[TITLE OF DOCUMENT] SPECIFICATION [TITLE OF THE INVENTION] DOUBLE-END SURFACE
GRINDING METHOD AND DOUBLE-END SURFACE GRINDER [Technical Field] [0001]
invention relates to a double-end surface grinding method and a double-end surface grinder. [Background
When grinding both side surfaces of a thin sheet-like workpiece such as a silicon wafer by
a horizontal double-end surface grinder, in a state in which a workpiece is held by static pressure from the
both sides in a board thickness direction by a pair of right and left static pressure pads, the both surfaces
oftheworkpieceare ground to apredetermined thickness by a pair of right and left grinding wheels while
rotating the workpiece by a carrier (Patent Document 1).

Art] [0002]

[TITLE OF DOCUMENT] SPECIFICATION

[TITLE OF THE INVENTION] DOUBLE-END SURFACE GRINDING METHOD
AND DOUBLE-END SURFACE GRINDER

[Technical Field]

[0001]

The present invention relates to a double-end surface
grinding method and a double-end surface grinder.
[Background Art]

[0002]

When grinding both side surfaces of a thin sheet-like
workpiece such as a silicon wafer by a horizontal double-end
surface grinder, in a state in which a workpiece is held by
static pressure from the both sides in a board thickness
direction by a pair of right and left static pressure pads,
the both surfaces of the workpiece are ground to a predetermined
thickness by a pair of right and left grinding wheels while
rotating the workpiece by a carrier (Patent Document 1).
[0003]

In this type of horizontal double-end surface grinding,
it 1s very important for the improvement of grinding precision
that a workpiece is held at the middle position between the
static pressure pads, to be ground. Then, conventionally,

various measures such as moving the right and left both static
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[0003] In this type of horizontal double-end surface grinding, it is very Important for the Improvement
of grinding precision that a workpiece is held at the middle position between the static pressure pads, to
be ground. Then, conventionally, various measures such as moving the right and left both static pressure
pads by the same amount by utilizing a moving mechanism during grinding of a workpiece (Patent
Document 1) have been devised. [0004] The horizontal double-end surface grinder in Patent
Document 1 includes a moving mechanism that moves the right
andleftbothstaticpressurepadssynchronouslyduringgrinding, and a workpiece mounting reference position
is set to the middle , and the both static pressure pads are moved synchronously at the same speed and
by the same amount during grinding of the workpiece with reference to that position. [0005]

pressure pads by the same amount by utilizing a moving mechanism
during grinding of a workpiece (Patent Document 1) have been
devised.

[0004]

The horizontal double-end surface grinder in Patent
Document 1 includes a moving mechanism that moves the right
and leftbothstaticpressure pads synchronouslyduringgrinding,
and aworkpiece mounting reference position is set to themiddle,
and the both static pressure pads are moved synchronously at
the same speed and by the same amount during grinding of the
workpiece with reference to that position.

[0005]

In addition to such a horizontal double-end surface
grinder including a moving mechanism, a horizontal double-end
surface grinder adopting the following adjustment method has
been devised. First, a workpiece is inserted into a carrier,
and the workpiece is held by static pressure in a non-contact
manner via static pressure water by the right and left both
static pressure pads. Thereafter, the carrier is driven to
rotate around i1ts center, to rotate the workpiece, thereby
stabilizing theworkpiece between the both static pressure pads.
Then, when the workpiece is iIn a stable status, the position

of the workpiece at this time is measured by air sensors included



In addition to such a horizontal double-end surface grinder including a moving mechanism, a horizontal
double-end surface grinder adopting the following adjustment method has been devised. First, a
workpiece is inserted into a carrier, and the workpiece is held by static pressure in a non-contact manner
via static pressure water by the right and left both static pressure pads. Thereafter, the carrier is driven to
rotate around its center, to rotate the workpiece, thereby stabilizing the workpiece between the both static
pressure pads. Then, when the workpiece is in a stable status, the position of the workpiece at this time is
measured by air sensors included in the both static pressure pads, to perform zeroing with the measured
position serving as zero, and the zeroed position is stored. Next, after the rotation of the carrier is
stopped, the right and left both grinding wheels are advanced, to sandwich the workpiece which is still

being held by static pre IC_pr e pad [ left, both sides by the
both grinding wﬁgfgea%?%ﬁe%%%ﬁ%?%?ﬁ%&%%tﬁ%ﬁ#\ﬁiEg \éﬁgglg}ﬁr? é%ﬁsﬁgdq’\ég%sﬁgk match the stored
zeroed positionmaadwarthickpedt v theavyarkpie e saaduvjchrd isHopzd riogoe fogntaaligament of a
grinding position. [0006] In addition to this, it has_been devised that the positions of the both static

pressure pads £t 158 poditestls o?f[ﬂ?ﬁgﬁ'f‘%n’é‘%ﬁtﬂ&ﬂ erf%‘é‘s %fﬁrwsrkdécéﬁggﬁgasured by using
a pair of right angl lef cERIAHIYRE-EBHh G RAET W S ACEEVRIR 2 sRlsRIRssye pad and a

workpiece, to calculate the middle position between the static pressure pads. [Prior Art Document] [Patent
Document] [000% e wofRatest®vbudients [sIaddhdesd Puibishd oy etabiiagureatnteApplication No.
2003-236746 the both static pressure pads, from the right and left both
sides by the both grinding wheels, and the positions of the
both grinding wheels are adjusted so as to match the stored
zeroed position, and a thickness of the workpiece sandwiched
IS input, to perform an alignment of a grinding position.
[o006]
Inaddition to this, it hasbeendevised that the positions
of the both static pressure pads and the positions of the right
and left both surfaces of a workpiece are measured by using
a pair of right and left contact-type sizing equipment which
is accessible to a static pressure pad and a workpiece, to
calculate the middle position between the static pressure pads.
[Prior Art Document]
[Patent Document]
[0007]
[Patent Document 1] Japanese Published Unexamined Patent

Application No. 2003-236746
[SUMMARY OF THE INVENTION]



[SUMMARY OF THE INVENTION] [Problem to be Solved by the Invention] [0008] The conventional
horizontal double-end surface grinder including a moving mechanism has a fault that it mechanically gets
complicated, and even if a workpiece mounting reference position is set to the center, and the both static
pressure pads are moved synchronously at the same speed and by the same amount with reference to
that position during grinding of a workpiece, it is not guaranteed that the mounting reference position is
located at the middle position between the both grinding wheels. [0009] Further, the former hori zontal
double-end surface grinder adopting an adjustment method has a fault that it requires much time to
restart grinding and trial grinding of workpieces in a case of a setup change. Because the work shapes
are not necessarily constant, the shapes are uneven depending on each workpiece. Further, depending

on a setup stat raOB‘i‘éR{e&?SS bpﬁ[&/ﬁ‘%ﬁt _%%ingn%ﬁ%li ts of the both grinding wheels and the
the both stat

workpiece supporting surfaces o ic pres sure pads, or the like is not neces sarily adjusted to
zero. Therefore[@@68 vhen a workpiece is held by static pressure via static pressure water by the both
static pressure pads, the workpiece |s rotated so as to be inclined depending on a workpiece shape or a

setup status, or the likd "R EVERtRRa A WEH@‘F&&Q?HQ Wb‘r@'ﬁﬁe@ﬁ ﬁ@rﬁﬁ&@ﬁb’;ition between
the both static pygs§uFi Rgds: RVGithe ABEGRhRSH HAQ MapaRq {2@ely davidedh dRyetha (piddie position

between the both static pressure pads. Accordingly, in such a case, there are problems that it takes much
time to restart guietingoand meateds kpivteyere wasteddrkpridegimtingting reference

position is set to the center, and the both static pressure

pads are moved synchronously at the same speed and by the same

amount with reference to that position during grinding of a

workpiece, 1t Is not guaranteed that the mounting reference

position is located at the middle position between the both

grinding wheels.

