;1™ _"e3ef! f]|:6PTz METHOD AND APPARATUS FOR GRI NDI NG A WORKPI ECE BACKGROUND
OF THE INVENTION 1. Field of the Invention 5 The present invention rel ates
to a method and an apparatus for grinding a workpiece, specifically) for
grinding an outer peripheral edge of a workpiece fornmed of aummmm’m m n
pl ate such-as a sem conductor water. 2. Description of Relat Mm r
Conventionally, in a case where this type of workpiece fornmed of.g,& rcul ar
thin plate is ground, a grinding nmethod such as the one shown in Fig. 16
has been adopted. Nanely, i.n this conventional nethod, a workpiece 71 is
rotated about its center as an axis L1, and a form ng grinding wheel 72 is
moved so as to 15 beETEPDt MrHP%%m%rF%WN@EHG BJGERFRIRAEON 71a of the
wor kpi ece 71 whsle being rotated about an axis Z2 which is parallel to the
central axis L1 of the workpiece 71. As a result, the outer peripheral edge

portion 7la of the workpiece_71 |§ oround by a recessed wheel surface 72a
of the outer perlphery of t helSkBeRY Hye f 2@l 72. However, with

this convent] ?: Tat hod_of ﬁrl ngl na a wor kpi ece, SI nce the outer

peri pheral etge i a rkpi ece 71 is arranged to be ground at
one tinme by the recessed whe surface he form ri ndi ng wheel

72, the ecessed ZSEﬁ}?e%ﬁ:e% e‘fé Sl orbf:efﬁgee %Prﬁxﬁﬁt@#]%agﬁ& RtN52 has
been liable Oggdléhe d & its ]F 'S‘/‘ij | e _has een
liable to oc a suI%’ i s ea‘sd‘ﬁ: &%‘t?%ﬁl% AP ﬁPnPg Fhg - 1

s &
- *cooooz* trg f (o] aih _con t _the hzpi ng
accuracy of I[:%1e:LIgp}?eoI%l)ﬁl es ﬂée%;ut glteb:teer |fp e?%ldin ggl%tg?@?(r)ng‘ ”?iaFQ

mul tiplicitys@fnhway |s%g1egor7lgju9yoa Sl e formng grinding wheel 72, and it
has been necessary to repl ace the form ng grinding S wheel 72 frequently,
so that therg, haee-be asaef t he machi ning accuracy and
machi ni ng cost. SUM\/ARY G: THE IN\/EI\FI'I O\I

10 Conventionally, in a case where this type of workpiece

formed of a circular thin plate is ground, a grinding method such
as the cne shown in Fig. 16 has béen adopted. Namely, in this
conventional method, a workpiece 71 is rotated about its center
as an axis L1, and a forming grinding wheel 72 is moved so as to
15 ©be fed toward an cuter peripheral edge portion 71a of the workpiece
71 while being rotated about an axis L2 which is parallel to the
central axis Ll of the workpiece 71. As a result, the outer
peripheral edge portion 7la of the workpiece 71 is éround by a
recessed wheel surface 72a of the ocuter periphery of the forming
20 grinding wheel 72.

However, with this conventional method of grinding a
workpiece, since the outer peripheral edge portion 7la of the
workpilece 71 is arranged to be ground at one time by the recessed
wheel surface 72a of the forming grinding wheel 72, the recessed

25 wheel surface 72a of the forming grinding wheel 72 has been liable
to become worn, and the deformation of its profile has been liable
Lo occur as a2 result. For this reason, particularly in finishing,
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The invention has been devised in |ight of the above 10 descri bed probl ens
"which are present in the conventional art. Its object is to provide a
nmet hod of and an apparatus for grinding a workpi ece which :hake it possible
to grind outer peripheral edge portions of workpieces while maintaining
const ant- machi ned shape accuracy, and which nmake it unnecessary to repl ace
the grinding 15 wheel frequently. To solve the above object, according to a
first aspect of the invention, there is provided a nmethod of grinding a
wor kpi ece, a workpiece forned of a circular thin plate is rotated about its
center as an axis, and each of the disk-shaped rotating 20 grindi ng wheel s,
whi | e bei 3§ Lot axedembbutdidifiauls Sobseintiuh | gompsraait dhet nathenid@ane oz
the workpiece) is made to undergo rel ative feedi ng novenent on both obverse
and rever 86cogrtrce! sitbeproffitlhe worikpt evd ezl pagirheralitatgpertphenal edge
portion or the workpiece . Consequently, the outer peripheral edge portion
of the workpicke i tiglycstn@ibyok el ssinser pErd pheybs folaeRy suirdtes of each
of the rotatingﬁgrindtn wheels. In this connection, the wording "the

n ]

routing gFPREENE ' ANHHEL2S PRET REEESA2PYRAC BT A9t FAFRERY §F L Rdipg"

i ncl udes | i shi And, .t.hese dings are used as well_ in the bel ow
descrﬁgtig ?ein%gga§?qQﬁEtlﬁhes 3%%%£r S PEVEeRARR PRRAREN L Ee RS
erfornmed su t ha he grindi wheel _continuously noves on at | east one
5 ° §§3 ma&h{%@%oanﬁcqlr%%é/t ialélﬁ BECR RS or tion to be ground

part of a prédéterm n igur

along a thickness direction of the workpiece. ' For this reason, as
conpared with the conventional grinding nmethod in which the outer

peri pheral edge portion of § i und by a form ng grinding
wheel , the profile of the wheel suriace éach of the rotating grinding

wheel s is |ess prope {Quéhef UMBld-OBechOdthaledt iDECIBS JNREECISHM Y-t O
repl ace the rotating grinding wheels frequently. Accordingly, it is

possitd e Heseegdvee prad1emt etiiah £asbrefedthenoleatdiitergriiondingtl5 vheel s,
and hence the machining cost. Furthernore since the profile of the wheel

surface obbgach D§ thencotiaiei agmgthodial) ankicehsapsat@isss pfoongrinding
deformati on, the outer peripheral edge portions of the workpieces can be
ground i nBoveortsgt Whachimet shasesikilethioghndosisgcyer Zohduelagddie i on,
the edge portion of the workpiece can be finished into an arbitrary shape
by the saRET§EPREI HyWRRER} 22 hiBLgR M@ HeePANEVerT el g2 EbiaoFna?e t he
wor kpi ece _and the rot t%p% griQqug wheel s. ,
accuracy, and whith make it unnecessary to replace the grinding
15 wheel frequently.
To solve the above object, according to a first aspect
of the invention, there is provided a method of grinding a
workpiece, a workpiece formed of a circular thin plate is rotated
about 1ts center as an axis, and each of the disk~shaped rotating
20 grinding wheels, while being rotated about an axis substantially
parallel to the plane of the workpiece, is made to undergo relative
feeding movenent on both obverse and raverse surface sides of the
workplece along the outer peripheral edge portion of the workpiece.
Consequently, the outer peripheral edge portion of the workpiece
25 1s ground by thes outer peripheral wheel surface of each of the

rotating grinding wheels.

In this connection, the wording “the rotating grinding



In the nmethod oz grinding a workpiece according to the 25 invention the
axis of the rotating grinding Wieels is disposed in such a manner as to be
perpendicular to the radial direction oz the workpiece. For this reason,
the rotation of the workpiece - 3 is effected so as to traverse the
outer peri.pheral surface of each of the =otating grinding wheels. In other
wor ds, the workpiece 23 undergoes rel ative novenent in the w dthw se
direction of the rotating grinding wheels. Accordingly, it becones possible
to 5 effectively grind all over the outer peripheral edge portion oz the
wor kpi ece by making effective use of the overall width of the outer

peri pheral wheel"simthoess of dalte eatatheagwgrditgh ngribeieng” Enclie=gret hod of
grinding a workpiece according to the invention, the rotating grinding
wheel s conspsllishitye tAma,l1Bhgsendbidindeare fusredr asghelii ixditige &edoli ni sh
grinding, and rough grinding and finish grinding are perfornmed by the
grindi ng wheelssripespectively. For this reason, the grinding of the outer
peri pheral edge portion of the workpiece can be effected separately for
rough grinding and Ehnagdigremdithe abdvisrebativeoisddingnadodenestert|ly with
hi gh accuracy. In the nethod of grinding a workpiece according to the

i nventi oh, PkEipcugd iMdPA§ el sminddRagrheel FPNSENLAES SYUIEFVeFe PR piier al
edge portion of the workpiece are performed by the sane station. For this

reason, it BERSHERURHEEBESRILIS HFAAEFGINE2FUEREIRD PRpH R 2IFHPOT BN her
station or shift the holdjng of .the workpiece, and it  iS possible to
cont i nuousl Opgﬁngﬂf? L@AP%%i%uﬁ#ﬁ&kaﬁasf?ﬁ¥§¢Ftﬁqrﬂ#rﬁ&engrgﬂbe%%ter .
I LA PR T P i bk
AR R L T
arrangefgnt Rz kphecar i MY PndPPRAUEnE AR LAY Whied, @l profile of
the wheel suxrface of each of the rotating grinding wheels is less
prone to deformation, so that it bécomes unnecessary to replace
the rotating grinding wheels ffequently. Accordingly, it is
possible to reduce the material cost of the rotating grinding

15 wheels, and hence the machining cost. Furthermore, since the
profile of the wheel surface of each of the rotating grinding
wheels is less prone to deformation, the outer peripheral edge
portions of the workpieces can be ground into constant machined
shapes with high accuracy.

20 In addition, the edge portion of the workpiece can be
finished infto an arbitrary shape by the same grinding wheels
through the relative feeding control of the workpiece and the
rotating grinding wheels.

In the method of grinding a2 workpiece accordiné to the

25 invention, the axis of the rotating grinding wheels 1s disposed
in such a manner as to be perpendicular to the radial direction

of the workpieca. For this reason, the rotation of the workpiece



the grindi ng apparatuS can be nade conpact. In the nmethod of grinding a

wor kpi ece according to the invention, a rotating grinding wheel which is
formed by binding the grains of silicon dioxide into fixed abrasive grains
is used 5 as the rotating grinding wheel. for finishing. For this reason,

t he outer peripheral edge portion of the workpiece can be ground with good
finish-ground surface roughness by virtue of the chem cal action based on
the reducing action of silicon dioxide. In the method of grinding a

wor kpi ece according to the 10 invention, after the outer peripheral edge
portion of the workpiece is subjected to rough grinding and finish grinding
by using the afdeatedggesnd tgavdes] shefonalr ferigtdnd ssrpetd ofredhby

usi ng the di sk-shaped polishing pad and slurry. For this reason, the

rel ati vel yo§dflte polteshhogrypadiagewhppl $ ed, Inandhéhevdmss| uhe et ks ec ool s
t he machined portion of the workpiece . Hence, it is possible to further
enhance t he3 ginsigndosar f et insughnessn biint hiee olidghwperi plrratioadys ther ti on
of the workpiece and effect super-finish grinding. In the nethod of

grindi ng a*9eR ke iadiosdrhgel s t Recobdingnt i Idn besemedt pesprliplier al
edge portion_ of the workpiece is ground. Accordingly, it is possible to
obt ai n Xt he*bf e ety greadopkl AVranERe LW AR RESPRBL 2 hedge Ref HP Lt he
out er peripheral edge orti%n. 25 1 n the met had of rindiqgﬁe wor | pi ece
according ej[“‘r?ékPFr &fit?oR2 éﬁgierﬁf@ﬁtﬁé(?i‘b‘ﬁ%l%ﬂ%@ epB it it of e

wor kpi ece Qm?%’é?%e%i%hé%% %drheheql gu:':Pacletsso%et teeg:o!cgtgrr:gl’lg@dlhding wheels.

In the method of grinding a workpiece according to the
invention, the rotating grinding wheels consist of the two

10 grinding wheels for rough grinding and finish grinding, and rough
grinding and finish grinding are performed by the grinding wheels,
respectively. TFor this reason, the grinding of the outer
peripheral edge portion of the workpiece can be effected
separately for rough grinding and finish grinding and

15 continuously and efficiently with high accuracy.

In the method of grinding a2 workpiece according to the
invention, the rough grinding and finish grinding of the outer
peripheral edge portion of the workpiece are performed by the same
station. For this reason, it becomes unnecessary to transport

20 the workplece into another station or shift the holding of the
workpiece, and it is possible to continuously perform rough
grinding and finish grinding for the outer peripheral edge portion
in the state of being disposed in the same station. Hence, it
is possible to maintaain the positional accuracy of the workpiece

25 and improve the operating efficiency. Further, stations for

rough grinding and finish grinding need not be provided separately,

the arrangement of the grinding apparatus can be simplified, and



-5 Accordingly, it is possible to obtain the aforenentioned .
operational advantages in the grinding of the inner peripheral edge
portion. In the nethod of grinding a workpiece according to the S
invention, a rotating grinding wheel for cylindrical grinding is rotated
about an axis parallel to the central axis of the workpiece in a process
precedi ng the grinding by the disk-shared rotating grinding wheel, so as to
ef fect the rough cutting of the edge portion of the workpi ece by
cylindrical grinding. 10 Accordingly, since rough cutting by cylindrical
grindi ng, which hakes it possible to secure a |arge anmount of grinding per
unit time itk geocednggappacesss icamdeptreds thepget ndi ng can be performnmed
efficiently. Mdireover, since this cylindrical grinding is rough cutting
even if the profile Iof thhemotited o5 guendpheralwstkfizee atcthéingttat thg
grinding wheel for cylindrical grinding is slightly broken, machining
accuracy renmvenisigbst armdtdtiinougaifhdtbedihdel whishcondfectmedrhy tiedingati ng
grindi ng wheel for cylindrical grinding includes a formng grinding wheel.
20 In a secdie g5péds elcsordray diexie inverftixad abnesive grpiosi dedsad

met hod of grinding a workpiece, characterized in that a morkplece formed of
a circul & tH thGI EPEaT"snﬁ FrARdargbieet ko ShneFI T an Fa%i Bhly FERSEN
rotating gri wheel . for

d I I d
about B axi SAPAFF ATTiFTE 29 KR P LERPCoh AR aﬁyi%‘%%éie“é gkopga” ©
ffect th h tf = d f k dri cal
a1 i ndi ng, anth haotsl (LA SERGEHY TG GPCRBT R WhLCTs SR 6 BBFng
rotated - 6 che 1&*1%%:&% %é's% e&‘ﬁ ead! Pgd%%rg%‘lg“c% oof_n EE?E&%‘gﬁo?(' 'd%.

parallel to a plané o plece an ar fo"ara

direction of the mrﬂfpttﬁ@emetﬁoétbqs ﬁa&héeggﬂﬁgqe%d Eeeréﬁkﬁw%h

f eedi ng novenent on both obverse an ever e morﬁpiece

5 al ongian efgRrROrdn, 0B ekt figs WAl 6681 p3Rras LagdIbak die Fd@geportion

of the workpiece by an outer peripheral surface of the di sk-shaped rotating

gri ndi ng wheedrkpAcerr dis gty eciierl eot heuddl ge ipat hy dh D ihA 8 hwor Il ieebiys
subj ected to rough cutting in advance in the precedi ng process, 10 the

subsequent g3 ijeofotadie ngdgelpiyrtg wheel st Hangdr ki estel rgpn s pe gferfednmed
efficiently. Furthernore, the wheel surface of the disk-shaped rotating

grindi ng whedy Ysing fofiec 85kt ehareddial i S nohaed end sslisrces ar yEhis

repl ace the rotatln% %rlndlng wheel
-reason, the relatively soft polishing pad are applied, and the

15 -slurryalways cools themachined portion of the workpiece. Hence,
it is possible to further enhance the ground surface roughness
of the outer peripheral edge portion of the workpiece and effect
super-finish grinding.

In the methed of grinding a workpiece according to the

20 invention, an outer peripheral edge portion of the workpiece is
ground.

Accordingly, it is possible to obtain the aforementioned
operational advantages in the grinding of the outer peripheral
edge portion.

