Z 2 SEP 2006 DESCRI PTI ON Super abrasive Wieel for Mrror Finishing

Techni cal Field The present invention generally relates to a superabrasive
wheel, and nore specifically, it relates to a superabrasive wheel  SEP 2006
mrror finishing enployed for mrror-finishing a hard brittle material such
as silicon, glass, ceramcs, ferrite, rock crystal, cenented carbide or the
| i ke. Background Art Recently, high-precision mrror finishing of a
material is required follow ng abrupt technical innovation such as high
integration of a sem conductor device or ultraprecision in working of
ceramcs, glass, ferrite or the like. Such mrror finishing is generally
performed by grinding referred to as |apping. Mre specifically, free
abrasive grains mxed into a | app ReppidQn are fed between a | apping
surface plate and a workpiece and rubbed wth each other while applying
pressure to the | apping surface plate and the workpiece in this grinding,

for grinding the workpi®egerdliRasi9e WhHEE fa8 Mitdos Fidishith@g actions of the
free abrasive grains and providing a highly precise mrror-finished surface

on the workpiece. In this lapping, however, a |arge quantity of free

abr asi ve dPedhmscarldebbnsuned to result in a large quantity of m xture,
referred to as 2 r r asi grai.n chips ¢ ed by
cutting the WOr%%’gg%egﬁgn?%gg?éggﬁgﬁaﬁ&)ﬁ% %/e(;esngo 5%?9%5"\%{%(5%&‘85?? y | eadi ng
to det eri cared inoxe specificallyr ki relpten o rompenabeasive pdidelfoomiribrer ef or e,
mrror finkshi ' fi Fng,; i is ' tively

st udi ed/ d(ra}{l(lzlllg(})’ggg ggisi)llgyérg;%ﬁo’gﬁgg{)isﬁw tﬁhltﬁ ggﬂeég%rﬁﬁtﬁg mgF %lrl ?ﬁ%‘%\% %,%ed grindi ng
enpl oyi ng RV, MAsS cPEAYIGH frritasreskarystaly eamentad canbide erphelikeg fi xed
fine superabrasive grains, well known is nmachining with a resin bond

super abr as%v(ﬁ( V\,heelddg astically holding superabrasive grains of several m
in mean grafeF&FPYBAYITtEL | D (el ectrol ytic in-progress dressing) grinding of
dressi ng a net akedemntly, Suipkipabeizion/mirrbr L sking @04 tn atelredlis whdlhieed

el ectrol ytf.oﬁg'lzvliﬁfg gb?&}% f@cﬂ%i@alqgggvm&? rsﬁ@ila afscﬂigﬁrih@géﬁ%o% ofa
semiconductor device or ultraprecision in working of ceramics, glass, ferrite
or the like. Such mirror finishing is generally performed by grinding
referred to as lapping. More specifically, free abrasive grains mixed into a
lapping solution are fed between a lapping surface plate and a workpiece
and rubbed with each other while applying pressure to the lapping surface
plate and the workpiece in this grinding, for grinding the workpiece due to
rolling and scratching actions of the free abrasive grains and providing a
highly precise mirror-finished surface on the workpiece. In thislapping,
however, a large quantity of free abrasive grains are consumed to result in
a large quantity of mixture, referred to as sludge, of used freed abrasive
grains, chips caused by cutting the workpiece and the lapping solution,
disadvantageously leading to deterioration of the working environment and
pollution.

Therefore, mirror finishing employing fixed fine superabrasive
grains is actively studied/developed as a method substitutable for the
aforementioned grinding employing free abrasive grains. As such mirror
finishing employing fixed fine superabrasive grains, well known 1s
machining with a resin bond superabrasive wheel elastically holding
superabrasive grains of several um in mean grain size or ELID (electrolytic
in-progress dressing) grinding of dressing a metal bond superabrasive
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material with the netal bond superabrasive wheel. In the aforenentioned
machi ni ng enpl oying a resin bond superabrasive wheel, however, the
sharpness of a grindstone is deteriorated due to the fine superabr%&SE%ZmB
grains, and the grindstone is so renmarkably worn that the worked surface of
a workpiece is readily changed in shape or reduced in precision and the
grindstone nust be frequently trued and dressed. In the aforenentioned
wor ki ng nmet hod enpl oying a netal bond superabrasive wheel, the rigidity of
the netal bond material is so high that superabrasive grains finer than
those in the resin bond superabrasive wheel nust be used for obtaining a
mrror-finished state substantially identical to the worked surface of the
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gri ndst onematerial with the metaldandesypesabzasive veheslpness, a vitrified bond may

be used as thebiidgforéiiehsionsd HhMinkd ﬁ;ﬂayﬂﬂ‘g AredRYHY asi ve |ayer. For

exanpl e, a nunber of grooyes nay be faorne n super abrasi ve | ayer

enpl oyi ng_sélﬂﬁr{iwafﬁl\é‘%i%ﬁﬁwqw’ @%aéer,'DWSt A BEBReoRsasi ve | ayers
conltrl bUtldbEteii@rﬂtrelnghé\ﬂ) ﬁ{e’?ﬁfll@rs;fﬁdrﬂ%rds_ﬂieﬁgﬂeﬂhﬁ, Ad@the ihld@,meeiris shen t
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oty X ho_ CHAKALIN STy, Pl th B DAl HOREGE STl oA
changed t angshapdi mgrezsiqekdyinpyetisiedasdphe grimddsture gnadtiie fretuahtdy a
vitrified &ﬁgg a%lﬂo&re%gé .si ve wheel for mrror finishing having remarkably

excel | ent sharpness anda long |ife _can be provided by performng truing
and dressi ng wi lrhthe afoxemed tiooedrwyorking seethddegraployinga metarhoad t 0 as an

RD). This d el : i b s chip
pocket s foérlﬁ)séf%ggﬁhﬁge él‘?{se%?\ t\,r%i théﬁ?%ig&;ﬁ%l eﬁ%i%ﬁ&gi “Flgﬁ* %o%???gg{ télﬁa%ta
machi ni ng, SURSTRREASIY ¢ 8T diBE BT axathase 1pithediesr horteuPoFayasigl | surf ace

roughness. wheell h@sebengerfbi obRdnitid & irhiredr-Bansch slpetebnbsiangialieel for
AR TN W TR AT RN TR G
each -2 2 énfplRizgdbe resin bond superabrasive wheel, to result in further

deterioration of the sharpness of the grindstone.

In order to solve the problem of sharpness, a vitrified bond may be
used as the binder while reducing the area of a superabrasive layer. For
example, a number of grooves may be formed in a superabrasive layer
employing a vitrified bond as the binder, so that superabrasive layers
contributing to grinding are formed at intervals from each other. When
employing a superabrasive wheel formed with such superabrasive layers,
not only the conventional grinding employing free abrasive grains can be
changed to grinding employing fixed superabrasive grains but also a
vitrified bond superabrasive wheel for mirror finishing having remarkably
excellent sharpness and a long life can be provided by performing truing
and dressing with.a diamond rotary dresser (hereinafter referred to as an
RD). This is because large-volume pores of the vitrified bond serve as chip
pockets for smoothly discharging chips and enabling highly efficient
machining, so that the workpiece can be mirror-finished with small surface
roughness.

In the aforementioned vitrified bond superabrasive wheel for mirror
finishing, a plurality of segment superabrasive layers are arranged along
the peripheral direction of an annular base plate at intervals from each

-9



other. Depending on the size or the shape of the segnents, however,

super abrasive grains crushed or falling during mrror finishing or shavings
may be caught between the superabrasive layers and the workpiece, tp7 SERUgS
scratches on the surface of the workpiece. Further, a long tinme is required
for a step of renoving such scratches. For exanple, Japanese Patent No.
2976806 proposes a structure of a segnent grindstone. This segnent
grindstone is formed with segnent fixing grooves so that a plurality of
abrasive | ayer segnents are engaged in the segnent fixing grooves
respectively. When performng grinding wwth the segnment grindstone having
such a structure, however, the segnent fixing grooves are clogged with
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sintering superabr asi ve er’such as a ne ond or a
resi n bondauppeeratchemen the suptacaof 4be veorkajeoes durphen, @ lopggmmetis shown in

Fig. 4 of dhtlirel 8F aldtbf o9aesiohimAbegsiiactigl i pheral | direction of an
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erefore,. sharpness is erjor rin an super abr,asi ve
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di sadvant a renent I'oned gazet proposes a
st ruct ur e fofing grge'gmme tlpggedmithishaviagboand ldnsocrla@éggablhdy der faehred by

arr angi ng sHeGRY is &itPSmefy gé(t!e'.rﬂﬂ'ﬁt&ii' ly for ned super abrasi ve | ayers al ong
the peripheral _direction-o | ar intervals from each

an, an a
other in Fig. ﬂapa%%?@enawm@p@acmocif égéﬂé’é@mﬁ%@ve | ayers
are har dl wtradtapé af:adsegﬁwﬁtttbpelgaﬁﬁismb@é €oxd sunﬁawglmﬁamg heln ther sides of

t ge cyli ndrlGalit (FHRELAPIATLY Bid PR aSnAss EEastkd Yope2dBeskive 1y Shayinos and
formed by sintering superabrasive grains with a binder such as a metal
bond or a resin bond. When arranging superabrasive layers of plate
segments shown in Fig. 4 or Fig. 6 of this gazette along the peripheral
direction of an annular base plate at intervals from each other, grinding
resistance is disadvantageously increased due to the metal bond or the
resin bond employed as the binder, although dischargeability for shavings
is improved. Therefore, sharpness is deteriorated in grinding and the
superabrasive layers are readily displaced from the base plate. The
superabrasive layers are frequently displaced as the quantity of grinding is
increased, to result in scratches. Consequently, the life of the grindstone
is disadvantageously reduced.

The aforementioned gazette further proposes a structure of a
segment type grindstone for surface grinding formed by arranging segment
tips of cylindrically formed superabrasive layers along the peripheral
direction of an annular base plate at intervals from each other in Fig. 1.
However, although such cylindrical superabrasive layers are hardly
displaced from the base plate in grinding, the inner sides of the cylindrical
superabrasive layers are readily clogged with shavings and
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Z 2 SEP 2006 discharge ability for such shavings is di sadvantageously
deteriorated. Accordingly, an object of the present invention is, in order
to solve the aforenentioned problens, to provide a superabrasive wgaﬁgpfﬁﬁ
mrror finishing inproved in dischargeability for superabrasive grai 2006
crushed or falling during mrror finishing or shavings to hardly cause
scratches, capable of performng efficient machining and al so capabl e of
preventing scratches caused by displacenent of a segnent superabrasive

| ayer by rendering the superabrasive |layer hardly displaceable froma base
plate, Summary of the Invention According to a first aspect of the present
i nvention, a superabrasive wheel for mrror finishing, conprising an
annul ar base plate having an end surface and a plurality of superabrasive
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bor | pher sl G ACEra bR fof BNLR SnayRE Al B A e ADEAROET, 2,000 17
other and fi xedcopdinghs andbiot bhtke piresing lbla[@@th:i B, en drdsrithesoled | owi ng

char aCter\‘,h'set rrf%&fbr?éd %P@ol@h’r’sr qh! %vﬂfe EEEEE%PEENHI el'foy thinbh = >

has a fl at SO arra era surface
i s subst mﬁnng lpmraWEéllnt@St:hergeﬁbahyy éoiasupajfabtxIaelvesgnrmesabnahedenv\mel

A surfacergieh ﬂﬁﬂqﬁ hi}g o} ?ﬁxﬁgﬂﬁ?opghéj\?ﬁgf 't%t}%ﬂcﬁ& axﬁ@%?ﬁfghdg%“h of the

plurality of raS| ve aye ace blg fection of
t he thlckcr?éé@ tpr%(fmaegm fHiceentmsehining o 2dse 62p AblecploresATtERS of the

base pl at@m&!&%ﬁ@f@ﬂ'b’ﬁdﬂéﬁh@&n@h@ obanggeh av §‘u Périfiaspfe léye\&' Byified bond
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onto the end surface of the base pI ate in each of the superabraswe | ayers
having the flat p sufficient clearances can be defined
bet ween the super%‘?l&ag? }b"ym ngﬂé di scharge ability for chips and
shavi ngs can bActenskingdd.a fiust asmect vfishpereptrd alvenidon,ua fuperabrasive
super abr aghkel f@&ﬁ'irﬂﬁ ﬁxﬁ%hﬁ&%%rﬁﬂlgﬁxéHR%&ﬂil'a%'Ha}éepﬁra% %%th% dgnpot ary
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shaft of th era rasive so that the position of a worKing surface
of each ¥ F&B iy fya«g,n%?uppgabk@p{e lgygss pameimiiary ceembaving aieripherabpect to
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plate at intervals from each other and fixed onto the end surface of the base
plate, has the following characteristics:, Each of the plurality of

superabrasive layers or members has a flat plate shape, and is so arranged that the
peripheral end surface is substantially parallel to the rotary shaft of the
superabrasive wheel. A surface defined by the thickness of the flat plate
shape of each of the plurality of superabrasive layers, i.e., a surface along
the direction of the thickness of the flat plate shape is fixed onto the end
surface of the base plate. Superabrasive grains are bonded by a binder of
a vitrified bond in the superabrasive layers.

In the superabrasive wheel having the aforementioned structure, the
surface defined by the thickness is fixed onto the end surface of the base
plate in each of the superabrasive layers having the flat plate shape,
whereby sufficient clearances can be defined between the superabrasive
layers and dischargeability for chips and shavings can be improved.

