1/22 SPECIFICATION Title of the Invention POLISHING APPARATUS
OF SUBSTRATE END FACE AND POLISHING DETERMINING
METHOD BACKGROUND OF THE/IRR/ENTION Field of the Invention
The present invention relates to a polishing work apparatus for polishing
an end face of a glass substrate for a liquid crystal substrate or the like,
and a method of determining whether a polishing finish is good or bad.
Description of the Convenn%%ﬁ Ak %Igfa%g substrate used for the

liquid crystal substrate oithe |I§e sjnce erxllttlg concawty and
convexity and a crageeaﬂele—rh-a—et@end—%ee—a-dﬁet—generatlon is
su pressed by finishing the end face as a mirror finished surface in
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applled for the purpose of improving a strength of the end face. A
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polishing wheel used for pollshlng an end face of a hard brlttle material

such as the glasSRGEGRQPND OF THE INVENTI
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Field of the Invention

The present invention relates to a polishing work
apparatus for polishing anend faceof aglass substrate
foraliquidcrystal substrate or the 1ike, and a method
of determining whether a polishing finish is good or
bad.

Description of the Conventional Art

In theglass substrate used for the liquidcrystal
substrate or the 1ike, since very little concavity and
convexity and a crack exist in a cut end face, a dust
generation is suppressed by finishing the end face as
a mirror finished surface in addition to chamfering
of a ridge line portion, and a polishing work is applied
for the purpose of improving a strength of the end face.

A diamond abrasive grain, a silicon carbide
abrasive grain, a cubic boron nitride (CBN) abrasive
grain, or a cerium oxide abrasive grain is used in a
polishing wheel used for polishing an end face of a

hard brittle material such as the glass substrate as



2/22 a mirror finished surface, however, in order to prevent a very little
crack or chip of a polished surface, a polishing wheel in which a
peripheral edge portion is rich in af’ gsticity is preferably used. For
example, as the polishing wheel, there is used a structure in which a resin
is filled in a fiber, and an abrasive grain is dispersed in the resin.
However, if the end face of theglass substrate is olishe%b the
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little crack or the like is suppressed, however, an abrasion groove is. .
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- 191, increase ofthe pyrber of palishing works,Jithe glrasion groove is

formed in the outer peripheral surface of the po g wheel, a range of

the plishing wheeh coming infp-cantact with the ghd tace gfithe dlass ;5o g

substrate is expanded'to contact with parts of front and back faces of the

a glass,substrate, forgxample, as shqwn by referencessymbals 4¢and.Id gy ¢
Fig. 2B, in addition to the end face of the glass substrate.
an abrasive grain is dispersed in the resin.

However, 1f the end face of the glass substrate
is polished by the polishing wheel which is rich in
the elasticity as mentioned above, a conformability
existsatatimeofcuttingtheend faceof the substrate,
and the end faceis finishedasamirror finished surface
inwhich theverylittle crackor thelike is suppressed,
however, an abrasion groove is formed in an outer
peripheral surface of the polishing wheel on the basis
of an increase of the number of polishing works.

If the abrasion groove 1is formed in the outer
peripheral surface of the polishing wheel, a range of
the polishing wheel coming into contact with the end
face of the glass substrate is expanded to contact with
parts of front and back faces of the glass substrate,
for example, as shown by reference symbols 1lc and 1d
in Fig. 2B, in addition to the end face of the glass
substrate.

In other words, since a contact range (a contact



In other words, since a contact range (a contact 3/22 area) with the
polishing wheel is expanded at such a degree that groove side faces of
the abrasion groove formed in the?/o%ghing wheel come into contact with
parts of the front and back faces of the substrate, a contact resistance is
enlarged. Conventionally, in the polishing work of the end face of the

lass substrate by the polishing whee], the polishing work of the end fac
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substrate, and determining which set region the measured load current
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face of the glass substrate by the polishing wheel,
the polishingwork of theend faceof theglass substrate
is controlled on the basis of a load current value of
a polishing wheel drive motor at a time when the
polishing wheel comes into contact with the end face
of theglass substrate, andapreviously set loadcurrent
value.