[0009]

Further, the former horizontal double-end surface grinder
adopting an adjustment method has a fault that it requires much
time to restart grinding and trial grinding of workpieces in
a case of a setup change. Because the work shapes are not
necessarily constant, the shapes are uneven depending on each
workpiece. Further, depending on a setup status, a squareness
between the grinding wheel shafts of the both grinding wheels
and theworkpiece supporting surfacesof thebothstaticpressure
pads, or the like isnotnecessarilyadjustedtozero. Therefore,
even when a workpiece is held by static pressure via static

pressure water by the both static pressure pads, the workpiece



[0010] Moreover, in the latter horizontal double-end surface grinder using contact-type sizing
equipment, it is possible to more securely calculate the middle position between the both static pressure
pads. Meanwhile, there are problems that it takes time and effort for the calculation, an operator is
required to be highly-skilled, and the like. [0011] The present invention was made in view of these
conventional problems, and an object of the present invention is to provide a double-end surface grinding
method and a double-end surface grinder which are capable of easily and securely aligning a grinding
position of a thin sheet-like workpiece at a middle position between the both static pressure pads, and of
grinding with predetermined grinding precision from an initial product immediately after the setup. [Means
for Solving the Problem] [0012] A double-end surface grinding method according to the present

invention includﬁgéﬁli%r%ggr%ng&%@ Sgrﬁgé?ﬁi%fetggd%?ém?ﬁs %aagﬁgg%g%r&(gngn\gﬁgels while

rotating a thin s e workpiece supported by static pressure by a pair atic pressure pads,
detecting a posdioreokiheuyostzieoe pyowotkpiedad positidradeiesciingtmesngivfifiie ndavieg the workpiece
toward a center side between the both static pressure pads at static pressure supporting positions by the

grinding wheelsS t8RtYVERF AR EATIMsBdiicRsr e ghtifHe weedE\pRAehesR Bk ce position
detecting means(igieqts {HaiPEQIKPIESE4S SRRFALEAPhaPHRISIEItINGY Aiaigasy dpn the respective

static pressure pads, as grinding advancing end positions, and advancing thé both grinding wheels at the
same speed frotevieteid difigoadvidreing dddeposiiel oo ghiatiwherwdkpicceth static

pressure pads. Accordingly, Insuch a case, there are problems

that 1t takes much time to restart grinding, and many workpieces

are wasted by trial grinding.

[0010]

Moreover, in the latter horizontal double-end surface
grinder using contact-type sizing equipment, it Is possible
to more securely calculate the middle position between the both
static pressure pads. Meanwhile, there are problems that it
takes time and effort for the calculation, an operator 1is
required to be highly-skilled, and the like.

[0011]

The present invention was made 1in view of these
conventional problems, and an object of the present invention
iIs to provide a double-end surface grinding method and a
double-end surface grinder which are capable of easily and
securely aligning a grinding position of a thin sheet-like
workpiece at a middle position between the both static pressure

pads, and of grinding with predetermined grinding precision



[0013] It is preferable that an operation in which, after the workpiece is pressed against one of the
static pressure pads at the static pressure supporting positions, the workpiece is levitated by a
predetermined amount from the one static pressure pad by the grinding wheel whose rotation is stopped
while advancing the grinding wheel on the one static pressure pad side, and a position of the grinding
wheel when the workpiece is levitated by the predetermined amount is tentatively determined as the
grinding advancing end position is carried out on each side, and thereafter, the workpiece is supported by
static pressure by the both static pressure pads. [0014] A static pressure fluid may be supplied from
the other static pressure pad, to press the workpiece against the one static pres sure pad s ide . Itis
preferable that an offset amount of the both grinding wheels is determined in advance, and the both

grinding wheelsﬁr selsq A trhoéltofﬂd(y&g&e_ M@d?gi%tl QH}@PUEHQ %'H{Cﬂ g of the workpiece.
, W

[0015] A double-end surface grinder according to the present invention ch grinds both surfaces of
the workpiece e padr diogrisdihy migedlsevPlobdtatijg a thin sheet-like workpiece supported by static
pressure by a pair of static pressure pads, the double-end surface grinder Includes a pair of workpiece
position detecti ns for detecting a position at which the workpiece is separated by a predetermined

distance from the both/Staic, PIeSUHE RAASFALRIAYF RIEFRY HE\tPBRI tiECording to the

present invention includes, when grinding both surfaces of the
workpiece by a pair of grinding wheels while rotating a thin
sheet-like workpiece supported by static pressure by a pair
of static pressure pads, detecting a position of the workpiece
by workpiece positiondetectingmeanswhilemoving theworkpiece
toward a center side between the both static pressure pads at
static pressure supporting positions by the grinding wheels,
tentatively determining positions of the grinding wheels when
the workpiece position detecting means detects that the
workpiece is separated by a predetermined distance from the
respective static pressure pads, as grinding advancing end
positions, and advancing the both grinding wheels at the same
speed from the grinding advancing end positions, to grind the
workpiece.
[0013]

It 1s preferable that an operation in which, after the
workpiece is pressed against one of the static pressure pads
at the static pressure supporting positions, the workpiece is

levitated by a predetermined amount from the one static pressure



positions,grindingadvancingendposition tentatively-determining means for tentatively determining
positions of the grinding wheels when the respective workpiece position detecting means detect the
position separated by the predetermined distance, as grinding advancing end positions, and grinding
cycle control means for advancing the both grinding wheels at the same speed from the grinding
advancing end positions tentatively determined by the grinding advancing end position
tentatively-determining means, to execute a grinding cycle. [Effect of the Invention] [ 0016 ]

According to the present invention, there are advantages that it is possible to easily and securely perform
an alignment of a grinding position of a thin sheet-like workpiece at a middle position between both static
pressure pads, and to perform grinding with predetermined grinding precision from an initial product

immediately aftgr e 5P Re B3 irfu Ri> WRECT QM S¥e THREEONW NS QM white

advancing the grinding wheel on the one static pressure pad
side, and a position of the grinding wheel when the workpiece
is levitated by the predetermined amount 1is tentatively
determined as the grinding advancing end position is carried
out on each side, and thereafter, the workpiece i1s supported
by static pressure by the both static pressure pads.

[0014]

A static pressure fluid may be supplied from the other
static pressure pad, to press the workpiece against the one
staticpressurepadside. Itispreferablethatanoffsetamount
of the both grinding wheels is determined in advance, and the
both grinding wheels are set so as not to advance by the offset
amount during grinding of the workpiece.

[0015]

A double-end surface grinder according to the present
invention, which grinds both surfaces of the workpiece by a
pair of grinding wheels while rotating a thin sheet-like
workpiece supported by static pressure by a pair of static
pressure pads, the double-end surface grinder includes a pair
of workpiece position detecting means for detecting a position
at which the workpiece is separated by a predetermined distance

from the both static pressure pads at static pressure supporting



Fig. 1 is a schematic cross sectional view of a horizontal double-end surface grinder showing an
embodiment of the present invention. Fig. 2 is a side view of the same.

positions, grinding advancing end position
tentatively-determining means for tentatively determining
positions of the grinding wheels when the respective workpiece
position detecting means detect the position separated by the
predetermined distance, as grinding advancing end positions,
and grinding cycle control means for advancing the both grinding
wheels at the same speed from the grinding advancing end
positions tentatively determined by the grinding advancing end
position tentatively-determining means, to execute a grinding
cycle.

[Effect of the Invention]

[0016]

According to the present invention, there are advantages
that it is possible to easily and securely perform an alignment
ofagrinding position ofathinsheet-like workpiece atamiddle
position between both static pressure pads, and to perform
grinding with predetermined grinding precision froman initial
product immediately after the setup.