Further, the peripheral end surface of each superabrasive layer is
arranged to be substantially parallel to the rotary shaft of the
superabrasive wheel so that the position of a working surface of each
superabrasive layer is kept substantially constant with respect to a
workpiece in in-feed grinding although the superabrasive layer may be
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U2 SEP 2006 worn as the grinding progresses, whereby a stable working node
can be sustained. Therefore, the working surface of each superabrasive | ayer
can be regularly brought into contact with the central portion of ﬁ%ﬁt P 2006
wor kpi ece. Thus, the finished surface of the workpiece is flattened. In
particul ar, the superabrasive grains are bonded by the binder of the
vitrified bond in the fl at-shaped superabrasive | ayers of the

af orement i oned super abrasi ve wheel , whereby grinding resistance can be
reduced during grinding. Therefore, the superabrasive |ayers can be

rendered hardly displaceable during grinding. Thus, the surface of the

wor kpi ece can be prevented from scratches resulting from di spl acenent of
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plurality aforgummedsﬂuwmbmwsmeeh \eh@rebortgmndmmr@stanee canbecting t he
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other. Int accor & e pres nt i nvention, each
superabrasF"?ﬂé‘dfﬂ@g}1 arddy d%sdﬁgffﬂa f Bmtnlgeglfln ng| aT}éu%Hhﬁesur aFfé*r(éftﬂileenabl i ng

control of vd‘oQH?féc@ @ahhfe pFeRRnted HOnO5craiéhdFdsuligns QfJIﬁQﬁsg{facém@nt of
superabra5| é?r and i.ncreasing the force acting on each superabrasive

grain with }F%ébg abrgswedAYeSnt i nuous type superabrasive |ayers that
i nt egrated cont MSmW&enL@er@mrﬁsﬂde@Mﬁﬁg 1aﬂﬁcxfeasemcth@rg1ﬁhé1rq1d surface of

t he era f I wheel can
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according to the first aspect, the superabrasive layers preferably have

working surfaces substantially perpendicular to the rotary shaft of the
superabrasive wheel, and the working area of the plurality of
superabrasive layers preferably has a ratio of at least 5 % and not more
than 80 % with respect to the area of a ring shape defined by a line
connecting the outer peripheral edges of the plurality of superabrasive
layers with each other and a line connecting the inner peripheral edges of
the plurality of superabrasive layers with each other.

In the superabrasive wheel according to the present invention, each
superabrasive layer is brought into the flat plate shape, thereby enabling
control of reducing the area ratio of the wofking surface of the
superabrasive layer and increasing the force acting on each superabrasive
grain with respect to such continuous type superabrasive layers that
integrated continuous superabrasive layers are formed on the end surface
of the superabrasive wheel. Thus, grindability of the superabrasive wheel
can be improved while an autogenous action of the superabrasive wheel can
be smoothed. Assuming that the radial widths of the superabrasive layers
having the flat plate shape are identical to each other, the area of the
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-5 2 2 SEP 2006 working surfaces of the plurality of superabrasive |ayers
having a flat plate shape is preferably set to a ratio within the range of 5
to 80 %of the area of the continuous type superabrasive |ayers,

preferably set within the range of 10 to 50 % Thus, working pr‘esrsnggngmQﬁ
to 10 tines with respect to the continuous type superabrasive |ayers is
applied to the working surface of each superabrasive |ayer of the flat

pl ate shape in the superabrasive wheel. according to the present invention,
and a state of excellent sharpness can be sustained. In the superabrasive
wheel for mrror finishing according to the first aspect of the present

i nvention, the superabrasive |ayers preferably contain superabrasive grains
of at least 0.1 smand not nore than 100 min mean grain size. Synthetic

super abr agj, glgn% %fﬁcé%f theé ﬁﬁwgfuﬁifer%%ﬁé@ af8rs h@%}ﬁgﬁtﬁb{?g%te
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by Showa Den e an RD is nost preferably enpl oyed
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di recti onfopfa td%n bond, having higher crushability as compared with synthetic
superabrasive grains 'for a metal bond or a saw blade, are particularly
preferable since small inserts can be formed on the forward ends of the
superabrasive grains by truing and dressing with an RD.

As synthetic diamond superabrasive grains for a resin bond, RVM or
RJK1 (trade name) by GE Superabrasives, IRM (trade name) by Tomei
Diamond Kabushiki Kaisha or CDA (trade name) by De Beers can be
applied. As the synthetic diamond superabrasive grains for a resin bond,
BMP1 (trade name) by GE Superabrasives or SBNB, SBNT or SBNF (trade
name) by Showa Denko K. K. can be applied.

While an RD is most preferably employed for performing truing and
dressing in consideration of efficiency and molding precision, it is also
possible to employ-a metal bond grindstone or an electrodeposition
grindstone having a diamond grain size of about #30 (grain diameter: 650
nm) with no dispersion in forward end height of diamond abrasive grains.

According to a second aspect of the present invention, a
superabrasive wheel for mirror finishing comprising an annular base plate
having an end surface and a plurality of superabrasive layers or members, each having
a peripheral end surface, arranged along the peripheral direction of the
annular base plate at intervals from each other and fixed onto the end
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annul ar base plate at intervals fromeach other and fixed onto the end -6 Z2
SEP 2006 surface of the base plate has the follow ng characteristics.. Each
of the plurality of superabrasive |ayers or nmenbers has an angulaHAﬂﬁﬁszﬁ
curvedly bent plate shape, e.g, a V-shaped bent plate configuration, or a
C-shaped curved plate configuration, and is so arranged that the peripheral
end surface is substantially parallel to the rotary shaft of the

super abrasi ve wheel. A surface defined by the thickness of the plate shape
of each of the plurality of superabrasive |ayers is fixed onto the end
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super abrasi ve | Sl et ol SARULHAE s 180 T8 YR fr dpuPOV o7

peripheral end surface is substantially parallel to the rotary shaft of the
superabrasive wheel similarly to the aforementioned superabrasive wheel
according to the first aspect, whereby the position of a working surface of
each superabrasive layer remains substantially constant with respect to a
workpiece also when the superabrasive layer is worn as gi'ihdillg
progresses in in-feed grinding, so that a stable working mode can be
sustained. Therefore, the working surface of the superabrasive layer can
be regularly brought into contact with the central portion of the workpiece.
Thus, the finished surface of the workpiece is flattened.
~ Particularly in the superabrasive wheel according to the second

aspect -of the present invention, each of the plurality of superabrasive
layers has the angularly bent plate shape. The surface defined by the
thickness of the angular plate shape is fixed onto the end surface of the
base plate, i.e., the shape of the surface of the superabrasive layer fixed to
.the end surface of the base plate is angular, whereby each superabrasive
layer is strengthened against resistance in the vertical direction and the
rotational direction of the superabrasive wheel applied to the superabrasive
layer in grinding, to be hardly displaced from the end surface of the base



| dyer is strengthened against resistance in the vertical direction and the
rotational direction of the superabrasive wheel applied to the supera?rasive
| ayer in grinding, to be hardly displaced fromthe end surface of téhie S bfh 496
-7 2 2 SEP 2006 plate. Thus, the surface of the workpiece can be prevented
fromscratches resulting fromdi splacenent of the superabrasive |ayer. In

t he superabrasive | ayers of the superabrasive wheel for mrror finishing
according to the second aspect of the present invention, superabrasive
grains are preferably bonded by a binder of a vitrified bond. The vitrified
bond can reduce grinding resistance in grinding as the binder, and hence

t he superabrasive | ayers can be rendered nore hardly displaceable fromthe
end S“”agﬁaf)ef. YRR, Dafe s‘&g?a-c%-oﬂﬁgﬁv r ?ec%”JJna§§ %veq&gﬁ f%@h@%k&&ﬁega“ be
nore effectlvely prevented TTom scratches resu Png rom di splacenent of

t he super aepalingtroay drsplagamenteof thermmperabrddive lagard, acting to snooth an
aut ogenous act 'Iﬂnth%fﬁ& aﬁ%ﬁ%@&@ﬁﬁ%&}éﬁtl}l‘%@ﬁbeﬁﬁﬂa@ﬁze WhB&Efor niAP6L 1 DUt es to

sust ai nnmeng _OL_ excell ent s &krffness. e. superabrasive |ayers of the
super abr asiVEN g RFCOrAIMETOr Secﬂpﬁi@ﬁﬁﬁg‘_’fa ehsABt invemiosecond aspect of
the presenjupeRygRisivgraiftRee pReRTANE Wildtbbpachindet of ablirileddeddby a
bi nder of resin ngd. The resin.bond, actt:%glg to sm)(ﬁth th al_l)litél%%enous
action of THovitEed BAdesR Eedyresrinding e S5 taHEe 18 EH dipgyRs he nader,
af or ement izorehendd the swskraboasiye taydisichntlesrémderedtraorekeaidlof excel | ent
shar pness. 3.Eur t h ! resin.b i l,asti Cchi O t he bi nder
effecti ve|d1§¢ﬁé“‘88§‘§gl§ fi‘ﬁg‘ th; e?‘égs%’&gg%ggﬁ\}he{w‘g% Bl Iﬁushéﬂes%%l&%ﬁ%ogf t he
wor kpi ece therworkpgedenciimbe mareerfteisyivelstioed ey ted ffas ecratohbn esmlngt he
wor Kpi eCe-rbid di861.RREREE 3k KapUhifthohRMaThid OTFitRer NHRORGAGAGARA, L0 the
second aspect of t elgéesent Invention, eath of the p_urallti,o
super abr asiofiag tyspeothsan patesensy assionr olihgennearabrasivendiaeaasthpent
portion L %ih@éﬁ?c?ﬁt?BuEér}etd ﬁé@?ixﬁmﬁéﬁtﬁ&ﬁé@eﬂ%hﬂ?hﬁﬁaﬁéﬁ@?{ abr a|SI vet \Ageel g ﬁn
open part oppo o the angul ar and cl.osed pat J ocated on the
outer " peri phor dr ieRsFabfRsILe, el ohtho SURAEATT At VB ePHOr Rt ur e,
wher eby sHavishgisg acobrdirigto tiruseedndurspect of ihedpregentinventicgdi |y di schar ged
fromthe open Rl dsive Pioins Hrd SRfIEpRMb il dea b SAA%E 393 1e31h Bénd.

The resin bond, acting to smooth the autogenous action of the

superabrasive wheel as the binder similarly to the aforementioned vitrified

bond, contributes to sustainment of excellent sharpness. Further, the
resin bond having an elastic action as the binder effectively reduces the
sizes of scratches formed on the surface of the workpiece during grinding,
thereby reducing surface roughness of the workpiece.

In the superabrasive wheel for mirror finishing according to the
second aspect of the present invention, each of the plurality of
superabrasive layers is preferably so arranged that an angularly bent
portion is located on the inner peripheral side of superabrasive wheel. An
open part opposite to the angularly bent and closed part is located on the
outer peripheral side of the superabrasive wheel due to this structure,
whereby shavings and chips caused during grinding can be readily
discharged from the open part. Thus, dischargeability for shavings can be
improved.

Each of the plurality of superabrasive layers preferably has a plate
shape bent in a V shape. When each superabrasive layer of the plate
shape is bent in the V shape, the superabrasive layer is strengthened
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i nproved. Each of the plurality of superabrasive |layers preferably has a
plate shape bent in a V shape. \Wen each superabrasive |ayer of the Iate
shape is bent in the V shape, the superabrasive |ayer is strengthenkl ER 2085 2
SEP 2006 against resistance in the vertical direction and the rotational
direction of the superabrasive wheel applied to each superabrasive |ayer
during grinding, to be nore hardly displaceable fromthe end surface of the
base plate. Therefore, it is possible to prevent occurrence of scratches
resulting fromdisplacenment of the superabrasive |ayer during grinding.
When each of the superabrasive |layers has the plate shape bent in the V
shape, the apical angle of the V shape is preferably at |east 30 and not

more than nst xtbt%fﬁaégghlh ;M kfgrt}(f'éaltcﬁ?ec\(lo%pgﬂﬁ ths ré@e}tl&ﬁ)alacﬁrécg?oﬁ off0: 1IN

order to efficien s and Furt her,
the api calth@rsglp@r@bramae Wh@h ppplied steteat:b snperahnaéntehlawen ringy that a

grindi ng féﬁ'h&n“ga@o Be xﬁi.fnféﬁéﬁﬂ | 61% in éfr&h%@de S FqEe Qﬁ‘tﬁé‘ﬁa rkpi ece
y dispBediledy T asd?

and the su erabrﬁl ayers a | aceab romt e urface
of the ba afg.at %‘g’g?liﬁsﬂt]rsésq%% ﬁéépirﬁv‘@ﬁ‘i Q?Gllﬁ’ffncﬁr? f sexpich ?%reﬁmve t hese
effects, tﬂﬂma@sppdcemt%fqhetshgeila&m%m lasremruelr:g gﬁﬁa@bgy set to at |east
45 and not nor han %?zntﬁ;]@to t he, si ze ga B—Eera& sive | ayer having
the plate shape" %8rt2 sypenabEasiys, [ayex %@ﬁ RE BeREILE the V
shape, t hethehV ckapsstheodpichkbapgletef tﬂaled‘qbehbpenrspgefefmbly #tHapst 30fdamde hei ght
of the pl n

directi onapi(ft I?E%pr?% rg(riéaléha %Q%chaﬁ%%%gﬁ F}?ébYa 1&%%2@ ?F ie)é]a%rte etably set
to 2 to zonmndeot5ef&ClSnﬂdesa}wxgetShaymgﬁmmésbmdwng grimtiagpr ef er abl y,

t he | engt f O & Qf the plate
shape for%éﬁth%ﬁzﬂ slﬁgéleggaled&ttﬁbnﬁglgﬁeys &'a@eh()t tgreé ?ﬁ%’gggﬁoﬁ% ng the Vv
shape are a gripding 5141@@“ ¢ effcie fdoz WWW pee pbthe vel y.

Further, t\b@ll&ﬁ@@é aﬁaaﬁb\sa leﬁé(&ra%wehpa\y'ei‘ga%é‘ﬁaﬁﬂl%ﬁﬁs?l’h%@ﬁb%bnﬂ thd he V
shape are end surface of ate along the

fer fblfxgd on af g(*
peri pher aI F%H A€ B ﬁlagtam%a’éeél ?a?f’el%’ﬂpﬁﬁ%g valBsOHerdos 1o 20 mm
from each mﬂsmv,e these effectsntles wpical aagte obthe Yrshiapeadb hyoregireferably setl0 nm

The inter Vt%l at lt%gg%’\gg‘naﬁﬁ%ot more than 90°.

