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BACKGROUND OF THE I NVENTION ©  Technical field of the invention 2 7 SEPTHS0
present invention relates to a chanfering method and apparatus for/ -
processing the edges of a glass substrate for a hard disk. Prion@ﬁ%’
A hard disk is a storage device of a conputer; the surface of a thin
doughnut -1i ke circular disk is coated With a magneti ¢ substance in which
data are stored. Al um num has been used conventionally as the material of
this circular disk (hereafter hard di sk substrate). However, recently,
chemcally reinforced glass or crystalline glass have been used as the
substrate of a hard disk (glass substrate). Figs. 1A and | B.
schematically show a gl ass substrate; Fig. 1A is a general view, and Fig.

1B shows a secti @pakq gpgyTﬁgT%ngﬁggﬁlﬁ@gmw R RRNGSg FOor a gl ass

substrate with a nom nal size I nche exanpl e,
BACKGROQUND QF THE INVENTION

\ ical fi f inv
The present invention relates to a chamfering method
and apparatus for processing the edges of a glass substrate

for a hard disk.

Prior art

A hard disk is a storage device of a computer; the
surface of a thin doughnut-like circular disk is coated
with a magnetic substance in which data are stored.
Aluminum has been used conventionally as the material of
this circular disk (hereafter hard disk substrate). However,
recently, chemically reinforcgd-glass or crystalline glass
have been used as the substrate of a hard disk (glass
substrate).

Figs. 1A and 1B schematically show a glass substrate;
Fig. 1A is a general view, and Fig. 1B shows a sectional
view of the outer and inner peripheries. For a glass
substrate with a nominal size of 2.5 inches, for example,
outer and inner diameters are 2.5 and 1 inches (about 63 mm
and about 25 mm), respectively, and the thickness is about‘
1.6 mm. The outer and inner peripheries (edge poxtions)
are cémposed of end surfaces (with a width of 0.6 mm) at

outer and inner peripheries, and a pair of coblique surfaces
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outer and inner dianeters are 2.5 and 1 inches (about 63 mm and about 25
mr), respectively, and the thickness is about 1.6 nm The outer and inner
peri pheries (edge portions) are conposed of end surfaces (wth a w dth of
026 mm at outer and inner peripheries, and a pair of oblique surfaces

2 sandwi ching the peripheries (wth ,an angle of about 45" )* The
af orenenti oned gl ass substrate is subje%ted to high-speed revol utions of
several tens thousand revolution per mnutes to shorten the access tine of
the hard disk. Consequently, the entire body thereof nust be processed
precisely, and a high dynam c bal ance nust be achi eved. Both surfaces of
the glass substrate are, finished to a myrror surface of  an of 1 Amor

| ess, soO tﬁﬁpiglc%&aﬁeﬁpg EﬁBngﬁEée%aHWiEP(ﬁﬁu%ﬁgkﬁ 9 ﬁpﬁﬁtgéés%ty to
maxi mze nmenory eapagie : Agdi td es « 3 C and

obl i que surfaceé?es%65¥3m%%t%?%?§ﬂ%d to ﬂ???gﬁgghﬁfagggj?g%ggcﬁ§ hi-gh

accuracy andgu+dlpded asvbhasgont bt Heseird Boesn HitHAsangl asvoduhsbhate. The
reason edge portions are finished to mrror surfaces is explained bel ow

(1) There g micwdssopioc sbratks btheaacotgh powe -df Kdre dharfdaddskAs a
result, a %!ass rei nforcing treatnent nag
onsequently, the entire body thereof must be processed
precisely, and a high dynamic balance must be achieved.

Both surfaces of the glass substrate are finished to a
mirror surface of an Rz of 1 4m or less, so that a

magnetic substance can be coated at a high density to
maximize memory capacity.

In addition, edges {end surfaces and obligue
surfaces) should be finished to mirror surfaces to such
high accuracy and quality as those of both surfaces of the
glass substrate. The reason edge portions are finished to
mirror surfaces is explained below.

(lf There are microscopic cracks on a rough pear-like
surface. As a result, a glass reinforcing treatment may
result in unevenness, or cracks may grow due to high?speed
revolutions during operation, eventually causing breakage
of the substrate.

(2) Contaminants may remain in microscopic recesses of a
crack, so cleaning may be incomplete, and it may be a
source of contamination in a subsequent process.

Edge portions of the above-mentioned glass substrate
were, in the prior art, finished to mirror surfaces first
by using.a formed plated grindstone, highly precisely, and
then by buffing to mirror surfaces.

However, compared to an aluminum substrate, a glass



result in unevenness, or cracks may grow due to high-speed revolutions
during operation, eventually causing breakage of the substrate. (2)
Contam nants may remain in mcroscopic recesses of a crack, so cleaning
may be inconplete, and it may be a source of contam nation in a subsequent
process. Edge portions of the abdve-nentioned gl ass substrate were,
inthe prior art, finished to mrror surfaces first by using a forned

pl ated grindstone, highly precisely, and then by buffing to mrror

surf aces. However, conpared to an al um num substrate, a gl ass
3 substnﬁgéirprovides,poor machi nability, so one probl émwas that
machi ni ng eTFASHI&ETEy PEOVAGeS BPaFelaghi iRt by maio 138 PrgblemeXpsi citl y,

lth h \ i i i i di f ab
30 [orTo H00 FrAiaTog shEbEP-BRY hELES 2 TR L RsoRs M opaPbrcl os
still peel wansidgnaklivayt hgiehongn RaPhet e@o&iédé‘\?a%ih‘?ﬂﬁt né;"#g&t%ﬂegp' aced

frequently, so oné continuous proCessing perio chine I's short

and operati th O JS | OW. ddit | sj hc he p ssed surface is in
a pear-likéﬁ9§%§¥t I%ﬁhaw?gﬁégegus?aéggu%u#Q-%Eﬁigﬁiﬁ§8§u§?r%ﬁncarried
out for a long tine (about one hour) as a subsequent process.

Consequent |diameferalf pbodticRPviimy) iage mgedwhigehnding particles
still peel considerably, therefore, a plated grindstone
must be replaced frequently, so one continuous processing
period with the machine is short and operating ratio is low.
In addition, since the processed surface is in a pear-like
state with a rough surface, buff-polishing must be carried
out for a long time (about one hour) as a subsequent
process. Consequently, overall productivity is low, which

is a practical problem.

SUMMARY OF THE INVENTION

The present invention aims to solve these problems.
That is, an object.of the ?resen£ invention is to providé a
chamfering method and apparatus for the glass substrate of
a hard disk, with which edge portions of the substrate can
be processed with a high accuracy, quality, and efficiency,
thereby greatly reducing the need for a subsequent process
or even eliminating it.

The present invention prévides, as a method of
processing.end surfaces of outer and inner peripheries of a
doughnut-like glass substrate (1) with a circular hole (la)

at the center therecf and chamfering oblique surfaces



Is a practical problem SUMMARY COF THE | NVENTI ON

The present invention ains to solve these problens. That is, an object of
the present invention is to provide a chanfering nethod and apparatus for
t he gl ass substrate of a hard disk, with which edge portions of the
substrate can be processed with a high accuracy, quality, and efficiency,
thereby greatly reducing the need for a%subsequent process or even
elimnating it. The present invention provides, as a nmethod of
processi ng end surfaces of outer and inner peripheries of a doughnut-Iike
gl ass substrate (1) with a circular hole (lay at the center thereof and

chanfering obl surfaces
sandwi chi ng a@ﬁ%ﬂ§§&n§UF$§c§§d ﬁuﬁfﬁg%ssu%s$¥%ﬁ§a%H?%ﬁﬁ%ﬁenﬁhaﬁéﬁﬁéagu3|ng a
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the end surtace an que sur aces
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means of t ardaes- sdr taeeogtendsépheheny, tdrel a metal-bonded inner-
surface grindstone (14) fof simultaneously processing the
end surface and oblique surfaces of the inner periphery,
wherein by means of the outer-surface grindstone and the
inner-surface grindstone, end surfaces and oblique surfaces
of outer and inner peripheries of the glass substrate are
ground at the same time, and during a grinding process, the
outer~surface grindéténe is dressed electrolytically to
sharpen grinding particles, and during a non-processing
period to replace the glass substrate, the inner-surface
grindstone is dressed electrolytically.