For example, as schematically shown in Fig. 7,
a feed length of thepolishingwheel coming into contact
with the end face of the glass substrate is controlled
by setting separately the load current value into a
load lower limit value: LL, a load proper region value:
L-H, and a load upper limit value: HH before starting
a production of the glass substrate, and determining
which set region the measured load current wvalue
corresponds to.

In this control method, 1if the load current value
measured during the polishing work is between L and

H, for example, as shown by (a), the polishing work



measured during the polishing work is between L and H, for example, as
shown by (a), the polishing work 4/22 is normally carried out, the contact
pressure of the polishing wheel is fétetmined to be proper, and the feed
length of the polishing wheel to the end face of the glass substrate is
continuously maintained. If the load current value is in a region between

. Hand HH Ehe contact, pressure of th polishin%wheel with the end face N
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olishing wheel is moved backward (in a direction of moving away from
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endface of the glass substrate) in the next po work. Further, in the

case {nat dpe load cyrrentyvalug is more than EHH of lgss than L e yeen

polishing work is determined to be excess or short, and the polishing
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since only the first value which deflects from the L-H region in the
w iinediatelypieeeding palishing g1ass substrate is determined

to be excess, and a position of the polishing wheel
is moved backward (in a direction of moving away from
the end face of the glass substrate) 1in the next
polishingwork. Iftheloadcurrentvalueisinaregion
between L and LL, the contact pressure of the polishing
wheel is determined to be short, and the position of
the polishing wheel is moved forward (in a direction
of moving close to the end face of the glass substrate)
in the next polishing work. Further, in the case that
the load current value is more than HH or less than
LL, the polishing work is determined to be excess or
short, and the polishing work is stopped.

However, 1in the conventional method mentioned
above, since only the first value which deflects from
the L-H region in the immediately preceding polishing
work of the end face of the glass substrate is fed back
forthedeterminationof the feedlengthof thepolishing

wheel, there is a problem that the feed length of the



work of the end face of the glass substrate is fed back for the
determination of the feed length of the polishing wheel, there is a problem
that the feed length of the 5/22 pohg’gh?r g wheel does not come into line
with the actual polish condition. For example, in the case that the load
current value deflects from the L-H region by one or several abnormal
alues, the one abnormal value or the first abnormal value is fed back by
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are previously set on the basis of the state of the polishing wheel before
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method mentioned above, there is a problem that they do not come into
t nline with theload curgent value insa state iywhichr ward or backward

unnecessarily. Further, for example, in the case that
the load current value exists in the HH-H region just
after starting the polishing, as shown by (b), and the
load current value exists in the LL-L region just before
finishing the polishing, the first value in the HH-H
region is fed back by priority and the polishing wheel
is moved backward in spite that the contact pressure
of the polishing wheel is actually under a low state.

Further, since the regions HH, L-H and LL are
previously set on the basis of the stateof thepolishing
wheel before starting the production of the glass
substrate in the conventional control method mentioned
above, there is a problem that they do not come into
line with the load current value in a state in which
the groove of the polishing wheel becomes deeper in
accordance with a continuous operation. For example,
in the polishingwheel after polishingworkof acertain

amount of the glass substrates, the groove becomes



the groove of the polishing wheel becomes deeper in accordance with a
continuous operation. For example, in the polishing wheel after polishing
work of a certain amount of the gl S’<ubstrates, the groove becomes
6/22 deeper than that at a time of starting the production, and the load
current is increased on the basis of an increase of the contact area

bet h haped syrf d the glass plate. Accordingly, .
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controlled so as to be stopped, so that there is a problem that the line is
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this case) actually.

length is maintained or the polishing wheel is moved

backward, so that there is a problem that the glass

substrate in which the end face 1s insufficiently

polished or is not polished at all is fed to the next

step.

Further, for example, even in the case that the
load current is determined to be an abnormal value (over
the value HH in this case) on the basis of the increase
of the contact area between the groove-shaped surface
and the glass plate, analarm is sounded and a polishing
work line is controlled so as to be stopped, so that
there is a problem that the line is stopped in spite
that it is not an abnormal value (an excess polishing
in this case) actually.