As to the size of each superabrasive layer having the plate shape
bent in the V shape, the length of a single side of the V shape, the thickness
of the plate shape forming the V shape and the height of the plate shape
forming the V shape, i.e., the length along the direction of the rotary shaft
of the superabrasive wheel are preferably set to 2 to 20 mm, 0.5 to 5 mm
and 3 to 10 mm respectively. More preferably, the length of a single side
forming the V shape, the thickness of the plate shape forming the V shape
and the height of the plate shape forming the V shape are set to 3 to 15 mm,
1to 3 mm and 3 to 10 mm respectively. Further, the superabrasive layers
having the plate shape bent in the V shape are preferably fixed onto the
end surface of the base plate along the peripheral direction of the annular
base plate at intervals of 0.5 to 20 mm from each other, and the intervals
are more preferably set to 1 to 10 mm. The intervals between the
superabrasive layers are preferably properly decided in response to

30 grinding conditions and the type of the workpiece.

In the superabrasive wheel for mirror finishing according to the
second aspect of the present invention, each of the plurality of
superabrasive layers preferably has a plate shape bent to have a curved
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superabrasive |ayers are preferably properly decided in response to 30
grinding conditions and the type of the workpiece. In the superabrasiye
wheel for mrror finishing according to the second aspect of the h&k§5&emm
invention, each of the plurality of superabrasive |ayers preferably has a
pl ate shape bent to have a curved -9 Z 2 SEP 2006 surface. In other words,
a corner portion preferably has a radius of curvature in the bent shape of

t he superabrasive | ayer. When each superabrasive |ayer has the plate shape
bent to have a curved surface, the grinding fluid can be efficiently fed
whi | e shavi ngs and chips can be effectively discharged simlarly to the
case of the plate shape bent in the V shape, and the superabrasive |ayer is

hardly di gpkfeeable oth&Mybiss, @NbrngH pbAGen PlefehghBAsEs RIrdlifusefi NSt
resi stance in grindi tches resultin di spl(ﬁgemant of the

Bg Thus, scr g frog)l:h

super abr a§Pyeatuzgan t &bept shape oht gs}paeraé)rrpﬁw,er}@ye;b\ sOREEYPRMUri cal shape
obt aibned @?Apbﬁ%bﬁag;teﬁlawil‘c hltadrthﬁ @ﬂawﬁ@b e béhtrl]ioslftﬂ&ea car\G%cs Baﬂftac@,rtlie:ﬁe It ihke
can be enplo the pl at g shape.bent .10, have a gurved sunface. In the
super abr a@Véﬁ%ﬁg@}ld‘fC p‘?ﬁ?&iﬂe qﬁ%f%‘ﬁ?”&’dfea%’c%‘?agﬁﬁnﬁo&m@Cagg’ceond aspect of

t he preserffectivelytdiecharged sioplaribtatheeadeanfahe platd shapé penhav ehedf ki ng
f | | cyl f f.ath
super abr ashaBe bl fhé buREHATAG a0k LonAREy ' Al ol i id o\ b asi ve

| ayers pr &hstagblof thadage plateagsfingt resistancein ngt Abues, seiadeh@0 % with

respect tQe§lIgird 88nPlispladenteort B e ARlpenLr Vv @1dyeP @ anPRSIdngd 1Re out er
peri pheral edges of the p|l.ural M%hof sugera&ra Ivé. layers wth each other

and a | i n€TE¥HRECt Angpreiealindrical shape pbtained by ng picylimdrrcal ishapes

super abr asi VesHappehC ¥hhpe 62¢He Dikd&ian Hhemplapral &8 tleapiatsipprbaitve | ayer
I's brought into the plaﬁe shape thereby enabling control of reducing the
area rati GO @ AEFRISUTFRES surface of the superabrasive |ayer and increasing
the force actidg the sspebabsaspes athieabforemiprar finnshingraxspedingtto thech a

continuo r iLve .l r.-th a.sin i: rat ed hjuo
coper abr aseb AR aSHREiol 0 bt iBVERubE b ol b Fa 0 RV Bl ERDRAP TOUS
wheel , i mivaoei werkgng svafsices sybstentialopetienglicdlar dothgentary duff ofithé t he
super abr aghygr yK188lve GHELITAAY the working area of the plurality of

superabrasive layers preferably has a ratio of at least 5 % and not more

than 80 % with respect to the area of a ring shape defined by a line
connecting the outer peripheral edges of the plurality of superabrasive
layers with each other and a line connecting the inner peripheral edges of
the plurality of superabrasive layers with each other.

The shape of each superabrasive layer is brought into the plate
shape thereby enabling control of reducing the area ratio of the working
surface of the superabrasive layer and increasing the force acting on each
superabrasive grain with respect to such a continuous type superabrasive
layer that a single integrated continuous superabrasive layer is formed on
the end surface of the superabrasive wheel, improving grindability and
smoothing the autogenous action of the superabrasive wheel. Assuming
that the radial lengths of the superabrasive layers are identical to each
other, the area of the working surfaces of the plurality of superabrasive

30 layers is preferably set to 5 to 80 % of the area of the continuous type
superabrasive layer, more preferably set within the range of 10 to 50 %.
Thus, working pressure of 2 to 10 times with respect to the continuous type
superabrasive layer is applied to the working surface of each superabrasive
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that the radial |engths of the superabrasive |ayers are identical to each
other, the area of the working surfaces of the plurality of superabrasive 30
| ayers is preferably set to 5 to 80 % of the area of the continuous? $pR 2006
superabrasive |ayer, nore preferably set within the range of 10 to 50 %
Thus, working pressure of 2 to 10 tinmes wth respect to the continuous type
superabrasive |ayer is applied to the working surface of each superabrasive
-10 Z 2 SEP 2006 |ayer in the superabrasive wheel according to the present

i nvention, and a state of excellent sharpness can be sustained. In the

super abrasi ve wheel for mrror finishing according to the second aspect of
the present invention, the superabrasive |ayers preferably contain

super abr ag/ O r &l . | 0 mean
grain si zgéwe\?ﬁgnﬁg%%ﬁﬁfgﬁﬁ%ﬁ}}e% %% %%?h@%isgﬁﬁﬁg%ﬁ%@ %ﬁ&lgi nder for
t he superé’ﬁﬁftﬁéﬁf\%cgﬁ@éﬂ shazpoess pap be sgbaIBedond aspect of the present

i nvention, synfheheGupepsbrRivswheelforimisrdOfingsHifg dtchRlidgabqhesui t abl e as

t he contalned(ﬁugfr bﬁ i ve §$®Lns. The %énthetl sugiéabra5|¥e Bialns for

a Tesin bSRANEATH O LB BFeER SRKER PR e SRS AT LR SHE IFY Y SaRITbIG

super abr asowiigrsaipesalbisive getiak obabteast 0al gawandl watemore eha@an00qthar |y

pr ef er abl | nce ll. In ts n r t forward en f the

super abr aglf 3‘%&3} 5?‘%21 ‘Jt%%/‘!"t rsﬁ'}iﬁl"r%1 %ﬁal"g’?%é% ﬁg%ga k?ogl? D! e?&é‘d%%(fﬁ% iC

di anmond s bpetexioasghe supeaibrasiver wheeleaicnr diomgdto the\sespnd RBKecy off e ' nane) by

CGE Super abrasd ( : e D §ﬁpﬁ b ki, Kai sha or

CDA (t radg ?\s;ér?é?ﬁgeﬁ@hBye@%glg%%r?%%%ﬂ%?m%q?ﬁgqg nt .(Zl?(ligk%i anond

super abr a§hifably as Hae contained supersdnasivemvRIng t rBe spathgtioy GE

Super abr agiyefalitasiNENGaiSBir PrestBNond! hadthg RegTdr usRaBMAyRNkO K. K. can

be appli ed. VMI|€ aa% I.S nDstegrgfenabl enpl oyed far Egﬁln and dressing

the supeF¥BPALeY &1t SEPtheticuReTabrasive %’F’é‘sfl@ﬁta W&éﬂbq oY A S@8hsi der ati on

gf def fi _Cbgd‘dle}{ aaeqbambdlalrwy prefershlernsinéd smSH&?SQrtBQ&&i Tod &mm(i;m Pthyda net al
ond grindstone o el ect rodeposi ti on grindstone having a dianond grain

size of Aol s of e SRaAbTEYe exhnbY i B 4ne Srer A or var d end

hei ght of Ed».anond abr asi ve grai ns.

As synthetic diamond superabrasive grains for a resin bond, RVM or
RJK1 (trade name) by GE Superabrasives, IRM (trade name) by Tomei
Diamond Kabushiki Kaisha or CDA (trade name) by De Beers can be
applied. As the synthetic diamond superabrasive grains for a resin bond,

BMP1 (trade name) by GE Superabrasives or SBNB, SBNT or SBNF (trade
name) by Showa Denko K.K. can be applied.

While an RD is most preferably employed for truing and dressing the
superabrasive wheel according to the present invention in consideration of
efficiency and molding precision, it is also possible to employ a metal bond
grindstone or an electrodeposition grindstone having a diamond grain size
of about #30 (grain diameter: 650 um) with no dispersion in forward end
height of diamond abrasive grains.

When employing the superabrasive wheel for mirror finishing
according to the present invention for grinding, as hereinabove described, it
1s possible to effectively prevent superabrasive grains crushed or falling
during grinding or shavings and chips from being caught between the
superabrasive layers and the workpiece and causing scratches on the
surface of the workpiece. Thus, dischargeability for superabrasive grains
or shavings can be improved while the superabrasive layers are hardly
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When enpl oyi ng the superabrasive wheel for mirror finishing according to
~the present invention for grinding, as hereinabove described, it 1is.
possible to effectively prevent superabrasive grains crushed or fal}2i8§P 2008
-during grinding or shavings and chi ps from bei ng caught between the

super abrasi ve | ayers and the workpi ece and causing scratches on the surface
of the workpiece. Thus, discharge ability for superabrasive grains or

shavi ngs can be inproved while the superabrasive |ayers are hardly 11 2 2
SEP 2006 displaceable fromthe end surface of the base plate during
grindi ng, whereby scratches resulting fromdisplacenent of the superabrasive
| ayers can al so be prevented. Brief Description of the Drawings Fig. 1 is a

plan vi ewcﬁbm'cegbl@ ﬁé&@%@%ﬁﬁwﬁawsﬁh@sgﬁﬂmg dhwg: iglipeei ment of the
present invent ctignal end view of t supera rasi ve wheel

t aken al onYeioRy %CFﬁ@%PFIPSF‘ﬁ?Wg g§m q1Sp C@m@ﬁ%ftbepﬁwrebww ayers
superabrasdayleambe,elpr@ogme@ ng to a second enbodi nent of the present
invention. Fig. 4 is a plan view of a superabrasive wheel according to a
third enbodinment of the present invention. Fig. 5 is a side elevational

vi ew of tBrisfipesatipten of thé®ravshgsn in Fig. 4. Fig. 6 is a sectional end

view of the sungaliay ve,ies) KRR 2LOpa ek DR dldediBeRham 4 Fi o

71is a partlally perspec eragra5|ve | ayer
portion oferthedimpgmdraithagiresentiaeensioown in Fig. 4. Fig. 8 is a plan view

of a superabrasF eZ‘ﬁ@%eéecﬁGﬁQI &h G dw o?tﬁ@%ﬁb@r@dﬂ@ﬁ}er@ﬂﬁepﬂ(aﬂeﬁealg sent

i nventi on. el evational view of the superabrasive eel
shown in tihle 1§0 tS a perspective view schematically show ng

in-feed gri ndI rEig 3Ffsgp1&ﬂ; \héwaofdal a@p @mbghAsive RehédlQiceeidh @b abgicwaan the

\rll\gpilz:(rj of o) V\g&ﬁl neqltto'f'{ge present 1nven€io$1t he maxi mumwi dth of irregularity on a

Fig. 4is a plan view of a superabrasive wheel according to a third
embodiment of the present invention.

Fig. 5 is a side elevational view of the superabrasive wheel shown in
Fig. 4.

Fig. 6 1s a sectional end view of the superabrasive wheel taken along
the line VI-VI in Fig. 4.

Fig. 7 is a partially fragmented perspective view showing a
superabrasive layer portion of the superabrasive wheel shown in Fig. 4.

Fig. 8 is a plan view of a superabrasive wheel according to a fourth
embodiment of the present invention.

Fig. 9is a side elevational view of the superabrasive wheel shown in
Fig. 8.

Fig. 10 is a perspective view schematically showing in-feed grinding.

Fig. 11 is a diagram showing the relation between the number of
working times, a PV value (the maximum width of irregularity on a worked
surface of a workpiece, i.e., the maximum distance between a peak and a
valley) of the workpiece and surface roughness Ra obtained as a result of a
grinding test in Example 3 of the present invention.

Fig. 12 is a diagram showing the relation between the number of
working times and surface roughness of workpieces obtained as one of
results of grinding tests in Examples 3, 5, 6 and 7 of the present invention.

Fig. 13 is a diagram showing the relation between the number of
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surface of a workpiece, i.e., the maxi mum di stance between a peak and a
val | ey) of the workpiece and surface roughness Ra obtained as a result of a
grinding test in Exanple 3 of the present invention. Fig. 12 is a dizdg8EPmqgs
showi ng the relation between the nunmber of working tinmes and surface
roughness of workpi eces obtained as one of results of grinding tests in
Exanples 3, 5, 6 and 7 of the present invention. Fig. 13 is a diagram
showi ng the rel ation between the nunber of -12 7 2 SEP 2006 working tines
and grinding resistance obtained as one of results of grinding tests in
Examples 3, 5, 6 and 7 of the present invention. Fig. 14 is a plan view
showi ng a conductive nold enployed for formng an el ectrodeposition di anond
layer in Exanple 7 of the present invention. Fig. 15 is a side elevational

view showili hBaiGROd k¥ dTRL Y esRIRNOY 6t didled! £ %@%f@@sﬂtg%tfr odeposi ti on

di anond | ayer. i'n Exanp rﬁgr esent 1nvention. Fig iIs a plan view
showi ng @%%%ﬁ%@i@é‘%é@s$o§ gndatebtle pgesen icosmtian ve exanple 1 of

the present irwgntiyqe.a pigh vigwlsﬁo%ﬁgaege@ﬂfaém Roldhempedypdd sy bet ween the
nunber of working t| me f .a workpi ece ﬁﬁgdé;éiiﬁace roughness Ra

obt ai ned [HEE § @3kl @cvpaapaﬂtm:n Teasd JAKeE IRFepeBt t he
present imwadiban. Fig. 18 is a partl ally fragrrent ed sectional view show ng

a base plate i.ded with.a h e nti.n supe ra5|v Iayer on an
end surface OEF ﬁlé 158t |%1@¥a n@i)?fbea"fé O\Y‘@ng cfcg“{i”gf éimao resent
i nventi osmpioged¥or fermimd he albetnodépesisiopedizn asd L ey shie Exfaompie 7afcor di ng

to conp L of the present invention Detailed Description of
t he Best@}ﬁgh%sex% rn;e/cll% Qut the Invention (First Enbodinment) As shown in

Figs. 1 and 2Yig. éﬁpé@hlﬁswwhewu@oswwbﬁaﬁqu wheel formedenbodi ment  of

the pr esaeéoﬂdﬂﬁg%lc@mpéxaftwy‘esda%@ 10Mpﬁ§é1ﬁp&@nl%aﬁeenﬁloﬁte 120 nmade of an
super abr asi ve | ayers or

FULTENCTS PR SR ARG
working times, a PV value of a workpiece and surface roughness Ra
obtained as a result of a grinding test in comparative example 1 of the
present invention. .