The present invention also provides a chamfering
apparatus for processing end surfaces of inner and outer
peripheries of the doughnut-like glass substrate (1) having
a circular hole (la) at the center thereof and chamfering
oblique surfaces sandwiching the end surfaces, composed of
the metal-bonded outer-surface grindstone (12) for
processing the end surface and obiique surfaces of the
outer periphery, the metal-bonded inner-surface grindstone
(14) for simultaneously processing the end surface and
oblique surfaces of the inner periphery, the outer-surface
electrode (18) for electrolytically dressing the outer-
surface grindstone during the grinding process, the inner-
surface electrode (20} for eleétrolytically dressing the

inner-surface grindstone during the non-processing period,



I nner-surface grindstone, end surfaces and oblique surfaces of outer and
i nner peripheries of the glass substrate are ground at the sane tine, and
during a grinding process, the outer-surface grindstone is dressed
el-ectrolytically to sharpen grinding particles, and during a

non- processing period to replace the qgass substrate, the inner-surface
grindstone is dressed electrol ytically. ’ The present invention al so
provi des a chanfering apparatus for processing end surfaces of inner and
outer peripheries of the doughnut-1like glass substrate (1) having a
circular hole (la) at the center thereof and chanfering oblique surfaces

candulohind Lgenandsou baseseesampoc] O LISIGLAL: BoDded.abigg sur e,

gri ndstone ( processi ng the end sur | rque-sur

outer perighengingheigeial bbonsed tinefurterdReFagel 398ha88ons 14ngf or

si mul t aneously processing the end surface and oblique surfaces of the

i nner peri pher putehesvnface seldcivede|ant hadweehShbolnnbeesupEytécal |y
dressing the, outer- surface grindstone during the grinding process, the

i nner- suPfat sEPE@t?6@et¥?oanﬂ%ﬁ‘%H¥§RQQﬂ%kﬁC@§Pﬁ§zdaéésangolhege

i ndi ng | EEGTACrBEaRr e 25 Fof) SbpI g % adcePrEo vt ically )
dressing voltage across the outer-surface grindstone and
the outer-surface electrode and across the inner-surface
grindstone and the inner-surface electrode, wherein the
outer-surface grindstone is dressed electrolytically when
the outer-surface grindstone is grinding the end surface
and oblique surfaces of the outer periphery of the glass
substrate, and during a non-processing period when the
glass substrate is being replaced, the inner-surface
grindstone is dressed electrolytically.

According to the method and the apparatus c¢f the
present invention, as described above, end surfaces and
oblique surfaces of outer and inner peripheries of the
glass substrate (1) can be ground simultaneously using the
outer-surface grindstone (12) and the inner—surfacé
grindstone (14). In addition, during this grinding period,
the outer-surface grindstone is dressed electrolytically
{in-process dressing) using the voltage application means
(24) while supplying a conductive grinding liquid between
the grindstone and the outer-surface electrode (18),
thereby even when fine grinding particles are used, the
outer-surface grindstone can be sharpened, therefore, while
maintaining a high efficiency, the workpiece can be

processed with a high accuracy and quality. Furthermore,



grinding Iiquid between the outer-surface grindstone and the outer-surface
el ectrode and between the inner-surface grindstone and the inner-surface
el ectrode, and a voltage application neans (24) for applying an
electrolytically dressing voltage across the outer-surface grindstone and
the outer-surface el ectrode and across the inner-surface grindstone and
the i nner-surface el ectrode, wherein tRe outer-surface grindstone is
dressed el ectrolytically when the outer-surface grindstone is grinding the
end surface and oblique surfaces of the outer periphery of the glass
substrate, and during a non-processing period when the glass substrate is

bei ng repl d. the .inner-surface,.qrindstone is.dressed electrolytically.
According ?%gt %F#ka?éﬁ%z%ﬁ;##¥§gaéﬁgpé_u%so uPﬂgle%?%%EWﬁe?ﬁ@E%tipn, as
descri bed ﬁk&?é/@%\gx%éé”d‘ﬁ%t%@x@ aflll LAUCi AHEFACERr QLo QLATL AN | NNer

peri pheries of t gl ass substrate (1) can be ground sinultaneously using

the out er {30y fween giHiendsianie subdkrand tberbphecesudlintey @ridideicme (14).

In addition, during this grinding period, the outer-surface grindstone is

dressed elkeriofytihmldsindstensr dsedsedsedsehgytuslvgicablwol t age

appl i cati on neans (24% whi | e suppl ying a cgnductive grinding liquid

bet ween t hEP|RY Ffs tHifes S )t eP2Bgr VoL 28R PP bHER F1W) Medlier eby even

then {h0s SHABEANEL PRIGEL G nta CBE (RUAL L AEE ALY IR one can be
can be pregessethav fith & N RECYraaYstBHe R bY - sITAFS BRI 1 e
maintaining high efficiency and can process a workpilece
precisely with high quality.

_In addition, because the outer-surface gfindstone is
in-process dressed during grinding, and the inner-surface
grindstone is dressed during a non-processing period, the
load of the voltage application means (2@) can be averaged,
and compéred to a case where both grindstones are dressed
at the same time, the power supply facility can be méde
more compact. |

ccording to a preferred embodiment of the present

invention, an electrode (16) for discharge truing is
installed in place of the above-mentioned glass substrate
(1), the aforementioned outer-surface grindstone (12) and
inner-surface grindstone (14) are positioned at a grinding
position, the aforementioned electrode (16) and grindstones
(12, 14) are charged positive and negative, respectively,
and both grindstones are formed by discharge truing.

Using the above method, even if the outer-surface
grindstone (12) or inner-surface grindstone (14)
deteriorates in terms of shape accuracy after long-term use,

an error in the installation of the grindstones caused by



6 t he conductive grinding liquid is supplied between the inner-surface
grindstone and the inner-surface electrode (20) when the glass substrate
is replaced during a non-work period, the grindstone is dressed
el:ectrolytically (interval dressing) by the sane vol tage application
means. Therefore, even when simlar fine grinding particles are wused, the
i nner-surface grindstone can be sharpened while naintaining high
ef ficiency and can process a workpiece precisely with high quality.
In addition, because the outer-surface grindstone is in-process dressed
during grinding, and the inner-surface grindstone is dressed during a
non- pr ocessiargyiarg ahd temountadgotahhbevetd sged apm i Litiioh ,meaRs (24) can
be averaged, and conpared to a case where both grindstones are dressed at
t he sane tivRLkRiRcep @y beugpirpetlavitht § Bagh becomtecy fpreasETRE .
According to a preferred eg@o%hggnt of the present invention, an electrode
|

(16) for di HENGUIRE BaFPEATPnthrERS B diReha¥ife Wi oned
o ass substuate dbhediie abossrEnl oned quleryslace Orladsions, (12) ano

i nner -surface i ndstone ar e ‘posi r t he
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positive and negat’lve, respectivel
discharge truing simply by changing polarity, so the power

8

supply need not have a large supply capacity.

Also, the above-mentioned metal-bonded outer-surface
grindstone (12) and metal-bonded inner-surface grindstone
{14) have circular cylindrical outer surfaces and frustum-
type grooves (12a, l4a) that can contact end surfaces and
oblique surfaces of the circular cylindrical surfaces.

In this configuration, edge portions of the glass
substrate can be processed highly precisely with high
quality simply by making frustum-type érooves (12a, 1l4a)
cone into contact with edge portions (outer periphery and
inner periphery) of the glass substrate (1), as a formed
grindstone.

The aforementioned metal-bonded outer-surface
grindstone (12) and/or metal-bonded inner-surface
grindstone (14) are provided with a plurality of frustum-
type grooves (12a, 1l4a) with separating intervals around
the same axis. With this cohfiguration, if the accuracy of
the shape of a groove deviates from the specified value due
to wear caused by processing, -the grindstone can be shifted
axially and the grocves can be used sequentially, thereby
the process can be carried out without a stoppage, and

continuous operation can be greatly extended.



and both grindstones are fornmed by discharge truing. Usi ng the above
met hod, even if the outer-surface grindstone (12) or inner-surface
grindstone (14) deteriorates in terns of shape accuracy after |ong-term
use, an error in the installation of the grindstones caused by

