

0.001 = T3,.-T3,, = 0.1xT2_, (1)

max min

25 wherein T3 _, and T3 are maximum and minimum values of the

thickness of the overlay portion throughout the circumference
of the blade section, T2,

thickness of the blade section throughout the circumference

iz a maximum value of the
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of the blade section, and
39 said blade section has a roundness |[(0D,,/2-0D,, . /2) mm]

in the range ({(2):

0.001 = OD_./2-0D,,./2 = 0.01x0D,,, (2)

35 wherein OD__,, and OD_,, are maximum and minimum values of the

>4

outer diameter of the blade section.
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10 0.001 s T3.-T3m n s Ol XT2max(1) wherein T3 and T3nj, are maxi num and
m ni mum val ues of the thickness of the overlay portion throughout the
circunference 15 of the blade section, T2"2, is a maxi mum val ue of the

t hi ckness of the bl ade section throughout the circunference of the bl ade
section, and said blade section has a roundness [(0D,,,/2-0Dmn/2) mm in

the range (2): 200.001 x/ s 0,0 ( erein ODmax and
ODm are fraxi nuTﬁl%n‘auFrFﬁP D%l@ u‘ég ﬁfa%rﬁe 0 %’Feﬁ?aﬁ%%glb{ﬁé? he bl ade
section. sdcthokhefunEttmd ofmetbsan 44 datrdherr copry S rglemafiaridtdies st ep of
pl ati ng a, = Of, the K eri phery of the base for bonding

abr asi ve g?lg% %gtogaritlh l%%i {]% ﬁ%e%aés}leé the step of letting a netal or

al | oy bi nder ha@ft@rathélmﬁhglp@rn@lb@Yu@Om@ Bso@pesitedate theo any voids
bet ween 30, @y %ﬁéf’:ﬁ)}g&;ﬂ NS afk bpivean, aélra?tsiﬂ/g? ﬂf@'ﬂlﬁc?smb therdasg to form

the bl ade section. 6. The method of claim4, further conprising, after the

step of FZRINR PIRARET ANG| FRYERM RIRE oUths BRfI bR yajolfoﬁ?,?ltwrbéée for
bondi ng abrfsi tiex HAI st waget Merfasinek tarddes base, pdiveat egbefsdwiting a
thernopl astic resi aving a nelting point of up to 350C infiltrate into
any voi d§%’e]ﬂﬁeeaw‘£b§ 1?/% PYrains and between abrasive grains and the base
to formthe blade section, or a liquid thernobsetting resin conposition

having a gurin ﬁgn@&@wgewﬂaeypo%ecfé% i NfhLEE At e ang GULgei Nto any

voi ds bet'ween abrasive grains and between abrasive grains an “the base to
form t he Bidde s Bugiheyn comprises a thermoplastic resin having a

melting point of up to 350°C or a thermosetting resin having
a curing temperature of up to 350°C and

after the metal or alloy bond is deposited on the

15 outer periphery of the base by plating for bonding abrasive

grains together and toc the base, the thermoplastic resin is
infiltrated between abrasive grains and between abrasive
grains and the base, or a liquid thermosetting resin
composition is infiltrated and cured between abrasive grains

20 and between abrasive grains and the base.

4. A method for manufacturing an outer blade cutting
wheel comprising the steps of:
providing a base in the form of an annular thin disc
25 of cemented carbide having a Young's modulus of 450 to 700
GPa, having an outer diameter of 80 to 200 mm defining an
outer periphery, an inner diameter of 30 to 80 mm, and a
thickness of 0.1 to 1.0 mm,
providing abrasive grains, and
30 electroplating or electroless plating a metal or alloy
on the base outer periphery for bonding the abrasive dgrains
together and to the base to fixedly secure the abrasive
grains to the base outer periphery to form a blade section

having a greater thickness than the base,
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said method further comprising the steps of:

using diamond and/or cBN abrasive grains having an

average grain size of 45 to 310 um and a toughness index TI
of at least 150 as sald abrasive grains, and

shaping said blade section such that said blade
section includes overlay portions which each protrude outward
beyond the thickness of said base, the thickness of the
overlay porticn of said blade section has a tolerance

[(T3,..,~13,;,) mm] in the range (1}:

0.001 = T3,,,-T3,,, =< 0.1xT2__ (1)

wherein T3, and T3,, are maximum and minimum values of the

thickness of the overlay portion throughout the circumference
of the blade section, T2
thickness of the blade section throughout the circumference

is a maximum value of the

max

of the blade section, and said blade section has a roundness

{(OD__ /2-0D_,./2)} mm] in the range {(2):

max min

0.001 < OD,_/2-0D,, /2 =< 0.01x0D,,, (2)

and OD are maximum and minimum values of the

outer diameter of the blade section.

wherein OD__, min

5. The method of claim 4, further comprising, after the
step of plating a metal or alloy on the outer periphery of
the base for bonding abrasive grains together and to the base,
the step of letting a metal or alloy binder having a melting
point of up to 350°C infiltrate into any voids between
abrasive grains and between abrasive grains and the base to

form the blade section.

6. The method of claim 4, further comprising, after the
step of plating a metal or alloy on the outer periphery of

the base for bonding abrasive grains together and to the bhase,
the step of letting a thermoplastic resin having a melting
point of up to 350°C infiltrate into any volds between

abrasive grains and between abrasive grains and the base to
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form the blade section, or a liquid thermosetting resin
composition having a curing temperature of up to 350°C
infiltrate and cure into any voids between abrasive grains
and between abrasive grains and the base to form the blade

section.
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