Fig. 18 is a partially fragmented sectional view showing a base plate
provided with a hole for mounting a superabrasive layer on an end surface
of the base plate in comparative example 4 of the present invention.

Fig. 19is a plan view of a superabrasive wheel formed according to
comparative example 4 of the present-invention

Detailed Description of the Best Mode for Carrying Out the Invention

(First Embodiment)

As shown in Figs. 1 and 2, a superabrasive wheel 100 according to a
first embodiment of the present invention is formed by a cup-shaped base
plate 120 made of an aluminum alloy or the like and a plurality of flat
superabrasive layers or plate-shaped members 110 fixed onto a single end surface
121 of the base plate 120 at intervals from each other along the peripheral direction.
Surfaces defining the thickness of the superabrasive layers 110, 1.e.,
surfaces 113 along the direction of the thickness are fixed to
circurnferential grooves of a prescribed width formed in the single end
surface 121 of the base plate 120. Each superabrasive layer 110 is fixed to
the single end surface 121 of the base plate 120 so that a peripheral end
surface 111 of the superabrasive layer 110 is substantially parallel to the
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121 of the base plate 120 at intervals fromeach other along the peripheral
direction. Surfaces defining the thickness of the superabrasive |ayers 110,
i.e., surfaces 113 along the direction of the thickness are fixed t SEP 2006
circunferential grooves of a prescribed width forned in the single end
surface 121 of the base plate 120. Each superabrasive layer 110 is fixed to
the single end surface 121 of the base plate 120 so that a peripheral end
surface 111 of the superabrasive |layer 110 is substantially parallel to the
- 13 22SEP2006 rotary shaft of the superabrasive wheel 110 and the

| ongi tudi nal direction of the superabrasive |ayer 110 is along the radial
direction of the super abr asi ve wheel 100. Each superabrasive |ayer 110 has
a working surf &%é%substantlally perpendicular to the rotary shaft of

t he supe%%ﬂgiw t ¢ superabvassyewheel 140 aaytéhe.lﬁ@gltﬁélm@k@kryc@ﬁaft of

the supe SR r of the base
e e 12&(5)@&1(’%%%%15\’5%%%%1%%& 11(%2%3 mﬁ%@&%&ﬁﬂﬁiﬁéa@&p@g% of Lhe bas

200 accor PR a0 agl Ve W 1@%0@%ﬁhmunﬂrabﬁ@51ﬁfé§é{ﬁt Li1vkas poMorkinRor med by
a cup-shapedabasaznd i Ran B0l e, £1di A2l THBUDCAL) Qb ot e | | ke and a

plurality of flat a ive ers qr plate nenbers 210 fi onto a
singl e enﬂu%‘?}rafbéé‘él@zg’%@?{) Eﬁagéyepl%ﬁ IrREeRYiNgnk Waé"yfﬁb@#( ng:]ﬁe ot her
al ong t hespgdiiadhasile d'lhre@IZQOQﬁs fdheed SHRBEARMASAIVISo MIGElf 2RO baseqrldiag to
t he seconﬁ2 nmbodi ment is different fromthe superabrasive wheel 100 shown

in Figs. nd 2 in a point that each superabrasive layer 210 is fixed onto
the single end(SemonatEnP2ddiaferithe base plate 220 so that the |ongitudina
direction of e I SiqV I [ lq 220 is
at an angl e a Wt} ok esgﬁ?t‘l% 3 gﬁ%lﬁ%%é%f%ﬁ’l%?\?%@?%@’%?@@ﬁé&%Zara Z{*s. ve
wheel 200empTRImMEnLERhS ?rﬁéﬁﬁ?nm\@lﬁém isnformed by a euy;sha p@@p*é@%mp Pve

wheel 3002 2@ a0s @ egah%l@mltdﬂxﬁdalﬁdpo&dtmnkeoatnd B%lﬂxfr‘éﬁwtof'ﬂﬁfcentl on is
fornmed by shape ase ate 320 n alum nu e like
and = pl RS By roplals Termiere R0 g e e oS BEL T Wty 241 0
angul ar | ythedrisepllatec2 2 apimtervialeeffomoedoh Gthet alpng thepesipticaaladitticnf. Thee base
plate 32051P5eria%tr§§i\(z%l WhEEPIHE aa%@of?ﬁﬁgrto the second embodiment is different

from the superabrasiv'e wheel 100 shown in Figs. 1 and 2 in a point that

each superabrasive layer 210 is fixed onto the single end surface 221 of the

base plate 220 so that the longitudinal direction of each superabrasive

layer 210 of the superabrasive wheel 220 is at an angle o with respect to

the radial direction of the superabrasive wheel 200.

(Third Embodiment)

As shown in Figs. 4 to 7, a superabrasive wheel 300 according to a
third embodiment of the present invention is formed by a cup-shaped base
plate 320 made of an aluminum allov or the like and a plurality of
superabrasive layers or members 310, having an angularly bent plate shape, fixed
onto a single end surface 321 of the base plate 320 at intervals from each other
along the peripheral direction. A surface 313 defined by the thickness of
the plate shape of each superabrasive layer 310 is fixed to a circumferential
groove of a prescribed width formed on the end surface of the base plate 320.
Each superabrasive layer 310 is fixed onto the single end surface 321 of the
base plate 320 so that a peripheral end surface 311 of each superabrasive
layer 310 is substantially parallel to the rotary shaft of the superabrasive
wheel 300 and a bent portion 314 of each superabrasive layer 310 is located
on the inner peripheral side of the superabrasive wheel 300. In this
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al ong the peripheral direction. A surface 313 defined by the thickness of
the plate shape of each superabrasive |ayer 310 is fixed to a
circunferential groove of a prescribed width forned on the end surface. of
the base plate 320. Each superabrasive |ayer 310 is fixed onto the <iZn¥iPe200s
end surface 321 of the base plate 320 so that a peripheral end surface 311
of each superabrasive |ayer 310 is substantially parallel to the rotary
shaft of the superabrasive wheel 300 and a bent portion 314 of each
superabrasive |layer 310 is |located on the inner peripheral side of the
super abrasi ve wheel 300. In this -14 U 2 SEP 2006 enbodi nent, the
super abrasive | ayer 310, having a V-shape as the angul arly bent pl ate shape,
is so fixed onto the single end surface 313 of the base plate 320 that an
peri pheral side of

api cal part 314 of the V-shape is ,loc on.t he (. nner
tE\Ie supgr afF %ﬁi’\?’ée%g@ S‘S‘%@%@?’&%ﬂ?ﬁ“ﬁ@&%ﬁ%f%@s ?HS\%%?I Figs. 8 and 9,

a super abr@ssg\ylear\hmghtéiﬂ@t'eagl@@ﬁ i 8osd fixad dhaurthle snigbeliemensuofacehel potent

d

invention |s far ~a cup-.shaped ) te 420 made of an al um num

al | oy or th%%nﬁege,e g%@¥1aat@ pmtrgar&ﬁgﬁﬁég %ﬁﬁ@w 1959@5013)?}‘%?@&8 410,
havi ng a cugrygHkyalbeidie ¢fl thteesusdrape asfviexetheehB60a singl e end surface 421 of
the base plate ﬂﬁz_o Aat%bjgntercﬁal s from each other along the peripheral
direction. In thSHe Eﬁ]‘?ﬁe ¢ he curvedly bent plate shape of the

super abr asi ve | ApestowidGnil&iga. plate 9shapeerhéntsive waeel d (dunverd dsngftace,
i.e., as 2 Pr.avi i [ il Vi N radi of I re,
i s m | arry D Ene e B LY R 9 B b b P U AT,
of the af arlenerZilomadef ofran adnhiseserdloyndoth eitesar ereepleuglitsr abr asi ve

wheel 100 | [ - r the: .super abr asi \ I own in
Filg. 3, f’&?%’%‘gif*é“%%ﬁd& B R D fer 1 oY et

(f i s enployed as _
af or enent i SR8G: An QS 8ierand %’1‘%@6 i o $he base plats V0driatarvads frel 300
shown i n Feagh.othertadoig aredpdripthesalphiregtivasinvdisdrabbdindd, iBown in Figs. 8 and

bond o an el et reacnag it ERBBTe e AU ALARNY 1P Y i e Sndp™"
Cer ani cs- D60 §r¥sa crEvesrariacanty, aapsysavided wilea vi t rédived bond, which
i's more prefer @bityori Ravinp@rradfsYlcUedaiie, dBQﬁlﬂ%riy to the superabrasive wheel

300 shown in Figs. 4 to 7.

In each of the aforementioned first and second ermnbodiments (the
superabrasive wheel 100 shown in Figs. 1 and 2 and the superabrasive
wheel 200 shown in Fig. 3), a vitrified bond is employed as a binder. In
each of the aforementioned third and fourth embodiments (the
superabrasive wheel 300 shown in Figs. 4 to 7 and the superabrasive wheel
400 shown in Figs. 8 and 9), a vitrified bond or a resin bond is preferably
employed while a metal bond or an electrodeposition bond may be employed
as the binder. Ceramics-based glass 1s preferably employed for the
vitrified bond, which is more preferably in a porous structure. Phenol-
based resin is preferably employed for the resin bond, to which a filler is
more preferably added. '

In any embodiment of the superabrasive wheel according to the
present invention, the superabrasive layers are preferably bonded to the

single end surface of the base plate with a resin-based adhesive or by
brazing.

(Examples)

Superabrasive wheels according to Examples of the present

invention and superabrasive wheels according to comparative examples
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based resin is preferably enployed for the resin bond, to which a filler is
nore preferably added. In any enbodi nent of the superabrasive wheel
according to the present invention, the superabrasive |ayers are r2r7e$FeDr2—:ﬂﬂﬂy
bonded to the single end surface of the base plate with a resin-based
adhesive or by brazing. (Exanples) Superabrasive wheels according to
Exanpl es of the present invention and superabrasive wheels according to
conparative exanples - 15 2 2 SEP 2006 were nanufactured for performng a
mrror finishing test wwth each superabrasive wheel in an in-feed grinding
system As an evaluation nethod for the mrror finishing test, a discoidal
wor kpi ece of single- crystalline silicon having a dianmeter of 100 nm was
ground at i ni shing) of
35 m and ?’ﬁ?%ﬂ*%}‘?%a'f‘%‘é%fé* 9%§°5r s A TR
quantity ofurRgnagresivgrivheslig amm- gipdmg asrﬁtgmgr |Aﬁjﬁngv\aélsaf@@ht| nued for

meki ng evaiebeﬁéam ﬁMetﬁn%‘éE'fﬁ%ﬁghfrngﬁéQﬂeéalsB@l&ﬁ V&di‘kp‘l\&fekﬁ‘s@ﬁéleafter wor ki ng
and a PV valu he maxi num val ue ﬁ;t e .maxi mum di st ance bet en a
peak and ar%ﬁﬂl@@)sﬂe}ﬁon PRSI aﬂw%ﬁ*’r oG I avas grqvad abaidersh oAl | of the
fol l owi ng eut ftagd cre(pwhfoﬁeamﬁao@gﬂdmgvaﬂ@ﬁme&m@ of 8Htuah ) nmld@mﬁr perfor m ng
O g St % a2a 0 Sl Sk THEGPRY Fhk Aeg s athelEient o¢ ©"
arrow R2, gﬁmdnmgwfasrétﬁm@ nims f e@hmggrmdmggwa@&bntmumgl foo rrakjingl 0,

super abr as h&ﬁua@%ﬁr haglﬁfgd%\ﬁo%éth%letsg%{&{ S\le &Mjg@%ﬁ&fmg %&!ﬂﬁ’ LARrasi ve

wheel super anr asi SO provi sup rabraswe
| ayers com? vaiu@, senthe maginm vploe ﬂlesmmm@nsmaiﬁncmbemewpam@a Thus,

grinding i uper abr asi ve
wheel 1 gqndsd"vm Qfsf?%ﬁ“%ﬁbﬂtﬁ%ﬁmm%%%ﬁgf e o ece 5.

cen portion
Such grin %qerr@(ylg e&% ‘im:%féé]dleﬁrvi’% éﬁ?ﬁr(Exarrple 1) A
vitrified p@ﬂdrmn@ggmrmﬂgf@@mege grains of #3000 in grain size

As shown in Fig. 10, a superabrasive wheel 1 mounted on a rotary

shaft 2 rotates along arrow R1 and a workpiece 3 rotates along arrow R2,
for performing in-feed grinding. Referring to Fig. 10, superabrasive layers
are fixed to the lower surface of the superabrasive wheel 1. The
superabrasive wheel 1 is so provided that the superabrasive layers come
into contact with a ground surface 31 of the workpiece 3. Thus, grinding is
so performed that the superabrasive layers of the superabrasive wheel 1 |
regularly pass through a central portion 32 of the workpiece 3. Such
grinding is referred to as the in-feed grinding system.