25 In the method of grinding 2 workpiece according to the
inventlon, an inner peripheral edge portion of the workpiece

having a circular hole in its center is ground.



frequently, and the edge portion of the workpiece can be ground 15 into a
const ant machi ned shape with high accuracy. In the nethod of grinding a

wor kpi ece according to the invention, two grinding wheels including one for
rough grinding and another for finish grinding are provided as the

di sk-shaped rotating grinding wheel, and rough grinding and finish grinding
20 are perforned a=tez' the rough cutting. Accordingly, the grinding of the
edge portion of the workpiece can be effected efficiently with high
accuracy by being divided into rough grinding and finish grinding, and the
arrangenment of the apparatus can be nade sinple and conpact by 25 the joint
use oz the machi ni nActoatdiagl yFuirt herparseibdecos dbngihoiae & hAbrehaspeatedof
the invention, there is provided an apparatus for grinding a workpiece,

char act eri zedp s tomali sdugntage kpireddehglkdndgnoeshsHeodnhek dpargineral

wor kpi ece formed of a circular thin plate and for rotating the workpiece
about its owkdgximRertamd.grindi ng means having a di sk-shaped rotating
grindi ng wheel and for causing the rotating 5 grinding wheel, while being
rotated about an axi% SissPaRbedlel gFaralingl atwearpl affe agLorAengwoik fihece,
to under%f rel ative feeding novement on both_ obverse and reverse surface

si des of 2 helRRKpiFre2 ARG 1RT ot rhefl dicr RELvikpFe 671881 ng iso

ind th d i f the K pi .10 A dingly, it i ible t
Peal i 76 an abpet AUESPHE BRI 1 3 FEF bt £ CAPAC o L R PE e ases s
difficult to,b Lt 1t | t i ndi I
frequent |y, HM FRES5EE P SRAtRer AR uting: BY o L Lahe P ARER SR IRg al

' ) . ! . [
Shape i t hniStPalify MR 66 80P SO L 8B CORSL ANt (B Shaly (e
wor kpi eces cgdrbeod IdH ThRdubexBLpLL 194 Yo PARES AY bhensaRs. of i nding wheel

through the relative feed contro f The workpiece and the rotating

grindi ngosvheel . I n theappagalys e ghigbng: dhes perkpheeecar gt fingg o 20
the invention, a guide nechanismfor guiding the relative novenent of the
wor kpi ece anehidie m=atdeat i bpogisibdiento Weeslr of o1l freyefl ansung dherpheceF ety i S
formed by a hydrostatic bearing. Accordingly, when the grinding wheel and

t he wor kpi ecenst ez ited dini vepyeqeiied rrocessst ancajontreds Zhei petrdioy alaong
the 25 rotatjonal axis of the workpiece and in a Y direction perpendicul ar
thereto, theb?Pativ@atoeértniently heMyrieAlrng SWRes Hrid hdindrkpekce is

ef f ect ed snoot hl by the gujde nechani smincl] udin
grpn inc}/ is ro gk cutt:(fng, even rlf the 8rofile of the outer

15 peripheral surface of the rotating grinding wheel for cylindrical
grinding is slightly broken, machining accuracy remains
substantially unaffected.

, In this connection, the rotating grinding wheel for
cylindrical grinding includes a forming grinding wheel.

20 In a second aspect according to the invention, there is
provided a method of grinding a workpiece, characterized in that
a workpiece formed of a circular thin plate is rotated about 1ts
center as an axis, that a rotating grinding wheel for cylindrical
grinding is concurrently rotated about an axis parallel to a

25 central axis of the workpiece so as to effect the rough cutting
of a edge portion of the workpiece by cvlindrical grinding, and

that a disk-shaved rotating grinding wheel, while being rotated



g _ the hydrostatic bearing. Accordingly, it is possible to psevent

vi brations fromoccurring during the relative novenent or the grinding
wheel and the workpiece, thereby naking it possible to inprove the
processing accuracy of the ground surface of the S workpiece. Further
according to a fourth aspect of the invention, the rotating grinding
wheel ., while being rotated in one direction, is noved to be fed toward the
edge portion of the workpiece starting with its obverse surface side and
then toward '"its tip side, to 10 thereby grind the obverse surface side of
the edge portion, and, subsequently, the rotating grinding wheel, while

bei ng rot alzdit Antdrel oppasntiendireatd rgctiisnneviesk drct jkd fyegdat olesld tbhe edge
portion of the workpiece starting with its reverse surface side and then

t owar d it satrlgnei d&,theowt hkp bbye gnidndethendiendrset s ur fradeal Migiedeioh t he
edge portion. In accordance with this grinding nethod, since grinding is
per f or med ®¥ theswatPAgcan ial S eneemeEy nie bhvadseoartledizpdeesintaces of
t he edge portion of the workpiece in such a manner as to depict symetrical
| oci of nUVRYRRANTOM PREN GEVYErSE aif ¥ eleF 0S¥ TRe it het teperarkrdgFrace

side, grinding can he perfornmed by the sane change of the grindin
condi ti%onsaq‘?ﬂg (56t ﬁ%ﬂe"%ﬁﬂxﬂ%@%ﬁﬁe r'ﬁFZﬁ@é%ur?%@e’s FOdEEIRY reggﬁondence

with the angle of the crystalline face appearin t the edge portion, and
s bosaPH el b ot EVENFS et i SRcalbet ATLTEsHL Pt TR FouGhRese. of
the 25 groyn .ﬁﬂ{fa%ﬁ bgg en thfn bverse surface side and the reverse
surface side of &he e58 oP¥i 8 &% ne edge portion oz the workpiece
can be ground unif I s ce.ro L h i - . _accyracy.
BRI EF DESCRI PTI m%—‘@fﬂégwwﬁ&?ﬁ:%? %@g?’gﬁﬁg? i % F?‘?f ‘r"%’g ln%%r;gpl an
view i |1 usiidfd i b tane SIodRAhgoin %a&%egiﬁp@g gEQEédfh@ proceisan

enl arged plan view of an essentiall portion and illuStrates in enlarged for
a por flioon e tshiesgehagt e iaRANAL B HeheWhe igdbdftiion df HddwoskpSedd canl ar ged

cross-sectional view of the 10 essential portion of the grinding apparatus
shown in Pbgpetfobmgs.efFAdienddyar erepleamatar ythy ensel |dursarcatenghehe
nmet hod of grinding an outer peripheral edge portion In the order oz
processes;dRiysshapkdandt 5Biny gy nfdiogt wed el dtsi dnaf i wikewtantde avqatran so
that it 1s unnecessary to repléce the rotating grinding wheel
frequently, and the edge portion of the workpiece can be ground
15 into a constant machined shape with high accuracy.

In the method of grinding a workpiece according to the
invention, two grinding wheels including one for rough grinding
and another for finish grinding are provided as the disk=-shaped
rotating grinding wheel, and rough grinding and finish grinding

20  are performed after the rough cutting.

Accordingly, the grinding of the edge portion of the
workpiece can be effected efficiently with high accuracy by being
divided into rough grinding and finish grinding, and the
arrangement of the apparatus can be made simple and compact by

25 the joint use of the machining station.

Furthermore, according to a third aspect of the invention,

there is provided an apparatus for grinding a workpiece,



15 viewillustrating a rough cutting process; Fig. 5c is a side view
illustrating a nodification of a rotating grinding wheel for the rough
cutting process: Figs. 6A and 5B are a front el evational view and a pl an

view illustrating a rough grinding process; 20 Fig. 7 is a side elevational
view illustrating in enlarged formthe rough grinding process shown in
Figs. 6R and 6B; Figs . 8A and 8B are a front elevational view and a plan
view illustrating a finish grinding process; Figs. 9A and 9B are parti al
side el evational views 25 jllustrating in enlarged formthe finish grinding

process shown in rigs, 8A and 8B; Fig. 10 is an enlarged cross-sectional.
view of a - ci@ractembdeditgacooprising: workpiece hedbdhggremohion dmldinghe
grindi ng apparatus shown in Fig. 1; Fi 11 is an enlarged plan view of 2,
nmodi fi cati or# @prépgamaﬁqrgwen’le@ﬁamicglﬁﬁ:bgatH‘éug? Phata@Hbparar A Bmenvinen
Fig. 1, 5 Figs. 12R to 12C are plan views illustrating nodifications of a
grinding wheBITMpégge FPEUt 13°F oW &38s- 386 %hlaqiuw éyans ha¥ipgt fng, a
nodi fication, of the grl ndi ng process; front el evat i onal vi ew

i 11 ustrati ndiis e RBER T TR gF”E“IiPe“%f”gﬁa éﬁﬁar%ﬁ%ﬁng the rotating

5 grinding wheel, while being rotated about an axis substantially
parallel to a plane of the workpiece, to undergo relative feeding
movenent on both cbverse and reverse surface sides of the workpiece
along an edge portion of the workpiece, so as to grind the edge
portion of the workpiece.

10 Accordingly, 1t is possible to realize an apparafus in
which the wheel surface of the grinding wheel is difficult to be
worn, it is unnecessary to replace the grinding wheel frequently,
and the outer peripheral edge por.tion or the inner peripheral edge
portion of the workpiece can be ground into a constant machined

15 shape with high accuracy, as described above.

In addition, the edge§ of the workpieces can be finished
to arbitrxary shapes by the same grinding wheel through the relative
feed control of the workpiece and the rotating grinding wheel.

In the apparatus for grinding the workpiece according to

20 the invention, a gulidemechanism for guiding the relative movement
of the workpiece and the rotating grinding wheel for performing
the processing is formed by a hydrostatic bearing.

Accordingly, when the grinding wheel and the workpiece
are relatively moved, for instance, in a Z direction along the

25 rotational axisof the workpiece and inaYdirectionperpendicular
thereto, the relative movement of the grinding wheel and the

workpleca is eifected smoothly by the guide mechanism including



Fig. 15 is a plan viewillustrating the nodification of the grinding
apparatus shown in Fig. 14; and Fig. 16 is an explanatory di agram
illustrating a conventional method of grinding a workpiece. 15 DETAILED
DESCRI PTI ON OF THE PREFERRED EMBODI MENT Referring nowto Figs . 1 to 9B, a
description will be given of an enbodi nent of the invention. As shown in
Figs . 1 to 3, acolum 22 is provided uprightly 20 on a bed 21 of the

gri ndi ng apparatus, and a workpi ece hol di ng mechani sm 29 serving as a

wor kpi ece hol di ng nmeans for holding a workpiece 23 forned of a circular
thin plate such as a sem conductor wager is disposed on the colum 22. A
grindi ng reehhpdsos 25t seberngnas Acgoirodngdymeansgsippadiispeses pervkhe bed 25
21 in correspondence with the workpi ece hol di ng mechani sm 24. This grindng
mechani se 2briagipnevifderd ectlrainotduring ghiendebgtisheealov2oehar ofythedri ca
cal grinding for the rough cutting of an outer - 11 peri pheral edge
portion 23xlodingewherkmrat §he3vaskmiade ashenebdimsiigigapedastidtliengo
grinding wheels 27 and 28 for the rough grinding and finish grinding of the
out er per iPBRECHIe E8GePHOFET DINQD FE B 2Cle O ERBI LB ST flacesRdubde be not ed
that, in this enbodinent, a rotating grinding wheel which is fornmed by

bi ndi ng t FOTFPaERS of silicon dioxide (SiC2) with a bond to formthe
silicon dioxide into gixed abrasive grains is used as the aforenentioned
rotating grindi ng “WAEEPT 2@ FHT F4 §gi%§.°uf(§ho?|5?%t P&t the i1y st 1PRe

gri ndi ng chanism 25, a carrying-in statiaon 29 is djsposed,.on the bed 21,
and 2 casSBE Lo ML BRIBHLY HESRL pP PG Pt At h A RS atRe 23 1 5
carried i ' rrying-j [ fi ' r.oh LS

st al | ed Tt FERE Y BRhBr SRl A on fiod SR kUt R9 ek Merinll e
wor kpi ecegy; ] ne.f tey, he frpst

wor ki ng r?b%t% %)1&% gﬁgg’g?% %%]%la\%r géa"taoéltqﬁ]eﬂv%} %%?%?g ﬁ%?gﬁ% Sr%eiagﬁaﬁigsm 29.
As shpgn ithelrie®y drind iheCkBesSsdBashds SN +202Rk BosidmChnliype for
measuring the thickness of the workpiece 23 20 is di sposed above the

carryi ng- lsnbstzatiean 129. tly ttsiatgnkboyeisensgrwialednenhsl d02an?@at282¢, and
202d, the thickness neasuring sensor 20z neasures the thickness of an outer
peri phery iof tinee opprkpieceifSctators tismpovaddtdebectisd defuectd thewed&pi eces.
Further, on the basis of the measured thickness, a controller ?5 201
conput es FeEtdem ef the teakpheeknesliigyw dilticitDreyeIsheswoidqn eé€e23, and

determ nes a reference position for feeding the workpiece 23 in a Z
directi on3ndyshen toward'its tip side, to thereby grind the reverse surface

15 side of the edge portion.

In accordance with this grinding method, since grinding
is performed by bisecting an allowance foxr the obverse and reverse
surfaces of the edge portion of the workpiece in such a manner
as to depict symmetrical loci of movement on the obverse surface

20 side and the reverse surface side, grinding can be performed by
the same change of the grinding conditicns for both the obverse
and reverse surface sides in correspondence with the angle of the
crystalline face appearing at the edge portion, and it is possible
to prevent the occurrence of variations in the roughnesé of the

25 ground surface between the obverse surface side and the reverse
surface side of the edge portion. Hence, the edge portion of the

workpilece can be ground uniform ground surface roughness with hign



On the right side of the grinding nechanism 25, a carrying-out station 32

i s disposed on the bed 21, and a cl eaning nmechanism 33 is provided in its

| ower portion. A second working robot 39 is installed; in the rear of the
carrying-out station 32, 5 and the machi ned wor kpi eces 23 are received by

t he second working robot 34 fromthe workpi ece hol di ng nechani sm 24 and,
after going through the cleaning nechanism 33, are acconmmobdated in the
cassette 30 or. the carrying-out station 32. An outside-di aneter neasuring
sensor 206 is disposed 10 above the carrying-out station 32. It should be
noted that, in Fig. 1, the outside-di aneter-neasuring sensor 206 is

il lustratettqudacbove the carrying-out station 32 but in a different
position for the sake of description. The outside-di aneter measuring sensor
206 neasures the outside dianeter of the workpiece 23 by 15 causing an
abutting plate 206a and an pushlng plate 206b prOV|ded with a sensor

el ement to cone into coRBRAGE JA ‘ : heNG@but ti ng pl ate 206a
and the pushing plate 206b belng respectlvely provided at two points

| ocated in corresgoridehde MRAF LU 1o BFAIRN G Yt REARILRY EelBIs @3 tERE basi s
of the neasurégﬁgo out si de di aneter, the controller 201 confirns the finish
of thewor¥p BN RL | 259HER q?ﬂfﬂﬁis@FPﬁtlon wi |l be given of the
details ' of the

f .the hol di 4 As sh
derails o oL e HIANOSTEL 8y bhs MOUR! £58, 10 ding,Uechanl smadogs, shown

vertical dVLeT ?@% A A R ol

rotating %mgi? ? Fpported on the work - 13 head 37 in such a
manner as to be totatable about the axis~1,1 extending in the Z-axis

direction and a systd on &%daﬂoemr&é@kefegssa@@cta%ﬂspgvm? Jordei ece 23 s

provi ded at a lower ‘end thereof
10 essential portion of the grinding apparatus shown in Fig. 1;

Figs. 4A to 4C are explanatory views illustrating the
method of grinding an outer periphéral edge portion in the order
of processes; .
Figs. 5A and 5B are a front elevational view and a plan
15 view illustrating a rough cutting process:
Fig. 5c is a side view illustrating a modification of a
rotating grinding wheel for the rough cutting process;
Figs. 6A and 6B are a front elevational view and a plan
view illustrating a rough grinding process:
20 Fig. 7 1s a side elevational view illustrating inenlarged
form the rough grinding process shown in Figs. 6A and 6B;
Figs. BA and 8B ares a front elevatiocnal view and a plan
view illustrating a finish grinding process:
Figs. 9A and 9B are partial side elevational views
25 illustrating in enlarged form the finish grinding process shown
in rigs. B2 and 8B:

Fig. 10 is an enlarged cross-secticnal viaw of a

_10_



R wor kpi ece rotating notor 41 is disposed on top of the 5 work head 37, and
the rotating shaft 39 is rotated by the notor al, which in turn causes the
wor kpi ece 23 sucked and held onto the suction pad 9 0 to rotate about its
center as the axis L1 . A Z-axis noving notor 42 is disposed on top of the
colum 22, and a ball screw 43 is rotated bar the notor 92, which in turn .
causes 10 the work head 37 to nove in the Z-axis direction through a
connecting arm 45 attached to a nut 44. Next, a description will be given
of the details' of the arrangement of the grinding nmechani sm25. As showy
in Figs. 2 and 3, a supporting tab? a 47 is disposed on the bed 21 in such
15 a manner madibidedimovalfl e Workbhieeoé daxilslidigr eethenih o drengirtadinal
direction) along a pair of guide rails a8 via rolling bearings. A saddle 49
i s support ecrpridtaisssppont ingfieble 47 in such a manner as to be novabl e
inthe Y-axis direction (in a transverse direction) along a pair of guide
rods SO via rolling Bear lhgss 20 ARLXrasd o ¥svivagwnof or eHifscatsposedaon
the bed 21, and a ball screw 52 is rotated by the notor 51, which in turn
causes the s¥HHFThFACEBPESY7of otVE Indiige 2RPAXAEUS $M R ERBoudh a
nut 53. Y-axi s novin taor 54_1s dispased i.n the rear of, the supporting
table 472 and a bal |fllsg%r-g&2§5tPsl?§t%€%& tVH§w§51rliP6Fr%ﬁ“’t% nove the

saddl e 49 in_the. Y-axis direction rough g nut .56. the X-axis nmoving notor
51, the Y-ad S hovidtyg st 8rrE §4?rbrﬁ%ﬂf%e SAxPE2f6vi ng notor a? are

subj ected to nunerical _ .l-a. Jo) - e n i.c..control on
the basis of an NC (F:)E?'Logg'r z:ilr% K fi %gg%%r%%%tﬁn%g{a@még:e&r g?%ﬁg%ifrﬂ % 57 is

di sposed on . of SURP i DY t.he | eft-hand side thereof,
and 5 the af%c?cglrr%nﬁtg%gdgfeo?%tgi %gl%(?ﬁnggipﬁcéc\%ﬁesél 26 for cylindrical
grinding is nounted oy a1a04Qr aShabht 581 SFA i@EIHING 1 BLOM 1§ St MGl gur f ace.
This rotating grinding wheel 26 for cylindrical grinding is rotated about
the axi 90L.2 podafieltiion bifetaentsahdidd sgchreftushe wor kpi ece 23 by the
first-grinding-wheel rotating notor 10 57. A second-grindi ng-wheel rotating
motor 59 is di sposedion fheisadglent®evand lulsératong et modédidiiskersEped
rotating grinding wheel 27 for rough grinding and rotating grindi ng Weel
28 for fini skhgrdTdiHRaepravahtedskarma irotfdg-sR4ft 289 proj ecting 15 on a

| eft side surface of_the second-grindi ng-wheel rotating notor 59 at a
predet er ni ned i nt er V&9 t Hér éSefite 81HP 1 ABRECQTO SH435 25y Pﬂ\gpﬁbrwﬂééﬂ 27 for
rough grinding and the rotating grinding wheel. 28 for finish grinding are
rotated abouf”Ah"H '°§13I_13m5§§‘8£| 8 ?’(’Jll?%g"gplaaﬁ’é’r@lﬁﬁﬁ'mrkpi ece 23 by the
second-grsi ndi ng-wheel 20 rotating notor 59. The grinding nmechanism?25 is
provided™with a workpi ece-outsi de-di aneter neasuring sensor 203 of a
contact type for neasiqi cherophs di = A S

t he rough cutting ‘process, a grindi ng- neasurrng sensor

20? for measuring the. fi3M8lers, 0b i@ .rotatoaN o gekag gk wheel 1 28 gfﬁgngough

grinding and the rotating g rinding wheel 28 for finis gri ndi ng,

2-direction ppsit i @bdEasuk Bg SBBSOiventin. 205 for detecting the
position of the workpiece 23 in the Z direction. The

wor kpi ece- out si de- di &srehewn ngasigs nY tsefsarc0bur 32 disspasediddudiiegitlei nity
of the first-rotating-wheel rotating S notor 57 so as to neasure the

out si de Zfi amehex add tieolothkpi @ondNgakpperahes r amgh acuwobirkpdepe deelskingOn
the basis of the neasured outside dianeter of the workpiece 23, the

control | er 202Chenest <4 RRradURS 6f Yorpiwie tied diopaneans doirndehgintheel 26
for cylindrical_ grinding. The controller 201 adjusts the anmount of

workpiece 23 formed of a circular thin plate such as a

semiconductor warfer 1s disposed on the column 22. A grinding

mechanism 25 serving 2s a grinding means is disposed on the bad
25 21 in correspondence with the workpiece holding mechanism 24.

This grainding mechanism 25 is provided with a rotating grinding

wneel 26 for cylindriczl grinding for the rough cutting of an outer

_ll_.



10 feed of the grinding wheel 26 in the x direction so that the depth of
cut into the workpiece 23 becones constant in the rough cutting process. In
addition, if the workpiece 23 is not ground by a predeterm ned anount, the
controller 201 determ nes that the wear of the grinding wheel 26 is |arge,
and warns the operator to replace 15 the grinding wheel 26. Fur then, a
nmounti ng base for nounting the sensor 203 as well as the workpi ece hol di ng
mechani sm 29 including the rotating shaft 39, the suction pad 40, and the

| i ke Expand due to heat generated during the grinding process, exerting
adverse effects on the nmeasurenment. For this reason, to 20 conpensate for
their di spaciaierzd edysetobyidihe Iahefmahe expainsiane 28epe ad] Lsisment is
performed for adjusting the relative positions of the sensor 203 and the
suct i on patl s#0-shikpies zekatadyustimehindl $hefeflecR@daby zhutdmngHeheosghsor 203
to abut against an outer peripheral edge portion of the suction pad 40. 25
The gri ndiguindhied 2nd drieteh gmiasiimongf Sdesort20neripdespbsddemaditabhy
outwardly oz the rotating grinding wheel 27 for rough grinding or the
rotating g#ihdihgheheerkpBeeer2dini sh - 16 grinding so as to measure the
out si de dianeters of the_grinding wheels 27 and 28. The controller 201
detect® the anmount éFoﬁégrb%anttﬁé{ B3 hdilly thhe cambodingnd . 28 Fqtehinge

d out si di . af .th i ndi ng . |'s_27 and 28, id adj ust
he: amount9 T o BABS TR AP FEE MR AR08 S SR ST P e | on
dth t. of f.1h kpi 23 in.the Z direction. Furt i f
"1 et GTHITR (a0 HACAMOAACE B SHER ot PHGCP S HG WhBE? & Poand 2
I s b . : : th t Lace t ._ndi
whoel o 57 BHESEE PRARE b ST R G PR DA ePR R e B 1D

sensor 204,35, weld ,fogofgggrgﬁ@,?gage for displacenents due to the thernal
expansi on of a nounting base for nounting the sensor 20a, the notor shaft

60 foromounting the ghendieig wheel 6 2dhang i2%ingndetheni bkezs,zer o
adjustnment is performed for adjusting the relative positions of 15 the
sensor 20%anitrite igr et hon WteeksdiXpared 28. tHhbadz2l 0 =adj B sdasset ties

ef fected by causing the sensor 204 to abut against a block provided on a
beari ng hoi®iamgraxinodade imgt ar pshedli 60 dFhrurmmaghinad wbekgieaed B3 wkeel s 27
and 28. The Z-direction position/measuring sensor 205 is disposed 20 on the
housi ng siderofed hataotiors 58rsplag-in stagaon® | ohefinilk Wacking noketsuct i on
pad 90, and neasures_the Z-direction position of the suction pad 40 at its
ref erence pbsit B PALAINR- MRS RANRBE FRTDHE -G péatien $bsizridon

[ 208 i Y dJ t he |
S 1808 07 Ehe T8 RUEEROB R DT % S THONNPER. THEMOARIELE% 3 | o
rface oz i Tt 3 TarE FHGHPER PRROrIETeEE%2s (s
of the wor b 08 23° Phe RbRTFaI EP SO GStaet -t hE braRoat-or te 8 | "

the Z diregtd op,0f ithe WoEkphgCRe AQd i 9 Jxechani sm 24 including the
rotating shat 39, the suction pad 90, and the like due to their thermnal

expansi on, and adjaksishiolRe: f efigf.encea PasiduneR sf Réa s@eth G hig Wi kpisece 23
inthe 2 direction. S In addition, to maintain the relative positional

rel ati onshi podrtddie t¥pdi FeEthadsieneenet Bei nonddd ege tR3 apgkdhe-griandi ng
wheel s 27 and 28 constant, a Y-direction position neasuring sensor maybe
provi ded raslidddoe et wabdkythed taergimd+ion spadidél 20. aByt asdagpessat e f or
the relative displacenents due to 10 the thernal expansion of the

Y- di rect i oseleediaieneedisadiog e f 8021 he? (td ndindg 2@Rdel she7tmnckr@B@snd t he

wor kpi ece hol di ng mechanism 24. In this case, the Y-direction position at
the Y-dir eREITH YT ERBRRE 49851 ¢3 DI 4SS ThedScenerA of ABrprWGR BT lnf@iYer with

respect to a reference point provided on the saddle 49 or the
of one workpilece 23 at a time, and detects defective workpieces.

har, on the basis of the measured thickness, a controller

rr

Fur
25 201 computes the center in the thicknesswise direction of the
workpiece 23, and determines a reference position for feeding the

workoiece 23 in a 2 direction.



15 housing of the nmotor 59. Alternatively, the Y-direction position
nmeasuri ng sensor may be di sposed on a side of the saddle a9 or the housing
of the notor 59. On the basis of the Y-direction position of the workpiece
23, the controller 201 detects the elongation in the Y direction of the
Y-direction feedi ng nechani sm 20 and t he workpi ece hol di ng nechani sm 24 due
to their thermal expansion, and adjusts the reference position for feeding
the workpiece ?3 in the Y direction. Next, a description will be given of
the method of grinding in the case where the outer peripheral, edge 23a of
the 25 Workpiece 23 is ground by using the grinding apparatus having the
above-described capstrhectiight §idé her nefdhediokighi fdENeh Bswrkpizece, as
shown in Figs . - 18 4A to 4C the outer peripheral edge 23a of the

wor kpi ece & dyE rg-outds sepidratel ys tispbsee P esesses21 Naiml ¥ clfdahshg t he
outer peripheral edge portion 23u of the workpiece 23 is subjected to rough
cutting bynddmmictadBns grondied wheek REvdmopoeylondr iAcakcdndmordting, as
shown in Fig. 9A. Next, as shown in Fig. 4B, the outer peripheral edge
portion 23wkaftt 84 iz $nsbvaghedunt thy des rsubjtéct edrt vinptmit granihmg2by t he
di sk-shaped rotating grinding wheel 27 far rough %ri ndi ng . Subsequently,

t he ouPer et tBRGHEANIGRFeWPBERIiTRSaR B @irs recebirmhbyrihriisagond woaliiasted to
finish 10 grinding by the rotating grinding wheel 2B for finish grinding,
as shown |¥PEaty34IEomMERBrmHGLECeh Ut iai BECHRREN pti i wefFehgognden of

t he rough gutting process . As shown in__ Figs . 5A and 5B, .the workpiece
23 i s nove thitg‘ﬁo§gﬁaﬁﬂni e Jvﬁr%é-j’poé'-%{ai Bﬁ‘:%??‘g%%d?‘néh% to the
rotating grindi eel for_cylindrical grinding by the Z-axis noving
Mot or 43 | T SR \é{%i ﬁpmﬁgéhc%ﬁm“ﬁ&teééag%%s}igei ng sucked and hel d onto
t he suction pad aQ_of wor.kpi ece hol.din hapi oo | i.s ,State,

t he workpi ece 23 ?\gl Péltttrag?gcef %E%&%E?ﬂgnef%usrquegﬁg%gn}véérlklpsl ecg'esgrgé gti ng

motor 141, and,d t&ﬁé@ﬁ?{ﬁ&@%@%kﬂ@&@ﬂ yhreek 126,407 & hBdeac@latgrinding is
rotated about the axis 12 parallel to the central axis L1 of the workpiece

23 by the fig st riiabungi wbee! atat-hBgsBPL g sBhsoAl2dd1esSamskirgeedt he
rotating grinding wheel. 26 for cylindrical grinding is noved to be fed
toward t hensutbovpettiepheralieggmtpetit oon 23abot iA5a i€ femekpipeca t23nby t he
X-axi s nmoving notor 51. Consequently, the outer peripheral edge portion 23a
of the workypi e 23kiesofubpectemtian r ollgh cutsiderdyerexkirndeasatingr i ndi ng,
as shoran by _ 19 the chain lines in Figs. 5A and 5B. In the rough
cutting prIviesy, 285f bead e yribedPugsidediaastenonh the Pegkrbese &9 b used
as the _rotating grinding wheel 26 for cylindrical grindi ggéso as to reduce

the grndi TRFSMGUAR ZPYTHiMKPIa1e SRFRGTDEE FURIAG Brbf (it 6883 $rovidad
Suboctuentl e, L the Lousl 8Ll ng,protess. a5 show,! puFigs . pand o8,
passi ng t hSug T o Pantr 2757 B He R ReRE BT e et on whil e
the workpi £66,43 1h215U0KBY1ded at two points located in correspondence
wlth the diameter of the workpiece. On the basis of the measured
20  outside diameter, the controller 201 confirms the finish of the
workpiece 23.
Next, a detailed description will be given of the details
of the arrangement of the workpiece holding mechanism 24. As

shown in Fag. 3, a work head 37 1s supported on a side surface

N
w

of the column 22 in such a manner as to be movable in the Z-axis
direction (in the vertical direction) through a quide rail 36 via

rolling bearings. A rotating shaft 39 is supported on ths work

- 13 =



and held onto the suction pad 90. In this state, the workpiece 23 is
rotated by the workpiece rotating notor 41, and the rotating grindi ng wheel
27 for rough grinding is rotated about the axis L3 extending in a direction
parallel to the plane of the workpiece 15 23 and perpendi cular to the

radi al direction of the workpiece 23 by the second-rotat:.ng-wheel rotating
notor 59. At the sane tine, the workpiece 23 is noved in the taxis
direction by the Z-axis noving notor 92 on the basis of a predeterm ned NC
program and the rotating grinding wheel 27 for zo rough grinding is noved
in the Y-axis direction by the Y-axis noving notor 59 . Through this