In order to cope with the problem of the
groove-shaped surface, it is necessary for an operator
to change the set value on the basis of an experience

each time when the polishing work of a certain amount

of the glass plates 1is finished in the continuous



In order to cope with the problem of the groove-shaped surface, it is
necessary for an operator to change the set value on the basis of an
experience each time when the po%iéﬁi%g work of a certain amount of the
glass plates is finished in the continuous 7/22 operation, and there is a
case that an operation efficiency is lowered. As mentioned above, in
accordance with the conventional method, there h%f been Qi[r)oblems that,
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an abrasion of "the polishing wheel is fast and a service life becomes
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speed on the basis of an electric power value of a grinding stone drive
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product is large inversely, and that an abrasion of

the polishing wheel is fast and a service life becomes

short.

Patent documents 1 and 2 disclose a technigue
regulating a cutting speed on the basis of an electric
power value of agrinding stonedrivemotor, and patent
document 3discloses a technique calculating anaverage
value of a working load in a final stage of the work
so as to compensate the cutting amount, however, none
of them reflects a depth of a groove formed in the
polishing wheel to the cutting amount.

Patent Document 1: Japanese Unexamined Patent
Publication No. 2004-122259

Patent Document 2: Japanese Unexamined Patent
Publication No. 7-171742

Patent Document 3: Japanese Unexamined Patent
Publication No. 2003-25149

SUMMARY OF THE INVENTION

Problem to be Solved by the Invention




Patent Document 2: Japanese Unexamined Patent Publication No.
7-171742 Patent Document 3: Japanese Unexamined Patent Publication
No. 2003-25149 SUMMARY OF THEJKVENTION Problem to be Solved

by the Invention 8/22 An object of the present invention is to provide a
polishing apparatus of a substrate end face in accordance with an

adaptive caontrol incor;%orarﬂng a depth of an abrasion groave of a ,
polishing \%?ﬁéeﬁ frito & comsensafion dlémahtand haviflg & higH rénasiity, 2 ©
and(?m thod of determini Whethg the poli%hir]cq of .the sub tratte is .

e 9%8 o bad: Means o1 So vm% the Problefm 1 gccro?dta%ceevﬁt the®©< *H
rgse&1 irqxéeentivgg, 1:tlplerg nis pr _gid%d a §0|§Qir§‘9 apparatus of a subsg%alte

R
“end face comprising: a polishin wheel for pollslfnng an end face of the ° °

g cSupgtrate: a fotational driving %?c!‘éé’f fhe polishing wheel;, and a cytting .
dge feeding means of the polishing wheel, wherein the rotational driving

a g@ﬁ@%%g@%ion element and having a high reliability,

and a method of determining whether the polishing of

the substrate is good or bad.

Means for Solving the Problem

In accordance with the present invention, there
is provided a polishing apparatus of a substrate end
face comprising:

a polishing wheel for polishing an end face of
the substrate;

arotational drivingmeans of thepolishingwheel;
and

a cutting edge feeding means of the polishing
wheel,

wherein the rotational driving means of the
polishing wheel has a load current detecting means on
the basis of an end face contact of the substrate, and
a compensating means of a load current generated by
a contact of groove side faces of an abrasion groove
formed in the polishing wheel with the substrate.

Further, it is preferable that the apparatus has

a comparing means for comparing with proper upper and



polishing wheel has a load current detecting means on the basis of an
end face contact of the substrate, and a compensating means of a load
current generated by a contact of 8/0%%@ side faces of an abrasion
groove formed in the polishing wheel with the substrate. Further, it is
preferable that the apparatus has a comparing means for comparing with

1 JProper #) er and 9/22 lower limit currents on the asi%of t#e Io(gd current .
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feedin ans of the polishing wheel has, a regulating means for
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roper upper_and lower limit currents. | thﬂ case hasrl%brittles bstrate
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periphe ge portion” constructinig an outer periphery thereof. Various

baDthods-ate providad as & method.of halding, the abasive gaile + ypper

however, the present invention is" effective in the case that the periphera
2 n&dge pedion is pade of amaterial having an elasticity, and the polishing

abrasive grain is included in the material, and is preferably applied
pa“bﬂ@@ﬁ@@@%%%ﬁ%ihardbrittlesubstrateistargeted,
and a glass substrate is typically targeted.