7 renoving and renounting can be avgided. In addtion, the workpiece
can be fornmed with a high accuracy because the grindstones can be

subj ected to truing by discharge while being nounted. Moreover, the power
supply for electrolytic dressing (voltage application nmeans) can be used
for discharge truing sinply by changing polarity, so the power supply

need not have a lrar ggqs¥pPehY gggaggégé_?%ﬁgion SQ@+t HpggﬁggéepgﬁgiLoned

nmet al - bonded out er-surface grindstone and neta -surface

gri ndst one surfékehavéndstenkanley! andy o ahe til-Sorddd 360 ralkd st um
type grooves (12a, 1l4a) that can contact end surfaces and oblique surfaces

of the cir@¥iadsdpriendidtabreupfacided with fiusthiri-¢ypeniirgevaki gn2aedge
portions of the glass ﬁubstrate‘can be processed highly precisely with
hi gh qual it4)siER5I FOBYRNRKPRBSFiRGt 3RS t Yl gy copsiesEizg, wA&h cone into

gfgggcguggﬁggggggig?ggéggafggﬁéegm eééfggry and inner periphery) of the

Due to this configuration, after the workpiece is
processed roughly by rough-proce;sing frustum-type grooves
(12a, 14a), the grindstone is shifted in the axial
direction, and finish processing frustum-type grooves (12a,
l4a) of the same grindstone can be used for finish
processing. Therefore, compared to a case in which the
grindstone is replaced with another grindstone, down-time
can be greatly reduced, while avoiding a deterioration of
processing accuracy caused by decentering (axial deviation)
of the center of rotation. |

Moreover, another preferred embodiment of the present
invention is provided with a substrate drive device (32)
that drives the glass substrate (1) to rotate around the
axial center thereof, an outer-surface grindstone drive
device (34) that drives the metal-bonded outer-surface
grindstone (12) around the axial center thereof, and an
inner-surface grindstone drive device (36) that drives the
metal-bonded inner-surface grindstone (14) around the axial
center thereof; the substrate drive device, outer-surface
grindstone drive device and/or inner-surface grindstone
drive device are configured to be movable between the
processing position of the glass substrate and a non-

processing position where the outer-surface grindstone and




grlndstone The aforenenti oned netal - bonded outer-surface

grindstone (12) and/or netal-bonded i nner-surface grindstone (14) are
provided with a plurality of frustum type grooves (12a, 14a) with
separating intervals around the sane axis. Wth this configuration, if the
accuracy of the shape of a groove deviates fromthe specified val ue due

to wear caused by processing, the grindstone can be shifted axially and

t he grooves can be used sequentially, thereby the process can be carried
out without a stoppage, and continuous operation can be greatly extended.

8 In addition, the above-nentioned netal - bonded outer- surface
gri ndst one 2 nd/ I rface r|n ne are
provi ded mf%% %Pﬁsg a g%égg %%Séﬁgf%g@S&a%y wayrou ﬁ %goc g and
finish pr oe%gwatewcéhhav@t@waéﬁa@g %ﬂﬂ&%é%@%l@éb% Due to this

configuration, after the workpiece is processed roughly by

rough- processi ngIhr tist sinedryfieygranives whe2athkdaptalhpogdeddstoae-i s
shifted in the axial direction, and finish processing frustumtype grooves
(12a, 14a)5u6fa€ﬁeg§aﬁés’g®mﬁdél%hea%rﬂkﬁa ned@d -oendedniisherproréase ng.

Ther ef or e, ared t case in which the
stone ?12) are positione at the processing location,

the outer-surface grindstone is dressed electrolytically
(in-process dressing), while grinding the workpiece, and
when both grindstones are positioned at a non-processing
location, the glass substrate can be replaced while the
inner-surface grindstone is being dressed electrolytically
(interval dressing).

The aforementioned substrate drive device (32) is
provided with a wvacuum suction head (33a) to suck the glass
substrate (1) and a supporting head (33b)} that supports the
glass substrate between the vacuum sucﬁion head. This
configuration allows the vulnerable glass substrate (1) to
be driven and rotated precisely, while being protected when
it is sandwiched by the vacuum suction head {33a} and the
supporting head (33b).

In addition, a detachable discharge truing electrode
(16) that is sandwiched between the aforementioned vacuum
suction head {(33a) and the supporting head (33b) and is
provided with an outer periphery and inner periphery that
match the glass substrate (1), is also provided. In this
configuration, even if the outer-surface grindstone (12) or
the inner-surface grindstone (14) deteriorates in terms of
shape accuracy after a long-term operation, the grindstone

can continue high-accuracy forming by being discharge trued



grindstone is replaced with another grindstone, down-tinme can be greatly
reduced, while avoiding a deterioration of processing accuracy caused by
decentering (axial deviation) of the center of rotation. Mor eover ,
anot her preferred enbodi nent of the present invention is provided with a
substrate drive device (32) that driqg§ the gl ass substrate (1) to rotate
around the axial center thereof, an outer-surface grindstone drive device
(34) that drives the netal -bonded outer-surface grindstone (12) around the
axial center thereof, and an inner-surface grindstone drive device (36)
that drives the netal-bonded inner-surface grindstone (14) around the

axi al  cenjsehdheneef neteaegﬁu%ﬁ@%etﬁé' qacrg@%ﬂrclﬁgedsaggin gcf mg%fta
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conf i gur edtHeo rie-Himeablseémbetiwegnstbeingr tice sEi Shfafd tirennef the gl ass
substrate and a non- processing position where the outer-surface
gri ndst oneel@atrode (16) in place of the glass substrake (l)t.he inner-surface

gri ndstone are k t away fromthe glass substrate to have the gl ass
_substrate repl abd@er ObJeCtFnaPﬁlé %ﬁ##%ﬁﬁeﬂﬁ(ﬁ?e\mﬁﬁ$epﬁelﬁ¥?§ igBnded
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referring to the attached drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

Figs. 1A and 1B are schematic view of a glass
substrate.

Fig. 2 is an isometric view of a conventional
electrolytic interval~dressing grinding method.

Fig. 3 is a general configuratibn view of a
chamfering apparatus according to the present invention.

Fig. 4 is an enlarged view of A part in Fig. 3.

Fig. 5 is an enlarged view of B part in Fig. 3.

Fig. 6 is an enlarged view of a head portion for

discharge truing.



the outer-surface grindstone is dressed electrolytically (in-process
dressing), while grinding the workpi ece, and when both grindstones are
positioned at a non-processing |location, the glass substrate can be
replaced while the inner-surface grindstone is being dressed
electrolytically (interval dressing). The aforenentioned substrate
drive device (32) is provided with a &écuunlsuction head (33a) to suck the
gl ass substrate (1) and a supporting head (33b) that supports the gl ass
substrate between the vacuum suction head. This configuration allows the
vul nerabl e gl ass substrate (1) to be driven and rotated precisely, while
being protected when it is sandw ched by the vacuum suction head (33a) and
the supporting head (33b). In addition, a detachabl e discharge
truing el ectrode (16)pHdwatr o ospagwerekesrhehvweenon hemgfor ementi oned vacuum
suction head (33a) and the supporting head (33b) and is provided with an
outer periphery and inner periphery that match the glass substrate (1), is
also provided. In this configuration, even if the outer-surface grindstone
(12) or the i nnBFeEeEFad ccpedimanire qfl bhegprasentaleyenfiorrageof shape

accuracy after a laqng-termoperatio t.he i ndst one _can_continue
high-accurgffcfépﬁgngeEQWbﬁ? ﬁrﬁ+%%ﬁ§?d§“ir ings. The same
10

components in each drawing are identified with the same

numbers, and no duplicate description is given.

Electrolytic in-process dressing (ELID) grinding
method has been developed by the applicants of the present
invention, et al. as a means of grindind an ultra-precise
mirror surface with high efficiency, which was considered
impossible using conventional grinding technologies, and is
disclosed. According to this ELID grinding method,
conductive joined barts of a metal-bonded grindstone are
dissolved by electrolytic dressing to sﬁarpen the
grindstone while it is grinding. According to this
grinding method, even a cemented carbide material can be
efficiently processed to a mirror surface using a metal-
bonded grindstone with fine grinding particles, therefore,
the efficiency and the precision of processing can be
improved.

.0On the other hand, the inventors of the present
invention, et al. invented and applied for a patent the
“Electrolytic Interval Dressing Method for Grinding”
(unexamined Japanese patent application No. 115867/1992).
A sketch of this method is shown in Fig. 2; an electrode 5
is provided with a gap to a workpiece 1 to be ground, a

conductive grindstone 4 with a voltage is driven and



W t hout the need to renove the grindstone and renpunt it to the machine,
sinply by setting the discharge truing electrode (16) in place of the

gl ass substrate (1). - Ot her objects and advantages of the present

i nvention are revealed according to the follow ng description referring
to the attached draw ngs. > BRIEF DESCRI PTI ON OF THE

DRAW NGS Figs. |A.and 1B are schematic view of a glass substrate.
Fig. 2 is an isonetric view of a conventional electrolytic

i nterval -dressing grindi ng nmet hod. Fig. 3 is a general configuration
view of a chanfering apparatus according to the present invention.