5- mul t anedu®ad wot axesuchniar oknhbe 2ottt iby ptandbhg abeet 2e iaxiroved to be
fed with respect to the workpiece 23 in such a manner as to depict a

pr edet er mi eretRIGNG LB hepdremeis d bet vitiem t Ard eBErtsengrat 4eVerssicunfgaces of
the 25 workpi ece 23 along the outer peripheral edge portion 23a of the

wor kpi ece &3 hed ddhgwin® WoRikpiere 2Tamspgoehted 2tas kinmaneby thrrestfai n
lines in Figs, 4B, 6B, and 7, the outer peripheral edge - 20 ortion 23a.
of the workpi ece 28 9oFXBuBFECERER T méﬁrg‘?fﬁeﬁ ﬁgshysfﬁ%éﬁrb%i?érogéﬁephezal

wheel surface of thg rotating g_ri ndi ng wheel 27 in the sapne station as that
for the abdves deSC=Pled@OudiE CAterhpd privtids S &S iRttt dminkRe 298 form a

tapered profile wi.th_S_an arcuate peripheral e ortion_in i Cross
sebtt on. "Fhr REFER A RERR FRLR S R B beE Y SKeoaRt WIS 65<0 8A and
88, the r i rindi ng, yheel far finish ari.nding is ed. and

di sposed géﬁé[ hsg 9“z%&(]i gcr!iovcly\liﬁj:éJ ﬁ%?%e ?f’oé]tt é%f)o%lnt |eornagoweesr£%\érsld¥‘%g f‘o t he
line La ingihe Xydifiget b9 ' t iece 10 ' d,and hel d
onto the suction pa& %0. JIE.%W{1 il gss?g%%ipgélfﬁe&v\gro p?%iteﬂegfglgg@o%%’t %& y the
wor kpi ece & @Al BarERtOF i4lyofRded 1 EQRAR Y @RI, NG 1EL WheehrR& fQksf i ni sh
grinding is rotated about the axis L3 by the second-grindi ng-wheel rotating
not or 189. #ie tlteris ardad i3Me tot heveorkpiec e, 2% iisS dip¥ediom tHwwghla axis
direction by the Z-axis noving notor 42 on the basis o the predeterm ned

| BC progr asgnreend: irwe arot ati agtgehadi g avrard 428 for finish grinding is
nmoved in the Y-axis direction by the Y-axis noving notor 59 . Through this
si mul t aneous t wo- &¥&ss: .centdestrinticon otiatlipg girviemdpAgtivheleita28si sf mirged to
be fed with respect to the 20 workpi ece: 23 in such a nanner as to depict a

pr edet er nmi HEPITERRE oP InbPEnBRt "Bt NEETHERE SBhYer s&SafdorBver sl Fur Faces of
t he workpi ec 3 _al ong the outer. peripheral ed ortio 3a. of the

wor kpi ece 321"3; %ﬁs asﬁo‘%/go'rf l?—?g}%&?l%&%ﬁ& éHSPo?%?e]s‘qu%ﬁt Eﬁ% a5 Théhrtby the
chai nqlzi nes_in_Fi cC38 A .. and 9B he out er r.i pheral. ?5,.edge
bort1 48 P BINEREY s REretends e e A ee s a EECE L AR Gty TR N a
desired profy t ter i.prh I rf.ac £ ati.ng

gr i ndi ng WheeT 29 n e R AR o St ot Tigy B A Eed bl

above- descrz hadiieugh Q's't%ﬁ‘;goﬁé&%%stﬁ@dsﬁ%ﬁiﬂ;{ 3@ RY4 P OFE8Sh L this
case, as shown in Figs. 9Aand 9B, crystal orientation 23b extends in the

wor kpi ece manrsabsisandidd mpvhB16 Parakl elayd 4 kitrBet by ere aanthf fxalsze
surfaces of the workpiece 23, and different angles of the crystal face
appear in dhesaitear) paoingher phledge gRadki 8642350 afizl ke lWenkbene ndd from
bot h obverse and reverse surface sides to the tip of the edge portion. For
this R€ason, it isAmé&ecessaryotingefbeot Jr iisddbgpdyedbanghadeh2l 1Grgr i ndi ng
condi tions ,(;léahe f eedi n%%speed in grinding novenent, the rotating speeds of
t he wor kpi 22123 sgRavt I 1y kadehgd Wheshe28otet 1) Whictdor dancecanisss t he
angles of the crystal face. By adopting a grinding nmethod in which a

machi ni ng SRe 5 GROE SERE BBbEe X &R0NPeR dits Eheuf famies digeptaent araughshown
in Figs. 9A and 15 9B, and the feed-novi ng4di_ rection of the rotatin

gri ndi ng wheegt 33. A Y-axis moving motor 1s disposed in the rear o
the supporting table 47, and a ball screw 55 is rotated by the
25 nmotor 54 to move the saddle 49 in the Y-axis direction through

a nut 56. The X-axis moving motor 51, the Y-axis movang motor

54, and the Z-axis moving motor 42 are subjected to numerical

-lq_



28 for finish grinding and the rotating direction of the rotating grinding
wheel 28 are changed with respect to the outer peripheral edge portion 23a
of the workpiece 23 so as to depict nutually synmetrical |oci of novenent,
it becones possible to effect 20 grinding by the sane change of the
grinding-conditions for both the obverse and reverse surface sides, and it
is possible to prevent the occurrence of variations in the roughness of the
ground surface between the obverse surface side and the reverse surface
side of the edge portion 25 Specifically, the outer peripheral edge portion
23a of the workpiece 23 is not ground continuously between the obverse and
rever se surdromsl ,siates peher oy tanet fd mositrgli odi Dige isasiL2df aneffect ed
separately for the obverse surface side and the reverse surface side.
Nanel y as strowen.n Fig. 9A, first, the rotating grinding wheel 28 for
finish grinding, whit a being rotated in one direction, is noved to be fed
toward the cuter pgefiiphtrarindigu-sheelt Foha B obtoheS Worskpisres¥B o8t arti ng
with its obverse surface side and then toward its tip side, thereby

subj ect i ngtemeTobVRsSeretEEag &2filge? bion ke def&rnpaf| pia APeBeg® FOFti on
23a to _finish grindin%” Subseqyenil , as shown in Fig. 9B, the rotating

gri ndi Rg wHee|2ZaF emphti eRBei FYt 3 ot &F i ifHe “Bppbst § ef i redtPGR1ca0 i s
noved to be fed toward the outer peripheral .edge.portion 23a, of the

wor kpi ece P5-IAHIE FRGHTIG 08 2 BYErS el 3 E7ora6 aRd THoht LOWPES s tip
si de, ther subj egt i reverse rf i z the.outer periphera
edge port i%%‘y at o%é‘%?rs#]&gﬁn d%rgpdiﬁﬁt ﬁgrs?faffefr%ﬁ ﬁ(ﬁ&ﬂ?é?cﬁgri pher al

edge port | cglg%r\?/cg?ug[oas‘]rotattlas AU HKPLEES AT 1P %99%,?%1 ¢4 10 fciemf%l g&g@_di ng as

descri bed e workpreces 23 in a state o ei ng accommodated in the

cassette 30 grecid ABSRPILES 2BrOMhBe: YNNG s3RRANRE S @ a8RAL AR o8t at i on.
In this other station, the final finishing of thé outer periphéral edge

porti Qo 23w of the workpiece 23 is effected by using an 20 unillustrated
di sk- shaped polishing pad and slurry. Namely, an outer peripheral surface
of the di sk-shaped® pekosditqugirphichg-shealsest £ to.nabmd t &g &idnst dilbkposed en
peri pheral surface oz the workpiece 23 in the sine way as the rotating
grindi ng whee|saddleard ?8ndAche efoaramenttiipnadsHiskyshtpeh dotatriagar ed by
m xi ng 25 abrasjve grains into a dispersant is supplied Lo a gap between
t he pol i shIRERYeB agaew& WOF IKsTse 92 8RBy $adde? MR inheréngenpotieeen 232
of the workpiece23 ;.s subjected to super-finish - 23 _ rinding by the
grains in tREoH ERPYEN ERLARIRE ATORS FEC SHORFPHSE Fot i OBEC TS
enbodi.nent _may. be enbodi ed_b ing the follown difications. S (a) In
The grnd 7 st SLT8 SHF LAY Aaoe HEeRt G Bl RE N R RRIE oa 37
and the saggl g 4 respegLivel :gg a oLLed tq t I cyl i nder
190 and theggﬁ?d§5%%§k§0§ﬁy %%anéM% Y@H#%%%%F?cE%ﬁéaﬁ?ﬁbg%fgg?g§46 and
180_ A desgrimdin uMdel be sdvenh thenwork hod digrBRERaRL YRinding

wheel 28 for finish grinding are rotated about an axis L3 parallel

to the plane of the workpiece 23 by the second-grinding-wheel

20 rotating motor 59.
The grinding mechanism 25 is provided with a

workpiece-outside-diameter measuring sensor 203 of a contact type

for measuring the outside diameter of the workpiece 23 after the

rough cutting process, a grinding-wheel-diameter measdring

25 sensor 204 for measuring the diameters of the rotating grinding
wheel 27 for rough grinding and the rotating grinding wheel 28

Yor finish grinding, znd a Z-direction position measuring sensor
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10 24 including the hydrostatic bearings in detail . As shown in Fig. 10,
the guide cylinder 140 is attached to a side of the colum 22 in such a
manner as to extend in the vertical direction (in the Z direction) . A
supporting cylinder 141 is supported in the guide cylinder 140 by neans of
hydrostati ¢ bearings 142 in such 15 a manner as to be novable in the Z
direction, and a pair of bearing cylinders 143 and 144 are disposed in the
supporting cylinder 191 _ A supporting shaft 145 is supported in the
bearing cylinders 143 and 144 by nmeans of hydrostatic bearings 146 in such
a manner as to be rotatable and liftable. An air passage 145a is fornmed in
20 its center(s afyk tdee caitinpassagsodAoSo ol ahrRetberpi 8ca@ ¥AcGHIFhpURP ( not
shown) through a hose 145b. A suction pad 1la7 is fixed to a | ower end of
t he supportidprsdtafdn.145 by nmeans oz bolts (not shown). In the center of
the suction pad 147, there is fornmed an air passage 147a conmuni cating ?5
with the air passagelidbarepiebe-suppodd+digretiatt mddsSur g sehepria0X he

| ower surface thereof there is formed a plurality of suction grooves 147b
conmuni cat i ngispaded he &ihe passagey 107 £heA £ir24-rotabtng-We8f grotrdbiagi on
is disposed within the supporting cylinder 191, a stator 148a thereof is
fixed toXtheneport sAgrE G AGeFUTd 1thamits idst 9Fanersr fetBofWarkofieged to
t he supporting shaft 1a5 . The suction pad 147 is rotated by the notor 14B
for rotati onzg 3fit& Tt Hee SOPEBrIY g ShBFPCeas: AmnbitorPag2 Stk ThEREFSNE efs

di d ab th I 22, d || 43 i jectingl i ded
on a I ower pOTETOI GF SBRES hotTof A8 OB TOLt (5 ar o 50 LRl RGPy
i ded t i ph f_th ti |.ind .91, d t
074" moshi g i TIPS GhalCLP BuF IS Ta BT o HRGTE0"E BLEThiZ 0 { he
ti . t he. ] t ; t
rovarant | t REYEURBOR T gt At ier Tinort Aol gBF RS BCEdE PE

nut 49, Jtser Vi - t.b pag 5 k i son,
when the wor kprace. D37 E oy en e eae B ey o e PR SRR

nmovenent of $heud Skrshapedipliatens BekbbNGoMeehs 4V tARd-c2Ghand thihg
wor kpi ece 23 is effected snoothly by the guide nmechani smincl uding the

hydrostati c beatréeswys IA2aaditik86. ACabrediwegkyicconparied wit lyraugdite 20
mechani smincluding rolling bearings, it is possible to prevent the

vi brati ons fpoadeczarinatgameunhgthaeongiratiiee Afdveetrnniofes headitsk welaaped
rotating grinding wheels 27 and 28 and the workpi ece 23, thereby making it
possi bl e to ?HPFPEEiNGdngrdeadsi h§sdeddracindfaxhet i opsd a5ar ftaceerdEcehe
wor kpi ece 23. 25 The gui de nmechani smincluding the hydrostatic bearings 180
i s al so ipr oviHRITERIRE HHGednge me fi ORI moy FRYVE Hed FiiskdE P IREBRERY 825 i n

the Y di reCtlsggsoFIQrZOghalsswé f‘%‘%”che""ﬁg?ké{‘gcé h%?ding mechanism 24 including

the rotating shaft 39, the suction pad 40, and the like expand
due to heat generated during the grinding process, exerting
adverse effects on the measurement. For this reason, to

20 compensate for their disvlacements caused by the thermal
expansion, zero adjustment is performed for adjusting the
relative positions of the sensor 203 and the suction pad 40. This
zero adjustment 1s effected by causing the sensor 203 to abut
against an outer perivheral edge portion of the suction pad 40.

25 The grinding-wheel-diameter measuring sensor 204 :is
disposed radially outwardly of the rotating grinding wneel 27 for

rough ¢grinding or the rotating grinding wheel 28 for finish
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rotat~.ng grinding wheels 27 and 28 Gid the workp.iece 23 axe relat~.vel,y
noved in tha Y da.rection w thin the plane including the ratationai ax.-~s
oz Che di sk-shaped rotating grwnd~, ng wheels 27 and 28, the relative
novenent oz the zotating grinding wheels 5 27 and 28 and t he workpi ece 23
is effected smoothly by the guide nmechani smincluding the hydrostatic
bearings ? 80. Accordi ngly, it is possible to prevent the v~, brations
from occurra.ng dur~.ng the xe:~. atzve novenent of the rotating grinding
wheel s 27 and 28 and the workpiece 23 zn the 'Y direction as well,  thereby
making 10 it possible to further ~. nprove the processing accuracy ox the
ground sur ~@€irfiiefy EbeasvaxkpeaegraIhelBatbYde 0siatd e rResti figs gri48iaye a?so
provi ded in the nechani smfor supporting the rotation o.f the warkpi ece 23.
For this reasedls theansheRpi €N 28ntSolSpeot ethtsrtasthe amate shoekhly, 15
thereby making it possible to ~ux't~er ~.nprave the processing accuracy of
t he ground siixrrecgrahdihe woekls . Fcend~28( frohnthdenggiunsida onfgisagpar at us of
t he above-descri bed enbadi, nment, as shown in Fig. 12A, the

second- gri nifi ampheireed £ tbeag 1 itglimgottzre 15021 srslipporrgdedim tiretsadabany9 by
means of a 20 supporting shaft 63 in such a manner as to be capable o~
under go i ne ¥ Hdededir tratdmwadiagdherl ¥ Glasnfg2 §rin fdieny Shedtizn 8¢ rough
grinding and the rotating gra.nding wheel. 2~ zor ~in.ish grinding aze
respecti vel Yneaneounbaifieadnst Motz kriper £3 160 -k bjdcerhdpnt r &mrrt%ﬁf-’r and

ri ght appos, ~te s~.de surfaces of the notor 59. ?5 Tn .his arrangenent,
since the SEDBA-URFRETTRSH RBET SPE Y ot 5R258 %188 et Be (Ragtgo

a. ndexed rotation,,ei__tr one o~ the.rota=in r~. ndi eel . rough
grindi ng an%?t$ﬁ§n?%'arer§¥59?hgt ?i?ﬂﬁt% &%ﬁée?OgBW?%ﬁs;ghﬁﬂ§$eéﬁgéﬁigg is

di sposed at 057t 1,00 j t axd - h pi ece 23.
+ Then, in th]féé]%é;et Z:hgf g%%??%é%ﬁﬁ%?%? 2% spc;la(%‘gr'rlenf[r,§ tt Jee%fragégﬁf\é\%{é(ndi ng and

fini shagri ngh NonQfg-the cQULSEnPELE PRI 18408 RObE! 904 232 Af115 kRBe workpi ece
23 can be perforned consecutively by the sane station. (c) In the grinding

appar at us oforpéh RRQVeogeg e backrifieduiients Bife RWRalNekbgns litBo1t Be
di sk-shaped rotating grinding wheel 27 for rough grinding and rotating

gri ndi ng wheelntlihaZBakarfdd nbshtOid rdengerasoebl, aheampodt shiafiy Padot4 are
nmounted at predetermined intervals on the notox shaft 60 proj acting from
the left simeustirdaddzorihdisecdmilott iamg- @Reetnd othe i igkenotzero59. | f
such an arrangenent is provided, after the outer 15 per~.pneral edge
portion 23a2@fuiHesnfoiRppecion®d §05 A5 lada s 5he ARlR tdMenBO bt BaitF P*f i ni sh

i ndi ng by_using the rotati i ndi ng wheel 2'7_f h_grindi d
The T ott i nbgr TSty e SP2BNF of ¥I4RGh “GEPAGi A, B3 1 11 AGFST FHShi ng of
the out | pher al. edge. portion 23 f i ti
s that fof S0TTREGE G (R Sy DRk GRS BO° Ty =L Pee ol PERF M oaad 'od and
slurry. (d)a'H?Jlézgpt%'vﬁg!aﬁgo:?%p%giﬁ%fﬂ\%&e%%ga%v@ﬁéj%@dxbgﬂggm'f%'%”t1 as

shown in Fig. he“second-rotatin rotati ng notor IS supported

on the saddﬁguﬁgﬁgy1§E@@§iggiﬁ%s&%ggggijﬁléagagg_63 in such a manner as to
€

be capabl e of undergoing 25 i ndexed rotation, and the rotating grinding
wheel Z7 for rough giepdiigect it pOSALIdHIMEELBEH NP ¥hEST 288 ifsQiz sPd¥eN

grinding, and the polishing pad 6 are ~rtounted on the notor shafts 60
pro~ectang onhe housing side of the motor 59 so as to face the lower surface
of the suction pad 40, and measures the Z-direction position of
the suction pad 40 at its reference position in a non-contact
manner a2s the Z-direction position measuring sensor 205 1s
positxoned in such a manner as to oppose the lower surfacé of the
25 suction pad 40 in a state in which the workpiece 23 is not fitted