[BRIEF DESCRIPTION OF THE DRAWINGS]
[0017]

Fig. 1 is a schematic cross sectional view of a horizontal

double-end surface grinder showing an embodiment of the present

invention.



Fig. 3 is a block diagram of a control system of the same. Fig. 4 is an explanatory diagram of the same.

Fig. 2 is a side view of the same.

Fig. 3 is a block diagram of a control system of the same.

Fig. 4 is an explanatory diagram of the same.

Fig. 5 is an explanatory diagram of the operation of the
same.

Fig. 6 1s an explanatory diagram of the operation of the
same.

Fig. 7 1s an explanatory diagram of the operation of the
same.

Fig. 8 1s an explanatory diagram of the operation of the
same.

Fig. 9 is a flowchart of the same.

Fig. 10 is an explanatory diagram of a levitating state
of a workpiece of the same.

[Best Mode for Carrying Out the Invention]
[0018]

Hereinafter, embodiments of the present invention are
described in detail based on the drawings. The drawings
illustrate a horizontal double-end surface grinder adopting
the present invention. The horizontal double-end surface
grinder includes, as shown in Fig. 1 and Fig. 2, a pair of right
and left static pressure pads 1 and 2 which are disposed on

the right and left sides so as to be opposed to each other,



Fig. 5 is an explanatory diagram of the operation of the same.

that hold a thin sheet-like workpiece W such as a silicon wafer
by static pressure, a pair of right and left grinding wheels
3 and 4 which are disposed rotatably around the horizontal shaft
center so as to correspond to recessed portions la and 2a of
the respective static pressure pads 1 and 2, that grind right
and left both side surfaces of the workpiece W held by the static
pressure pads 1 and 2, and a carrier 5 that rotates the workpiece
W held by the static pressure pads 1 and 2 around substantially
the center thereof. The carrier 5 is driven to rotate around
substantially the center of the workpiece W by a drive means
outside of the drawing.

[0019]

The static pressure pads 1 and 2 are movable horizontally
between static pressure supporting positions H1 and H2 (refer
to Fig. 1) in the vicinity of the workpiece W and withdrawn
positions (nhot shown) withdrawn from the static pressure
supporting positions Hl1 and H2, and when a static pressure fluid
such as static pressure water (hereinafter called static
pressure water) 1i1s supplied toward workpiece supporting
surfaces 1b and 2b from the both static pressure pads 1 and
2 at the static pressure supporting positions H1 and H2, the
workpiece W is supported by static pressure in a non-contact

manner at the middle position between the both static pressure
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Fig. 6 is an explanatory diagram of the operation of the same.

pads 1 and 2 via the static pressure water, and further, when
the static pressure water is supplied from one of the static
pressure pads 1 and 2, the workpiece W is pressed toward the
other of the static pressure pads 1 and 2 via the static pressure
water.
[0020]

On the sides of workpiece supporting surfaces 1b and 2b
of the static pressure pads 1 and 2, in addition to a plurality
of pockets (not shown) to which the static pressure water is
supplied, and drain grooves (not shown)through which the static
pressure water from the respective pockets is discharged to
the outside, a plurality of (for example, circumferentially
three) air sensors 6 and 7 are disposed at predetermined
intervals in the circumferential direction in the vicinity of
the recessed portions laand 2a. The air sensors 6 and 7 compose
a workpiece position detecting means that detects a position
of the workpiece W, that eject air toward the workpiece W from
their air nozzles, to measure clearances between the workpiece
W and the workpiece supporting surfaces 1b and 2b of the static
pressure pads 1 and 2 according to a change in back pressure
at that time.

[0021]

In addition, the air sensors 6 and 7 are merely examples

11



Fig. 7 is an explanatory diagram of the operation of the same.

as a workpiece position detecting means, and another means
capable of detecting a position of the workpiece W may be used.
Further, there are contact type and non-contact type workpiece
position detecting means, and any one of those may be used.
[0022]

The grinding wheels 3 and 4 have cup shapes, etc., and
are fixed to the tip ends of horizontal grinding wheel shafts
8 and 9, and are movable horizontally between advancing end
positions and withdrawing end positions according to the
movement of the grinding wheel shafts 8 and 9, and rotate around
the grinding wheel shafts 8 and 9, to grind the right and left
both surfaces of the workpiece W.

[0023]

The carrier 5 includes a carrier hole 10 into which the
workpiece W is inserted detachably, iIn a substantially
concentric fashion, and the carrier 5 is supported rotatably
around substantially the center of theworkpieceWbyaplurality
of support rollers 11 which are circumferentially disposed on
the outer circumferential side, to be driven to rotate around
substantially the center of the workpiece W by a driving means
(not shown). The carrier 5 has an engaging section 13 which
protrudes into the carrier hole 10, to engage a notch section

12 of the workpiece W.

12



Fig. 8 is an explanatory diagram of the operation of the same.

[0024]

Fig. 3 shows a control device that controls the horizontal
surface grinder. This control device includes a static
pressure pad control means 15 that controls supply/stop of the
static pressure water of the static pressure pads 1 and 2, and
movement of the static pressure pads 1 and 2, a grinding wheel
shaft control means 16 that controls advancing/withdrawing,
rotation/stop, and the like of the grinding wheel shafts 8 and
9, a pair of right and left air sensors (workpiece position
detecting means) 6 and 7 that detect levitation amounts C1 and
C2 of the workpiece W from the static pressure pads 1 and 2
at the static pressure holding positions H1 and H2 (distances
between the static pressure pads 1 and 2 and the workpiece W)
(refer to Figs. 5 and 7), a levitation amount setting means
17 that sets apredetermined levitation amount C of the workpiece
W from the static pressure pads 1 and 2, a grinding advancing
end position tentatively-determining means 18 that tentatively
determines the positions of the both grinding wheel shafts 8
and 9 as grinding advancing end positions F1 and F2 (refer to
Fig. 5and Fig. 7) when the levitation amounts C1 and C2 detected
by the respective air sensors 6 and 7 reach the predetermined
levitation amount C set by the levitation amount setting means

17, a clearance setting means 19 that sets a clearance A between

13



Fig. 9 is a flowchart of the same.

the static pressure pads 1 and 2 at the static pressure holding
positions H1 and H2 (refer to Fig. 1), a finished thickness
settingmeans 20 that setsafinished thickness B of theworkpiece
W, and a grinding cycle control means 21 which computes an
advancing amount S of the both grinding wheel shafts 8 and 9
on the basis of the clearance A between the both static pressure
pads 1 and 2 set by the clearance setting means 19, and the
finished thickness B of the workpiece W set by the finished
thickness settingmeans 20, and advances the bothgrindingwheels
3 and 4 at substantially the same speed and by the same amount
from the grinding advancing end positions F1 and F2 which are
tentatively determined by the grinding advancing end position
tentatively-determining means 18, to execute a grinding cycle
for grinding the workpiece W by the both grinding wheels 3 and
4 at the tip ends thereof.

[0025]

In addition, the advancing speeds in the case where the
both grinding wheels 3 and 4 are advanced from the grinding
advancing end positions F1 and F2 are preferably the same speed
on the right and left sides, and the advancing amounts are
preferably the same amounton the rightand leftsides. However,
the advancing speeds and the advancing amounts may be

substantially the same within an allowable range of grinding
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Fig. 10 is an explanatory diagram of a levitating state of a workpiece of the same. [Best Mode for
Carrying Out the Invention] [0018]

precision of the workpiece W. Further, in the case where the
advancing speeds of the respective grinding wheels 3 and 4 are
accelerated or decelerated in multiple stages, the right and
left grinding wheels may be accelerated or decelerated so as
to be substantially synchronized (in substantial
synchronization). Accordingly, there is no need to advance
the respective grinding wheels 3 and 4 always at a constant
speed.