Fig. 4 is areeipyandyirWwfenAtBar iokRpEk8e B-and the dldbtddes BNa
enl arged view of B part in Fig. 3. Fig. 6 is an enlarged view of a
head porti czpriductidies gramgentgr diiggid is interposed between the DESCRI PTI ON
OF PREFERRED EMBODI MENTS .
conductive grindstone 4 and the electrode 5, and
electrolytic dressing and grinding is carried out
altefnately.

The present invention combines the aforementioned in-
process dressing (ELID method) and interval dressing, and
adds various novel devices for chamfering a glass substrate.

Fig. 3 is a plan view showing a general configuration
of the chamfering apparatus according to the present
invention. Fig. 4 is an enlarged view of part A in Fig. 3,
and Fig. 5 is an enlarged view of part B in Fig. 3. The
chamfering apparatus according to the present invention is
used to process end surfaces of outer and inner peripheries
of a doughnut-like glass substrate 1, és shown in Figs. 1A
and 1B, with a circular hole la at the center thereof, and
processing and chamfering edges of oblique surfaces flanked
on the end surfaces.

In Fig. 3, this chamfering apparatus 10 is provided
with a metal-bonded outer-surface grindétone 12, a metal-
bonded inner-surface grindstone 14, an outer-surface
electrode 18, an inner-surface electrode 20, a grinding
liquid feeder 22, and é voltage application means 24.

The metal-bonded outer-surface grindstone 12 and the
metal-bonded inner-surface grindstone 14 are composed of
grinding particles (for instance, diamond or CBN) and a

conductive joining part {metal-bonded part) that fixes the

grinding particles. The metal-bonded part is a metal such



Preferred enbodi nents of the present invention are described bel ow
referring to the draw ngs. The sane conponents in each draw ng are
identified wwth the same nunbers, and no duplicate description is given.

El ectrolytic in-process dressing (ELID) grinding mnethod has been devel oped
by the applicants of the present inveggion, et al. as a neans of grinding
an ultra-precise mrror surface with high efficiency, which was consi dered
i mpossi bl e using conventional grinding technologies, and is disclosed.
According to this ELID grinding nethod, conductive joined parts of a

nmet al - bonded grindstone are dissolved by electrolytic dressing to sharpen

the grindgkopgswhiteel ot Sofbn el Mb1AGCANG RG1E@ikAEE, grinding nethod,
even a cenented carbide material can be efficiently processed to a mrror
surface using a Aetshoewn himdeidygyr ihdst dne tivet butenepgripideniepasti cl es,
therefore, the efficiency and the precision of processing can be

i nproved. TMetal-bandpd o %¥‘$H#ﬁﬁcqtﬁ?ﬁﬁ@@éﬁ%@T§2oﬁnﬁh@eb?ésb@@dednvention,
o Rk RRE Aot p el Ui Bbectiolisatateryal
L1607 Looghy, ahesbebetash Mis peUlA) s gtckacns, 2ggncgiectrode o
gri ndst one c4nWebRtac¥Oothagend SsEFfaeN ¥ oblique surfaces on the

cylindrical surface. These frustum-like grooves 12a, 1l4a

are formed to be capable of processing edges of the glass

substrate 1 highly precisely with high quality simply by

having the grooves coﬁtact the edge portions (outer

periphery and inner periphery) of the glass substrate, as a

formed grindstone.

As additionally shown in Figs. 4 and 5, a plurality

of frustum-like grooves 12a, l4a are provided (with this

example, 10 pileces each) on the same axis of the metal-

bonded outer-surface grindstone 12 and the metal-bonded

inner-surface grindstone 14 at predetermined intervals. In

this example, among the 10 grooves, one half of the

frustum-like grooves 12a, 14a are formed for rough

processing, and the.remainder for finish processing.

In this configuration, the metal-bonded cuter-surface

grindstone 12 can simultaneously process the end surface

and oblique surfaces of the outer periphery of glass

substrate 1, and the metal-bonded inner-surface grindstone

14 can also simultaneously process the end surface and

oblique surfaces of the inner periphery of the substrate 1.

In Fig. 3, the chamfering apparatus 10 according to

the present invention is further provided with substrate



12 reci procated between the workpiece 1 and the electrode 5, a
conductive grinding liquid is interposed between the conductive grindstone
4 and the electrode 5, 'and electrolytic dressing and grinding is carried

out alternately. The present invention conbines the aforenmentioned
in-  process dressing (ELID nethod) angd,interval dressing, and adds
various novel devices for chanfering a gl ass substrate. Fig. 3is a

pl an vi ew showi ng a general configuration of the chanfering apparatus
according to the present invention. Fig. 4 is an enlarged view of part A
in Fig. 3, and Fig. 5is an enlarged view of part Bin Fig. 3. The
Cha”ferln9d§@9€r§E9§céc§@rd@ﬁﬁbfibdﬂﬁédg‘§¥¥Ndskﬁﬁ%nthOe'§ev9é§d3§0 process
end surfaces of outer and inner peripheriies of a doughnut-Iike glass
substrate &ndasnabewsurfade ggriddstandd didvendelviaecBecul ar hole la at the
center thereof, and processing and chanfering edges of oblique surfaces
flanked on the Bhe %@b$tﬁﬁ§# rive device §2 3s chhmposkdndBri nERGPPar at us
10 is prOV|deg W th - bonded, ou%ggé rfaceggrlndgtone 12, a netal -
bonded i nn&H€ &PPaE@ag ?ﬁmﬁﬁ. aS§r FROStrabectr 018, an

f 0y ; d |
i A P s

and the  substrate 1 between the vacuum suction head 33a. The
detachable vacuum suction head 33a is mounted to a drive
axis'37, which is driven and rotated around the axial
center of the glass substrate 1, by screwing threads of a
In addition,

connecting rod 37a. the end surface {left

side in this figure) of the vacuum suction head 33a can
vertically suck and hold the glass substrate 1 by
evacuating a space at the contact surface of the glass
substrate 1 via an exhaust passage provided in the vacuum
suction head 33a.

The supporting head 33b is composed of a pinching

head 38a contacting the opposite side (left side in this

figure) of the glass substrate 1 and a supporting part 38c

for supporting the substrate via
The substrate drive device

capable of traveling in the left

a bearing 38b.
32 is configured to be

and right direction (X

direction) between position W for processing the glass

substrate 1 and non-processing position R (state of Fig. 3),

where the outer-surface grindstone 12 and the inner-surface

grindstone 14 are removed from the glass substrate 1 and

the substrate can be replaced.

The above-mentioned supporting part 38c is powered at

positiocn W for processing the glass substrate 1, by a



met al - bonded i nner-surface grindstone 14 are conposed of grinding
particles (for instance, dianond or CBN) and a conductive joining part

(et al -bonded part) that fixes the grinding particles. The netal-bonded
part is a netal such 13 as cast

st'eel or bronze, nolten and solidifieq% As shown in Figs. 3 to 5, the
outer peripheries of netal-bonded out ?-surface grindstone 12 and

nmet al - bonded inner-surface grindstone 14 are circular and cylindrical,

and are provided with frustumlike grooves 12a, 1l4a that can contact the
end surface and oblique surfaces on the cylindrical surface. These

frustumlike grooves 1 . ar d.to.b : 1ng edges
of the gl a%%wggh%(it(‘?%‘glgcaél rﬁ%kﬁlﬁl “%rt fg%rtslggl ?rtvmat ﬁrﬁé‘gﬁ%‘ﬁ%‘%}?? sl np yehby

havi ng t hergregyes; sontacttHheieiae pehkireny {oupehcheeramheaididnd i nner
peri phery) of the glass substrate, as a formed grindstone. As

addi ti onal tNe shbags i sudstgsated larat Fheavalcunal stytioh headt3®a Wk g ooves

12a, 1l4a are provided (with this exanple, 10 pieces each) on the sane axis
of the netagtishantedy REGTSWIHface grindstone 12 and the netal - bonded

 nner -sur face grindstone L4 at o edel ot ned i pi eryal s dfned N L panl e
be driven and rotated by the substrate drive device 32
around the axial center thereof, while resisting a
processing load during grinding the outer and inner
peripheries of the glass substrate 1.