The polishing wheel is a disc-shaped rotary body,
and has an abrasive grain in a peripheral edge portion
constructing an outer periphery thereof.

Variousmethods areprovidedasamethodof holding
the abrasive grain, however, the present invention is
effective in the case that the peripheral edge portion
is made of a material having an elasticity, and the
polishing abrasive grain is included in the material,
and is preferably applied particularly to a use of a
polishing wheel in which a peripheral edge portion of
the polishing wheel is manufactured by filling a resin
obtained by adding the polishing abrasive grain to a
fiber.

Since the present invention employs the structure
of the polishing apparatus as mentioned above, the
present invention provides a method of determining a

substrate end face polishing work by employing the



polishing wheel in which a peripheral edge portion of the polishing wheel
is manufactured by filling a resin obtained by adding the polishing
abrasive grain to a fiber. Since thé(ﬁ)fgs?ent invention employs the
structure of the polishing apparatus as mentioned above, the present
invention provides a method of determining a substrate end face
olishing work by employing the 10/22 polishing apparatus comprising: a
Pogolnérhﬁ \%heaeﬁ)é)?‘ 5(%% iNg &7 €fd fade 0f4a substrate; a rotational
driving means of the polishing wheel; and a cutting edge feeding means
o the PO WOED, WG e 510 o iy s G e 3 C ©F
psollli hsir%q:vgr%eeel_ has a load current detecting means on the basis of an
end face contact of the substrate, an upper limit and a lower limit of a
propef lpad cuent, aie seLky compensation of alaad gyrrery campanent .,
on the basis of a groove-shaped surface contact between groove side
pfaces of an abrasion groove formed in the polishing wheel in accordance
with the number of polishing works and the substrate, and thereby the

a

a cutting edge feeding means of the polishing
wheel,

wherein the rotational driving means of the
polishing wheel has a load current detecting means on
the basis of an end face contact of the substrate, an
upper limit and a lower limit of a proper load current
are set by compensation of a load current component
on the basis of a groove-shaped surface contact between
groove side faces of an abrasion groove formed in the
polishing wheel 1in accordance with the number of
polishing works and the substrate, and thereby the
substrate, for which the load current at a polishing
time detected by the load current detecting means is
between the upper and lower limits, is determined as
a good product.

Effect of the Invention

In the present invention, 1t 1s possible to
accurately and easily determine whether the polishing
work is good or bad, by paying attention to the abrasion

groove formed in the outer peripheral surface of the



substrate, for which the load current at a polishing time detected by the
load current detecting means is between the upper and lower limits, is
determined as a good product. Eftdet f the Invention In the present
invention, it is possible to accurately and easily determine whether the
polishing work is good or bad, by paying attention to the abrasion groove

formed.in the outer peripheral surface of the 11/22 polishing wheel in
PO S SIAD WA BT b oads SR HORShiNG oAb SHARGHRE the

polpadaument increase, to the rotational driving motor ofthe polishingwheel .

cause bygthe groove-shaped surface contact betwéen  the groove side

t ofatcﬁs? of the abrasion Era%va"%trqgth% Jront and b%ﬁ‘éfacgﬁ oLthe , qryheel
substrate as a compensating value, and setting the upper limit andthe
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cutting edge feeding length of the ng wheel from becoming more

r nibag pseassary, iis possible to Loplributa o ap raproyerment of g seryicey o

life of the polishing wheel. Further, the number of stops of a working line
frld ﬁeéjlé%@ BQQ:@ %%%QVI&)/fIStIWQFg\{?QS trate as a compensating

value, and setting the upper limit and the lower limit
of the load current.

Further, since it 1s possible to inhibit the
cutting edge feeding length of the polishing wheel from
becoming more than necessary, 1t 1s possible to
contribute to an improvement of a service life of the
polishing wheel.

Further, the number of stops of a working line
is reduced, and a productivity is improved.