To the suction pad 40. On the basis ¢f the Z-direction position

oL the workpiece 23, the controller 201 detects the elongation



fzomthe 1 eft and right cpposite side surfaces and rear surface of the
notor 59. In this arrangenent, since the second-rotating-wheel rotating
notor 59 is made to undergo i ndexed rotation, any one 5 of the rotating
grindi ng wheel 27 for rough grinding, the rotati ng grinding wheel 28 for
finish _grinding, and the polishing pad 64 is disposed at the position
corresponding to the axis L1 or the workpiece 23. Then, in this state of
correspondi ng di spl acenent, the rough grinding, finish grinding, and final
finishing of Zhe 10 outer peripheral edge portion 23a of the workpiece 23
can be perforned consecutively by the sanme station. (e) In the grindzng
appar at us of tdhzeZ aliaeetdescrf tied wverkpie o hib]l daa gtrleehael dhi 2101 GE 1 dlimg Wheel
27 for rough grinding as well, it is possible to use a rotating grinding
wheel whi chhédbrotsatfioorgrestialfy BEndimng siherignapad o, sidd cve dikxidle: itat o
fixed abrasive grains in the sane way as the rotating grinding wheel 28 for
fini sh gri ndeby.thermadsexhan$ rxed 2aldr adj vet grdiense bér ¢thee posatiog fpm ndi ng
wheel 28 for finish grinding, silicon carbide or the [ike which 20 is
general |y fieeding dnpl-oydd®iscg) 2Bnivhithed rdrecgigppar at us of the
above-descri bed enbodi nent, the rough grinding of the outer peripheral edge
portior® 23a o0z theloaddditded 25oppaiRbatot e e lative BgswhE@aR7 for rough
grinding is also perforned S%Parately for the obverse 25 surface side an d
h

the reversESLariRRe R d8 BOS thel bRt eiOhORYRENAINGHGE POREE &7 2B % t he
i ndi g SBFAPHAE et Sbo76. dBsCrr B brod AFECt 4R GPRHG%B | ndi g
wheel s uﬁggsgflﬁé]@eﬁ%ggnia@/goe provided radially outwardly of the suction
pad 40 so as to compensate for the relative displacements due to
10 the thermal expansion of the Y-direction feeding mechanism for
the grinding wheels 27 and 28-and the workpiece holding mechanism
24 In this case, the Y-direction position at the Y-direction
reference position is measu:ed'in 2 non-contact manner with
respect to a2 reference point provided on the saddle 49 or the
15 housing of themotor 59. Alternatively, the Y-directionposition
neasuring sensor may be disposed on a side of the saddle 49 or
the housing of the motor 59. On the basis of the Y-direction
position of the workpiece 23, the controller 201 detects the
elongation in the Y direction of the Y-direction feedingmechanism
20 and the workpiece holding mechanism 24 due to their thermal
expansion, and adjusts the reference position for feeding the
workpiece 23 in the Y direction.
Next, a description will be given cof the method of
grinding in the case where the outer peripheral edge ZBé of the
25 workpiece 23 is ground by using the grinding apparatus having the
above-described construction.

In the method of grinding a workpiece, as shown in Figs.
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grindi ng wheel 26 for rough cutting. (i) A Z-axis direction noving

mechani smis provided on 5 the grinding wheel 27,28 side, and the outer

peri pheral edge portion 23a of the workpiece 23 is ground by the feed
novenment in the Z-axis direction and the Y-axis direction of the grinding
wheel 27, 28 side w thout noving the workpiece 23 . Alternativel y, the

wor kpi ece 23 side is novable in the X-axis dizection and in |0 the Y-axis
di zection, while the grinding wheel 27, 28 side is nmade novable in the
Z-axis direction. (j) As shown in Fig. 13, a workplece having' a circular
hole 23c in its center is used as the workpi ece 23, a peripheral edge of
the circul4&k twld€,28he oueer mariphrerlpedgphtialofedye dSrppiddor2323d, is
ground in addition to the outer peripheral. edge portion 23a. Nanely, the
wor kpi ece @3irg! sapkedtehyoirt brsagiiaore gezc .40N&@se/dng farspacech«aatenm its
central portion, a smaller rotat~.ng grinding wheel 27 for rough grinding
or rotati repximhsdizdgedaeatodgidroe 341 of sihegrpnlbhece LI elsasilvidstetbted to be
fed between the 20 obverse and reverse surface sides of the workpiece Z3 in
the same WeSMHs cufElnBove-{dEsEPT petNg9maidigdorhete LSufer perinsaral edge
portion 23a, thereby making it possible to grind the inner, peripheral edge
porti of 23FinRNohi &5c5Beyn; %ni]‘gl%o§§i-bl%e’f% ConSPANBUSP Y H2r 4Bor fEhe

gxi nding of t'ne outer ri pheral edge .25 baqrtion 23a azd the.inner

Bor _Dher I S ¥ufe BOrERGAC23608F RHE AR 100 82553 by TRITY THEBANeSgr i ndi ng
wheel int sa hi nj ng_s ion, sq that,the zrrangenent S

appar at us %%Jr%%dggﬁp%&qh grjtzrgélng QXda}%g%ﬁ%cﬁﬁ%g%% ré’%gﬁéngcggﬁpggsgcan be
i mpr oved. o1 Bot I,pdi ho od - [ gqg Laent, the
rough griHﬁ%%d‘%?&%@égggﬁg‘?ﬁ%ﬁg%ﬁrsﬁﬁﬁﬁggffﬁgﬁﬁg'§§%§3§§§§én gggggforned
inagrin r;atU - ; 4] ; Ie; g

appar ot s Shem e erge oA B Gt grmr e e, S S IR R
conneqioed §9iRAGR BYNeRe rAdoMIikE ?\ﬁﬂadﬁHgik«ﬁgeaemaﬂazsﬁaﬂsarg:kialdgh'k;mdi ng
mechani sm 25 are di sposed on the tirst base 121, so that an outer periphery
of a workpaecsh2dh 1@ aiga ecrcul ar t-hin plate, which is sucked and hel d by
t he wor kpi ece hol ding nmechanism 24, is ground by the grindi ng nechani sm 25.
A wafer carrying fecdvandingriyl 29 dehsh ldd npsariiptsbnnmiMiingetgibles dB83hand a
second noving table 13~ i s disposed on-the second base 122. The first

novi ng t abf@ABIEEIHE FFesedsi n Auehod renfie¥s - SA and 5B, the workplece

23 is moved and disposed at a heightwise position corresponding
15 to the rotating grinding wheel 26 for cylindrical grinding by the
Z-axls moving motor 42 in a state in which the workpiece 23 is
being sucked and held onto the suction pad 40 of the workpiece
holding mechanism 24. In this state, the workpiece 23 is rotated
about the axis L1 by the workpiece rotating motor 41, and the
20 rotating grinding wheal 26 for cylindrical grinding is rotated
about the axis L2 parallel to the central axis L1 of the workpiece
23 by the first-rotating-wheel rotating motor 57. At the same
time, the rotating grinding wheel 26 for cvlindrical grindang is
moved to be fed toward the outer peripheral edge portloﬁ 23a of
25 the workplece 23 by the X-zxis moving moteor 51. Consequently,
the outer peripheral edge portion 23a of the workpiece 23 1s

subjectad to rough cutting by cvlindrical grinding, as shown by
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15 as to be novabl e between a processing position P3 corresponding to the
wor kpi ece hol di ng nechani sm 24 and a retreated position P2 at a distance
therefrom Further, the second noving table 134 is supported on the first
noving table 133 in such a manner as to be integrally and rel ativel ynovabl e
with the first noving table 20 133. pn unprocessed wozkpi ece 23 is carried
onto the workpi ece hol ding nechanism 24 by the i first noving table 133,
and a Drocessed workpiece 23 is carried out fromthe workpiece hol di ng
mechani sm 24 by the second nov; ng table 134. A cover 135 is provided over
the two bases 121 and 122 25 in such a manner as to cover the various
mechani sm segid @hsien1ERAekr iNpPeFs Swil a@Rs spand a shunter 136 is di sposed
zn a substantial? internediate portion thereof in such a manner as - 30

to be capabl e of beimgthewesesh aruttdngegroBuEs NG thenghyngh Nediofy theel

wor kpi ece 23, the shutter 136 is closed so that the portions on the first
base 12 ~ angs tdmewpoxht Fbgs T ddmebsecoad dmsenel 23 tatensepairatiod, whbeleby
preventing a. coolant and the like frombeing 5 scattered to zhe portions
on the base 22Zorl avaikdticnl grhedshatierasl t36réduapehedgnhmdinthemmonkpi ece
23 is carrzed in or carried out by the wafer carrying nmechanism 129. In the
gri ndi ngSnecirartinem23 levingi sowgli diicwingn praseshown in Fig. 15, a
supporting base 160 for shifting is disposed 10 on the first base 121, and
a pair of guide rail|3WCpequengiyshitf Ehagacd gaindis aRcopper asushEesh t he
supporting base J._60 in such a manner as to extend w_thin a horizontal

plane in a ditHgofARad §BshbetIHG diMPedt oM™ FREfT et 9% SRRIDFLLRELRI
!eft-_hand siide tgf rd CEge rear }n %Fe@{j h=- hand_si de. Aﬂshl rti n%. ase _162
is shiftably Slg‘os\égp%? dSBRSEAS Y b e 1SS MBI P8R 11 Arg® Pad “A%Bai r
f X-di ti j .a=i § 7. 63; ext i | | ef te- ~right di i
0% i recti o HERAAT Be/ 2 oouf I Bt iy HiEosh L Gty et et o

the shifibi ng,bags L82>3A ATRYLNG Haser168 {5 TDRR YoPkPROL 08 09 shliRed
3 b rol i

X-direction 20 gusde rails 163 by neans of a pair o ng units, and a

pain of Y-dideCtie0d gHtderOdncteonepdend ngrhnekhe s¥adil eghé AR WliBka the
hori zontal plane are d~ sposed on an upper portion of the npving base 164.

A saddl e ? 68 s rapnelddyp g uprokdBehiek et het X iHy Retbpnr1gutethedethEInby
means of hydrostatic bearings. In addition, ?5 a processing head 107 is
supported om=mdipgewhpelt 2Onfaf rolvghYgdinethqors rgtededr adsutldhe hxdagh a
supporting sraft 108 in such a nrnner as to be capable of sw veling about a
vertica_ axils’ pytending innpgagestion perad lgadathalplagerehtha YWeaikpigte
rotati ng shafts 109 and 170 are projectingly provided on both sides of the
prccessitRg headhiererReRdidt i@ inbnidie aadia!l darastirn of 1&e verRiees fécti on
perpendi cul gr _to the axis o he s rti shaft 168, _and the 5 rotating
shafts 169 3%"%?056%8“9&8 @%J‘IES "%P%g‘t 5r°0c%jfinﬁc:5‘8};‘lﬁ15d%%a'ed in the
processi ng head 167.,.T , ofati rindi.n el .27 for .roygh . _
grinding is nounted pt}:n_r{t%%e >F Oga%%%\l% sﬂ%f %Ofg’g),lemﬁ;,\,?g %ﬁemor% cE’;ttlinng%gerlzndi ng
wheel 28 foxfiniah Griiadi B9 % TPURIEIRE0hI AL S BhathGANA byl 20 It
shoul d be noted that the

predetermined NC program, and the rotating grainding wheel 27 for

20  rough grinding is moved in the Y-axis direction by the Y-axis

moving motor 54. Through this simultaneous two-axes contrcl, the

rotating grinding wheel 27 1s moved to be fed with respect to the

workpiece 23 1in such a manner as to depict a predetermined locus

of movement bestween the obverse and reverse surifaces of the

25 workplece 23 along the outer peripheral edge portion 23a of thes

workplece 23, as shown in Fig. 7. Consequently, as shown by the

chain lines in Figs. 4B, 6B, and 7, the outer peripherzal edge



10 hydrostatic bearings are used only for the Z and Y axes related to
processir_g for the purpose of the reduction of cost. But, the hydrostatic
beari ngs nay be used also at tlI*. e tinme of relatively noving the rotating
grindi ng wheel s27 and 28 in the X direction and in the 5 direction. 15 A
description wll now be given of the advantages which can be expected from
t he above-descri bed enbodinent. In the nethod of grinding a workpiece in
this enbcdi ment, the workpiece 23 forned of a circular thin plate is
rotated about its center as the axis L1, and each of the disk-shaped
rotating 2o grinding wheels 27 and 28, while being rotated about the axis
L3 substanti gbkyipar2Bi ef tmhet herppaeree Of3 tikesubli &Pt €L e 2 Fough goted irgy
undergo rel ative and continuous feeding novenent along at |east or_2 -~azt
of bot h obvebgethadourserseipuetatevstaeswoffakkecorie piotae 123 oniddiengut er
beri pheral edge portion 23a of the workpiece ?3. 2S Consequently, the outer
peri pheral edbeepott inrthz3sand sthtianmispthat o023 Hesalgovendk duyr ittled andE
peri pheral wheel surface of each of the rotating grznding wheels 27 and ?e.
- 32 i Forutitlng onamsss, i1msuedra-mpaned a4 th fona & cavenel arafige wdithg
met hod i n_which the cu=er peripheral edge portion of the workpiece is
ground byS a B8r AFAERER | PR IR OARe BATENBOPE AR | & Gt St KEORReBRCSiRFace of

each or the rotati ngPari nd-~. gg \{’\gee.l s. 27 and, S 28 is |less prone to_,
def ormati on, so that ERPE “BREorRSEFEE T PR T BEPERRS 1 Ad SPEAMLYs -

i ndi wh 27 ' and 28 f tly. Ac i ngl jto] ible.to red
gL LMIng Wnoghs 2 @00,8 Lreqen v, Secoldingl, S LapaeeRlglp reduce

hi ni t ~rth i . ) i f_t | f . of
TR 110 OB LU RIS e e gl L vl sl g

def or mat i on, 40e..QPLEA; RELLRALS -'neeﬂggﬂgcg{éi%sﬁ]e?é%oggwm% YL Kphiopeese 23

can be groung into constant machi ned-s es wt accur acy.

addi ticmothesedgespektd a3 1af ochbe ¥4 khic@Gen28agamg be 1hi rhgbegtitg,0 an
arbitrary shape by the sane grinding wheels 15 27 and 28 through the

rel ative feedhegwephptote @R L herotertda BoetR3 witptibesr obedt g aptodi g
wheel s 27 and 28. In the nethod of grinding a workpiece in this enbodi nent,
the axi s L3 ahdt tee rotating grinadnggvivdecleR 8§ Dt ahmli 28 girsndiispasedotateadich a
manner as to be perpendicular to the radial direction 20 of the workpiece
23. For thi s apeasome ekesdct by itds sfcanvr amsnkphnecehes) iroteftingmeadogs05H5 to
traverse the outer peripheral surface of each of the rotati ng grindin

wheel s 27 and 2B. | n®6t EE? TR LIMEhe TREr KPFERE2 DB Athdeér §O¥STr &P ath s 2™

Al I AL L ORI ) 4L
o fect | ve usE et ReTo0ss ST Sef B o anfne upsr LT B ge adh T
i nding 8 vorRRT egb i B Bad et e PotaTT R or (Ha g WhES
consi st of theviwg mHddWlEng WRAeeHhSh this simultaneous two-axes control, the
rotating grinding wheel 28 is moved to be fed with respect to the
20 workpiece 23 in such a manner as to depict a predetermined locus
of movement between the obverse and reverse surfaces of the
workpiece 23 along the cuter peripheral edge portion 23a of the
workpilece 23, as shown in Figs. SA and 9B. Consegquently, as shown
by the chain lines in Figs. 4C, 8B, 93, and 5B, the outer peripheral
25 edge portion 23a of the workpiece 23 is subjected to finish
grinding into a des:ired profile by the outer peripheral wheel

surface of the rotating grainding wheel 28 in the same station as

._.21..