The outer-surface grindstone drive device 34 is
provided with a drive shaft 34a that fixes the metal-bonded
outer-surface grindstone 12 to the right end in the figure.
This drive shaft 34a is parallel to the axial center of the
glass substrate 1, and is driven and ro;ated by a drive
device not illustrated. 1In addition, this outer-surface
grindstone drive device 34 is arranged to be.capable of
freely traveling in backward and forward directions (Y
direction) perpendicular to left and right directions (X
direction) in the figure, by an NC control system. In this
configuration, a predetermined frustum-like groove 12a for
processing the glass substrate 1 is positioned
corresponding -to the glass substrate 1 located at a
processing position W by moving the outer-surface
grindstone 12 in the X direction from the non-processing
position R shown in Fig. 3, and the outer-surface
grindstone 12 is moved in the Y direction so that it
contacts the outer periphery of the glass substrate 1 and

the edge portion can be processed.



frustumli ke grooves 12a, 14a are forned for rough processing, and the
remai nder for finish processing. In this configuration, the

nmet al - bonded outer-surface grindstone 12 can sinultaneously process the
end surface and oblique surfaces of the outer periphery of glass
substrate 1, and the netal - bonded inneﬁk§urface grindstone 14 can al so
si mul t aneously process the end surface and oblique surfaces of the inner

peri phery of the substrate 1. In Fig. 3, the chanfering apparatus 10
according to the present invention is further provided with substrate
14 drive device 32, outer-surface grindstone drive device 34, and

oner-surface of hadslaRerdLiyeade Ve dbons qrivENBepual 5l eodiiyg device

. v :
32 is conposed o vacuum sucti or sucking the

substrate broaidied witppar tirigehengdf83bsd ofnd nahidry tded metANCHbhAgdt he
gl ass substrate 1 between the vacuum suction head 33a. The detachable

vacuum suctimnmerread fada grindehord 14 o drheerignd sl inwtheh figudej ven and

rotated around the axial center of the glass substrate 1, by screw ng
threads of & ténSe8ei WgYr 88 W¥hh Puterusitare e ndsdongr dxd¥e(| eft  side
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the glass substrate 1, and is driven and rotated by a drive
device, which is not illustrated. In addition, this inner-
surface grindstone drive device 36 is alsc capable of
freely traveling in backward and forward directions (Y
direction) perpendicular to left and right directions (X
direction) in the figure by the NC control system. In this
configuration, a predetermined frustum-like groove 12a that
processes the glass substrate 1 by moving the inner surface
grindstone 14 in_the X direction is positioned according to
the glass substrate 1, and further the.inner—surface
grindstone 12 is moved in the Y direction so that it
contacts the inner periphery of the glass substrate 1 and
can. process the edge portion.

The outer-surface electrode 18 is mounted in the main
body 34b of the outer-surface grindstone drive device 34
via an insulation member (not illustrated), and can travel
together with the outer-surface grindstone drive device 34.
This outer-surface electrode 18 is also provided with an
opposite surface 18a at a predetermined spacing from a
plurality of frustum-like grooves 12a of the metal bond
outer-surface.grindstone 12,

THe inner-surface electrode 20 can travel in backward

and forward directions (Y direction) from the non-



evacuating a space at the contact surface of the glass substrate 1 via an
eXhaust passage provided in the vacuum suction head 33a. The
supporting head 33b is conposed of a pinching head 38a contacting the
opposite side (left side in this figure) of the glass substrate 1 and a
supporting part 38c for supporting the substrate via a bearing 38b.

The substrate drive device 32 is configured to be capable of traveling in
the left and right direction (X direction) between position Wfor
processing the glass substrate 1 and non-processing position R (state of
Fig. 3), where the outer-surface grindstone 12 and the inner-surface

grindst one gho@éssy Hil®MR! Reoghass pubstsate 1 and ¢ fde Syhsirate can
be repl aced. he above-nenti oned supporting p ‘%% | s powered at
posi tion WHortips ooessli-gpridesl dhass-subsheat grinddyorde 14. This power i ng

device not illustrated at a predetermned pressure to the right in the
figure, the¥EBrisugfianshes epidols 89 ishalgpassosided raiter arat t he vacuum
suction head 33a with sat | sfacg Due to this

conf i gur at i FROTHY GiHESuBder é’ﬁgégrlgcggggggé’gﬁ% R W By t he
substrate q5yye 0% ¢ Fustum-1like grooves l4a of the metal-bonded
inner-surface grindstone 14.

The grinding liquid feeder 22 supplies a conductive
grinding liquid between the outer-surface grindstone 12 and
the outer-surface electrode 18 and between the inner-
surface grindstone 14 and the inner-surface electrode 20.
More explicitly, the grinding liquid feeder 22 is provided
with a nozzle 22a fixed to the main body 34b of the outer-
surface grindstone drive device 34, and can supply the
conductive grinding liquid between the outer-surface
grindstone 12 and the outer-surface eléctrode 18,
‘irrespective of where the cuter-surface grindstone drive
devicg 34 is located.

Also, the grinding liquid feeder 22 is provided with
another nozzle 22a that travels together with the inner-
surface electrode 20, -and can supply conductive grinding
liquid between the inner-surface grindstone 14 and the
inner-surface electrode 20 at a location where the inner-
surface electrode 20 comes close to the inner-surface
grindstone 14.

A voltage application means 24 is composed of a power
source 24a, a brush 24b that contacts the rotating axes of
grindstones 12, 14, and a power line 24c¢ that connects

brush 24b and electrodes 18, 20 electrically to the power



around the axial center thereof, while resisting a processing |oad during
grinding the outer and inner peripheries of the glass substrate 1.

The outer-surface grindstone drive device 34 is provided with a drive
shaft 34a that fixes the netal -bonded outer-surface grindstone 12 to the
right end in the figure. This drive shagt 34a is parallel to the axial
center of the glass substrate 1, and is driven and rotated by a drive
device not illustrated. In addition, this outer-surface grindstone drive
device 34 is arranged to be capable of freely traveling in backward and
forward directions (Y direction) perpendicular to |left and right

directions gurder2csj oamdidpghied impyiaivly aad Negaenveolosygg&mMtd n this
configuration, a predetermi ned frustumlike groove 12a for processing the

gl ass subst gairdstosepokit i bheahd coracdgpdedi A§,t 80t heegpbastivelptrate 1
| ocated at a processing position Wby noving the outer-surface ri ndst one
12 in the XTBErBEYPHNSIVENS t4fE2 iR b&s i FGRSHBRFTFBR RS Howe iF1H g. 3,

and the outer-surfac rindstaone 12 .i ved.in the Y direction so that it
contacts th@ogﬁfe§u%§}¥gﬂﬁgi<8?lt e‘ﬁf%%ERESB%FFg?ePElEﬁﬁ' the edge portion
can be processed.pceording to the method of the present ifvention

using the aforementioned apparatus, end surfaces and

oblique surfaces of the outer and inner peripheries of the

glass substrate 1 are grouhd simulfaneously by means of the

outer-surface grindstone 12 and the inner-surface

grindstone 14. In addition, the outer-surface grindstone

12 is dressed electrolytically and sharpened during

grinding. Furthermore, during a non-processing period when

the glass substrate 1 has completed processing and is being

replaced, the inner-surface grindstone 14 is dressed

electrolytically to sharpen it. '

According to the method and the apparatus of the
present invention described above, end surfaces and obligue
surfaces of outer and inner peripheries of the glass
substrate 1 can be ground simultaneously using the outer-
surface grindstone 12 and the inner-surface grindstone 14.
In addition, a conduct%ve grinding liquid is supplied
during this grinding between the outer-surface grindstone
12 and the outer-surface electrode 18, and the grindstone
is in-process dressed (ELID grinding) using the voltage
application means 24, Therefore, even when fine grinding

particles, for instance, #1200 (grain diameter of about 15
um) to #2000 (grain diameter of about 8 um) are used, the

glass substrate can be processed highly accurately with



The inner-surface grindstone drive device 36 is also provided wth a drive
shaft 36a that fixes the netal -bonded inner-surface grindstone 14 to the
right end in the figure, in the sane way as with outer-surface grindstone
drive device 34. This drive shaft 36a is parallel to the axis of the
gl'ass substrate 1, and is driven and rg%ated by a drive device, which is
not illustrated. In addition, this inn surface grindstone drive device
36 is al so capabl e of freely traveling in backward and forward directions
(Y direction) perpendicular to left and right directions (X direction) in
the figure by the NC control system In this configuration a

redeterm fr t I r lr-ass substrate 1
p 't?xh% dﬁ%l‘igg WKe18 HQYEE&:?ﬁlﬂé‘aé thb‘rPh%&LSQ%}I i Y

by novi ng the innher face grindstone t|on i's positioned

accordi ng twerkpiecel agsSgubﬁémh@ fhe afgt d tHduvefa deh@yrimagtondr Faeh
grindstone 12 |s noved in the Y direction so that it contacts the inner

peri phery dfimehé&ogitass . su%smeqﬂarﬂ.thujlnnar—ﬂumfass trhénéspenpoisi on.