(Example 1)

A vitrified bond and diamond abrasive grains of #3000 in grain size
(abrasive grain diameter: 2 to 6 um) were homogeneously mixed with each
other. This mixture was pressed at the room temperature and thereafter
fired in a firing furnace at a temperature of 1100°C, for preparing diamond
layers as superabrasive layers having a flat plate shape. The length of one
side of the section of the flat plate shape was 4 mm, the thickness was 1
mm, and the height was 5 mm. Table 1 shows the composition of the
vitrified bond.
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(abrasive grain dianeter:

ot her.

2 to 6 n) were honogeneously m xed with each
This m xture was pressed at the roomtenperature and thereafter

fired in a firing furnace at a tenperature of 1100C, for preparing cﬂpﬁpmgﬂﬂs

| ayers as superabrasive |ayers having a flat plate shape.

The | ength of one

side of the section of the flat plate shape was 4 mm the thickness was 1

mm and the height was 5 mm Table 1 shows the conposition of the wvitrified
bond. -16 Z 2 SEP 2006 Table 1 Si02 62 weight % A1203 17 weight % K20 9
wei ght % CaO 4 weight % B203 2 weight % Na20 2wei ght % Fe203 0. 5wei ght %

MyO 0.3 wei ght OZO Circunferenti al

a single
di anmet er
plurality
bonded to
2.5 mm fr

fl at - shape

gro

oves of 4.5 Mmin width were forned on

end surface of a base plate of an alum num alloy having an outer

{ab%g?]nrmnd

nm and a thickness of 32 mm at a depth of 1 nm The

Si@se groov

bS W t3D ey

ayers ohtained jn the aforenentioned manner were
EPO%Y

resi n-based adhesive at intervals of

0]
3ettions

ch other

SO TnNat T
Hf thplnﬁ}kﬁ

S

gi tudinal direction of the
yers was along the radial direction

of the bas
1 was
spindle r
with a di
of
condi tions

pre

si ngl €

eK.@l ate. Th

S,

a @ aepsict

yh

eel for mrror finishing showm in Fig.

g@l’aﬁ . Ihe o

Dt ai ned. di a

(0N

7

eel was nmounted on a vertical

rLtath
aBuhd rotary

surf ama4 }yﬁ?

nd subjected to truing and dressing

dresse) welight Yhereafter performng mrror finishing

-Gl alT1 ne
.ﬁ%. Z 2 SE

silTrcon. Tabl
2006 EW&F&E%

2 shows the mrror finishing

FeaOs

0.5weight %

MgO

0.3 weight %

Circumferential grooves of 4.5 mm in width were formed on a single

end surface of a base plate of an aluminum alloy having an outer diameter
of 200 mm and a thickness of 32 mm at a depth of 1 mm. The plurality of
diamond layers obtained in the aforementioned manner were bonded to

these grooves with an epoxy resin-based adhesive at intervals of 2.5 mm
from each other so that the longitudinal direction of the flat-shaped

sections of the diamond layers was along the radial direction of the base
plate. Thus, a diamond wheel for mirror finishing shown in Fig. 1 was

prepared.

The obtained diamond wheel was mounted on a vertical spindle

rotary table surface grinder and subjected to truing and dressing with a

diamond rotary dresser, for thereafter performing mirror finishing of
single-crystalline silicon. Table 2 shows the mirror finishing conditions.
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Wheel

Spindle Rotary Table Surface Gi nder

m n-' Peri

Roughing 30 m Cutting Speed in Roughing 20 mmn
Finishing 5 pm Cutting Speed in Finishing 5 gm mn.

Rot at i onal
was excel |

pheral Velocity of Wheel 3

Frequency of Wbrkpi ece 10
ent in sharpness, and

Rot at i onal
3.8 nisec.

Frequency of Wheel
Total Depth of Cut 4hSEP
Total Depth of Cut
Spar k- Qut 30 sec.

O r.p.m Consequently,

Si ze 4200- 32T Workpi ece Single-Crystalline Silicon Ginder Vertical
3230

2006

in

t he di anond wheel
t he workpi ece was in an excellent state

wi th surface roughness Ra of 0.0 15 gm a PV value of 0.20 gmand a snall

nunber of
grai ns of

honogeneous|yye 9 xed W t h each

scratches. (Exanple 2) A v
#3000 in grain size
ot her.

(abrasive grain dianeter:

itrified bond and di anond abr asi ve

2 to 6 gm were

Thi s m'xture was pressed at the room

t enper at ur
1100C,

f of Vheq}

C Aty L IICI Cal LCI

areeg di anond
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| ayers

S
Tllllllgj trace nL & LCIIIJCI‘CILUIU

#290-88Ta flat plate shape. The |eng

f
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gy Qikpide section of the f
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Thus, a di amond wheel for m

rror

Clitihg Speddin Finishing ' "

—B%mgnwas prepared.

Spark-Out

30 sec.

Rotational Frequency of Workpiece

100 x.p.m.

Consequently, the diamond
the workpiece was in an excellent

wheel was excellent in sharpness, and
state with surface roughness Ra of 0.015

um, a PV value of 0.20 um and a small number of scratches.

(Example 2)

A vitrified bond and diamond abrasive grains of #3000 in grain size

(abrasive grain diameter: 2 to 6 pm) were homogeneously mixed with each

other. This mixture was pressed

at the room temperature and thereafter

fired in a firing furnace at a temperature of 1100°C, for preparing diamond

layers having a flat plate shape.

The length of one side of the section of

the flat plate shape was 4 mm, the thickness was 1 mm, and the height was

5 mm.

Circumferential grooves of 4.5 mm in width and 1 mm in depth were

formed on a single end surface of a base plate of an aluminum alloy having
an outer diameter of 200 mm and a thickness of 32 mm. The plurality of
diamond layers obtained in the aforementioned manner were bonded to

these grooves with an epoxy resin

-based adhesive at intervals of 2.5 mm

from each other so that the longitudinal direction of the section of the flat

plate shape of the diamond layers

was at an angle o of 20° with respect to

the radial direction of the base plate, i.e., the radial direction of a

superabrasive wheel.

Thus, a dlamond wheel for mirror finishing shown
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The obt ai ned di anond wheel was nounted on a vertical spindle rotary table
surface grinder and subjected to truing and dressing with a dianond rotary
dresser, for thereafter performng mrror finishing of single- crys?&lf?ﬁ%ﬁ
silicon. The mirror finishing conditions were simlar to those for Exanple
1. Consequently, the dianond wheel was excellent in sharpness, and the

wor kpi ece was in an excellent state with surface roughness Ra of 0.015 m a
PV value of 0.21 mand a snmall nunber of scratches. (Exanple 3) Avitrified
bond and di anond abrasive grains of #3000 in grain size (abrasive grain
dianeter: 2 to 6 m were honpbgeneously m xed with each other. This m xture
was pressed at the roomtenperature and thereafter fired in a firing
furnace atimFignperadtprepasdd. 1100C, for preparing pl at e- shaped di anond

| ayers having a ¥-s ed secti Ien ne s f V- shaped
section was 4 n#etqli’ggjt'}ﬁd@%ﬁ&%n%w-{‘tel%wﬁs 8“2 @@avser%ca.ﬁﬁmnt%ﬁ% angl e

bet ween t wootsirgéablecsurfag: gHadsr ahdmﬂbjaﬂed lt@mrumag & dressihg hatlhei ght of
1 - deg s 2ot dhefs, ot GG RLEE R Plor R IR ARk SR A or an
al um num aBlrtg}eﬁmtalgmasﬂmaner Tdmeanmrer ﬁ@nslnoe aomdztnen siweke ekmdss tof 32 mm
The pl ural ltﬁ% sefor Fli pcy | ayers obtained in the aforenmentioned manner were

bonded to ese grooves Wi th an epoxy.resin-based adhesive at intervals of
1 mm from eachCopRequertlyndre diraneyl Bhieehyiasiesnellent wmeharpsespeandect i ons

were di reCltEéimﬁokaféQerv@&Hﬁiaﬂ'e&@@]ﬂéxﬁnst@fte Wheh Sﬁ‘fiﬁl’:e POUSIPHEY TR a DF DO t he
base pl ate. E@“\gﬁ @DgﬂHWneel for rro& |sh|§9 shown in Fig. 4 was
prepared. HFhe bBtHHHES HHaeré”e?m WBORE ehSFRSSPer ti cal spindl e
rotary table su(Emm;qs Bnder and subj ect ed to truing and dressing with a

di anond rotary e r r ter | n f
single-crystall ?‘ne%s ficl{)o(r%ld %‘ﬁ& dg%l %d 5{39%%%#@0@1 &é?m %Iz%’l lar to
t hose for Exasive graiCehamgtent 150 6 um& \demmog\mus}mmmgd@wtbr&mhn

shar pness, (g IHH s YR lﬂi’i@%g"i%%séé'ﬂ BDtIRX ok $8hpet &G e Wrnd tidtehftes
roughness Ea 8f 0.015 -19 Z EP 200
red in a firing furnace at a temperature of 1100°C, for preparing plate-

shaped diamond layers having a V-shaped section. The length of one side
of the V-shaped section was 4 mm, the thickness of the plate shape was 1
mm, the angle between two sides forming the V-shaped section was 90°,
and the height of the diamond layers was 5 mm.

Circumferential grooves of 4.5 mm in width and 1 mm in depth were
formed on a single end surface of a base plate of an aluminum alloy having
an outer diameter of 200 mm and a thickness of 32 mm. The plurality of
diamond layexs obtained in the aforementioned manner were bonded to
these grooves with an epoxy resin-based adhesive at intervals of 1 mm from
each other so that the apical portions of the V-shaped sections were
directed to the radial direction of the inner peripheral side of the base plate.
Thus, a diamond wheel for mirror finishing shown in Fig. 4 was prepared.

The obtained diamond wheel was mounted on a vertical spindle
rotary table surface grinder and subjected to truing and dressing with a
diamond rotary dresser, for thereafter performing mirror finishing of
single-crystalline silicon. The mirror finishing conditions were similar to
those for Example 1.

Consequently, the diamond wheel was excellent in sharpness, and
the workpiece was in an excellent state with surface roughness Ra of 0.015

-19 -



m" a PV value of 0.21 pmand a small nunber of scratches. The PV val ue and
surface roughness. of the workpiece varying with the nunber of workin
times were neasured. Fig. 11 shows the results of the neasurenent.ztﬁgPZMQ
shows the rel ation between the nunber of working tinmes and the surface
roughness of the workpiece, and Fig. 13 shows the relation between the
nunmber of working tinmes and grinding resistance. It is understood from
Figs. 11 and 12 that the surface roughness and the PV value of the

wor kpi ece remain at relatively small |evels and change in a small range

al so when the nunber of working tines is increased. Further, it is
understood fromFig. 13 that the grinding resistance is not nuch changed

but kept iﬂmmuveat%ﬁ?z? ﬁﬁgﬂ}}g eY 3@l em‘frofgérag@ﬁé% ng times is

i ncr eased er ef ore he g Pesistance CaH nai nt ai ned | ow al so
when the quant ithe BVWumaqgi swripercreughness ofthe stprkntacesrdrying matle hes

resul ti ng theQfixilh SPLAFBIRINE Bines YASLANEARINE, IFYCT BRARsRBAEERAGED dUTi Ng

grinding but the life o e superabrasive eel can_be increased. (Exanple
4) A v.tr.ﬁﬁéeewew dfFagmlf?dslawa&h%elgﬂft tyreenddeonnmbsr #in si ze

(abrasi ve viorking ¢ineehft thd sueffeeMouphhesdofmaensisieye M@Timi 1h each

ot her. Thi ssed at t rogm t erature 3nd.t ereafter
fired in z?ilpwtsxtﬁ?ﬁ Eﬁvﬁ%g e P%%BBP?%% ﬁ‘ﬁ@é’(’,’le? 8PAFEERSMEng di anond
| ayers havesgtange. atleishagderstood fromediigs. |Mgaasdhar36wha(t$hmsu¢ffddendri cal)

section. a@agﬁﬁgésuanafth§% Y6le o1 0% gmﬁgc@se%@%ﬁw%aﬁvgpg hilfy  Lhi ckness

grooves oflevels -’:WW]I ¢han/gednnha anmlllr:mga sdephén tiee aumbﬁrrrédvmduag§umg$ e end
surface ofig %&%ﬁe?(@' aFﬁrt?lf §aﬁ 1§|11'~H3e?§'t'$bélfh?l¥ I"i%vwgga@@hé’g{fx{dlﬂgamt er of
anpnd | aye

200 mm and t hi ckness of g{@ura s obt ai ned
in the af 6ﬁmq®ﬁéeptrfaﬁﬁhﬂh@egedbeﬁ attaéa&meléé'aé%mwnﬁpﬁh&n epoxy

resi n- basethBeesf working ﬁhﬁrs\ighﬁc&hséd MThéAdreS IR g@iﬂzﬂhF&esislﬁalacéoe nt
portions of the se wer e

-ri shaped,sections of. t
A T AR B N S M YR RS
pl at e. Thughembgirmrtomdy whestichéoresultingrfrémndisplacgmeing wh supsrabsivi: was

prepar ed. lé%)rs can be prevented during grinding but the life of the superabrasive
wheel can be increased.

(Example 4)

A vitrified bond and diamond abrasive grains of #3000 in grain size
(abrasive grain diameter: 2 to 6 um) were homogeneously mixed with each
other. This mixture was pressed at the room temperature and thereafter
fired in a firing furnace at a temperature of 1100°C, for preparing diamond
layers having a plate shape and a semi-ring-shaped (semi-cylindrical)
section. The radius of the semi-ring-shaped section was 4 mm, the
thickness of the plate shape was 1 mm, and the height was 5 mm.