27 and 28 for rough gr:.nding ar_d finish grinding, ar_d rough 5 grind=ng
and finish grinding are perfornmed by the grinding wheels 27 and 28,
respectively. For this reason, the grindirg of the outer peripheral edge
portion 23a of the workpiece 23 can be effected separately for rough
grinding.and finish grinding and continuously and efficiently with high
accuracy. 10 2n the nethod of grinding a workpiece in this enbodimer _t, the
Tough grinding and flnisr gzi:~ding of the outer peripheral edge portion
23a of the workpiece'23 are perforned by the sane station. E'or this
reason, it becomes unnecessary to transport the workpiece 23 into another
station or wghtf tfort ReehabdirageeiciadS kpueeeng@praduks-.dnd $obgssi bl e
to continuously performrough gxinding and finish grinding for the outer
peri pheral gdgeliper proge28a in the state of being disposed in the same
station. Hence, it is possible to maintain the positianal accuracy of the
wor kpi ece and i npr dve thie opeeatasgsledin direfdys. Fant bed , 9Bt addvatalf or 20
touch grinding and finish grinding need not be provided separately, the
axr angenentomifertdae igni Bdbnegxappds attusheawoyéprseapl 23 | shstandt irié yginndi ng
apparatus can be made conpact. In the nethod oz grinding a worf:piece in
this enbodinealled WothiHyp gOVRESARNE TEAVELARI SR facsoPaeEhoWdikpdiesg t he
grains ?S of silicon dioxide in=0 =fixed abrasive orains is used as the
rotating grihdeRg fhEetrent: RBELEF L SRenETY For! £RFS FRRRMN 10r A Gufrer

i ph | ed i 33 L I Gpi 23 b d - 3~ h
porpn-t ol SA9c oLl 20,938, oL Ae voLI G G 20, Can b AL BUDK ot
on, e eieLe A an st SO iarids: g 40 piad oL, gl g2

i ndri cal j ndi i s.rat I S L2 I - tral
oyl L calsly RO 5, £ Otk gt 2,abo. Rt AR B 8l ehaltbe ent (2

di sk- shaped,#3{8lHNdoRE i HANY (Mhest e A h LB 8.1 n5¢r A1 iRy hevehby: ,C‘Ef\et he
outer peripheral €edge portion 23a of the workpiece 23 by cylindrica

grinding. FReftdifiing spasas, o5 Nae Wdigpguter 2pesipheralredgend Oapant ben 23a
of the workpiece 23 I's subjected to rough cutting in
etc.) in accordance with the angles of the crystal face. By
adopting a grinding method in thch a machining step over the
obverse and reverse surfaces is bisected as shown in Figs. SA and
15 9B, and the feed-moving direction of the rotating grinding wheel
28 for finish grinding and the rotating direction of the rotating
grinding wheel 28 are changed with respect to the outer peripheral
edge portion 23a of the workpiece 23 so as to depict mutually
symmetrical loci of movement, it becomes possible to effect
20 grainding by the same change of the grinding conditions for both
the obverse and reverse surface sides, and it i1s possible to
prevent the occurrence of variations in the roughness of the ground
surrace between the obverse surface side and the reverse surface
s1de of the edge portion.
25 Specifically, the outer peripheral edge portion 232 of
the workvliece 23 is not ground continuously between the obverse

and reverse surfaces sides thereof, and finish grinding is
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advance in the precedi ng process, the subsequent grinding of the

out er ~peri pheral edge portion 23a of the workpiece 23 can be perforned
efficiently, thereby nmaking it possible to inprove the efficiency of the
overal | operation_ Mreover, cylindrical 15 grinding produces a |arge
anount of” grinding per unit tinme, the rough cutting can be perforned
efficiently, and since cylindrical grinding is rough cuttinc, even if the
outer peripheral surface of the rotating grinding wheel 26 is slightly

br oken, machi ning accuracy renmains substantially unaffected, so that the
frea-uent 20 replacenent of the grinding wheel is unnecessary. In the

net hod of @ififkdicRe SepdaeRi1OCEoF R hkhbisv&M0dLFBRte AZLENHNG LUERErse
peri pheral edge portion 23a of the workpiece 23 is subj ectEd to rough

grindi ng andirftiagieshi @i ndbngl hy asishgwhhenrofiat iong gitse nhenheet sy and
28, final finishing is perfornmed 25 in another station by using the

di sh- shapedimakiah-wigegiazs dod Sintsty groaritl) sshridéasoning hetpted ab~odd ty of
t he polishing pad contr ibu te5 to high-accur acy machining, and the s ~
urry cool s'ditrieetio8+ is momchitnede pbrd itmwagzl the owtdkpippoeprP8raHesdess it is
possible to furtr<er enhance the ground surface roughness of the outer

peri phebal Pedgéopotis off Eawef kphecadr izl it PRI tind tef tver ssuperifd¢ai sh
grinding. 5 In the nethod of grindi ng a workpiece in this enbodi nent, the
rotating griis@ apd el tOBRThELS iHPSHLgei AdeAGLY MtIeBenadhiopBT eS¢ n one
direction, is noved to be fed toward the outer peripheral_edge portion 23a
of the wor iiFd@6°2314e &% FRE WM EI PESIBRFERS LR P&éélgﬂd@aarg?@ Ehfé%fsrt owar d

per | phor al BAGEREr (| B SRDELYT | R5 STOU il RgS SHBeoRReriTTAE o 1ot at | ng
gr i ndi ng_ wheal, 32, Whid e, el g CaiAed, Lo, Lhe s annosLe direntiore i s moved

to be fed t’owar out er’ peri pher ge portion pl ece 23

starting Withmbigar &Y ¢eSged Uttt Shdeodflr I AiReR rhoWadsk idos+ibR sigle,
t hereby subj ecting the reverse surface side of the outer peripheral edge

portion 23aft enbi AbshpHEdNPNgLakOing NiStH gasORevhisé SspoRddbkedb vadange
the grinding conditions corresponding to the angle of the crystal face

appeari ng ithenheowsare¢rntpetiphetal dogempostidacliay ahet hevalieerser 260
surface side and the reverse surface side of the outer peripheral edge
portion ?3&idf ¢hehsookipireper28heranl edyei sopuissi bB@ toof pmkstegtibdeng.
occurrence of var~.ations in the roughness of the ground surface between
t he obverse surfacé&usiber arid tefethevayy paripeersl edde pPriinn ddeert

p=_ripheral edge portion 23a. HEnce, it_is possible to 25 grind the cuter
per i phﬁ al t@&g@@ﬁi&%ﬁt&?%észﬂm ERESWOPKPINECE DA NG AR 0= YR & BRfite -

surface T ougNesSANd M 14 0 9260 BSYng BdlokSazREh 19ck0] gLiadipo 2

30 are transported from the grinding apparatus to another station.
In this other station, the final finishing of the outer peripheral
edge portion 23a of the workpiece 23 is effected by using an

20 unillustrated disk-shaped polishing pad and slurry. Namely, an
outer perivheral surface of the disk-shaped polishing pad 1is
caused to abut against the outer peripheral surface of the
workpiece 23 in the same way as the rotating grinding wheels 27
and 28. At the same time, slurry which is prepared bQ mixing

25 abrasive grains into a dispersant is supplied to a gap bestwean

the polishing pad and ths workoiece 23. By so doing, the edge

portion 232 of the workpiece 23 i1s subjected to super-finish

- 23 -



- 30 i the rotating grinding wheel, while being rotated in one
direction, is noved to be fed toward the edge por tion of the 4rorkpiece
starting with its obverse surface side and then toward its tip side, to

t hereby grind the obverse surface side of the edge portion, and, 5
subsequently, the rotating grinding wheel, while being rotated in the
opposite direction, is noved to be fed toward the edge portion of the

wor kpi ece starting with its reverse surface side and then toward its tip
side, zo thereby grind the reverse surface side of the edge portion. ' 10
In accordance with this grinding nethod, since grinding is performed by

bi secti n@ramdahbo%@ncﬁefgfaiﬁ@;gbwgksglgagy[eversa surfaces of the edce
portion of the workpiece In such a manner as to depict symetrical |oci

of ~moveneniMoari fiketabuer se surface side and the reverse surface side,
grinding can be perforned by 15 the sane change of the grinding conditions
for both the obverliseshodld evemnseegutiat ehsisdesbedinnart esgandentdedueth t he
angle of the crystalline face appearing at the edge portion, and it is
possi bl e tay prediegt thhefottowrenowff ivatiatsons in the roughness of the
ground _surface between the obverse surzace side and the reverse 20 surface
side 02 the edge partilanthpeatindime anhpsapust PEnthe 2hrvensiascpiibed can be
ground uni form ground surface roughness with high accuracy. It should be
not ed t hat®™Ir&idishitdi Rye mtHoders %tansﬂoﬁm.ﬁ@%iq 4%t pECpiadECtareLEnd
vari ous dmﬁdinafnethods are concei vapl e Encludin% such as trisection snto

the obver SEVERYERPRRT YL O FRR S¥1EpHeadd Uspue, Ehsguienaad plsi de,
d di vi.Si into.f. : t f th b f jde, th

Suryace site e EPpiiTHes e I oG BEEnedr: HhE TelLe surzzce side and

- 37 the tip sidg..and & I evg%'.ff k%e&w&no r{%er‘fexé(?ﬁ%%lﬁﬂhf ?nce%h%bqg and the

tip side. In such cases a5 Wel Iy -the ground surface roughRess of the

obverse and i g¥ELESEn$YhEAGRIYIHES 1ML N nRUG UBEEPI M aThe kESERT g,
d~.sclosure relates to thé subject matter "5 contai nedi n Japanese Pat ent

applicati ao,Nase beidel cZPORADS i1ldad janaargisdd Jo 1999dansr Hele 3194047
filed on March 31, 1999 wh~.ch are express y incorporated herein by
ref erence 420 it sueht arednyne MWed ¢coakyenérimitheevbedi arbt $ixfcdile i(bxenti on
have been specifically described herein, it wild apparent that nunmerous 10
nmodi fi cat itdres Znayréet immde t Aesugmpatiitnigoayl depear fLliddgl § supeblieed in the
guide cylinder 140 by means of hydrostatic bearings 142 in such
15 amanner as to bemovable in the Z direction, and a pair of bearing
cylinders 143 and 144 are disposed in the supporting cylinder 141.
A supporting shaft 145 is supported in the bearing cylinders 143
and 144 by means of hydrostatic bearings 146 in such a manner as
to be rotatable and liftable. An air passage 1452 is formed in
20 its center, and the air passage 145a is connected to a vacuum pump
(not shown) through a hose 145b.
A suction pad 147 1s fixed to a lower end of the supporting
shait 145 by means of bolts (not shown). In the center of the
suction pad 147, there is formed an alr passage 147a communicating
25 with the air passage 145a of the supporting shaft 145. Further,

in the lower surface thereof, there is formed a plurality of

suction grooves 147b communicating with the air passage 147a. 2
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spirit and scope of the invention. - 38 39 dainms: 1. A nethod of
grinding a workpiece, conprising the steps of: rotating the workpiece
formed of a circular thin plate about a center axis thereof; rotating a

di sk-shaped rotating grinding wheel about an axis thereof disposed
substantially parallel to a plane of the workpiece, the said rotating
grindi ng 'wheel includes a rotating grinding wheel for rough grinding and a
rotating grinding wheel for finish grinding, whereby rough grinding and
finish grinding are perforned; and performng a rel ative feedi ng novenent
bet ween the workpi ece and said grinding wheel such that said rotating

grindi ng whegbtspves sbprotatibrast d Daso Nl Wi ehian edgepiortinnc el idde

wor kpi ece in a thickness direction of the workpiece, while concurrently
rotating theiworkpieceand 4sai theéoddt iing fdkeddt ogcivdh egippostre hgbyy Bimdutt er
peri pheral surface of said rotating grinding wheel grinds the edge portion
of the workpiéte.ad ahetoet hodb atoretiing st digkdi to IthaMsepeorntihe shafx of
said rotating grinding wheel is disposed in such a nmanner as to be

subst anti al | y4per peredseat aon pedal 4 ads alotaittedchy dheafotde 148 riay eceatiin The
met hod of grinding a workpiece according to claiml, wherein said rough
gri ndi ng andvsai ghe i sHpprLiingdishgiar &4performed in a sanme station. 4. The
met hod according to claim1, wherein at |east said rotating grindi ng wheel
for finish grindi ng #FFETEd IR BPREFFRE grrafhsPoFed i3bioFsntrir GRLEBN 4R/ 0

fixed abrasive grains. 5. The nethod, accordjng to.clgiml, wherein final
finishing is? ér?gﬁﬁﬂ SHy et a i%?gpéc’a?‘-%?-‘:%%!abbgﬁoﬁ!&fiﬁ hPRG g4 SF PADUCeD

against the %@rkﬁéeﬁékéﬁ“dz? A connecting arm 45 1s projectingly provided

on an outer periphery of the supporting cylinder'14l, and a2 nut

10 44 meshing with the ball screw 43 is attached to a distal end of
the connecting arm 45. As the ball screw 43 is rotated by the
motor 42 for movement, the supporting cylinder 141 is moved
vertically by means of the nut 44., thereby moving the suction pad
147 vertically.

15 For this reason, when the workpiece 23 is moved at least
in the Z direction, the relative movement of the disk-shaped
rotating grinding wheels 27 and 28 and the workpiece 23 is effected
smoothly by the guide mechanism including the hydrostatic
bearings 142 and 146. Accordingly, compared with a guide

20 mechanism including rolling bearings, it is possible to prevent
the vibrations from occurring during the relative movement of the
disk-shaped rotating grinding wheels 27 and 28 and the workpiece
23, thereby making it possible to improve the processing accuracy
of the ground surface of the workplece 23.

25 The gulde mechanism including the hydrostatic bearings
180 is also provided in the arrangement for moving the grinding

mechanism 25 in the Y diraction. For this reason, when the
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40 rotating the di sk-shaped polishing pad, and by supplying slurry forned
by m xi ng abrasive grains in a dispersant into a gap between said polishing
pad and the workpiece.-6. A nmethod of grinding a workpiece, conprising the
steps of: rotating the workpiece fornmed of a circular thin plate about a
center axis thereof; rotating a rotating grinding wheel for cylindrical
grindi ng about an axis thereof disposed substantially parallel to the
central axis of the workpiece so as to effect the rough cutting of the edge
portion of the workpiece by cylindrical grinding, wher ebi/ afpeout er
peripheral edge portion of the workpiece is gr oun l@oea?ng a di sk-shaped
rotating grindi ng wheel about an axis thg@eﬂh‘xe g ed subsg;\x@mngal |y
parallel to a plane of the workp |@;§xe2éfter t he r,ou I‘_yanatﬂ“ng and;
performng a relati ve %e,@cbeﬁ@ m)verrent be}«waen the vvor ecghaﬂcﬁ sai d
grindi ng whee| ssmaﬁ that said g g_gtamgo rindi ngﬁf on at |east one
part ofrbe%hlo ver se @dnre%rse surface3 S det? an edge Bq,n{eieéﬁ of the
wor kpi ece al qRgLa 1 %Ckness dj reggsb‘ns t he wor Rl;eg:xeﬂ 'l e concurrent |y
rotati ng:éﬂﬁ& wor kpi e? rnj0§a\“tf rotati ng gei Tk wheel V\Qeéqby d&n outer
peri pher al aa:p@né sal d rot iRengr? né'l ng whe gmly‘lé’éf he edge portion
of the vmﬂl@p\ye . S gri ndi ngsac Eg‘lhece cor&g&aﬁm@g‘!’t he steps
of : rotati ng!5 h@BMﬁF‘Epl ece for b & CI rcul ar t hIBOpl about a center
axi s ther&bf® rotatinp Qrd dbEkRShaped ro )‘[agluegfb FPhdi ng whg Maﬂaﬂé&? an axi s
t her eof di s’p gdz%éﬁét antial Ly g RaeabFEf 1o a pl aﬁ EoRfodeHE “Wor kpi
perfor @i ngz a relative {@@d}%& novemnment e wor kpi g_ cexa@-sal d
gri ndi ng mheg{,aﬁlmhl PRat sai d \;g{tat\:inﬁg gri ndl n% Weﬁﬁd; s al onq( 3y | east
one ple £O pre otal seang @ . heIEb