The outer-surface electrode 18 is nounted in the main body 34b of the
outer-surfQg@séﬁﬂnﬁéﬁéﬁéoéYF%ﬁaHéV|%% Bxe s3me HPLtise aPPIACREABEr (not

il t t , t t t f dst
iri ve dovi eash Dy ANebiHYEY cbSRRErTe Miihditt B B RE EbE o Ohan
opposi te swﬂl%%t%%@ ahdatﬁéegﬁﬁsfﬂg@péaé@a&é&ﬁdmz@ dRirdhal Lt ¥oat

frustum|iKe grooves 12a of the metal bond outer-surface grindstone 12.
The i nner - pitclcRee iabepbrode WRegabhé rqlvads i sudwadawny d iandeborward

directions (Y direction) fromthe non-
(interval dressing), so even if similar fine grinding
particles to those above are used; the inner-surface
grindstone can be sharpened continually and can process the
workpiece highly precisely with high quality while
maintaining a high work efficiency.

In addition, because the outer-surface grindstone 12
is in-process dressed during processing and the inner-
surface grindstone 14 is interval dresséd when processing
_is stopped, loads of the voltage application means 24 can
be averaged, and the power source can be made more compact
than the case in which both grindstones are dressed
elect;olytically at the same time.

In addition, since outer peripheries of the outer-
surface grindstone 12 and the inner-surface grindstone 14
are cylindrical surfaces provided with frustum-like grooves
12a, 1l4a that can contact end surfaces and oblique surfaces,
edge portions 6f the glass substrate can be processed with
high precision and high quality simply by contacting
frustum-liike grooves 12a, l4a with edge portions of the
glass substrate 1 (outer and inner peripheries), és formed

grindstones.



17 processing position R shown in Fig. 3 to a position close to the
net al - bonded i nner-surface grindstone 14. This inner-surface el ectrode 20
is also provided with an opposing surface 20a with a predeterm ned spaci ng
froma plurality of frustumlike grooves 14a of the netal -bonded

I nner-surface grindstone 14. The,grinding liquid feeder 22 supplies
a conductive grinding |liquid between e outer-surface grindstone 12 and
the outer-surface el ectrode 18 and between the inner- surface grindstone
14 and the inner-surface electrode 20. Mre explicitly, the grinding
liquid feeder 22 is provided wth a nozzle 22a fixed to the main body 34b

of the outer- sy faGe @WdnFdgheaeidhi Ve Feyt&Li B¢ o ANk LA URRlY the
conductive grinding quuig bgFMeen t he oﬁter-st%?é%e grindstone 12 and the

out er - sur faceoed £ciTIande 48 ,ard mareapgeti wethf spheirgs hen otHersang f ace
grindstone drive device 34 is |ocated. Al'so, the grinding liquid
feeder 22 ¥xiprolithe ovtar-sardelrer gnépdpEongal 2 hamd tthe/elnnawyet her with

the inner- surface el ectrode 20, and_can suppl onductive grindjng
liquid bet ¢ eI IR RN flzﬁldet&teFﬁéQFSnealgré% I?%é”c?‘iﬁw%'g-rﬁﬁdf ace

el ectrode x?c?t e aséo Cpaetci,o%u\'@%ra?l tolgeciagggga out continuously simply

by shifting the grooves in the axial direction as soon as
the accuracy of shape of the groove no longer satisfies a
predetermined value due to wear during processing, so a
period of contiﬂuous operation can be sharply extended.

When frustum-like grooves 12a, 1l4a are configured
separately for rougﬁ and finish processing with intervals
on the same axis of the outer-surface grindstone 12 and the
inner-surface grindstone 14, the workpiece can first be
roughly processed using frustum-like grooves 12a, l1l4a for
rough processing and then the workpiece'can be shifted
axially and finish processed using finish processing
frustum-like grooves 12a, l4a of the same grindstone;
therefore, compared to a case where the grindstone is to be
replaced with another grindstone, down-time can be reduced -
significantly, while also avoiding a deterioration of
processing accuracy due to decentering of the rotation axis
(shifting of rotating center).

Fig. 6 is an enlarged view of the head part during
discharge truing. In Fig. 6, the chamfering apparatus 10
according to.the present invention is provided with a
vacuum suction head 33a and a detachable discharge truing
electrode 16 sandwiched between the wvacuum suctibn head 33a

and a supporting head 33b. The outer and inner peripheries



surface el ectrode 20 conmes close to the inner-surface grindstone 14.

A'vol tage application neans 24 is conposed of a power source 24a, a brush
24b that contacts the rotating axes of grindstones 12, 14, and a power

| ine 24c that connects brush 24b and el ectrodes 18, 20 electrically to the
power 18 source 24a, and applies
positive and negative voltages to grin&étones 12, 14 and el ectrodes 18,

20, respectively. The power source 24a should be a constant-current-type
ELID power supply that can provide DC vol tage pul ses. According to
the nethod of the present invention wusing the aforenentioned apparatus,

end surfaces ands @hldgyedsunbages hehPecOUIHL Suhd rﬁberth%eroh%%“ es of
the glass substrate 1 are ground sinultaneously by neans of

out er - sur f sl gmineds peré ph2raad bﬁethen@lasmré&h&traﬁé ndstone 14 I n
addition, the outer-surface grindstone 12 is dressed electrolytically and
shar pened dur|ngIngﬁﬁﬁéthgnrFﬁh?héb%%@émeﬁﬁﬁqnﬁﬁa¥Qiﬁ¢9pr@@®§scn@lperlod

Fopl aced. HEtthad Cet PERLYGPPREEEBRe 13 FEotH L8 G LERTER £01 yikoal Iy to
sharpen it -dlschargeA‘?c‘i%ﬁ'g”QlEetEB&e Mg hodhs ands e RIS 20 14he
respectively by switching the connection.

According to thé method of the present invention,
using the aforementioned apparatus, the discharge truing
electrode 16 is installed between the vacuum suction head
33a and the supporting head 33b in place of the glass
substrate 1, and the outer-surface grindstone 12 and the
inner-surface grindstone 14 are positioned at a grinding
location and both grindstones are formed by a discharge
truing. A conductive mist is also used during this
discharge truing, thereby efficient and high-accuracy
discharge forming is enabled. . .

Using this méthod, even if the shape accuracy of the
outer-surface grindstone 12 or the inner-surface grindstone
14 adversely changes because of long-term operation, the
deteriorated grindstone can be trued by discharge and
formed highly precisely without the need to remove the
grindstone from the system; therefore, an installation
error to be caused by removing or reinstalling the
grindstone can be avoided. In addition, the power source
for electrolytic dressing (voltage application means) can
also be used for discharge truing simply by changing
polarity, so the power facility need not be enlarged.

According to the present invention described above,
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inner-surfa%gar ringstone can Qg shar pened continually and can proces

ened as required at any time and can process the
workpiece highly accurately with high quality, while
maintaining a high prqcessing efficiency. Because the
grindstones are in-process dressed during processing and
interval dressed when processing is stopped, loqu of the
voltage application means 24 can also be equalized and the
power facility can be made more compact. Furthermore,
since a plurality of frustum-like grooves 12a, l4a are
arranged at intervals on the coaxis of the grindstones 12,
14, any working groove for which the accuracy of shape can
no longer satisfy a predetermined accuracy due to
processing wear can be shifted axially, and the grooves can
be used sequentially; therefore, a process need not be
interrupted, but can be carried out continuously, so
continuous'operating time can be greatly extended. In
addition, rough and finish processing frustum-like grooves
can be provided on the same axis, thus after a rough
grinding process, the grindstone can‘be shifted axially and
can finish grinding the workpiece, thereby down-time is

reduced dramatically and degrading of processing accuracy

caused by deviation of the center can be avoided. Besides,

e

ng
0 even

s the

the discharge truing electrode 16 can be installed in place

of the glass substrate 1 and can true by discharge both

grindstones, so an installation error due to removing or



wor kpi ece highly precisely with high quality while maintaining a high work
efficiency. In addition, because the outer-surface grindstone 12 1is
i n-process dressed during processing and the inner- surface grindstone 14
is interval dressed when processing is stopped, |oads of the voltage
appl i cation means 24 can be averaged,%ﬁrithe power source can be nade
nore conpact than the case in which bo grindstones are dressed

el ectrolytically at the sane tine. In addition, since outer

peri pheries of the outer- surface grindstone 12 and the inner-surface
grindstone 14 are cylindrical surfaces provided wth frustumlike grooves

12a, 142 t hats £ 00RAC 190d caebaces BO0apbladue S aRes nighdoe portions

of the gl ass rat € can be processe I gh precision and high

qual ity si rdaudaee diradhignganf bushbiht & keeriop vess divsr gel 4awiinigh igdge
portions of the glass substrate 1 (outer and inner peripheries), as forned
gri ndst oneplace. 20 In this
configuration, a_plurality of frustumlike rooves 12a, 1l4a are arranged

with spacings onAFEPrQéHE YaxFaeorethed otpdrt _rﬁ&ﬂﬂ¥iﬁqﬁu§9Fone 12 and the
inner-  surface 9 NASt 09% 54 subRELEER" Socr QAP AN QRaSEeed”

invention provides superlative effects including the
processing of edge portions of a glass substrate for a hard
disk highly precisely and efficiently with high quality and
that the need for a subsequent process can be greatly
reduced or even elimiﬁated.