[0026]

The static pressure pad control means 15 is capable of
controlling supply/stop of static pressure water with respect
to the static pressure pads 1 and 2 individually, and is capable
of holding the workpiece W by static pressure in the carrier
5 by supplying static pressure water simultaneously from the
both static pressure pads 1 and 2 by the control, and is capable
of supplying static pressure water from one of the static
pressure pads 1 and 2, to press the workpiece W in the carrier
5 against the other of the pressure pads 1 and 2. In addition,
static pressure water may be supplied as appropriate at the
time of carrying in and out the workpiece W.

[0027]
The grinding advancing end position

tentatively-determining means 18 carries out an operation of
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Hereinafter, embodiments of the present invention are described in detail based on the drawings. The
drawings lllustrate a horizontal double-end surface grinder adopting the present invention. The horizontal
double-end surface grinder includes, as shown in Fig. 1 and Fig. 2, a pair of right and left static pressure
pads 1 and 2 which are disposed on the right and left sides so as to be opposed to each other, that hold
a thin sheet-like workpiece W such as a silicon wafer by static pressure, a pair of right and left grinding
wheels 3 and 4 which are disposed rotatably around the horizontal shaft center so as to correspond to
recessed portions la and 2a of the respective static pressure pads 1 and 2, that grind right and left both
side surfaces of the workpiece W held by the static pressure pads 1 and 2, and a carrier 5 that rotates the
workpiece W held by the static pressure pads land 2 around substantially the center thereof. The carrier 5

s driven 10 rotalg graijad syhsaMA 18 £9p'gh 0l s ngHsge deby eiive flaang puside of the

drawing. [0019] e static pressure pads re movable horizontally between static pressure
supporting posipads H1 and A24tefendo St ti)cinpthesdainiyafgbe mdikgieces Y fodsviiildrawn positions
(not shown) withdrawn from the static pressure supporting positions H1 and H2, and when a static

pressure fluid sBBH &2 stAMIpEs R STe Ah SRR A Ty LEVRDFIRE HRSVAEY M Blpplied toward
workpiece suppgfiiag SWiaEEs!D Al 8 Al e oalh flalis FReSYRR Radsel @2 e static pressure

supporting positions H1 and H2, the workpiece W is supported by static pressure in a hon-contact manner
at the middle pgsitich betde®n theMidihtstativepressurequady Tieond théstatsao passaee water, and

workpiece W i HdSsac t5ar o 3o A HL LRt Breda.rt s L 203 Ut BID s pressure water
[0020] of the respective grinding wheel shafts 8 and 9 on the right

and left sides respectively by the static pressure pad control

means 15, the grinding wheel shaft control means 16, and the

like, so as to tentatively determine the positions of the

grinding wheels 3 and 4 when the levitation amounts C1 and C2

of the workpiece W on the right and left sides reach the

predetermined levitationamountC, astherightand leftgrinding

advancing end positions F1 and F2.

[0028]

At the time of determining a grinding position of the
workpiece W, first, the workpiece W is pressed against one of
the static pressure pads 1 and 2. Next, in that state, the
one grinding wheel shaft 8 or 9 is advanced to bring the one
of the grinding wheels 3 and 4 into contact with the workpiece
W. Thereafter, the workpiece W is pressed by the grinding wheel
3 or 4 whose rotations are stopped, to levitate the workpiece

W from the one static pressure pad 1 or 2. Then, the position
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On the sides of workpiece supporting surfaces Ib and 2b of the static pressure pads 1 and 2, in addition to
a plurality of pockets (not shown) to which the static pressure water is supplied, and drain grooves (not
shown)through which the static pressure water from the respective pockets is discharged to the outside, a
plurality of (for example, circumferentially three) air sensors 6 and 7 are disposed at predetermined
Intervals in the circumferential direction in the vicinity of the recessed portions la and 2a. The air sensors
6 and 7 compose a workpiece position detecting means that detects a position of the workpiece W, that
eject air toward the workpiece W from their air nozzles, to measure clearances between the workpiece W
and the workpiece supporting surfaces Ib and 2b of the static pressure pads 1 and 2 according to a
change in back pressure at that time. [0021] In addition, the air sensors 6 and 7 are merely examples as

a workpiece po?vil’ii%ﬂ Qﬂ@g_%rw Al anetes” Hlféﬁso‘iagﬁ'%'%v%ﬂﬁie& 09,3 R0siaa of the

workpiece W may be use er, there are contact type and non-contact type workpiece position
detecting meanshandrateeee i tedsd evdythe imechnjd0dz] C arkhelgtisdmphetieats 8rand 4 have cup
shapes, etc., and are fixed to the tip ends of horizontal q:rindin wheel shafts 8 and 9, and are movable

horizontally bet@EERHAh ALK GHIB bR SHENINEIFAWIRYG &fd PodiNER% 85 9 the movement
of the grinding wheghSEREFS St  angrRERPYFNNG 9T we6sHATE-R digRc !0 grind the

right and left both surfaces of the workpiece W. [0023]
and left sides respectively in the same way.

[0029]

With this, the middle position between the right and left
grinding wheels 3 and 4 i1s located at a substantially middle
position between the both static pressure pads 1 and 2.
Therefore, provided that the both surfaces of the workpiece
W are ground in that state by the both grinding wheels 3 and
4, 1t 1s possible to grind the workpiece W at a substantially
middle position between the both static pressure pads 1 and
2. Accordingly, there are advantages that it is possible to
easily and securely align a grinding position of the thin
sheet-like workpiece W at a substantially middle position
between both staticpressurepadsland2, and toperformgrinding
with predetermined grinding precision from an initial product
immediately after the setup.

[0030]

Inaddition, themiddle position between the both grinding

wheels 3 and 4 is preferably the middle position between the

both static pressure pads 1 and 2. However, as long as the
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The carrier 5 Includes a carrier hole 10 into which the workpiece W is Inserted detachably, in a
substantially concentric fashion, and the carrier 5 is supported rotatably around substantially the center of
the workpiece W by a plurality of support rollers 11 which are circumferentially disposed on the outer
circumferential side, to be driven to rotate around substantially the center of the workpiece W by a driving
means (not shown). The carrier 5 has an engaging section 13 which protrudes into the carrier hole 10, to
engage a notch section 12 of the workpiece W. [0024] Fig. 3 shows a control device that controls the
horizontal surface grinder. This control device includes a static pressure pad control means 15 that
controls supply/stop of the static pressure water of the static pressure pads 1 and 2, and movement of the
static pressure pads 1 and 2, a grinding wheel shaft control means 16 that controls
advancing/wihdrRe SAIIA0 1o IS of e AR NPRBS BRaS 8 afh e palr of right and
left air sensors (workpiece position detecting means) 6 and 7 that detect levitation amounts Cl and C2 of
the workpiece \&rfrair e btibtiapregsyrenpadsnibgrisk2aas e htatd pedIsynedratdiegpesttions H1 and H2
(distances between the static pressure pads 1 and 2 and the workpiece W) (refer to Figs. 5 and 7), a

levitation ampuﬁf‘@eﬁiﬁ&dﬁ%d?gsfﬂﬁé‘t ?&g"‘fﬁ%(wt%rﬁﬁﬁ@d%\’i%{Wa _SC?bfatH@ \ﬁo_rk_piece W
from the static pregspiie RARITAM LI RiIYNIL8RAFRABGSRA RASIHGR Bridvepsdeigenining means

18 that tentatively determines the positions of the both grinding wheel shafts 8 and 9 as grinding
advancing end positidn2 .Fl AcdFieddnto Rige Sendolig. Posuarothdieeontdraobn®Cl and C2

detected by the respective air sensors 6 gnd 7 reach the predetermined levitatign amqynt C set by the
levitation amouflt SARAHEERT 7 Bk mak PEdAcaTRoAt dsrn et bk AR cveen the
static pressure pads i 3Rt el Staiic PHRFSEERAIEIRG PSSO HEdsaNddrd Fefardeing. 1), a finished
thickness setting means 20 that sets a finished thickness B of the workpiece W, and a grinding cycle

control means Zho/@dA Rl grdnng i adhgENeupE Scdstrbeth Eimding kiesisiafts 8 and 9 on
the basis of them%%rf;gce A between the both static pressure pads 1 and 2 set by the clearance setting
means 19, and the finished thickness B of the workpiece W set by the finished thickness settingmeans