BRIEF EXPLANATION OF DRAWINGS

Fig. 1 shows an example of a flow chart of a control
in accordance with the present invention;

Figs. 2(A) and 2(B) show a control system of a
polishing wheel and a change of an abrasion;

Fig. 3 shows an example of a load current chart;

Fig. 4 shows a perspective view of an outer
appearance of a polishing apparatus;

Fig. 5 shows a driving portion of the polishing

wheel;



BRIEF EXPLANATION OF DRAWINGS Fig. 1 shows an example of a

flow chart of a control in accordance with the present invention; Figs. 2(A)
and 2(B) show a control system oflg /pzo%ishing wheel and a change of an
abrasion; Fig. 3 shows an example of a load current chart; Fig. 4 shows a
perspective view of an outer appearance of a polishing apparatus; Fig. 5
shows a driving portion of the polishing wheel; 12/22 Figs. 6(A) and.6(B)
showqﬁeqﬁriVir;%g?&o)rtio%noq th%eP&Jhis Tﬁé) Whéél and & s8ctibRaRidn + 7 ©F

thereo% and .Fig. 7 shows a conventional method of determining whether
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the accompanying drawings. Fig. 4 shows a perspective view of an outer

appearance, gl AROliging,IPPaEyedt aseQriancaifiL ihepgesent

invention, amdF1g- 5 STOWS & POIiSing

10 polishing wheel
14 groove portion

DETAILED DESCRIPTION OFPREFERRED EMBODIMENT

A descriptionwill be given below of an embodiment
inaccordancewith thepresent inventionwithreference
to the accompanying drawings.

Fig. 4 shows a perspective view of an outer
appearance of a polishing apparatus in accordance with
the present invention, and Fig. 5 shows a polishing
mechanism portion.

Figs. 6(A) and 6(B) show a state in which a cover
14 of a polishing wheel is detached, and a sectional
view along a line A-A.

The polishing wheel 10 is detachably mounted to
a spindle 22, and is rotationally controlled by a
rotational driving motor (a rotational driving means)
20 of the polishing wheel.

The polishing wheel 10 is coupled to a servo motor
30 serving as a cutting edge feeding means together

with the rotational driving motor 20.



mechanism portion. Figs . 6 (A) and 6 (B) show a state in which a cover

14 of a polishing wheel is detached, and a sectional view along a line

A-A. The polishing wheel 10 is det]a%ﬁglgly mounted to a spindle 22, and

is rotationally controlled by a rotational driving motor (a rotational driving

means) 20 of the polishing wheel. The polishing wheel 10 is coupled to a

servo moto% 30 servin%as a c#%i%ed e f%eding means together with 4
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however, the structure is not limited to this.

Further, thepolishingwheel 10 usedinthepresent
embodiment is structured, as schematically shown in
Fig. 2, such that a peripheral edge portion 1l is formed
by filling a resin in a fiber, and a silicon carbide
abrasive grain is dispersed into the resin.

The polishing wheel 10 is rotationally controlled
by the rotational driving motor (M1l) 20, and has a load
current detecting portion 21.

In this case, a feed length of the polishing wheel
is controlled by a cutting edge feeding servo motor
(M2) .

If a polishing work is carried out by bringing
an outer peripheral surface of the peripheral edge
portion 11 of the polishing wheel 10 into contact with
an end face la of the glass substrate 1 as shown in
Fig. 2(A), a load current chart as shown in Fig. 3 is
obtained.

Fig. 3 is a chart in which a polishing work time



by the rotational driving motor (MI) 20, and has a load current detecting

portion 21. In this case, a feed length of the polishing wheel is controlled

by a cutting edge feeding servo m fb/rz(%\/IZ) . If a polishing work is carried

out by bringing an outer peripheral surface of the peripheral edge portion

11 of the polishing wheel 10 into contact with an end face la of the glass

sybstrate 1 as shown in F| (sz\} a load cuyrrent chart as shown in FI%
5319 ObaReE Fig 3 S i BRIk kB e Tent
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S|de and the X-axis S|de If the polishing wheel 10 comes into contact with
““the end féce of tfﬁe glass substrate, the load current rises, however, there
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the end face of the glass substrate, the load current
rises, however, there is generally a tendency that peak
currents tend to be generated at a contact start (s)
and a contact end (e).

Further, since a groove portion 14 due to abrasion
isformedinanouter peripheral surfaceof thepolishing
wheel in accordance with an increase of the number of
polishing works as shown in Fig. 2(B) from a state in
which the polishing wheel 10 is new as shown in Fig.
2 (A), a contact area is increased, and the load current
rises in accordance that the groove portion 14 becomes
deeper, even if the polishing is normally carried out.