Circumferential grooves of 4.5 mm in width and 1 mm in depth were
formed on a single end surface of a base plate of an aluminum alloy having
an outer diameter of 200 mm and a thickness of 32 mm. The plurality of
diamond layers obtained in the aforementioned manner were bonded to
these grooves with an epoxy resin-based adhesive at intervals of 1 mm from
each other so that bent portions of the semi-ring-shaped sections of the
diamond layers were directed to the radial direction of the inner peripheral
side of the base plate. Thus, a diamond wheel for mirror finishing shown
in Fig. 8 was prepared.
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Z 2 SEP 2006 The obtai ned di anond wheel was nounted on a verti cal spindle
rotary table surface grinder and subjected to truing and dressing w ?

di anond rotary dresser, for thereafter performng mrror finishing bt SEP 2006
si'ngl e-crystalline silicon. The mirror finishing conditions were simlar to
those for Exanple 1. Consequently, the dianond wheel was excellent in
sharpness, and the workpiece was in an excellent state with surface
roughness Ra of 0.018 m a PV value of 0.24 mand a small nunber of
scratches. (Exanple 5) A resin bond and di anond abrasive grains of #2400 in
“grain size (abrasive grain dianmeter: 4 to 8 n) were honbgeneously m xed
wth each other. This m xture was pressed at a tenperature of 200C for

‘preparing di anPhd obayeied diaviondl whebbiwas phaReted¢h a Wrababgsindeet i on. The
| ength of he thickness of the

e of .t he V-shape ctio
oot snabtiendeblemristendreRad cabnehes Bie et fognt et Shaped
section widmménd aothryhlrebsrgfiir mferédifdaeﬂparrfondnh@ytﬁlrmn/ﬁmsmmgmf The resin
bond B Q h f 4.5
Pt n a e ARARC R e P R B BniHibEInBIERN, Rerd HRNET o e ™
pl ate of ath@l&fnrﬁlmmw]leoy having an outer dianeter of 200 rrmand a
thickness of 320 ﬁ’ﬁheﬂkﬁh El dd‘é%?oﬂfd wﬁhéirmﬁgek@éﬂféét 1P, }?dxﬂﬁl@sé ndde

were

af orenent i gned nmanne ese grooves Wt é
r esi n- basethewwekpigse yas in; an exacellet statprwithosnrt é@ﬁ;how&}mem%a phB018he

api cal  por hQRSPVTvAllE oY 05PREC0aSE AldnRalE itimbéeof stirafdted. | ayers were
directed to the adi aLe g}]rectlon of the inner peripheral side of the base

pl ate. Thus, XHOR eel for mrror finishing shown in Fig. 4 was
prepared. The OAtxajsneﬁoddaJMa\Mtﬁﬁi abEsivogrdiad of#2200dht dradh siel ndl e

rotary tab urface ri. nde ctedto truin nd .dr n
i amond T oldpgSiteg iy degElel Ml hi VER b RO MR E I Rgths "
si ngl e- crygthaelll i H&nsmmmm waberessedmt 4 temmparatyre oh@00°Gdier preparsagri | ar to

th f I npyds I
shgfgnegg %ﬁm&%e @iﬁﬁﬂg%%l’e F}trl\%g%gggcell ES%@%ﬁe?%séul?PgE%n

r oughness phoRe syl he V shaped section was 4 mm, the thickness of the plate

shape was 1 mm, the angle between two sides forming the V-shaped section
was 90°, and the height of the diamond layers was 5 mm. The resin bond
was mainly composed of phenol resin. '

Circumferential grooves of 4.5 mm in width and 1 mm in depth were
formed on a single end surface of a base plate of an aluminum alloy having
an outer diameter of 200 mm and a thickness of 32 mm. The plurality of
diamond layers obtained in the aforementioned manner were bonded to
these grooves with an epoxy resin-based adhesive at intervals of 1 mm from
each other so that the apical portions of the V-shaped sections of the
diamond layers were directed to the radial direction of the inner peripheral
side of the base plate. Thus, a diamond wheel for mirror finishing shown
in Fig. 4 was prepared.

The obtained diamond wheel was mounted on a vertical spindle
rotary table surface grinder and subjected to truing and dressing with a
diamond rotary dresser, for thereafter performing mirror finishing of
single-crystalline silicon. The mirror finishing conditions were similar to
those for Example 1.

Consequently, the diamond wheel was excellent in sharpness, and
the workpiece was in an excellent state with surface roughness Ra of 0.014
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-21 Z 2 SEP 2006 m a PV value of 0.18 mand a small number of scratches.
The surface roughness and grinding resistance of the workpiece var¥in% wth
t he nunber of working tinmes were neasured. Fig. 12 shows the relat SREP 2006
bet ween the nunber of working tinmes and the surface roughness of the
wor kpi ece, and Fig. 13 shows the relation between the nunber of working
times and grinding resistance. It is understood from Fig. 12 that the
surface roughness of the workpiece remains at a snall |evel and changes in
a small range al so when the nunber of working tinmes is increased. Further,
it is understood fromFig. 13 that change of the grinding resistance is
smal | al so when the nunber of working tines is increased, although the

grindi ng raai §FANGELiSoND I8§Imah ELFRAIEAuMBLF dfh@rattHBS! abr asi ve wheel
according to it Is understood

le 3 enplaying the vitrified bond. | Thus,
that the superEzgan‘géﬁ‘ C%ng‘ég%%%%so%rb‘fﬁﬁ‘qdbngﬁ%??él@ of ¢hg|WKkPdedene resin
mndi havimgyiﬂgiwe'fh thie ﬁ?ihﬁ%rrd&}z&ﬂ@ﬂg ¢ires mwm%kurmigl hgiglelzﬁg;hti)xw@br asive
eel accqgding to e..3. enpl,oyi the vitrifi ond. exhibits an
AUt ogenousraceruon PTG s SUBHEr MIepRipaines hAde BB ng the
vitrified lougtineandf the wopkpeee, amd Figr ihdgsews tliExamplon dtweensthal bond and

vitrified bughneandt the g rd Bl ihals = iitveenetal bond and
Lo B m wey aiRer o SREEREnicl i RIS Resitiice; PPl Akl T o

S m Xture _was gressed

at the rodfgt ddpbahthe éuséde rpeglaesseef thei weriniecayernainsptes smadl leviebr eby
et of e B R e B O W s 0t he

pl at e shap@cheaseq. nﬁ{ur her, dht ‘éng?féf‘b@eﬁoﬁ\gléi]&e@lqtdﬁh@ﬂg@ OEHEQV- shaped
section wagrif@ingardisthfcd el ghbll A186 wheimheTham Rl aff wagheh yaisndy gpared from a
copper-tin-hase alﬂi}g%. ﬁ) ilcunfe .enti al groo.velii‘g%f 4.5 mmin v‘\%lgflg and 1 mm
in depth WBFECaSed, B Ahs e EngFESIARCRIS £* RSN ared €al umi num
al | oy havisuperabraxive wheichaeterdind t@B&amplaBderapldying the vitrifiéPbomd. The

bonded t o T db SRAGCHRUES i ROURL AGferaBrhclie MNATRONANE fo BAMGIETS
1 nm f r omempkiying bee resinthoad, hiseing hrghengrindgrgsrasistanee ¥s shupadedect i ons
of the with the superabrasive wheel according to Example 3 employing the
vitrified bond, exhibits an autogenous action similarly to the superabrasive
wheel employing the vitrified bond, and is improved in sharpness.
(Example 6)
A metal bond and diamond abrasive grains of #2400 in grain size
(abrasive grain diameter: 4 to 8 um) were homogeneously mixed with each
other. This mixture was pressed at the room temperature and thereafter
sintered by hot pressing, thereby preparing diamond layers having a plate
shape and a V-shaped section. The length of one side of the V-shaped
section was 4 mm, the thickness of the plate shape was 1 mm, the angle
between two sides forming the V-shaped section was 90°, and the height
was 5 mm. The metal bond was prepared from a copper-tin-based alloy.
Circumferential grooves of 4.5 mm in width and 1 mm in depth were
formed on a single end surface of a base plate of an aluminum alloy having
an outer diameter of 200 mm and a thickness of 32 mm. The plurality of
diamond layers obtained in the aforementioned manner were bonded to
these grooves with an epoxy resin-based adhesive at intervals of 1 mm from
each other so that the apical portions of the V-shaped sections of the
diamond layers were directed to the radial direction of the inner peripheral
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di anond | ayers were directed to the radial direction of the inner peripheral
.-22 Z 2 SEP 2006 side of the base plate. Thus, a dianond wheel for mrror
finishing shown in Fig. 4 was prepared. The obtai ned di anond wheel DASEP 2006
nounted on a vertical spindle rotary table surface grinder and subjected to
truing and dressing wwth a dianond rotary dresser, for thereafter
performng mrror finishing of single-crystalline silicon. The mrror
finishing conditions were simlaf to those for Exanple 1. Consequently, the
wor kpi ece was in an excellent state with surface roughness Ra of 0.021 m a
PV val ue of 0.24 pmand a snmall nunber of scratches. However, sharpness of
this dianond wheel was inferior in sustainability as conpared with the

[
super abr asg; I in d i Aaltr fi bond or
ho super ab BB eRE R, TR, oHARRE HHSRENMNGol Shithide SR (0TS

and furt hei Hig & vos areparess t he wor ki ng was repeated. A nunber of gossans

Or i ndi g res ot aheSbRameaRatlond GhURT Bl e e a e R e ki ng
times wer e'¢85% agéa.sul‘féqf@.grﬁﬁ%g&g SPhECF%i%ﬁrraﬁnséﬂﬁe%weg Wathhadr of
Wﬁr Ki nlg t i diesnandi rétagy c‘ﬁess‘eaﬁ%rrm?@méipaffohhmgf\@ﬁk?re&@i,sg@mg ofi g. 13 shows
the rel ati et ween.. t he,.numbesr, of  wor Kkng.ti mes ri ndi ng_resi stance.
tei s underREbS Y e L 5ThA i Sox R ning S Ml eft hite SRRlRT 16 o oyt ng
a netal bothbselfas Exammledgenous action but exhibits such a phenomenon t hat
t he surface of i . r - t he

C ng({ﬁﬂgfﬁ qggg@%@?é&%ﬁg R0 Siehafif sfﬁ'é%lﬁlsszlr? ce

wor kpi ece i s _reduce rasi ve tgral ns are worn, e grinding
resi st anceroyghnass fanell 02d Hamsadthrabre ¢10.ddtonjandag sthadhougekerafs are
caused on thatchuydr f ace of the workpiece. (Exanple 7) A nunber of conductive

O o ages 2 U B Bl L o o

V-shaped shagtasnabliliof ak kempenddctith ¢hesugsrabrashe wHeseasiopdngdth L2 and L3

of the ol E%ax‘:‘flp\ﬁg%eexgpmng tﬁng]watqgié]d BAd or the superabrasive wheel
according to Example 5 employing the resin bond, and further deteriorated
as the working was repeated. A number of gossans were caused on the
surface of the workpiece. The surface roughness and grinding resistance
of the workpiece varying with the number of working times were measured.
Fig. 12 shows the relation between the number of working times and the
surface roughness of the workpiece, and Fig. 13 shows the relation between
the number of working times and grinding resistance. It is understood
from Figs. 12 and 13 that a superabrasive wheel employing a metal bond
has no autogenous action but exhibits such a phenomenon that the surface
of the metal bond is exposed and surface roughness of the workpiece is
reduced when superabrasive grains are worn, while the grinding resistance
is increased, the sharpness is deteriorated and gossans are caused on the
surface of the workp'iece.

(Example 7)

A number of conductive molds 4 shown in Figs. 14 and 15 were
prepared for forming electrodeposition diamond layers by performing
electrodeposition on V-shaped slopes 41 of the conductive molds 4. The
dimensions L1, L2 and L3 of the molds 4 were 6 mm, 5 mm and 4 mm
respectively. V-shaped depressions were formed on the upper surfaces of
the molds 4. The molds 4 were introduced into a nickel sulfamide bath for
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respectively. V-shaped depressions were fornmed on the upper surfaces of the
nolds 4. The nolds 4 were introduced into a nickel sulfamde bath for -23
22SEP2006 fi xi ng di amond abrasive grains of #2400 in grain size (abla&P2eh
grain diameter: 4 to 8 n) to the upper surfaces of the nolds by

el ectrocasting, thereby form ng dianond |ayers of 0.7 mmin thickness.
Thereafter the dianond |ayers were separated fromthe nolds for preparing

di anond | ayers having a plate shape and a V-shaped section. The |ength of
one side of the V-shaped section was 4 mm the thickness of the plate shape
was 1 mm the angle between two sides formng the V-shaped section was 90,
and the height was 5 Mm G rcunferential grooves of 4.5 Mmin width and 1 mm

in depth ﬁgd.{aprﬁﬂﬁﬁ aglvgl %@U{rp%{e ?lﬁeg sﬂleaélea:j) f an al um num

al | oy haV| ng ~ an out er |arret er of ss 0 mm The

pl ural i t ydegmetgraddad rm)de shempaensuriages ﬁéth¢ m@déubm pidocaRtIng: wer e
bonded t 0thédhe® Q"oﬁxh%)g’%ar%hhl I%MW7m1@rﬂﬁ§Rﬂe§sdheﬁié@aﬁterméerval s of
1 mmfrom,. eac ‘ft er so that t fl a} E}Péh ns of the ésha d sections
vere dire8iARORE ?}ﬁ"ersr‘éiﬁlfea?e%r?@f)( T e ? %Preé’é’lr}% ae{PO% de of the
bgse_ pl gt tayershising alcblaﬁé)@ﬂa}v\é'lﬁﬁg asvcshaped ddciond W IlﬂhglblﬁlrofdneThgl

obt ai ne e S _nount e i C r.ot tabl e

our face gr BB ng T et e EROT S £uE. YR IR neRRal B Rt SBrlleofE ot ary
dresser, flonnt, nheem‘glelbepseémtworsgieﬂﬁormnngmhes\hlshgped sediiogveasc30fst al | i ne

silicon. The r}{é?g hf Wlsid}g conditions were simlar to those for Exanple
1. Consequent e workpiece was in an excellent state with surface

roughness Ra oClmmz@rﬁptlal BYo0vgs 98 46t mon3n widthdand 4 ram imdemidy were
scrat ches fox'ﬂ@&?ﬁﬁ ra siSig®E BRE %ﬁrfhfcetok‘ laS fHeqpTRRE oph gl updf un hBb6| (Plravhr‘i‘g

SE;JZtrg: gaglal?l t§ Sﬁ%gfg??e‘r?fd%qfq n@%ﬁ%ﬁ%@ﬁ%ﬁé‘?ﬁﬁ?b& &w ot according
to Exanpl di&neﬂﬂllayexrsgoﬁth&xddem th dafsdemandionedt hahnde were doaded toas t he
1o 00 el SBER i  r SRRRE R SRNESE R R RS
each other so that the apical pOI‘thI‘lS of the V- shaped sections were
directed to the radial direction of the inner peripheral side of the base plate.
Thus, a diamond wheel shown in Fig. 4 was prepared.