20, and advances the batisghodingowhaelsdeRaté ajrmsantiallntijusase speadvanttby the same
amount from the grinding advancing end positions Fl and F2 which are tentatively determined by the

grinding advan&H§2Adabskith tdatt i el etk Hhednées kebrddsBaathdiid 8ycle for grinding
the workpiece JushsyPeBhd ey, WeRe!s3 Agsi4 & e P Gh Y €6PFIL51 b and

2b of the right and left both static pressure pads 1 and 2 are
at a right angle to the both grinding wheel shafts 8 and 9,
and the workpiece supporting surfaces 1b and 2b of the both
static pressure pads 1 and 2 are parallel to one another. In
addition, the clearance A between the both static pressure pads
1 and 2 is determined according to a thickness of the workpiece
W, grinding conditions therefor, and the like.
[0032]

Next, a description is made with reference to a flowchart
of Fig. 9. First, the workpiece W is inserted into the carrier

5 (Step S1). The insertion of the workpiece W may be directly

18



In addition, the advancing speeds in the case where the both grinding wheels 3 and 4 are advanced from
the grinding advancing end positions Fl and F2 are preferably the same speed on the right and left sides,
and the advancing amounts are preferably the same amount on the right and left sides . However, the
advancing speeds and the advancing amounts may be substantially the same within an allowable range
of grinding precision of the workpiece W. Further, in the case where the advancing speeds of the
respective grinding wheels 3 and 4 are accelerated or decelerated in multiple stages, the right and left
grinding wheels may be accelerated or decelerated so as to be substantially synchronized (in substantial
synchronization). Accordingly, there is no need to advance the respective grinding wheels 3 and 4 always
at a constant speed. [0026] The static pressure pad control means 15 is capable of controlling

supply/stop of ség%pé%ssi[&w%%\%{jm yespgﬁhto itne £ ic RLESSur Q?QS {@é}dez ipgivédually, and is
y sta

capable of holding the workpiece static pressure in the carrier 5 by supplying static pressure water
simultaneously fanryhiedpoim stait-pies swargadsHeants2 byitbe nagtiod, andosatpab gf supplying
static pressure water from one of the static pressure pads 1 and 2, to press the workpiece W in the carrier
5 against the otfF bl 8t Prdsdife PHILRERNGINIMIAANIn O thiEGHBSsure water may be supplied as
appropriate at tlﬁgdig@ﬁ of carrying in and out the workpiece W. [0027] Thegrindingadvancingendposition
tentatively-determining means 18 carries out an operation of

For example, in the case where the workpiece W is

automatically 1inserted 1iInto the carrier 5 by the
carrying-in-and-out means, the right static pressure pad 2 is
located in advance at the static pressure supporting position
H2 in the vicinity of the carrier 5, and the workpiece W is
inserted into the carrier 5 from the left side by the
carrying-in-and-out means in that state, to sandwich the
workpiece Wby the carrying-in-and-outmeansand the rightstatic
pressure pad 2, and thereafter, the workpiece W is vacuum-sucked
onto the right static pressure pad 2 side. Then, after the
carrying-in-and-out means is withdrawn to the outside, the left
static pressure pad 1 is moved to the static pressure supporting
position H1, to pinch the workpiece W from the both sides in
order for the workpiece W not to drop off from the carrier 5.
In addition, the static pressure supporting positions H1 and
H2 of the both static pressure pads 1 and 2 correspond to the
clearance A set by the clearance setting means 19.

[0034]

Next, staticpressurewater 2c issupplied inthedirection
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pressing the workpiece W against one of the static pressure pads 1 and 2 at the static pressure
supporting positions H1 and H2, and thereafter an operation of advancing one grinding wheel shaft 8 or 9
on the same side of the one static pressure pad 1 or 2, to levitate the workpiece W from the static
pressure pads 1 and 2 by the grinding wheels 3 and 4 at the tip ends of the respective grinding wheel
shafts 8 and 9 on the right and left sides respectively by the static pressure pad control means 15, the
grinding wheel shaft control means 16, and the like, so as to tentatively determine the positions of the
grinding wheels 3 and 4 when the levitation amounts Cl and C2 of the workpiece W on the right and left
sides reach the predetermined levitation amount C, as the right and left grinding advancing end positions
Fl and F2. [0028] At the time of determining a grinding position of the workpiece W, first, the

workpiece W is pressed ' e nge tatic pre e QI?% nd int , the one
grinding wheel (spkfa?tﬁS%or g is a \E?r]lcg 0 bﬁriﬁgﬁcﬁe’jﬁgﬁft e rln%Tnﬁv%gé@an?(ﬁiﬁ contact with
the workpiece Wrdssueaftpadie b kpecbeth isigyks sed ethe gtatditg prieesd drer gadbose rotations
are stopped, to levitate the workpiece W from the one static pressure pad 1 or 2. Then, the position when

the levitation amoBRECE o} ¢eRbEth&hREicSEAM o RIFREIHES it 1BORATIEPount C are
determined as the griding dypriagendpastionsbhand =% phthe ongrindipgayaesl ghaft 8 or 9. This

operation is carried out on the right and left sides respectively in'the same way. [0029] With this, the
middle position betWeenahe rigghbans fefegaading atrsdist and nkislggpmt ang sulrdaedally middle
position between the both static pressure pads 1 and 2. Therefore, provided that the both surfaces of the
Workpioce W arlP B HEthhe CATd b} (RTINS BN WHGEIS BIE A4 GRESBRALS grind the
workpiece W atsysgbieinigllyduideionasitiey baiwestatbp pifesiatipdiggtie padestapd 2.

Accordingly, there are advantages that it is possible to easily and securely align a grinding position of the
thin sheet-like Vdikpiece W at a substantially middle position between both static pres sure pads 1 and 2 ,
and to perform ﬁaagg\jg with predetermined grinding precision from an initial product immediately after the
setup.

Thereafter, the left grinding wheel shaft 8 i1s advanced

toward the direction of arrow X in Fig. 5 at a constant speed
in a state in which the rotation of the grinding wheel 3 is
stopped (Step S5). Then, after the left grinding wheel 3 is
matched to the workpiece supporting surface 1b of the left static
pressure pad 1, to come into contact with the workpiece W, the
workpiece W is pressed in the right direction (the direction
of arrow X) in the teeth of the supply of the static pressure
water 2c, to levitate the workpiece W from the workpiece
supporting surface 1b of the left static pressure pad 1 as shown
in Fig. 5 (Step S6). Then, the levitation amount Cl1 of the
workpiece W at that time is measured by the air sensor 7 of
the right static pressure pad 2 (Step S7).