If the groove portion 14 is formed in the outer
peripheral surface of the polishing wheel 10, a bottom
portion 12 of the groove portion comes into contact
with the end face la of the glass substrate, however,
side faces 13 of the groove portion come into contact
with a parts of front face 1lc and a back face 1d of
the glass substrate.

In the embodiment shown in Fig. 2, a chamfer 1b



polishing works as shown in Fig. 2 (B) from a state in which the polishing
wheel 10 is new as shown in Fig. 2 (A), a contact area is increased, and
the load current rises in accordante that the groove portion 14 becomes
deeper, even if the polishing is normally carried out. If the groove portion
14 is formed in the outer peripheral surface of the polishing wheel 10, a

. bott Jportion 12 of th ti int tact with t d
szt peign oL oo prin sancs o conact i e e,

e
portion come intp contact with a parts of front face Ic and a back face Id of
LR TS bshe, T 8 bbotme RSO £i§ O 8 SAGHE T s -
15/22F 5 lied to a rid e line partion of t%e lass_sub trate 1 howev%r.
W ig.
the chaifer s applie as Sccasion dernads. Further, m the gidss — © 7

2, Syosfrate S.é‘é"é”{ F E%: %Zf g thickness g@%e@fl!g ?épé gsped larger hap,, 5 )

an actual thickness, and the polishing wheel 10 is exXpressed extremely

+ niMAllgL Inpraclige, the polishing;wheel, 10 inFig. 2 is ysed by é@igi%_s sed

vertically and a plurality of grooves are formed. The present invention is

e xGhALaglerized by, a paipt, thagtheyork.is conirolled by compensating ige e 1

load current increase due to the groove-shaped contact.
10 in Fig. 2 1is used by shifting wvertically and a

plurality of grooves are formed.

The present invention is characterized by a point
that the work is controlled by compensating the load
current increase due to the groove-shaped contact.

A description will be given of an example of a
control and a determining system of a good product and
a defective product in accordance with the present
invention with reference to a flow chart in Fig. 1.

First of all, agroove depthof thepolishingwheel
10 is measured before starting the polishing work. A
measuring means is not particularly limited, but a
non-contact type automatic measurement is preferable.

A compensation is carried out in such a manner
as to determine whether the load current is good or
bad on the basis of 120 % of an initial set current
inacasebthat thegroovedepthismiddle, anddetermine
whether the load current is good or bad on the basis

of 140 % of the initial set current in a case c¢ that



A description will be given of an example of a control and a determining
system of a good product and a defective product in accordance with the
present invention with reference tb % fidw chart in Fig. 1. First of all, a
groove depth of the polishing wheel 10 is measured before starting the
polishing work. A measuring means is not particularly limited, but a
thnon-contact type automatic measurement is grefer ble. A com§ensation ish
Carfiéd 8ut fn STcha manne 5€ tor dét8rming WRBth&r thd Yo&c EurreRFist 7 ©
intqﬁood or tgadton the basi %f f’L% % of an initial set current_in a case .t?ntg%tor

tla e urren e contro urrent
€ groove dep?h iS middle,”and determiné whetherthe foadcurrentis

: nggod-orbad.on.the hasis, of 140.% of the inifial setcurrent in 2 gase o that
16/22 the groove &ep?hqs large, for examf)jle,yby setting the inifial st

i nc%rgﬁg%g%%%%%‘g%'&é'”%t of ”&Fe'g‘%t% i%% LA %9%“&% Qroﬁé% Bh as

har as a reference, in co espondence to a degree of t

s hgjrggvebcggp@taép@ogv[l by steps Si and S2. In this case, it is necessary to

appropriately set the reference for determining good or bad in

accorglgncewith g.material of the wheel and @ﬁ%ﬂn%deagm% pI iately
e

substrate, and the reference is not limited to three levels like as t
s eRresentempediment,BU MaY » determining good or bad in

accordance with a material of the wheel and a magnitude
of the substrate, and the reference is not limited to
three levels like as the present embodiment, but may
be set to more levels, or may be set proportionally
in correspondence to the groove depth.