Although the present invention has been described
referring to several preferred embodiments, the scope of
rights included in the present invention should not be
understood to be limited only to these embodiments. To the
contrary, the scope of rights of the pfesent invention
should include all improvements, corrections, and
equivalent entities covered by the scope of the attached

claims.



not be stopped, but can be carried out continuously sinply by shifting the
grooves in the axial direction as soon as the accuracy of shape of the
groove no longer satisfies a predeterm ned value due to wear during
processing, so a period of continuous operation can be sharply extended.
When frustumli ke grooves 12a, 14a are ggnfigured separately for rough and
finish processing with intervals on theé sanme axis of the outer-surface

grindstone 12 and the inner-surface grindstone 14, the workpiece can first

be roughly processed using frustumlike grooves 12a, 14 [ LOLL
processi ng and then the workpi ece can be shifted axial IqugiHlﬂﬂ!m%ﬁJuull
processed using finish processing frustumlike grooves S

same grindstone; therefore, conpared to a case where the grindstone is to
be replaced with another grindstone, down-tinme can be reduced

significantly, while also avoiding a deterioration of processing accuracy

due to decentering of the rotat WHATaXBsCLASMEPtI®Hg of rotating center).

Fig. 6 is an enlarged view of the head part during discharge truing. In
Fig. 6, the chanfering apparatus 10 according to.the present invention is

SRR (et TR R R R R
;l{pporti Ng BBaYqd8PsutPEcOMt ST aitch I tHE e REUPRBE! 88ter periphery and

the inner periphery of a doughnut-like glass substrate (1)
with a.circular hole (la}) at the center thereof,

a method of chamfering the glass substrate,
comprising

a metal-bonded outer—-surface grindstone (12) for
simultaneously processing the end surface and the oblique
surfaces of the outer periphery, and a metal-bonded inner-
surface grindstone (14) for simultaneously processing the
end surface and the oblique surfaces of fhe inner periphery,
~wherein

the outer-surface grindstone and the inner-surface
grindstone simultaneously grind end surfaces and oblique
surfaces of the outer and inner peripheries of the glass
substrate, and

the outef—surface grindstone is electrolytically
dressed and sharpened during a processing period, and

the inner-surface grindstone is electrolytically
dressed and sharpened during a non-processing period when

the glass substrate is replaced.

2. The glass substrate chamfering method specified in

Claim 1, wherein a truing electrode (16) is installed and



of this electrode 16 are identical in shape to the outer and inner

peri pheries_of the glass substrate 1. In addition, the

above-nenti oned voltage application nmeans 24 can apply positive and
negative vol: Fo 8T g scharge truing el ectrode 16 and the grindstones
12, 14, re uﬁmmmaﬂmmns’nhchl ng the gapnnecti on. According to the
met hod of thé pfesentt | mvention, wusing the aforenentioned apparatus, the
di scharge truing electrode 16 is installed between the vacuum sucti on head
33a and the supporting head 33b in place of the glass substrate 1, and the
outer-surface grindstone 12 and the inner-surface grindstone 14 are

posi ti oned tate &agid Rditeg -suegatkograndsbohd 012 NdsiONeH - GmRd by a

di scharge truing. A conductive mst is also used during this discharge
truing, therrdindsdfoneci(@dt awe hoghtaovedagy a disidiirge fowratiieg,i $henabl ed.
Using this nethod, even if the shape accuracy of the outer-surface

gri ndst one SBA %R rogiger(1&)r f8cEhaFIRdsvbHR @ PP sidiisies alol taigengas because
fol -t atj the.d i t i ndst trued b

di scharge. A FOTHEGOREGNS 2pr 651 s8F5 GREREA THE fodthadd Péiove t he
grindstone Jdlqrggteheag)als?)g% %{Egﬁgé%g%sagré@}@é%aédd)nfocé{&r kSO be caused

by renoving or reinstalling rindstone can be avoi P addi tion
t he power shiwaterdion.el ectrolytic dressing (voltage application neans) can
al so be used for discharge truing sinply by changing

3. In the chamfering apparatus for processing end
surfaces and oblique surfaces flanked thereon of the outer
periphery and the inner periphery of a doughnut-like glass
substrate (1) with a circular hole {la) at the center
thereof,

a glass substrate chamfering apparatus comprising

'a metal-bonded outer-surface grindstone (12) for
simultaneously processing the end surféce and the oblique
_surfaces of the outer periphery,

a metal-bonded inner-surface grindstone (14) for
simultaneously processing the end surface and the oblique
surfaces of the inner periphery, |

an outer-surface electrode (18) for electrolytically
dressing the outer-surface grindstone during processing,

an inner-surface electrode (20) for electrolytically
dressing the inner-surface grindstone when a workpiece is
not processed,

a grinding liquid feeder (22) for supplying a
conductive grinding liquid between the outer-surface
grindstone ana the outer-surface electrode and between the

inner-surface grindstone and the inner-surface electrode,



polarity, so the power facility need not be enlarged. According to

the present invention described above,

22 because in-process dressing (ELID grinding) and interval dressing

are used jointly, even if grinding particles as fine as #1200 (gramn

di aneter of about 15 [err]n) to #2000 od grain di aneter of

are used, grindstones are sharpened as requi red at any t @aﬂ D" ﬁm' rh

process t he wor kpi ece highly accurately with high qualit,

mai ntai ni ng a high processing efficiency. Because the grlndstones are

i n-process dressed during processing and interval dressed when processing

is stoppedind oads of the voltage application neans 24 can al so be

equal i zed and the power facility can be nade nore conpact. Furthernore,

since a pIuraIiwyvnﬂthgasappi&tkbigmoma&ﬁsJjZﬂ):ﬁbx applydngaaged at

intervals on the coaxis of the grindstones 12, 14, any working groove for

whi ch the %ﬂ@ﬁrr%wzcmgswaééagénacmw oﬁ@%r%@ehﬂr@qﬁ agéngsioned accuracy

due to procfji}ng)wear E %ed axi a and rooves can

used sequétht %Q%ﬁﬁﬁHg ce ehPo E%gen%% éﬁoﬁﬁat Q1 pted, but can

be carrie n u t C reatly
dﬁx&% X dl’?;fﬂl,%‘a%‘&%hlé 5ﬁ§| ihHﬁP SuPPELR él’l%éx'o’&i‘e o @Vﬂkl}%lgl

ext ended. on, rou ni sh processing frustu € grooves
the outer—surface grindstone is electrolytically

dressed when the end surface and oblique surfaces of the

outer periphery of the glass substrate are ground, and
the inner-surface grindstone is electrolytically

dressed when the'workpiece is not processed as the glass

substrate 1s being replaced.

4, The glass substrate chamfering apparatus specified:
in Claim 3, wherein

‘the outer peripheries of the said'metal-bonded outer-
surface grindstone (12) and metal-bonded inner-surface
grindstone (14) are cylindrical surfaces comprising
frustum-like grooves (12a, l1l4a) capable of contacting the
end surfaces and obliqﬁe surfaces of the cylindrical

surfaces.