The obtained diamond wheel was mounted on a vertical spindle
rotary table surface grinder and subjected to truing and dressing with a
diamond rotary dresser, for thereafter performing mirror finishing of
single-crystalline silicon. The mirror finishing conditions were similar to
those for Example 1.

Consequently, the workpiece was in an excellent state with surface
roughness Ra of 0.029 um, a PV value of 0.32 um and a small number of
scratches.

However, sharpness of this diamond wheel was inferior in
sustainability as compared with the superabrasive wheel according to
Example 3 employing the vitrified bond or the superabrasive wheel
according to Example 5 employing the resin bond, and further deteriorated
as the working was repeated. Further, gossans were caused on the surface
of the workpiece as the quantity of working was increased, to result in a
number of scratches. The surface roughness and grinding resistance of
the workpiece varying with the number of working times were measured.

Fig. 12 shows the relation between the number of working times and the
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nunber of scratches. The surface roughness and. grinding resistance of the
wor kpi ece varying with the nunber of working tinmes were neasured. g

shows the relation between the nunmber of working tinmes and the -24 21 EP
2006 surface roughness of the workpiece, and Fig. 13 shows the relation

bet ween the nunber of working tines and grinding resistance. It is
understood fromFigs. 12 and 13 that superabrasive grains are worn in a
super abrasi ve wheel enploying an el ectrodeposition bond, the superabrasive
wheel has no autogenous action, and grinding resistance is increased as the
nunber of working tines is increased, to deteriorate the sharpness.
(Conparative Exanple 1) A vitrified bond and di anond abrasive grains of

#3000 11 QideYotghnbeOb e/ Godk el déﬁd*ﬁiggs?,e%;é@s@% clWElof KauRagneous! y

m xed with_each mxt re was. pr e room tenperature and
t her eaf t ethemymaber of working{gmesanskenading resigfangeur B istundeystpod or

|ore|oag||t Eg frd AT §h1323§ﬁdd131ffpdtds sbﬁas@a}e Mnmrbnv&tﬂﬁ{a@uﬁe’@&@fasw 3 mm
In w

< (iove (botto «63 ttah( were forned n

surfaces Ofe{ R OMtP%H%gi e qu%gepé € FURfIR Faf’flﬁﬁé‘f %Son%h vi de

t he wor ki rzagltogemdxm:@csndﬂ amd @ﬂndlﬁ@fesﬁ@tfalnmbﬁs &hcr%agi@ﬁas ghenarber ohner

peri pheral shdes setti g g N (E?Tgfkl ntial |ength of superabrasive
| ayers defl%&nggg{lﬁ%és ntcﬁ%aﬁrdo Q/gg etrbo 3 %rrfff‘??é shaped di anond | ayers
wer e bonded to (Gosipeghtiverltixaupleate of a base plate of an al umi num all oy

having an out efa Rl £hant A8y THaANG, Y kRSB AR08 TR Bith ePoXy

resi n- based adheS|ve pr epar ed.
As shown i(@bragve geainr diamesnapbto §u@e} mr@bpmgeay@mslysnocedrmmm onto a

singl e encythpf f aPElsﬁﬁﬂxt‘&fre %i&aﬁf‘es@é&rae tReod:A t@ﬁ'}f%rgﬁﬁ%vaﬁ?d SherkafBri N
500 1's pr Qe SETMENEEACS 21 ASPRRUAVBRE PhbLUSE o BIRH 5508 Ffts ob ai n
pr obt ai ned
di anond whbelp ededi afiomd 1§ e o2 0 hithdal ovter ﬂﬂélﬁeterilﬁi $ rhablrewsdilf.ace
or i nder g SULTELEHL A L Vo0 NG SRR R SRR LY eooer
The mi rr orthieimngishaped dnatinbndlayesy &t sigulhninteovals to divide the working
surfaces from the outer peripheral sides toward the inner peripheral sides,
while setting the circumferential length of superabrasive layers defined
between the grooves to 3 mm.
The ring-shaped diamond layers were bonded to a single end surface
of a base plate of an aluminum alloy having an outer diameter of 200 mm
and a thickness of 32 mm with an epoxy resin-based adhesive. Thus, a
diamond wheel shown in Fig. 16 was prepared.
As shown in Fig. 16, ring-shaped superabrasive layers 510 are fixed
onto a single end surface 521 of a base plate 520 to have grooves of 1 mm in
width. A hole 522 for receiving the rotary shaft of a superabrasive wheel
- 500 is provided on the central portion of the base plate 520. _
The obtained diamond wheel was mounted on a vertical spindle
rotary table surface grinder and subjected to truing and dressing with a
diamond rotary dresser, for thereafter performing mirror finishing of
single-crystalline silicon. The mirror finishing conditions were similar to
those for Example 1.
Consequently, the surface roughness Ra and the PV value of the
workpiece were 0.031 um and 0.34 um respectively and scratches were
concentrically caused on the central portion of the workpiece, although the
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those for Exanple 1. Consequently, the surface roughness Ra and the PV val ue
of the workpiece were 0.031 mand 0.34 mrespectively and scratches were
concentrically caused on the central portion of the workpiece, aIthb&§EPQmﬁ
-25 7 2 SEP 2006 di anond wheel was excellent in sharpness. The surface
roughness and the PV val ue of the workpiece varying with the nunber of
working times were neasured. Fig. 17 shows the results. It is understood
"fromFig. 17 that the surface roughness Ra and the PV val ue of the

wor kpi ece remarkably vary with the nunber of working tinmes and the val ues
"thereof are relatively large as conpared with the superabrasive wheel
according to Exanple 3. A dianond wheel simlar to the above was prepared

b f f
oy TRnU Afikion ragwﬁeei Wad eh([:é(ll@{tslieg{]zﬁﬁ%egé a grsg gsmpgghgg C ghgs of 200
arr angi ng thed® ‘éa'rabu%m thgywioakpiege savENg \@It 1themumbpn o wh 2 tianes ng and
bondi ng t *’kﬁeﬁﬁ%g&gréﬁ S'IﬁigJ ?7 %%w%%fe%guﬁg aItb%SlﬁnP(%x%E@od ﬁ“’%fﬂ%e” this

di anond wh or mrroy-finishing sin ryst e silicon,

resul ts sitmatihe syr éraﬂgbéeﬁﬁeRé a5t BhenBY. valus b éhat"? PESGEnpl e 2) A resin

bond and Cilemk@b vasy watlgtiae ﬁanﬁﬁepﬂw&mﬂggﬁawaﬁd&ﬁe vadhieashM@ofr ai n
di anet er: re hono eneo xed with each , ot.her his m xture

was presseq}eeﬁel%{u BI&f 87 &° eﬁ‘r‘% TAG Ve Rl AFCPEYBELOhavi ng a
flat plat Esdapte 3The plurality of d| am)nd | ayers having a flat plate shape

simlarly to th&ﬁah@nﬁ&@ﬂ?{;} snlmi'%‘?rt‘a t?@”a{%@g%?a&@a@%}i%;rgnd surface of a

base plate with a resi by a net hod
similar tonanafadtnribgarplerality D segmandiddamnnd layers ha‘angmncwif 2§Pi ndi ng

shown in Ry ; t %bgay\ﬂ%fét ypted on a
vertical spi nJ;LO%e?octHary Fggmedxggro?gclg@???%? and su Ject to trw ng and
dr essi ng vEAREINgthismaeadrasylariatepials eht mlﬁelfﬂe@\‘etf@ﬁmb a8 a8dni rror
fini shing Wndigk fiﬁb %aﬁ{é'ﬁot alkslide eﬁ'd' dui®dbe dfELARE pRitefl | RSO WMENCKRASI t i ONS

were sim l(ﬁ%rr}o%d w ee wfagrem %& ?or mirror-finishing single-crystalline silicon,
results similar to the above were obtained.

(Comparative Example 2)

A resin bond and diamond abrasive grains of #2400 in grain size
(abrasive grain diameter: 4 to 8 pm) were homogeneously mixed with each
other. This mixture was pressed at a temperature of 200°C, for preparing
diamond layers having a flat plate shape. The plurality of diamond layers
having a flat plate shape similarly to those in Example 1 were bonded to a
single end surface of a base plate with a resin bond similar to that in
Example 5 by a method similar to thatin Example 1. Thus, a diamond
wheel for mirror grinding shown in Fig. 1 was prepared.

The obtained diamond wheel was mounted on a vertical spindle
rotary table surface grinder and subjected to truing and dressing with a
diamond rotary dresser, for thereafter performing mirror finishing of
single-crystalline silicon. The mirror finishing conditions were similar to
those for Example 1.

Consequently, the workpiece was in an excellent state with surface
roughness Ra of 0.013 pm, a PV value of 0.18 um and a small number of
scratches, while a working load was increased as the number of working
times was increased, and the superabrasive layers were displaced from the
base plate in 14-th working. This resulted in scratches, and the
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Consequently, the workpiece was in an excellent state with surface
roughness Ra of 0.013 gm a PV value of 0.18 mand a snall nunber g
scratches, while a working | oad was increased as the nunmber of work %@EP 2006
times was increased, and the superabrasive |ayers were displaced fromthe
base plate in 14-th working. This resulted in scratches, and the -26 Z2 SEP
2006 superabrasi ve wheel was unusable. (Conparative Exanple 3) A netal bond
and di anond abrasive grains of #2400 in grain size (abrasive grain
dianeter: 4 to 8 m were honbgeneously m xed with each other. This m xture
was pressed at the roomtenperature and thereafter sintered by hot
pressing, for preparing dianond layers having a flat plate shape. The
plurality ehpé&iabrasidelvwliedlsyiamhigaklef | at pl ate shape simlarly to those in
Exanple 1 were E@ nded to a_single end surface of a base plate wth an epoxy .
resi n- based adhE<PRRaFREKeE xﬁﬁ%‘alle ond simlar to that in Exanple 6 by a :
met hod sim|ar Aomiebaltbind Exdm@damohd a'BmS1ve8gldhﬂ$TﬁfI#24Wﬁelgrzﬁﬂfsmér ror

finishing Qwn. in_Fi. re tai ned ¢i anp :
nount ed on?%braé} ggb‘?wm?%r 1t ri0t aWS %P?%eemﬁ? Hﬂg?gé’%]ﬁ§35¥§ct ed to
truing andotha;ssﬂﬂgsmmclhulee wdsamesﬂﬂadrmﬁlewmnetaaperdtmmetahndrﬁmfreeﬂer

perform ng f r | 4 or
finishing S%Htgfﬁ (b)%%%v\@%é}gngﬁ ﬁori&?@éﬁngo&s{%@&ld e% 115%12& %‘,o {ee[lt ly, the
wor kpi ece @hape.n hhe eheralityraf damoaddayprsshy amg@ﬂaé @wes&samam w2l m a
PV val ue ofo hek? 1E‘ilh]§ﬂ§|m§1é'l’ﬁdrére%ﬂ£1%ﬂ tofa sﬁ@@bﬁa%%rfav@aldf% @ayp%mﬁg | oad
Super abr asPUth ARyOSYERE- RSl AREPITY 3fh Adne o SEBIAHOENER wor ki ng.
Thi s resuIblEadmpiesacb@hqheﬁwérxlsmhlbawaorﬁmteg@xafmpgb }l) heThupgagl@m&nge \ghee!
was unusa arat i.ve JExanmpl e vifrified bond an i anond abr asi ve
grai ns of 3’3’@5& ?rgfﬁnéf}}]élg%rhirf@ég'g# JaY MCRAEY%Sr: 2 to 6 m were
honmogeneous! y niThedbtaitedediam ot wdeel Faissnountad en wacerpicabspichdd¢ t he room

tliggg a]E o ?pthg g%ﬁferﬁﬁ{fég grihBELGnBBud;ddild 29 tFihBAGR teRid SIRAL gt ure of

amond rotaly dresser, for thereafter performing mirror finishing of

single-crystalline silicon. The mirror finishing conditions were similar to
those for Example 1.

Consequently, the workpiece was in an excellent state with surface
roughness Ra of 0.021 um, a PV value of 0.23 ym and a small number of
scratches, while a working load was increased as the number of working
times was increased, and the superabrasive layers were displaced from the
base plate in eighth working. This resulted in scratches on the workpiece,
and the superabrasive wheel was unusable.

(Comparative Example 4)

A vitrified bond and diamond abrasive grains of #3000 in grain size
(abrasive grain diameter: 2 to 6 :Lm) were homogeneously mixed with each
other. This mixture was pressed at the room temperature and thereafter
fired in a firing furnace at a temperature of 1100°C, for preparing plate-
shaped diamond layers having a V-shaped section. The length of one side
of the V-shaped section was 4 mm, the thickness of the plate shape was 1
mm, the angle between two sides forming the V-shaped section was 90°,
and the height was 10 mm.