The polishing work of the glass substrate starts
on the basis of a control current taking the groove
depth into consideration (S3), the motor load current
is measured at n times in time sequence from the start
of the polishing to the end thereof (S4), a lower limit
of the load current value for properly applying the
polishing work is set on the basis of an average value
(S5) and a dispersion thereof (S6), and an upper limit
of the load current value in the case that the cutting
edge feeding length of the polishing wheel 10 is too
strong is set in the same manner (S7).

A determining precision is improved by setting

on the basis of the average of the n data as mentioned

~



be set to more levels, or may be set proportionally in correspondence to

the groove depth. The polishing work of the glass substrate starts on the

basis of a control current taking thé7g/r(38ve depth into consideration (S3),

the motor load current is measured at n times in time sequence from the

start of the polishing to the end thereof (S4) , a lower limit of the load

current value for properly applying the polishing work is set on the basis
ab&f%ﬁ average value (S5) and a dispersion thereof (S6) , and an upper

limit of the load. current value.in the case that the cutting_edge feedin

engih SR pOTCFIG e8! 10 & o 0 1 ae TS oarE gy €7

150 Adstermining precision s improyed by, seting. o e basis0fthe, o,
average o e n data as mentioned 1 above Since the lower limit and

dePE pr&é/e';%teboé E'lenéoa% gurrent can be set in,accgrdance y it%SEEFO matic

roove y setting as mentioned above, an automatic po Ing o

polfe Dext glass substrate is.carrieghans contipyqusly as it s, in the casethat,
the load current exists in the range (S8). If the load current value gets

c oQVEE An URPeT pontral fimit it is possible-to preyent anabnormaly current

exists in the range (S8).

If the load current value gets over an upper
control limit, it is possible to prevent an abnormal
abrasion of the polishing wheel by reducing the feed
length of the cutting edge feeding servo motor 30 of
the next glass substrate.

On the other hand, in the case that the load current
value becomes lower than the lower 1limit of the proper
current value, a determination is made that the
polishing amount is little, set the upper limit and
the lower limit of the load current is on the basis
of a re-polishing work set current value (S10), and
re-polishing 1s carried out on the basis of the
determination (S11).

In the case that the load current value is smaller
than the rework set value, the feed length is regulated
for controlling the pressurizing with respect to the
glass substrate for the next time in correspondence

to a degree thereof (S12).



abrasion of the polishing wheel by reducing the feed length of the cutting
edge feeding servo motor 30 of the next glass substrate. On the other
hand, in the case that the load curtéift?galue becomes lower than the
lower limit of the proper current value, a determination is made that the
polishing amount is little, set the upper limit and the lower limit of the load
current is op the basis o{la re- Iishing worlg(set current value (S1Q), and
re-pondhifgE caftied oub 6t te bask st o “ddtarmiinatoh S LL) MiRE ©F
nosgase tgat tgerlr?all% curre nt \é%llu% '15 smSaIIe% }lhgln itple Jgehvxéork g%t e\/ajauk(le the the
feed Ieng% is regu%te for controrh%g the préssurizing with respect ?otthe
21 lass substraste fotr }tlhee nsextctim% in cg%re§%oendencea tlpaatqllesgr(alesth(%eg;1 ed
%Sﬁ?). 18/22 i the case tha %heqreworklng is three times or more, a J
( S\qé%r?i.ng alarm rings, and in the case that the alarm rings, the setting of
the apparatus is changed (S13) . Further, in this case, an automatic

switching. cpatfol may be garded opt in sugh,a manngy thai the polishing; »

wheel is moved, instead of the alarm warning, and a new polishing
co%@@@ﬂsﬁg@e%e carried out in such a manner that the
polishing wheel is moved, instead of the alarmwarning,
and a new polishing groove is formed.

Automatic stops of the working line are reduced
and a good product rate is improved by detecting a good
product, a defective product and a feed length of the
polishing work, by using the polishing apparatus as

mentioned above.