5. The grindstone chamfering apparatus specified in
Claim 4, wherein

the said metal-bonded outer-surface grindstone (12)
and/or metal-bonded inner-surface grindstone (14} comprise
a plurality of frustum-like grooves (12a, 14a) on the same

axis with spacings.



can be provided on the sane axis, thus after a rough grinding process, the
grindstone can be shifted axially and can finish grinding the workpiece,

t hereby down-tine is reduced dramatically and degradi ng of processing
accuracy caused by deviation of the center car”m mllﬂmfm”ﬁml des, the
di scharge truing electrode 16 can be installed ' ' gl ass
substrate | and can true by di scharge bdfh griﬁds ones,® s ah installation

error due to renoving or 23
reinstalling grindstones can be avoi ded, instead, high- accuracy formng
can be maintained by discharge truing in place. Accordingly, the

met hod and the appargtus for, chanfering a glass substrate according to the
present invention pfrb%lgd:égldé&ﬁé‘rel Mgéflflécﬁgpiiﬁ%\:%i$fge<‘é1h‘éle<%)rldbessi ng
of edge por&igﬂﬁ ﬁf Pt substrate for a hard disk highly precisely and
efficiently wt fghquality and that the need for a subsequent process

can be greatly rghicht PmeAWaAnHRhiEN8Ledr-surfa eé*ié{w&%jégﬁg(%esem

i nvention has been described referring to severa erre i ments,
the scope oindfoymeta hddamthedi iimnidre spresent griuastona shoul Comeli N
understood to be limted only to these enbodi nents. To the
a plurality of rough-processing and finish-processing
frustum-like ‘grooves (12a, 14a) on the same axis with

spacings.

7. The grindstone chamfering apparatus specified in
Claim 4, comprising

a substrate drive device (32} that drives the
grindstone (1) to rotate around the axial center thereof,

an outer-surface grindstone drive device (34) that is
driven to rotate around the axial center thereof, and

an inner-surface grindstone.drivé device (36) that
_drives the metal-bonded inner-surface grindstone (14) to
rotafe around the axis thereof, wherein

the substrate drive device, outer-surface grindstone
drive device and/or inner-surfa;e grindstone drive device
are configured to be movable betwéen a glass substrate
processing location and a non—processiﬁg iocation’where the
outer-surface grindstone and inner-surface grindstone are
removed from the glass substrate and the glass substrate

can be replaced.

8. The glass substrate chamfering apparatus specified
in Claim 7, wherein

the said substrate drive device (32) comprises a



contrary, the scope of rights of the present invention should include al
i Aprovenents, corrections, -and equivalent entities covered by the scope of
the attached clains. 24

WHAT IS CLAIMED IS T Tmthe method of chanfering end surfaces and

obl i que surfaces mﬂnjﬂmmm f the outer periphery and the inner

peri phery of a do ) ' IHHE subzgrate (1) wth a circular hole (la)
at the center thereof, " Sa method of chanfering the glass substrate,
conpri sing a netal -bonded outer-surface grindstone (12) for

si mul taneously processing the end surface and the oblique surfaces of the
outer periphery, and a netal -bonded inner- surface grindstone (14) for

si mul t aneoustyupr seestomchedd (e Sorf svekdnd the gbasgusubsraites of the

i nner periphery, wherein t he quter-surfac ri ndstone and the
i nner - sur f &&&/ gﬁﬁn@s§%ﬁﬁp¥ﬁ%ﬁﬂt@ﬁﬁﬁmﬁﬂ3& gFﬁﬁ& gﬁgdguF?%c%%a%ﬁd obl i que

surfaces of L0grQHL oo Ak ISP IR G481 the ol ass

9. The glass substrate chamfering apparatus specified
in Claim 8, comprising a discharge truing electrode (16)
that is sandwiched and held between the said vacuum suction
head (33a) and suppérting head (3éb) and comprises an outer
periphery and an inner periphery that match the glass

substrate (1), and installed in a detachable manner.



substrate, and the outer-surface grindstone is electrolytically
dr essed and sharpened during a processing period, and t he
i nner-surface grindstone is electrolytically dressed and sharpened during
a non-processing period when the glass substrate is repl aced.
The gl ass substrate chanfering nethod specified in Claiml1, wherein a
truing electrode (16) is installed and?22 the said outer-surface
grindstone (12) and inner-surface grindstone (14) are positioned at a
grinding location, the said electrode (16) is charged with a positive
voltage and the grindstones (12, 14) are charged with a negative voltage,
and both grindstones are trued and forned by discharging. 3. In
the chanfering appasst §8BEBRAPE QERSIRINING METHOD! ANBSARBARADUS que surfaces
fl anked thereon of the outer perip : the inner periphery of a
doughnut -1i ke glass substrate (1) wW a circular hole (la) at the center
t her eof , : a gl ass substrate chanfering apparatus conpri sing a
nmet al - bonded out er-surface grindstone (12) for

A metal-bonded outer-surface grindstone 12 for

simultaneously processing the end surface and the oblique
surfaces of the outer periphery of a doughnut-like glass
substrate 1 with a circular hole la at the center thereof,
and a netal-bonded inner-surface grindstone 14 for
simultaneously processing the end surface and the oblique

- surfaces of the inner periphery are provided; the outer-
surface grindstone and the inner-surface grindstone
simultaneously grind end surfaces and obligque surfaces of
the outer and inner peripheries of the glass substrate, and
during grinding, the outer-surface grindstone is sharpened
by dressing it electrolytically, and the inner-surface
grindstone is sharpened by an electrolytic dressing when
hot processing as the glass substrate is being feplaced. _
Thus, edge portions of the glass substrate for a hard disk
can be processed highly accurately and efficiently with
high éuality, and the need of a subsequent process can be

greatly reduced or even eliminated.

Figure 3



si mul t aneously processing the end surface and the oblique surfaces of the

out er peri phery, “a netal -bonded inner-surface grindstone (14) for
si mul t aneously processing the end surface and the oblique surfaces of the
i nner periphery, an outer-surface electrode (18) for

electrolytically dressing the outer-surface grindstone during processing,
an i nner-surface electrode (20) for electrolytically dressing the

i nner-surface grindstone when a workpiece is not processed, a
grinding liquid feeder (22) for supplying a conductive grinding liquid
bet ween the outer-surface grindstone and the outer-surface el ectrode and
between the inner-surface grindstone gpgl the inner-surface el ectrode,

and a vol tage application means (24) for applying an electrolyzing
vol t age across the outer-sudFﬁgg1d\i(ﬁ%ﬂqnb/\pﬁﬁ t he outer-surface

el ectrode and across the inner= surface grindstone and the inner-surface
el ectrode, wherein the outer-surface grindstone is electrolytically
dressed when the end surface and oblique surfaces of the outer periphery
of the glass substrate are ground, adHterperiphery edge

/

Inner periphery edge

Fig.1B (Prior Art)
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the inner-surface grindstone is electrolytically dressed when the
wer kpi ece is not processed as the glass substrate is being repl aced.

4. The gl ass substrate chanfering apparatus specified- in Caim3, wherein
the outer peripheries of the said netal -bonded outer- surface grindstone
(22) and netal -bonded inner-surface grindstone (14) are cylindrical
surfaces conprising frustumlike grooves (12a, 14a) capable of contacting
the end surfaces and oblique surfaces of the cylindrical surfaces.

5. The grindstone chanfering apparatus specified in Caim4, wherein

t he sai d netal -bonded outer-surface grindstone (12). and/or netal-bonded

i nner-surface grindstone (14) conprise a plurality of frustumlike grooves
(12a, 14a) on the sane axis with spac;TI)]%s. 6. The

gri ndstone chanfering apparatus specifi’ed in Caim4, wherein . the

sai d net al - bonded out er - sug.ac i (0] 12 and/ or netal - bonded
i nlner-surface gri ndgtone ?E‘%g%‘:ﬂgéi A?t() )




a plurality of rough-processing and finish-processing frustumlike-grooves
(%X2a, 14a) on the sane axis with spacings. 7. The grindstone
chanfering apparatus specified in Caim4, conprising a substrate
drive device (32) that drives the grindstone (1) to rotate around the
axXi al center thereof, an outer-surface grindstone drive device (34)
that is driven to rotate around the axial center thereof, and an

i nner-surface grindstone.drive device (36) that drives the netal -bonded

i nner-surface grindstone (14) to rotate around the axis thereof, wherein
the substrate drive device, outer-surfage grindstone drive device and/or

i nner-surface grindstone drive dquR%A3are configured to be novabl e between
a glass substrate processing |ocatin and a non-processing | ocation where
the outer-surface grindstone and inner-surface grindstone are renoved
fromthe glass substrate and the glass substrate can be repl aced.

8. The gl ass substrate chanfering apparatus specified in Caim7, wherein
the said substraterive device (32) comméfes a
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vacuum suction head (33a) for sucking the glass substrate (1), and a
supporting head (33b) that ‘holds the glass substrate to the vacuum suction
head. 9. The gl ass substrate chanfering apparatus specified in
Claim 8, conprising a discharge truing electrode (16) that is sandw ched
and hel d between the said vacuum suction head (33a) and supporting head
(33b) and conprises an outer periphery and an inner periphery that match
the glass substrate (1), and installed in a detachabl e manner.
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