[0036]
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[0030] In addition, the middle position between the both grinding wheels 3 and 4 is preferably the
middle position between the both static pressure pads 1 and 2. However, as long as the effect on the
grinding precision of the workpiece W is within an allowable range, there may be a slight misalignment
between the middle position between the both grinding wheels 3 and 4 and the middle position between
the both static pressure pads 1 and 2. Accordingly, the middle position between the both grinding wheels
3 and 4 may be located at a substantially middle position between the both static pressure pads 1 and 2
within the allowable range of grinding precision of the workpiece W. [0031] This horizontal surface
grinder is adjusted in advance such that the right and left grinding wheel shafts 8 and 9 are located
coaxially, the workpiece supporting surfaces Ib and 2b of the right and left both static pressure pads 1 and

2 are at a right angle t%@% bﬂqg %mdiggn\gggel]srl@gglﬁ%dt% eaq%yi%}?ﬁigﬁﬂ%;}p%ﬂng surfaces Ib

and 2b of the both static pressure pads 1 and 2 are parallel to one another. tion, the clearance A
between the botifseie preskpieepadw 1 dnd €He dptdmdinegl achadminty @tidickoedx ddbthe workpiece
W, grinding conditions therefor, and the like. [0032] Next, a description is made with reference to a

flowchart of Figt@f‘ﬁﬁ&‘fﬁé%&‘ﬁﬂ%”d@'w Ein8&ee in%&theaE'arﬂHitBL(Ste\ﬁiéﬁ 9E iﬁ@értio_n of the
workpiece W mgy\ R difg 6ty A 0t BoNRlY «g7d 12 1@ Fasenhere daftei iS4 ¢&ilying-in-and-out

means, the insertion may be automatically carried out by the carrying-in-and-out means.

of the predetermined levitation amount C set by the levitation
amount setting means 17 are compared, to judge whether or not
the workpiece W is levitated by the predetermined levitation
amount C from the left static pressure pad 1 (Step S8). Then,
when theworkpieceW is levitated to the predetermined levitation
amount C, the output value from the air sensor 7 is matched
to the setting value of the predetermined levitation amount
C, and therefore, the left grinding wheel shaft 8 is stopped
advancing at the same time of judging the predetermined
levitationamountC (Step S9), andasshown inFig. 5, theposition
of the left grinding wheel shaft 8 at that point in time is
tentatively determined as the left grinding advancing end
position F1 (Step S10).

[0037]

In addition, the predetermined levitation amount C of
the workpiece W may be arbitrarily set. However, given that
a clearance between the both static pressure pads 1 and 2 is
A, and a thickness of the workpiece W before grinding is D,

it must be C<(A-D)/2.
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[0033] For example, in the case where the workpiece W is automatically Inserted into the carrier 5 by
the carrying-in-and-out means, the right static pressure pad 2 is located in advance at the static pressure
supporting position H2 in the vicinity of the carrier 5, and the workpiece W is Inserted into the carrier 5
from the left side by the carrying-in-and-out means in that state, to sandwich the workpiece Wby the
carrying-in-and-out means and the right static pressure pad 2, and thereafter , the workpiece W is
vacuum-sucked onto the right static pressure pad 2 side. Then, after the carrying-in-and-out means is
withdrawn to the outside, the left static pressure pad 1 is moved to the static pressure supporting position
H1, to pinch the workpiece W from the both sides in order for the workpiece W not to drop off from the
carrier 5. In addition, the static pressure supporting positions H1 and H2 of the both static pressure pads
land 2 corres;;fﬁ&,’ the clearance A set by the clearance setting means 19. [0034] Next, static pres
sure water 2c is supplied in the direction of the arrows in Fig. 4 from, for example, the right static
pressure pad 2 of the hpidrrighicand ki statee prassurevpiadaédmy 2theapackde e stitiedpressure
supporting positions H1 and H2 (Step S3), and as shown in Fig. 4, the workpiece W in the carrier 5 is

pressed agains! S §3H QOB GriE@MtEENEeiER SEREISTRISEREWEY RA8ched 38 the static pres
sure supportingyRqstig ik PHJNERIBIC SreFUE WalsidhER%RS8Y [R05Pédetermined

amount to the withdrawn position (Step S11), and the supply
of the static pressure water 2c from the right static pressure
pad 2 is stopped (Step S12).

[0039]

Next, as shown in Fig. 6, after static pressure water
1c is supplied in the direction of the arrows from the left
static pressure pad 1, to press the workpiece W against the
right static pressure pad 2 located at the static pressure
supporting position H2 by the static pressure water 1c (Steps
S13 and S14), as shown in Fig. 7, by carrying out an operation
of advancing the right grinding wheel shaft 9 whose rotation
is stopped in the direction of arrow Y in Fig. 7 at a constant
speed, and the like, the grinding advancing end position F2
of the right grinding wheel shaft 9 i1s tentatively determined
in the same method (Steps S15 to S20). Thereafter, the right
grinding wheel shaft 9 is withdrawn by the same amount as the
withdrawn amount of the left grinding wheel shaft 8 (Step S21).
In addition, in order to even out the moving distances until

the respective grinding wheel shafts 8 and 9 are stopped after
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Thereatfter, the left grinding wheel shaft 8 is advanced toward the direction of arrow X in Fig. 5 at a
constant speed in a state in which the rotation of the grinding wheel 3 is stopped (Step S5). Then, after
the left grinding wheel 3 is matched to the workpiece supporting surface Ib of the left static pressure pad
1, to come into contact with the workpiece W, the workpiece W is pressed in the right direction (the
direction of arrow X) in the teeth of the supply of the static pressure water 2c, to levitate the workpiece W
from the workpiece supporting surface Ib of the left static pressure pad 1 as shown in Fig. 5 (Step S6).
Then, the levitation amount CI of the workpiece W at that time is measured by the air sensor 7 of the right
static pressure pad 2 (Step S7). [0036] When the air sensor 7 measures the levitation amount Cl of
the workpiece W, in the grinding advancing end position tentatively-determining means 18, an output

value of the 'eV'Eﬂ% %?P"%‘é'ﬁ%%\r@yéh%ﬁdr PLRYLENGR GSFHB%@' il CIRIeHEx ‘ﬁ'&'ﬂed levitation

amount C set b evitation amount setting means 1 compared, to judge whether or not the
workpiece W |sdemtacte0tbytﬂtead*edatﬂngrmbkwﬁatronwmmmﬂ @”ﬁnmﬂgavbhﬁelaﬂnaj‘essure pad 1
(Step S8). Then, when the workpiece W is levitated to the predetermined levitation amount C, the output
value from the &ir 38fls8r 2%€ reEnta tEMRe SN FRERE of the predetermined levitation amount C, and
therefore, the Ieﬁbgﬁ@ |ng wheel shaft 8 is stopped advancing at the same time of judging the
predetermined levitation amount C (Step S9), and as shown in Fig . 5, the pos ition of the left grinding
wheel shaft 8 at that pblmin tiase hwmativelyigeteBmintde asthﬂleftpgm&ﬂngadwtmm@end position FI

Step S10). [0037 the pred d levitat W may b
crbtarty Set. AVGYBP Vioth HEA UL ebAAr Y BT EE IR LT T 2 5 A, and 2

thickness of thetwerwaﬁzs.\é/cl@e\fpi%ggwﬁwﬁ@,Uglrg*tattti% GFesER via the static
pressure waters 1c and 2c by the both static pressure pads 1
and 2 at the static pressure supporting positions H1 and H2,
and the both grinding wheels 3 and 4 in a rotating state are
advanced from the grinding advancing end positions F1 and F2
toward the workpiece W side, to execute a grinding cycle for
grinding the workpiece W by the both grinding wheels 3 and 4
(Step S23). The advancing speeds of the both grinding wheel
shafts 8 and 9, and the rotating speeds of the both grinding
wheels 3 and 4 are the same.
[0041]