. 553 e O ellr T
s on as W i he

15 Of' the qro o



41 part of an edge portion of the workpiece in a thickness directjon of the
wor kpi ece, while concurrently rotating the workpi ece and said rotating

gri ndi ng wheel, whereby an outer peripheral surface of said rotating
grindi ng wheel grinds the edge portion of the workpiece and an inner

peri pheral edge portion of the workpiece having a circular hole in a center
portion thereof is ground. 8. A nethod of grinding a workpiece, conprising
the steps of: rough cutting an edge portion of the workpiece fornmed of a
circular thin plate by nmeans of cylindrical grinding, said rough cutting
step being obtained by rotating a first rotating grinding wheel for

cyl i ndri cal Totdtidichgraboimg aeaxi 38 therBofish gpbseitns dissd bspdsdd gt fareal | el
to a center axis of the workpiece, while rotating the workpi ece about the
cent er axi spo$itimy sofrespendgrindorthe hsiedgecpdins vorgpledre 2or Kifisgce by
an outer peripheral surface of a second rotating grinding wheel, said
grindi ng st&p Weisngtabe AAhearbgsperdondridigraacenantvdieaanay govsirast

bet ween said second grinding wheel and the workpi ece such that the second
grindi ng wheed fHigved grinding afehse oreehIerisherpt KR FRSIEEPBNZ I the
wor kpi ece in a thickness directjion of _the workpiece ile rqtating said
second rot atPhg Yritidsy Anh el BB RET LFRBd §°@>§F€HH?‘Hé\T¥nb5é eré@ﬁ%on
substantialggafﬂgallel to a plane of the workpiece and substantially

per pendi cul ar o & radial direction of the wor kpi ece. 9. The net hod
according to claim er.ei_n 1.d.sec i i pdLpg. I ncl udes
a rotating grindingﬁ%hee E Srg?ghgh§§r| |{i§g%8Qgtg%t§$§ﬂg %@%ﬁgﬁﬁgpmhee
for finish i, neli a Ld. gt L ndj ng p +yncliudes indi and
finish gri n%llﬂﬁl%@%tdhggr %ﬁgg?f%fﬁngid@afltsiﬁ e ?aSShS%%??n%f%?@%n
apparat us for;i i fidiAde8 MOKKPI LG8 S2TRALRG i Bo¥OF I @68 nAQhdiiGni t
hol ding the workpiece formed of a circular thin plate and rotating the

wor kpi e®e apputor feantRIgAXdngheseafll as42 poldishidgngadingd abaviidightd

di sk-shaped rotating grinding wheel, said grinding unit grinding an edge
portion of ahersdickeradeedyimerfralsi oy ther Bbdr vbafftedd pgofecementl dogt ween
said rotating grinding wheel and the workpiece such that said rotating

gri ndi ng wheet WVesideongrinceeadt tdise ssapndofotdiel nydigsdr £OGATHRIt he
wor kpi ece in a thickness direction thereof, while rotating said grinding
st one about™aF°ax?3- t hereof di sposed substantially parallel to a plane of

t he workpi ece; a noyjin chani sm performng the relative npvenent between
said rotating grindf%dg%ﬁgép Zrget EmﬁBFkﬁ?gﬂ%?”éﬁg'aaﬁgFHet%%éﬁgﬁFém
guidingthe relativ venment. of i.d_pgovin chani sai_d, gui de

nec haniqssm b%?ﬁbp%%ﬂagt Eﬁ@?eﬁoﬁvof ar 85?%&? %O%&%Fﬁa.&f%fs ‘?Hggﬁf)'f)%? &us
according t i-m:10, % sal Vi i QQHH[” : irst
novi ng nechgﬁﬁgﬁﬁg%%g6? 'E%PaQ#T%Lgr?gﬁgggggpﬁgﬂg%?ﬂhovemgﬁﬁﬁgﬁﬁgﬁﬁkfhe
wor kpi ece anNesnizh rﬂbtratrbﬂghg?iﬂm;ﬁﬂ; \é{ﬂ@eltheaf@t@tisz%c%ﬂdnﬂﬁmg%é@lcb@m sm
performng a second relative [inear novenent between the workpiece and said
rotating grfodifigishestimpeirpsndheufialall disasiditd oSt the€laiberepdiittairal
novenent. 12. The apparatus according to claim11l, wherein said guide
mechani sm gedge mpgprtthenf 2 3s canebatperd omnednent-hef sae dthicish awthay for
mechani smis constructed by said hydraulic bearing. 13. The apparatus
accor did¥g t bhetaigmitdinghpespnicns 8yguice techahl sSmigupad 8¢ artes seonnd

rel ati ve novenent of said second noving nechanismis constructed by said
hydraul i ¢ bearing. {@. Irh&hgpgaiadisgatepriAtinp taF dhei aboTe-gpeemihedai d

wor kpi ece holding unit includes said first noving nechanism and 43 said
gri ndi ng unfRLPHERRRfes afaisdiowBe dRdT RV WL nedfafesand-rotating-wheel

rotating motor 59 is supported on the saddle 4S5 by means of a
supporting shaft 63 in such a manner as to be capable of undergoing
25 1ndexed rotation, and the rotating grinding wheel 27 for rougn
grinding, the rotating grinding wheal 28 for finish grinding, and

the polishing pad 64 are mounted on the motor shafts 60 projecting
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15. The apparatus according to claim 14, wherein said workpi ece hol ding
unit includes:, a pad holding the workpiece; a rotating shaft attaching
said pad at one end thereof; a cylindrical nenber rotatably supporting said
rotating shaft; and said hydrostatic bearings di sposed between said
rotating_shaft and said cylindrical nenber. 16. The apparatus according to
claim 10, wherein said grinding unit includes: a rough cutting unit having
the other rotating grinding wheel for cylindrical grinding, said rough
cutting unit cutting the edge portion of the workpiece by performng a
relative |inear novenent between the other grinding wheel and the

wor kpi ece, wiirbe tlot didfitgahbieriotitecprgbsndengiddheak fandstdred wenkps@cEaden t he
substantially sane plane. 17. The apparatus according to claim 16, further
conprising: afwhhkpnete: aft si de-di anet er neasuring sensor neasuring an
out si de di aneter of the workpiece cut by said rough cutting unit, wherein
said relative |inear Inotehemrisdssentt he 1oehethyriardingg reftesingmdigsie

wor kpi ece is determ ned in accordance with the nmeasured outside dianmeter of
t he wor kpi ec@otag8ingheo tgipdatl §sMade ordlivpergochaferad raffsdienn aay pne

wor kpi ece- out si dedi anet er neasuri ng sensor perforps g zero adjustnment for
adj usting®a P&l Hts yatpping Héhn%%g@ﬁeéaa 0 EQEFo8Eh Hd Y HE Inolr IeoT ERE st

nmeasuring. 19. The appar at ccordi,ng to,cl.aim10,, further, conprisin

T gr | i nGEHRGORI AR O PRt HERSETTe st R TG SurD: Bet B

di anmeter of said.rotatin i ndi ng wheel . _wherein said_rel ative.feedin
Toverent 1s 8 B FERGTE BF SEET I PRI ERE ST 48 HParete Tt ST
rotating grinding. |-, Th r r.di : I ein
Sai d grindi ngoRReAE e s e A e B SR ek O i B T R
for adjustingsa rehaliatarRsiyli ofn el weeRasald SRNFERaANE A JObALLIW
grindi ng wheel for neasuring” 21. The "apparafus according to claim 10,
further TOMLugkRIpeiyRdid)c AldgROPbitOBnNEASUST NheS @BTRD1ROE PRSI ibRg a
vertical elongation of said workpiece holding unit. 22. An apparatus for
grindi ng a wpekfibemed comyedigiivglyabwotkpi esee hatatiieg .unit hol di ng the
wor kpi ece fornmed of a circular thin plate and rotating the workpi ece about
a center axis thereofle) algrihligwngning hapangtes diskhshapetrerdeats Hypd
grinding wheel, said grinding unit grinding an edge portion of the

wor kpi ece by epePHéRATIRg 2 Fof acted ingedh Hoylinw Hhent Wefaparpusti ariedidid ng
grindi ng wheel ang the workpi ece such that said rotating grinding wheel
moves al ong & M8ast thet HEAPFSOPLENES diRfe pEPERSIMDIITHE MG KpreE & Fh

t hi ck di ti t f,whil tati id .grindi.ng,st bout

axi & Lol 2ot " SPOUEN SUDKTEHVEITY FAFAIFoP: (o b oPard bt SEnE borii oo,
s thef eof *di SBe : £ BT affe 5 °F) c

ot at Png or i ASERG WRCE T 15T Ryl a TS Y ARG, o o UG BT Pt 1

cutting the edge pokt} o, ofr ke naor kpi ece by performing a relative linear
novenent between the other” grindi'ng wheel and the workpiece, while rotating

the other grinding wheelaange the WO £6R §raidieos Ut aota iy gsan®i iy ane.
45 23. The apparatus according to claim 22, further conpri sing:
wheel 28 for finish grinding, silicon carbide or the like which
20 is generally used 1s employed.

{g) In the grinding apparatus of the above-described
embodiment, the rough grinding of the outer peripheral edge
portion 23a of the workpiece 23 by the rotating grinding wheel
27forroughgrindimgisalsoperformedseparatelyforthéobverse

25 surface side and the reverse surface side of the outer peripheral
edge portion 23a in the same way as finish grinding shown in Figs.

9A and 9B.



a wor kpi ece- out si de-di anet er nmeasuri ng sensor measuring an outside dianeter
of the workpiece cut by said rough cutting unit, wherein said relative

| i near novenent between the other grinding wheel and the workpiece is
determ ned in accordance with the neasured outside dianmeter of the

wor kpi ece. .24. The apparatus according to claim23, wherein said

wor kpi ecé- out si dedi anet er measuring sensor perfornms a zero adjustnent for
adjusting a relative position between said sensor and the workpi ece for
measuring. 25. An apparatus for grinding a workpi ece, conprising: a

wor kpi ece hol ding unit holding the workpiece formed of a circular thin
plate and rotating Lhe verkhceeeiaaows fod@als afl £rhabeel-dds Gridul ng
unit having a di sk-shaped rotating grinding wheel, said grinding unit
grinding an eg@ediglchitonaotothenyofkiticEery bheper Lor k8@ & rglatiotatiggdi ng
novenent between said rotating grinding wheel and the workpi ece such that
sai d rotati ngrgidirdi nhewheels fovesowddiongutstidgeast one part of the edge
portion of the workpiece in a thickness direction thereof, while rotating
sai d grinding stone &Gbodt Zarxaxi ¢itdmEriest mdivé pgsmeckarisimanisi REbYLgad ainl el
to a plane of the workpiece; a grinding-wheel -di aneter neasuring sensor
measuri ng t heheugsimd ngi ah@eérzgfzgasiﬁexnandnﬁyegpuhérngevwmh#;a € n
said relative feeding novenent is determ ned in accordance with the outside
di aneter of BelELomteE A§ GREnd PP MeeelR3 26. Irhendfpartacusesd FmrBHE % o
cl ai m 25, wherein said, grinding-wheel-di aneter neasuring sensor perforns a
zero adj ust mehtthof-at} Bstinegtacpetng ithe Hostis GirsetneBPSalg T dand

idrotati | ndi wheel , f i ng. 6 .27. t f
i ndi ng & vERPET de 28 e AT BoTEr kB TR e m; BLRGFU 5 LT
wor kpi ece foggquth% ciroyl ar tgjn Q%Q%E qut%%tﬁg'g the erkpi ace jgbout
a center axi§ thereot ;ecg gri% |eng Suff avi r{lg a di'sk-s apec? rotating

grindi ng gweeh e ySahd sQ ANGNGE i OF kBT fick 20 RAQE PO, OB Sfgd BE made
wor kpi ece by performng a relative feedi ng noverfent between said rotating

gri ndi ng whegbvawte tite Ml kpheee sued-tiwt. said rotating grindi ng wheel
noves al ong at | east one part of the edge portion of the workpiece in a

t hi ckness direction thereofshowhi L& Fid.atizngasabakpt ¢ delinygyisigoaec aboultaran
axi s thereof disposed substantially parallel to a plane of the workpiece; a
vertical poshtierRimasuiingesdrsols fumedreasthre ngprapiecti 2l acpenigetdml of
said workpiece holding unit. . A RAURA ?. As( ?2.A7?2 A2 AN2. A R AN ?. ANF
?2.A?. A, ,.Aedge of the circular hole 23¢, i.e., an inner peripheral edge
15 portion 23d, is ground in addition to the outer peripheral edge
portion 23a. Namely, the workpiece 23 is sucked onto the suction
pad 40 having a space 40a in its central portion, a smaller rotating
grinding wheel 27 for rough grinding or rotating grinding wheel
28 for finish grinding is relatively moved to be fed between the
20 obverse and reverse surface sides of the workpiece 23 in the same
way as the above-described grinding of the outer peripheral edge
portion 23a, thereby making it possible to grind the inner

peripharal edge portion 23d. In this case, it is possible to

continuously perzorm the grinding of the outer periphefal edge

[
ut

portion 23z and the inner peripheral edge portion 23d of the
workpiece 23 by using the same grinding wheel in the same machining

station, so that the arrangement of the apparatus is made compact,
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,.A 2. A(RA3 .AfF ,.A(3 ,.Al RA3 .A9 ,.AS3 ,.A F .AN3 .A9F .A3..Ay?. A9
?.AY . A?. ALY .AY .A .ANR A ,.ARAS?. ARA(.A(Y.Ay. AA Y. Al .A(. A(& KNe>AL]
=>'-.e~ytoje [V]ca]ca]ca] ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c”a]c”a]
ca) ca] ca] ca] ca] ca] ca] ca] ca] c”a]calc”alcalcRale/r8 PQxy %
*+abBO?@.w mhc”Y] c] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca
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Bk tobe integrally and relativelymovable with the first moving table
20 133. An unprocessed workpiece 23 is carried onto the workpiece
holding mechanism 24 by the first moving table 133, and a processed
workpiece 23 is carried out from the workpiece holding mechanism

24 by the second moving table 134.

A cover 135 is provided over the two bases 121 and 122
25 in such a mannar as to cover the various mechanism sections on

their upper suriaces, and a shutter 136 is disposed in a

substantially intermediate portion thereof in such a manner as
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}[<nb@ay#l?We%'I@ 1%5&@1#%3%&?6%&?@\#%@%@&@? Ehe supporting base 160 in such
y@Z10%&' ()-'y@10% )& ()-!"109%& ()- % }rg\=
a manner as to extend within a horizontal plane in a diagonally
shifting direction 5 from the front on the left-hand side toward
the rear on the right-hand side. A shiftingbase 162 is shiftably
15 supported on, the guide rails 161 for shifting, and a pair of
X-direction guide rails 163 extending in the left-and-right
direction (X direction) within the horizontal plane are laid on
an upper surface of the shifting base 162.
A moving base 164 is movably supported on the X~direction
20  guide rails 163 by means of a pair of rolling units, and a pair
of Y-direction guide rods 165 extending in the Y direction within
the horizontal plane are disposed on an upper portion of the moving
base 164. A saddle 166 1s movably supported on the Y-direction
guide rods 165 by means of hydrostatic bearings. In addition,
25 a2 processing head 167 is supported on an upper pcrtion of the
Y~direction guide rods 165 through a supporting shaft 168 in such

a manner as to be capable of swiveling about a vertical axis bv
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head 167 in such a manner as to extend in a horizontal direction

3

perpendicular to the axis of the supporting shaft 168, and the
5 rotating shafts 169 andl170 are rotatedby amotor 171 accommodated

in the processing head 167. Then, the rotating grinding wheel
27 for rough grinding is mounted on the rotating shaft 169, while
the rotating grinding wheel 28 for finish grinding is mounted on
the other rotating shaft 170. It should be noted that the

10 hydrostatic bearings are used only for the Z and Y axes related
to processing for the purpose of the reduction of cost. But, the
hydrostatic bearings may be used also at the time of relatively
moving the rotating grinding wheels27 and 28 in the ¥ direction
and in the S direction.

15 A description will now be given of the advantages which
can be expected from the above-described embodiment.

In the method of grinding a workpiece in this embediment,
the workpiece 23 formed of a circular thin plate is rotated about
its center as the axis L1, and each of the disk-shaped rotating

20 grinding wheels 27 and 28, while being rotated about the axis L3
substantially parallel to the plane of the workpiece 23, is made
to undergo relative and continuous feeding movement along at least
one part of both obverse and reverse surface sides of the workpiece
23 on the outer veripheral edge portion 23a of the workpiece 23.