Automatic stops of the working line are reduced and a good product rate
is improved by detecting a good product, a defective product and a feed
length of the polishing work, by uéiﬁé {ite polishing apparatus as
mentioned above. 19/22 What is claimed is: 1. A polishing apparatus of a
substrate end face comprising: a polishing wheel for polishing an end

face of the substrate; a rotatiopal driying means of said polishing wheel,
and a cutting edge fee@-ﬁ?@—%ﬁeé-ﬁs-&—);%%%éshﬁ%'—wheel, wherein the
rotatignal driving, means of the polishing wheel has a load current
etetin P Ao o DRSSPt face oreah 5hE Sboliad, e
a corripensati_ng means of a load current generated by a contact of

coénrggvessﬂégféces of an abrasion groove formed in the polishing wheel

with the subsirates &7 pRlisbing agparalus of,qubgiialg ead face 28 . o ¢
claimed in claim 1, wherein the apparatus has a comparing means for
th%on}p@gggc\gighcggper upper and lower limit currents on the basis of the

load current detected by

a rotational driving means of said polishing
wheel; and

a cutting edge feeding means of said polishing
wheel,

wherein the rotational driving means of the
polishing wheel has a load current detecting means on
the basis of an end face contact of the substrate, and
a compensating means of a load current generated by
a contact of groove side faces of an abrasion groove

formed in the polishing wheel with the substrate.

2. A polishing apparatus of a substrate end face as
claimedinclaiml, whereinthe apparatus hasacomparing
means for comparing with proper upper and lower limit
currents on the basis of the load current detected by
said load current detecting means, and the cutting edge
feeding means of the polishing wheel has a regulating
means for regqgulating a feed length on the basis of a
result of comparison with the proper upper and lower

limit currents.



said load current detecting means, and the cutting edge feeding means of
the polishing wheel has a regulating means for regulating a feed length
on the basis of a result of compari Afith the proper upper and lower
limit currents. 20/22 3. A method of determining a substrate end face
polishing work by employing the polishing apparatus comprising: a
polishing wheel for polishing an end face of a substrate; a rotational
driving means of said polishing wheel; and a cutting edge feeding means

of said polishi heel, wherein the rotational driving means of the
3. poliskgngmw%lgeggh&;vs %ﬁoag ecér?ernIP%]é]té&l%g ameasn%%(%]ttﬂ%nﬁgsise&%n tace

o8nface contagt of the subsicaie, An, upner imit and & lower miLofa, . .,
properjfoa%i current arg setnB%/ cor%pe sa%on ofpa loas CUI’fEﬂt CO%PDOHEI’I

c o?r%tpc_% g%%cgf a groove-shaped surface contact between groove side
aces of an abrasion groove formed in the polishing wheel in accordance

with the pumber of polishing works and the substrate, and therepythe o ¢

substrate, for which the load current at a polishing

a substrate;

a rotational driving means of said polishing
wheel; and

a cutting edge feeding means of said polishing
wheel,

wherein the rotational driving means of the
polishing wheel has a load current detecting means on
the basis of an end face contact of the substrate, an
upper limit and a lower limit of a proper load current
are set by compensation of a load current component
on the basis of a groove-shaped surface contact between
groove side faces of an abrasion groove formed in the
polishing wheel 1in accordance with the number of
polishing works and the substrate, and thereby the
substrate, for which the load current at a polishing
time detected by said load current detecting means is
between said upper and lower limits, is determined as

a good product.

4. The method of determining a substrate end face



time detected by said load current detecting means is between said upper
and lower limits, is determined as a good product. 4. The method of
determining a substrate end face éf/g%polishing work as claimed in
claim 3, wherein the polishing wheel is structured such that the peripheral
edge portion is made of a material having an elasticity, and polishing

brasive grain is included in the, material. 5. The methqod of determining a
P Od hend EncHce: pAIEITROR S8 Clhed rtkdim 3 whErRSTRan The

JRolishing wheelis sirutured such (hat the peripheral edgg partionis,, . . .
P manutaciured y?i inga resin ocb]falned by ad ing the poﬁs ilﬁfg abrasive
eégg%%¥%q§%jﬁ;madeofeamaterialhavingenlelasticity,

and polishing abrasive grain 1is included 1in the

material.

5. The method of determining a substrate end face
polishing work as claimed in claim 3, wherein the
polishing wheel is structured such that the peripheral
edge portionismanufacturedby fillingaresinobtained

by adding the polishing abrasive grain to a fiber.