Because the clearance A between the right and left both
static pressure pads 1 and 2 is determined according to setting
by the clearance setting means 19, and the finished thickness
B of the workpiece W is determined according to setting by the
finished thickness setting means 20, while the grinding cycle

control means 21 is computing the advancing amount S of the
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[0038] When the workpiece W is levitated by the predetermined levitation amount C from the left
static pressure pad 1, the left grinding wheel shaft 8 is withdrawn by a predetermined amount to the
withdrawn position (Step S11), and the supply of the static pressure water 2c from the right static
pressure pad 2 is stopped (Step S12). [0039] Next, as shown in Fig. 6, after static pressure water Ic
is supplied in the direction of the arrows from the left static pressure pad 1, to press the workpiece W
against the right static pressure pad 2 located at the static pressure supporting position H2 by the static
pressure water Ic (Steps S13 and S14), as shown in Fig. 7, by carrying out an operation of advancing the
right grinding wheel shaft 9 whose rotation is stopped in the direction of arrow Y in Fig. 7 at a constant
speed, and the like, the grinding advancing end position F2 of the right grinding wheel shaft 9 is

tentatively dete lme W tnﬁh pe ﬁ%d 18,10 0). There f}e Hhe i rﬁ&%ng wheel shaft
9 is withdrawn é{fthégéa%e a%naeoungt@% the ﬁ%ﬁ%ﬁn%mﬁ% )8Pt eélegt g:ilzn iné w égé'{ shaft 8 (Step S21).
In addition, in ordee twvesanthet hodmeving dipiaassa tmfidtis lespdcivwengdrrttinfiwishkbshafts 8 and 9
are stopped after the air sensors 6 and 7 detect the predetermined levitation amount C, the advancing

speeds of the bbH GKRERR) WATFORHRI&BAEE dfe Qﬂ@ﬂ@sﬁﬁ!é‘%@@d‘!%@l@hafqﬁext, as shown in
Fig. 8, the statigpiggsyre WAh 2GS SYRR!IQE I U fReJRiPPHGPERS WS iR 2P Fere22), the

workpiece W is supported by static pressure via the static pressure waters IC and 2c¢ by the both static
pressure pads §&anadd ag thadstaitic hrgssnd soppottimmnposifiom i 1Fahd H2, avd titk kb grinding

wheels 3 and 4 in a rotating state are advanced fram the grinding adyancing end. positions Fl and F2
toward the workioEIE VISTalL 28 AT LD SHH IS R AIBTSAGIAHE e b RE A28 W B the both
grinding wheelst3 apsd (Step S23). The advancing speeds of the both grinding wheel shafts 8 and 9, and

the rotating speeds of the both grinding wheels 3 and 4 are the same.
[0042]

At this time, given that the advancing amount S when
advancing the grinding wheel shafts 8 and 9 from the right and
left grinding advancing end positions F1 and F2 is (A-B)/2,
the clearance between the right and left grinding advancing
end positions F1 and F2 which are tentatively determined is
smaller, by an amount corresponding to the right or left
levitation amount C1l or C2, than the clearance A between the
right and left both static pressure pads 1 and 2. Therefore,
the both grinding wheels 3 and 4 grind the workpiece W too much,
which leads to generation of defective products thinner than
the predetermined finished thickness B.

[0043]

Then, In order to inhibit generation of such defective

products, an offset amount G is input to the grinding cycle

control means 21, the both grinding wheel shafts 8 and 9 are

24



[0041] Because the clearance A between the right and left both static pressure pads 1 and 2 is
determined according to setting by the clearance setting means 19, and the finished thickness B of the
workpiece W is determined according to setting by the finished thickness setting means 20, while the
grinding cycle control means 21 is computing the advancing amount S of the grinding wheel shafts 8 and
9 on the basis of the clearance A between the both static pressure pads 1 and 2 and the finished
thickness B of the workpiece W, the both grinding wheel shafts 8 and 9 are advanced at the same speed
from the right and left grinding advancing end positions Fl and F2, to grind the workpiece W by the both
grinding wheels 3 and 4 at the tip ends thereof. [0042] At this time, given that the advancing amount
S when advancing the grinding wheel shafts 8 and 9 from the right and left grinding advancing end

positions Fl and i I (a:PN¢. 4 oﬁ'&@é?\’{cgé?geéqwa‘ﬁﬁ{r}’%efir%“a%l"\}jal?étiﬂg’;%@ﬁj Van g end positions

Fl and F2 which are tentatively determined 1 an amount cor ing to the right or left
levitation amouatiCaonc Oy ttiae Higblearahde fitbghwadinbevhigltlasdd €t bathusthdci@ssure pads 1
and 2. Therefore, the both grinding wheels 3 and 4 grind the workpiece W too much, which leads to

generation of d& I PR ASYRNING SR AROSEEEE i<hbE BRERSES UHRY 3] Then, in
order to inhibit ggneratiqnopsuS SIEfRClYRIBFOFATSLRE BHIF FPAYRI RIS tefhg-eLinding cycle

control means 21, the both grinding wheel shafts 8 and 9 are
8 and 9 not to advance by the offset amount G.
[0044]

This offset amount G i1s preferably the same as the
predetermined levitation amount C of the workpieceW. However,
because the predetermined levitation amount C of the workpiece
Wvaries according to the advancing speeds of the grinding wheel
shafts 8 and 9, the use of the air sensors 6 and 7, and the
like, in reality, the offset amount G is set to be greater than
the predetermined levitation amount C of the workpiece W for
the safety. |In addition, provided that the predetermined
levitationamount C of the workpiece Waccording to the advancing
speed of the grinding wheel shafts 8 and 9, and each condition
of theair sensors6and 7 and the like iscompiled intoadatabase,
and the offset amountG isdetermined on the basis of the database,
it is possible to determine a more precise offset amount G.
[0045]

After grinding the workpiece W by such a grinding cycle,
it is judged whether or not the ground workpiece W is finished

with the predetermined grinding precision (Step S24), and when
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advanced at a constant speed while the advancing amount S when advancing the right and left grinding
wheel shafts 8 and 9 from the grinding advancing end positions Fl and F2 is being computed by S =
(A-B-G) /2 in order for the both grinding wheel shafts 8 and 9 not to advance by the offset amount G. |
0044 ] This of fset amount G is preferably the same as the predetermined levitation amount C of the
workpiece W. However, because the predetermined levitation amount C of the workpiece W varies
according to the advancing speeds of the grinding wheel shafts 8 and 9, the use of the air sensors 6 and
7, and the like, in reality, the offset amount G is set to be greater than the predetermined levitation
amount C of the workpiece W for the safety. In addition, provided that the predetermined levitation
amount C of the workpiece W according to the advancing speed of the grinding wheel shafts 8 and 9, and

each condition gf the_ aj 6 a ike I lled i nd off set amount
Gis determinec? fgrlﬁfﬁjbﬁ@g%%gqéﬁggagi%%%g@ﬁ%@c@fmﬂé@rﬁﬁe@%@% ?J?géisgnogffset amount G.
[ 0045 Afteyrgninting tie sarkpieceudlyymichorgendisgaydes) is jrgathahgethesor not the
ground workpiece W is finished with the predetermined grinding precision (Step S24) , and when Itis

finished at the ﬁ%ﬁe}%"ﬁfﬂ%cﬁ‘%riﬁdﬁﬁﬁ'ﬁé@%io’rﬁ th'é’ﬁﬁn(ﬂnd’@@&ftﬁruw _péﬁ'éHﬁgd’(Qte_p S25).
Further, when tBE&‘E‘E’i% RIGEIP'RE %T%ﬁ@@%?%@%?ﬁ&'ﬁqg%%?ﬁm 5y Ayas diustment of

the grinding position by again calculating the grinding advancing end positions Fl and F2 of the grinding
wheel shafts 8 aad @) batiitredjtisengant d thg grihding ivtgeenshafis Btaimh9 Fslcanied2ui{Step S26), so
as to obtain the&rgdgeﬁrnr’aiﬂ?g %ﬂg%ipgsrlg{gfitgojog. L?’\%A'%] or tilt adjustment of the

grinding wheel shafts 8 and 9 is carried out (Step S26), so

as to obtain the predetermined grinding precision.