A base plate of an aluminum alloy having an outer diameter of 200
mm and a thickness of 32 mm was employed. As shown in Fig. 18, holes
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shaped di anond | ayers having a V-shaped section. The | ength of one side of

t he V-shaped section was 4 mm the thickness of the plate shape ma%%i énn

t he angl e between two sides form ng the V-shaped section, was 90, oER 2086
hei ght was 10 nm A base plate of an alum num all oy having an outer dianeter
of 200 mm and a thickness of 32 mm was enpl oyed. As shown in Fig. 18, holes
-27 Z 2 SEP 2006 623 of 6 mmin dianeter were forned on a single end
surface 621 of a base plate 620 by a nunber suitable for receiving the

di anond | ayers. The axes of these holes 623 are inclined toward the outer
peri pheral side of the dianond wheel at an angle of 45. The plurality of

pl at e- shaped di anond | ayers having a V-shaped section were inserted in the

hol es 623 g3 & mmqnchlaﬂpettef WePk w&dnwoﬁmesm%weﬁ& s@Pfhce 62119 Bgde OF the
base pl ate 620 b nded wi.t resin sed adhesi ve.

ectiv , epoxy
Thus, a di®l A B2 QR m %uﬁtagal?g orlwce%aggabsﬁaa@@nd/lgygm hagey. 19,
each pl at mf&h@@@ﬁomsmaa@feaﬁic&i@elia;mraxd&lh@ oyt periph¥rahagedf sleetion is
fixed ont Odlt he s ﬂ end_sur ggl of the base plate 620, and has a
peri pher al gﬂ’dméi.:w Sgleaﬁ AR A %I°§§ the angle of 45 toward the outer
peripheral si défé phradspef plate-shep edodianyorshidyerohavitga Siphepadr asi ve
wheel 920-schiBB!eRABsLka ATRE Hdek b of BUANYxP BRfhe Ak fofiqsHRRRADT asi ve

wheel 600 1s por
obt ai ned diB&senderfacesdl r@é@h@b@sgnl@te\ﬁé‘%&mﬁ@pcawlma@ hoadedywith bI e

o g¥%r$'g‘?‘?1’é’?2‘%%‘?feb?‘s€&?a?§reﬁf“et "G, AR P kB e Ru in R Tt ae
silicon. TH&S RreRageds | hAfrs Hé)l’?@cb}éﬂé es?}l’ﬁ”?'éfs‘ﬂﬂ)e a?’%%]é(eflﬁyerExanpl e
1. |0an equert hys(fjlrigf‘@\fdslﬁdﬁmﬁsédoamns ﬁ!b&f(bomrtﬂlleadlhﬁlecén(bi@@ﬁfad@l 621 cofd p \rM?s S :JI‘ e
a | e t | ee ur § t hou a ee
oo evae! | eiSst 1R GadNGTd LAY L MG R BRIk dy GlaRbg thet,

t he wor kpidckb°weward the baten nendpher% side satlecespeet yo theotasy shatthefs

resul ting ¢y %pe@ﬁkﬁﬁ&@@%e%l‘@% abnasd1u @ oo e e by ARSRRUEH sRArt dfhe

surface of the wor
the superabraswe wheel 600 is formed on the central portion of the base

plate 620.
The obtained diamond wheel was mounted on a vertical spindle

rotary table surface grinder and subjected to truing and dressing with a
diamond rotary dresser, for thereafter performing mirror finishing of
single-crystalline silicon. The mirror finishing conditions were similar to
those for Example 1.

Consequently, the diamond layers were partially chipped due to
pressure applied to the diamond wheel during grinding, although the
diamond wheel was excellent in sharpness. The surface roughness Ra and
the PV value of the workpiece were 0.018 um and 0.36 um respectively, and
scratches resulting from the chipped superabrasive layers were observed on
the surface of the workpiece.

From the aforementioned results of Examples and comparative
examples, it has been confirmed that the diamond wheel for mirror
finishing according to Example of the present invention has a smaller
number of scratches caused on a workpiece, can obtain high-precision
surface roughness and is excellent in dischargeability for shavings and
chips as compared with the conventional diamond wheel or the diamond
wheel according to comparative example.

-98 -



From the aforenentioned results of Exanples and conparative exanples, it
has been confirned that the dianond wheel for mrror finishing accorghp to
Exanpl e of the present invention has a smaller nunber of scrat ched & ﬁm
on a workpi ece, can obtain high-precision surface roughness and is
excellent in dischargeability for shavings and chips as conpared with the
conventional dianond wheel or the dianond wheel according to conparative
exanple. -28 Z 2 SEP 2006 The enbodi nments and Exanpl es di scl osed above are
to be considered illustrative in all points and not restrictive. The scope
of the present invention is shown not by the aforenentioned enbodi nents or
Exanpl es but by the scope of the clains for patent, and is intended to

i ncl ude all cor ctlg al and nodifications within the meaning and .range
equi val ent to thé epbpdinaenthand bramples dhslesad aboyriase tp de cmnsifersd ity

Sl oyed For patpe ML pORRSTALT ot Se by €S The PUR oftfie frestllt 2 on
gfﬁssy c eFBpndon $Se$hwe ncrtglaka}e@ %@%ﬁmel@@ﬁﬁﬁd@dnb &tsnaat&)m i@é 29 22
SEP 2006 b\ﬁ'b‘}‘ e sJeo o%‘iﬁ@rci’ﬁh?ssfo‘f a‘ﬂé’rﬁeéncf ﬁsoﬁterm tof H\rcllﬁ'aef El‘?rco ilﬁﬂ% ng

conprisin an P ar B ate 120, avi,ng an annul ar end surface
(121, 221 d g F%ﬂQﬂSrw 5t ARG Eﬁngea@%ﬁ@ﬁattcamesscwé plurality
of super afheagaing ferpges. (110, 210), each having a radially outer

peri pheral end surface (111), arranged along a periphery of said annul ar
base plate (120, 220), wherein said superabrasive nenbers are spaced apart
at i nt erlradwstitadrAeaidabiditirer in a circunferential direction around said
central axis 2 ai d base
plate (120, g@%:ﬁaﬁ%32?%9322&88§§éa¥58ﬁ1 éﬁggiég%ééﬁbe néﬁ%%ﬁé (110, 210)
has a qua%i‘i*%tﬁﬁye?@ﬂ’lﬁ’%ﬁ or wpEs-eRistias R hardbrints matardsushy @spect i ve
flat plangliabd, EFasspceramnge erriteaiosiaiceystatli @inh¥n fud edxiadeidahdredlikend
surface (111) is substantially parall el
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to said central axis, each one of said superabrasive nenbers has a base
surface (113) extending along a thickness of said plate shape ’
perpendicularly to said respective flat plane, wherein said base ggﬁﬁgé@%is
fixed onto said annular end surface (121, 221) of said base plate (120,
220), and said superabrasive nenbers respectively conprise superabrasive
grains bonded by a binder of a vitrified bond. 2. The superabrasi ve wheel
for mrror finishing according to claim1, wherein said superabrasive
menbers (110, 210) have worKking Sgﬁgﬁﬁﬁﬁk(llz) that are substantially

per pendi cular to said central axi at all together have a total
working area with a ratio of at | east 5% and not nore than 80% relative to
an area df Aasmpelgbsimw“dﬁel‘eﬂgi?ﬂOP@O@)?ﬁn mifror $inichingl corwpninget:i ng said
radi al |y outer peripheral surfaces of said superabra3|ve menbers (110,

per | pher 4p gL Brocstnte LIRS JE B aun ot £0d SSHE Wiod sai d

radi al | ytm}tlélclrﬁelﬂarrbﬁ@ﬂam&rrﬁb%ﬁraf ewrdsalitii;, aadh other. 3. The superabrasive
wheel for mrror finishing according to claiml, wher ei n sai d superabrasive

Size of gﬂf’]‘ﬁmlsﬁof %af% e i EGS%%'@ e%g 8§gﬁly*sa§rgrau :
oL e o Berbbee it Bkt S o 50 il 8 i PRy R

base pl abéate£220, 22@) \Mhenem@ saxd superabrassviel memp aweal(emcedzagart ghat is
ci r cul ar inteevels lfesmadaehtothet enuratcuanfaentdadaeption arotindshid upetrabr asi ve

menber s ﬁﬁijsoancgé@% ﬂx@&ﬁﬁ&%ﬁ@ﬁ@&%ﬂr@%r@ﬂt Fz'lﬁ‘b?rs&ﬂi Ea%é gfeﬁéég?ﬁom her in a

circunfe 92 rection arou sald centra axl s and nto’ sai d end
surface ?g Nof said base pl ate (320, 420), wherein each one of said
super abr asi ve rrenbers (310, 410) has a sectional shape on a section plane
par al | el each saedfasaidisapemblasive raembets 6b1¢ DEF)echgy ageadritdterai plasai d

isﬁﬁte irogflhh 86nﬂﬁ§dtt&9‘éx|téﬂﬁn hﬁbn 2€rds S%(@ﬁdemt @ﬁbgﬁb% s@rfang e’ﬁlil al loﬁt o
side al oﬂ?atéa %ﬁ@?’y&?ﬁ B%l‘lahﬁp% T Yoshtiul baHE"

t her ebet %éé@i AXPat is open radially outwardly between said two | egs,
and

each one of said superabrasive members has a base surface (113) extending
along a thickness of said plate shape perpendicularly to said respective flat
plane, wherein said base surface is fixed onto said annular end surface (121,
221) of said base plate (120, 220), and

said superabrasive members respectively comprise superabrasive grains
bonded by a binder of a vitrified bond.

2. The superabrasive wheel for mirror finishing according to claim 1,
wherein said superabrasive members (110, 210) have working surfaces (112)
that are substantially perpendicular to said central axis and that all together
have a total working area with a ratio of at least 5% and not more than 80%
relative to an area of a ring shape defined between a first circle connecting
said radially outer peripheral end surfaces of said superabrasive members
(110, 210) with each other and a second circle connecting radially inner
peripheral edges of said superabrasive members (110, 210) opposite said
radially outer peripheral end surfaces with each other.

3. The superabrasive wheel for mirror finishing according to claim 1,

wherein said superabrasive members (110, 210) contain said superabrasive
grains having a mean grain size of at least 0.1 um and not more than 100 pm.
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each one of said superabrasive nmenbers has a base surface (313) that
extends parallel to said annular end surface and extends al ong a thickness
of said two legs, and that is fixed onto said annular end surface Z%ﬁEPZMS
421) of (said base plate (320, 420). 5. The superabrasive wheel for mrror
finishing according to claim4, wherein each one of said superabrasive
menbers conpri ses superabrasive grains bonded by a binder of a vitrified
bond. 6. The superabrasive wheel for mnor finishing according to claim4,
wherein each one of said superabrasive nenbers conprises superabrasive
grai ns bonded by a binder of a resin bond. 7. The superabrasive wheel for

m nor fi di ghsuperabraside vghea (308 A0Q) formmerrer diresicin gorwmptisseg:d

super abrasi ve nenbers (310, 410) has an angularly bent portion (3 14)

| ocat ed i i i Iy r i I r ] ojyned to each
ot her. SQHﬁ%%hg%%?ggeg#%\s{? i%ﬁl%%@dg %\\r/Yﬂ aﬁlosl%]f“?l ?\gﬁldnsg“qg%(%o@& lngqlg claim4,
wher ei n &katds arqul iR ang, Ut eff1 Xf; 8¢ d super abrasi ve nmenbers
(310) has a V-shape forned by said two legs. -31 2 2 SEP 2006 9. The

\S/ Ugﬁ;ggr agplMealgest sﬁpérr?ﬁ}ds'i% n{érﬁbéﬂé'(@g 0?‘4?95,?%[@911%&1 §ﬂ)§déﬂ artaer \% gr Z ?'nd
sai d ape%ﬂﬁggﬂ (§éé¥gﬁﬁgﬁ§?5$aéﬁﬂﬁg§ egéglggkﬁggnéﬁ?gﬂﬁﬁgb g@g;llo. The
super abr a&wéﬁ;@ﬁ e swid epd surfacs; Rd,ééi ofisayl basepkaten(320, 4A&hei n sai d

sect i onawhsrepe of each one of said superabrasive nenbers (410) has a
curved shape with a curved surface fornmed by said two legs joined to each

other . 1, TR S4ine AR S S 0SS oMo ITRAS S10Y SN A9-ASERUIDO g cl 8l m 4.
hat - ar o SBUPHIPAF EF A Lo araLTarEnd it tagipl S1GRAS PG t hat have a

total wovhdrein saidsestionahshand bastwategethiat asey amedrior candr etheiam 80%

rel ati ;/,e ridiafl® in?éﬁ 8id¥, that' ﬂeﬂ@iﬁﬂ@mltd@ 13pdcties trRenedpds dish Iﬁ'tliail}r}g (310

connectl ; ers )
Qteﬁﬁﬂ% tap]@‘ri’g gﬁ%ﬁ‘ hésigccgfﬁﬁ ‘i'% aﬁﬂ?la& en%ia*élﬁféé@%%ﬂ@% boTndE

gé?l) pweJ; eerggﬁmerb@ spafFg that'1s open ra'dria }? o%?vr\]/grecﬁgll bnequéne% sa(?c(f1 (f\r;]vooltegg,r ' ner
and

each one of said superabrasive members has a base surface (313) that
extends parallel to said annular end surface and extends along a thickness of
said two legs, and that is fixed onto said annular end surface (321, 421) of
(said base plate (320, 420).

5. The superabrasive wheel for mirror finishing according to claim 4,
wherein each one of said superabrasive members comprises superabrasive
grains bonded by a binder of a vitrified bond.

6. The superabrasive wheel for mirror finishing according to claim 4,
wherein each one of said superabrasive members comprises superabrasive
grains bonded by a binder of a resin bond.

7. The superabrasive wheel for mirror finishing according to claim 4,
wherein each one of said superabrasive members (310, 410) has an angularly
bent portion (314) located on said radially inner side where said two legs are
joined to each other.

8. The superabrasive wheel for mirror finishing according to claim 4,

wherein said sectional shape of each one of said superabrasive members
(310) has a V-shape formed by said two legs.
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super abr asi ve nenbers (310, 410) where said two | egs are respectively

joined to each other. 12. The superabrasive wheel for mrror finishin
according to claim4, wherein said superabrasive nenbers (310, 41022?&5|Ht2306n
superabrasive grains having a nmean grain size of at least 0.1 mand not
nore than 100 m. ‘

9. The superabrasive wheel for mirror finishing according to claim 8,
wherein said V-shape has an apex where said two legs are joined to each
other, wherein said apex has an apex angle of at least 30° and not more than

150°.

10. The superabrasive wheel for mirror finishing according to claim 4,
wherein said sectional shape of each one of said superabrasive members
(410) has a curved shape with a curved surface formed by said two legs
joined to each other.

11. The superabrasive wheel for mirror finishing according to claim 4,
wherein said superabrasive members (310, 410) have working surfaces (312)
that are substantially perpendicular to said central axis, and that have a total
working area with a ratio of at least 5% and not more than 80% relative to an
area of a ring shape defined between a first circle connecting said free edges
of said legs of said superabrasive members (310, 410) with each other and a
second circle connecting with each other inner peripheral bounds of said
superabrasive members (310, 410) where said two legs are respectively
joined to each other.

12. The superabrasive wheel for mirror finishing according to claim 4,

wherein said superabrasive members (310, 410) contain superabrasive grains
having a mean grain size of at least 0.1 pm and not more than 100 pm.
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