25 Conseguently, the outer veripheral edge portion 23a of the
workpirace 23 1s ground by the outer peripherzl wheesl surface of

each of the rotating grinding wheels 27 and 28.
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Furthermore, since the profile of the wheel surface of each of
10 therotatinggrindingwheels 27 and 28 is less prone to deformation,

the outer peripheral edge portions 23a of the workpieces 23 can

be ground into constant machined -shapes with-high accuracy.

In additicn, the edge po'rtion 23a of the workpiece 23 can
be finished into an arbitrary shape by the same grinding wheels

15 27 and 28 through the relative feeding control of the workpiece
23 and the rotating grinding wheels 27 znd 28.

In the method of grinding a workpiece in this embodiment,
the axis L3 of the rotating grinding wheels 27 and 28 is disposed
in such a manner as to be perpendicular to the radial direction

20  of the workpiece 23. For this reason, the rotation of the
workpiece 23 is effected so as to traverse the outer peripheral
surface of each of the rotating grinding wheels 27 and 28. In
other words, the workpiece 23 undergoes relative movement in the
widthwise direction of the rotating grinding wheels 27 and 28.

25 Accordingly, it becomes possible to efrectively grind all over
the outer peripneral edge vortion 23a of tne workpiece 23 by making

effective use of the overall width of tha outer veriochesral wnesel
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continuously and efficiently with high accuracy.

10 In themethod of grinding a workpiece in this embodiment,
the rough grinding and finish grinding of the outer perirpheral
edge portion 23a of the workpiece- 23 are performed by the same
station. For this reason, it becomes unnecessary to transport
the workpiece 23 into another station or shift the holding of the

15 workpiece 23, and i1t is possible to continuously perform rough
grinding and finish grinding for the outer peripheral edge portion
23a in the state of being disposed in the same station. Hence,
it is possible tomaintainthe positional accuracy of the workpiece
and improve the operating efficiency. Further, stations for

20 roughgrinding and finish grinding need not be provided separately,
the arrangement of the grinding apparatus can be simplified, and
the grainding apparatus can be made compact.

In the metnod of grinding a workpiece in this embodiment,
a rotating grinding wheel which is formed by binding the grains
25 of silicon dioxide into fixed abrasive grains is used as the

rotating grinding wheel 28 for finishing. For this reason, the

outer peripnhasral edge portion 23a of the workpiece 23 can be ground
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"10%h& () w238 good finish-ground surface roughness by virtue of the
chemical action based on the reducing action of silicon dicxide.
In the method of grinding a workpiece in this embodiment,
the rotating grinding wheel 26 for cylindrical grinding 1s rotated
5 about the axis L2 parallel to the central axis L1 of the workpiece
23 in the process preceding the grinding by the disk-shaped
rotating grinding wheels 27 and 28, so as to roughly cut the outer
peripheral edge portion 23a of the workpiece 23 by cylindrical
grinding. For this reason, since the outer peripheral edge
10 portion 23a of the workpiece 23 is subjected to rough cutting in
advance in the preceding process, the subsequent grinding of the
outer peripheral edge portion 232 of the workpiece 23 can be
performed efficiently, thereby rﬁaking it possible to improve the
efficiency of the overall operation. Moreover, cylindrical
15 grinding produces a large amount of grinding per unit time, the
rough cutting can be performed efficiently, and since cylindrical
grinding is rough cutting, even if the outer peripheral surface
of the rotating grinding wheel 26 is slightly broken, machining
accuracy remains substantially unaffected, so that the fregquent
20 replacement of the grinding wheel is unnecessary.
In the method of grinding a workpiece in this embodiment,
after the outer peripheral edge portion 23a of the workpiece 23
1s subjected to rough grinding and finish grinding byv using the
rotating grinding wheels 27 and 28, final £inishing is pérformed
25 in another station by using the disk-shaped polishing pad and

slurry. tor this reason, the pliability of the polishing pad

contributes to high-accuracy machining, and the slurry cools the
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machined portion of the workpiece 23. Hence, it is possible to
further enhance the ground surface roughness of the outer
peripheral edge portion 23a of the workpiece 23 and effect
super-finish grinding.

5 In the method of grinding a workpiece in this exmbodiment,
the rotzting grinding wheel 28 for finish grinding, while being
rotated in one direction, is moved to be fed toward the outer
peripheral edge portion 23a of the workpiece 23 starting with its
obverse surface side and then toward its tip side, thereby

10 subjecting the obverse surface side of the outer peripheral edge
portion 23z to finish grinding. Subseguently, the rotating
grinding wheel 28, while being rotated in the opposite direction,
is moved to be fed toward the outer peripheral edge portion 23a
of the workoiece 23 starting with its reverse surface side and

15 then toward its tip side, thereby subjecting the reverse surface
side of the outer peripheral edge portion 23a to finish grinding.

For this reason, it is possible to change the grinding
conditions corresponding to the angle of the crystal face
appearing in the outer peripheral edge portion 23a on the obverse

20 surface side and the reverse surface side of the outer peripheral
edge portion 23a of the workpiece 23, and it is possible to prevent
the occurrence of variations in the rolighness of the ground surface
between the obverse surface side and the reverse surface side ol
tha outer paripherazl edge portion 23a. Hence, it is vossible to

25 grind the cuter peripheral edge portion 23a of the workpiece 23

with uniform ground surface roughness and with high accuracy.

In the method oI grinding a workplece in this embodiment,
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the rotating grinding wheel, while being rotated in one direction,
is moved to be fed toward the edge portion of the workpiece starting
with its obverse surface side and then toward its tip side, to
thereby grind the obverse surface side of the edge portion, and,

5 subsequently, the rotating grinding wheel, while being rotated

in the opposite direction, is moved to be fed toward the edge
portion of the workpiece starting with its reverse surface side
and then toward its tip side, To thereby grind the reverse surface
side of the edge portion.

10 In accordance with this grinding method, since grinding
is performed by bisecting an allowance for the obverse and reversa
surfaces of the edce portion of the workpiece in such a manner
as to depict symmetrical loci of movement on the obverse surface
side and the reverse surface side, grinding can be performed by

15 the same change of the grinding conditions for both the obverse
and reverse surface sides in correspondence with the angle of the
crystalline face appearing at the edge pertion, and it is possible
to prevent the occurrence of variations in the roughness of the
ground surface between the obverse surface side and the reverse

20 surface side of the edge portion. Hence, the edge portion of the
workpiece can be ground uniform ground surface roughness with high
accuracy. It snould be noted that the dividing method is not
confined to the bisection, and various dividing methods are
conceivable including such as trisection into the obverse surface

25 side, the reverse surface side, and the tip side, a2nd a division

into five parts of the obverse surface side, the reverse surface

side, the tip side, a region between the obverse surface side and
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the tip side. In suchcases as well, the ground surface roughness

of the obverse and reverse surface sides can be made uniform.

The present disclosure relates to the subject matter
S5 contained in Jepanese Patent application Nos. Hei.11-220015 filed
on August 3, 1999 and Hei.11-91947 filed on March 31, 1999 which

are expressly incorporated herein by reference in its entirety.
While only certain embodiments of the invention have been

specifically described herein, it will azpparent that numerous

10 modifications may be made thereto without departing from the

spirit and scope of the invention.
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rotating a disk-shaped rotating grinding wheel about an axis thereof
disposed substantially parallel to a plane of the workpiece, the said rotating
grinding wheel includes a rotating grinding wheel for rough grinding and a
rotating grinding wheel for finish grinding, whereby rough grinding and finish
grinding are performed; and

performing a relative feeding movement between the workpiece and said
grinding wheel such that said rotating grinding wheel moves along at least one
part of an edge portion of the workpiece in a thickness direction of the workpiece,
while concurrently rotating the workpiece and said rotating grinding wheel,

whereby an outer peripheral surface of said rotating grinding wheel grinds

the edge portion of the workpiece.

2. The method according to claim 1, wherein the axis of said rotating grinding
wheel is disposed in such a manner as to be substantially perpendicular to a

radial direction of the workpiece.

3. The method of grinding a workpiece according to claim 1, wherein said

rough grinding and said finish grinding are performed in a same station.

4, The method according to claim 1, wherein at least said rotating grinding
wheel for finish grinding is formed by binding grains of silicon dioxide into

fixed abrasive grains.

5. The method according to claim 1, wherein final finishing is performed by

causing a disk-shaped polishing pad to abut against the workpiece while
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6. A method of grinding a workpiece, comprising the steps of:
rotating the workpiece formed of a circular thin plate about a center axis
thereof;
rotating a rotating grinding wheel for cylindrical grinding about an axis
thereof disposed substantially parallel to the central axis of the workpiece so as to
w effect the rough cutting of the edge portion of the workpiece by cylindrical
grinding, whereby an outer peripheral edge portion of the workpiece is ground;
rotating a disk-shaped rotating grinding wheel about an axis thereof
disposed substantially parallel to a plane of the workpiece after the rough cutting;
and;
performing a relative feeding movement between the workpiece and said
grinding wheel such that said rotating grinding wheel moves on at least one part of
both obverse and reverse surface sides of an edge portion of the workpiece along a
thickness direction of the workpiece, while concurrently rotating the workpiece
and said rotating grinding wheel,
whereby an outer peripheral surface of said rotating grinding wheel grinds

the edge portion of the workpiece.

7. A method of grinding a workpiece, comprising the steps of:
rotating the workpiece formed of a circular thin plate about a center axis
thereof;
rotating a disk-shaped rotating grinding wheel about an axis thereof
disposed substantially parallel to a plane of the workpiece;
performing a relative feeding movement between the workpiece and said

grinding wheel such that said rotating grinding wheel moves along at least one
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the edge portion of the workpiece and an inner peripheral edge portion of the

workpiece having a circular hole in a center portion thereof is ground.

8. A method of grinding a workpiece, comprising the steps of:

rough cutting an edge portion of the workpiece formed of a circular thin
plate by means of cylindrical grinding, said rough cutting step being obtained by
rotating a first rotating grinding wheel for cylindrical grinding about an axis
thereof disposed substantially parallel to a center axis of the workpiece, while
rotating the workpiece about the center axis of thereof; and

grinding the edge portion of the workpiece by an outer peripheral surface of
a second rotating grinding wheel, said grinding step being obtained by performing
a relative feeding movement between said second grinding wheel and the
workpiece such that the second grinding wheel moves along at least one part of the
edge portion of the workpiece in a thickness direction of the workpiece, while
rotating said second rotating grinding wheel about an axis extending in a direction
substantially parallel to a plane of the workpiece and substantially perpendicular to

a radial direction of the workpiece.

9. The method according to claim 8, wherein said second rotating grinding
wheel includes a rotating grinding wheel for rough grinding and a rotating
grinding wheel for finish grinding, and said grinding step includes rough
grinding and finish grinding, which are performed after the rough cutting.

10. An apparatus for grinding a workpiece, comprising:
a workpiece holding unit holding the workpiece formed of a circular thin

plate and rotating the workpiece about a center axis thereof}
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movement between said rotating grinding wheel and the workpiece such that said

rotating grinding wheel moves along at least one part of the edge portion of the
workpiece in a thickness direction thereof, while rotating said grinding stone about
an axis thereof disposed substantially parallel to a plane of the workpiece;

a moving mechanism performing the relative movement between said
rotating grinding wheel and the workpiece; and

a guide mechanism guiding the relative movement of said moving

mechanism, said guide mechanism being constructed by a hydrostatic bearing.

11.The apparatus according to claim 10, wherein said moving mechanism
comprises:
a first moving mechanism performing a first relative linear movement
between the workpiece and said rotating grinding wheel; and
a second moving mechanism performing a second relative linear movement
between the workpiece and said rotating grinding wheel perpendicular to

said first relative linear movement.

12. The apparatus according to claim 11, wherein said guide mechanism
guiding the first relative movement of said first moving mechanism is

constructed by said hydraulic bearing.

13.The apparatus according to claim 12, wherein said guide mechanism
guiding the second relative movement of said second moving mechanism is

constructed by said hydraulic bearing.

14. The apparatus according to claim 11, wherein said workpiece holding unit

includes said first moving mechanism, and
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15. The apparatus according to claim 14, wherein said workpiece holding unit
includes:,
a pad holding the workpiece;
a rotating shaft attaching said pad at one end thereof;,
a cylindrical member rotatably supporting said rotating shaft; and
said hydrostatic bearings disposed between said rotating shaft and said

cylindrical member.

16. The apparatus according to claim 10, wherein said grinding unit includes:
a rough cutting unit having the other rotating grinding wheel for cylindrical
grinding, said rough cutting unit cutting the edge portion of the workpiece
by performing a relative linear movement between the other grinding wheel
and the workpiece, while rotating the other grinding wheel and the

workpiece in the substantially same plane.

17. The apparatus according to claim 16, further comprising:
a workpiece-outside-diameter measuring sensor measuring an outside
diameter of the workpiece cut by said rough cutting unit,
wherein said relative linear movement between the other grinding wheel
and the workpiece is determined in accordance with the measured outside

diameter of the workpiece.
18. The apparatus according to claim 17, wherein said workpiece-outside-
diameter measuring sensor performs a zero adjustment for adjusting a

relative position between said sensor and the workpiece for measuring.

19. The apparatus according to claim 10, further comprising:
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20. The apparatus according to claim 19, wherein said grinding-wheel-diameter
measuring sensor performs a zero adjustment for adjusting a relative
position between said sensor and said rotating grinding wheel for

measuring.

21. The apparatus according to claim 10, further comprising:
a vertical position measuring sensor for measuring a vertical elongation of

said workpiece holding unit.

22. An apparatus for grinding a workpiece, comprising:

a workpiece holding unit holding the workpiece formed of a circular thin
plate and rotating the workpiece about a center axis thereof;,

a grinding unit having a disk-shaped rotating grinding wheel, said grinding
unit grinding an edge portion of the workpiece by performing a relative feeding
movement between said rotating grinding wheel and the workpiece such that said
rotating grinding wheel moves along at least one part of the edge portion of the
workpiece in a thickness direction thereof, while rotating said grinding stone about
an axis thereof disposed substantially parallel to a plane of the workpiece; said
grinding unit further includes a rough cutting unit having the other rotating
grinding wheel for cylindrical grinding, said rough cutting unit cutting the edge
portion of the workpiece by performing a relative linear movement between the
other grinding wheel and the workpiece, while rotating the other grinding wheel

and the workpiece in the substantially same plane.
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wherein said relative linear movement between the other grinding wheel
and the workpiece is determined in accordance with the measured outside

diameter of the workpiece.

24.The apparatus according to claim 23, wherein said workpiece-outside-
diameter measuring sensor performs a zero adjustment for adjusting a

relative position between said sensor and the workpiece for measuring.

25. An apparatus for grinding a workpiece, comprising:

a workpiece holding unit holding the workpiece formed of a circular thin
plate and rotating the workpiece about a center axis thereof;

a grinding unit having a disk-shaped rotating grinding wheel, said grinding
unit grinding an edge portion of the workpiece by performing a relative feeding
movement between said rotating grinding wheel and the workpiece such that said
rotating grinding wheel moves along at least one part of the edge portion of the
workpiece in a thickness direction thereof, while rotating said grinding stone about
an axis thereof disposed substantially parallel to a plane of the workpiece;

a grinding-wheel-diameter measuring sensor measuring the outside
diameter of said rotating grinding wheel, wherein said relative feeding movement
is determined in accordance with the outside diameter of said rotating grinding

wheel.

26. The apparatus according to claim 25, wherein said grinding-wheel-diameter
measuring sensor performs a zero adjustment for adjusting a relative
position between said sensor and said rotating grinding wheel for

measuring.
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27. An apparatus for grinding a workpiece, comprising:

a workpiece holding unit holding the workpiece formed of a circular thin
plate and rotating the workpiece about a center axis thereof;

a grinding unit having a disk-shaped rotating grinding wheel, said grinding
unit grinding an edge portion of the workpiece by performing a relative feeding
movement between said rotating grinding wheel and the workpiece such that said
rotating grinding wheel moves along at least one part of the edge portion of the
workpiece in a thickness direction thereof, while rotating said grinding stone about
an axis thereof disposed substantially parallel to a plane of the workpiece;

a vertical position measuring sensor for measuring a vertical elongation of

said workpiece holding unit.