[0046]

Provided that the grinding position of the workpiece W

iIs determined in this way, an operation in which, after the

workpiece W is inserted into the carrier 5, and the workpiece

W is pressed against one of the static pressure pads 1 and 2,

one grinding wheel shaft 8 or 9 on the same side is advanced,

to levitate the workpiece W from the one static pressure pad

1 or 2 by one of the grinding wheels 3 and 4, is carried out

on the right and left sides respectively, thereby it is possible

to align the workpiece W at the middle position between the

right and left static pressure pads 1 and 2. Accordingly, i1t

iIs possible to easily and precisely perform an alignment

regardlessof the level of skill ofanoperator, and itispossible

to reproduce substantially the same grinding position every

time, which makes i1t possible to reduce generation of defective
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Provided that the grinding position of the workpiece W is determined in this way, an operation in which,
after the workpiece W is Inserted into the carrier 5, and the workpiece W is pressed against one of the
static pressure pads 1 and 2, one grinding wheel shaft 8 or 9 on the same side is advanced, to levitate the
workpiece W from the one static pressure pad 1 or 2 by one of the grinding wheels 3 and 4, is carried out
on the right and left sides respectively, thereby it is possible to align the workpiece W at the middle
position between the right and left static pressure pads 1 and 2. Accordingly, it is possible to easily and
precisely perform an alignment regardless of the level of skill of an operator , anditispossible to reproduce
substantially the same grinding position every time, which makes it possible to reduce generation of
defective products as low as possible. [0047] Further, because it is possible to grind the workpiece
W by the_ both gﬂ%ﬂ%@e&egs f’oW é i girmcgi_le position_betvveen th_e both_ static pressure pads 1 and
2, there is the advantage that no trial grinding Is required, which makes it possible to reduce the amount
of trial grinding f@ok@ipces W. Additionally, because an alignment of the workpiece W is performed
without rotating the grinding wheels 3 and 4, the workpiece W is not damaged, and the workpieces W for

trial grinding may be dfre& _ﬁgedb‘fscﬁf{ﬁﬁjdg Kﬁ)i%]_ss'br‘lﬁ)_rEB\/éF,ié\%ﬁ é‘f?lﬂ@\?\%‘?ﬁpiece W warps
or is wavy, becqugg tha ST RIeTSHEINEISTHe Of LGISiiPRlied e angRiRUcySPeyEnPad 1 or 2, to

press the entire surface of the workpiece W against the other of the static pressure pads 1 and 2, it is
possible to perfoerivepredibe dighmertatitic nore$sctrtsy patmpe ehthe2wotkeieee . Even when the

thick f the workpiece W is not found, it | ible to align the workpiece W af the middle point
potween the hotH S EgrRcLRS Akt 1 s 8 BATA0G CHbl i A Rty Sihfc preoure

supporting maydessgiihaed fer Haeiseepthefdhe statio Prepsaie YeiAtH kg defieacieystatic pressure
Additionally, because an alignment of the workpiece W 1is
performed without rotating the grinding wheels 3 and 4, the
workpiece W is not damaged, and the workpieces W for trial
grinding may be directly used as products.
[0048]

Moreover, even when the workpiece W warps or is wavy,
because the static pressure water 1c or 2c is supplied from
one static pressure pad 1 or 2, to press the entire surface
of the workpiece W against the other of the static pressure
pads 1 and 2, it is possible to perform a precise alignment
with no effect by a shape of the workpiece W. Even when the
thickness of the workpiece W is not found, it iIs possible to
align the workpiece W at the middle point between the both static
pressure pads 1 and 2. Because existing equipment used for
static pressure supporting may be utilized for the supply of

the static pressure waters 1c and 2c from the static pressure
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pads 1 and 2, there are no problems such as bringing about an Increase in production cost for an entire
horizontal surface grinder. [0049] Further, in the case where the grinding wheels 3 and 4 are
advanced to levitate the workpiece W, when the grinding wheels 3 and 4 are in rotating state, the wind
pressure or the like due to the rotation may become a disturbance , and in addition, the grinding wheels 3
and 4 may grind the workpiece W, to advance the grinding wheel shafts 8 and 9 too much, and the like.
However, by advancing the grinding wheel shafts 8 and 9 in a state in which the rotations of the grinding
wheels 3 and 4 are stopped, while resolving the problems such as a disturbance due to the rotation of the
grinding wheels 3 and 4, and grinding of the workpiece W, it is possible to levitate the workpiece W from
the static pressure pads 1 and 2 by utilizing the grinding wheels 3 and 4. [0050] A plurality of air

sensors 6 and is a le, t s in the ci jal direction in the vicinity of
the recessed p@r%é%n a?ﬁ?g%’o;%i(qg%?o%?g&? :Hgsg?/‘i%ﬁf%or% %&o%’i%ﬁ@ﬁ %f Ltj\ﬂ%ég %’v%%?]piece W by use
of a sum or an dvenagese! dutmitodlctd fomdbe thive air eendors 6@nilzonaa butputfiicm the air sensors
6 and 7 which first_reaches a setting value, output values from one or two of the three air sensors 7.
However, beca8&d Bf@"of the air sensors 6 and 7 disposed on the end side in the circumferential direction
is used in this g imnent, there is the advantage that it is possible to easily measure the levitation
amount Cl or CZ of theé workpiece W. [0051]

Further, in the case where the grinding wheels 3 and 4

are advanced to levitate the workpiece W, when the grinding

wheels 3 and 4 are in rotating state, the wind pressure or the

1 ike due to the rotationmay become adisturbance, and inaddition,
the grinding wheels 3 and 4 may grind the workpiece W, to advance

the grinding wheel shafts 8 and 9 toomuch, and the like. However,
by advancing the grinding wheel shafts 8 and 9 in a state iIn

which the rotations of the grinding wheels 3 and 4 are stopped,

while resolving the problems such as a disturbance due to the

rotation of the grinding wheels 3 and 4, and grinding of the

workpiece W, it is possible to levitate the workpiece W from

the static pressure pads 1 and 2 by utilizing the grinding wheels

3 and 4.

[0050]

A plurality of air sensors 6 and 7 are disposed at, for
example, three places i1n the circumferential direction in the
vicinity of the recessed portion 2a, it is possible to detect
the levitation amount C1 or C2 of the workpiece W by use of

a sum or an average of output values from the three air sensors
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That is, in the case where the one grinding wheel 3 is advanced to press the workpiece W, the workpiece
W is pressed against by the static pressure water 2c supplied from the other static pressure pad 2.
Meanwhile, the workpiece W receives the static pres sure water 2 ¢ on its substantially entire surface, and
on the other hand, the grinding wheel 3 is in the recessed portion la of the static pressure pad 1, to press
the lower half of the workpiece W. Therefore, as shown in Fig. 10, the workpiece W pressed by the
grinding wheel 3 levitates from the static pressure pad 1 while the upper side thereof is going to be
inclined to a fulcrum P, and the levitation of the lower side of the workpiece W which is most distant from
the fulcrum P is maximized. Accordingly, there is the advantage that it is easy to find a change in the
levitation amount Cl or C2 of the workpiece W, to be able to easily measure it by measuring by the one air
sensor 7 on thee ide which. is dispo t I, tothe | IS b‘qjg: vitating is high,
of the workpiecg \%7%?0%'&;‘2]% %Etugt‘agrﬁﬁgtﬁgt g‘agsgl vf\/llowe§§r?l§§ %vit(sat%nn&:,rﬁ@ri%ﬁ/ or l%f the workpiece
W is measured bydbleeair seswsot ingr Va lhe ailosansar Gakueprdridaddodherstic pessuwre pad 1 or 2 on
the same side of the grinding wheel 3 or 4 which levitates the workpiece W may be used, or the air sensor

6or7 proyided%fﬁ@ ﬁéﬁc?ﬁ@%ﬁr% pad THeVER them@gﬁ@ﬁﬂ%@d%éemﬁ In this
case, provided figh ie QRIS SrPEHEhE ARPFIEHINS ITURALADRTS &1 4l pdvgiiige thateven a

sensor by which values approximate to zero are out of its measurable range may be used. For example,
when the predeiermsad Bvititioh enimaitn@iga digteamsubhaprivaintagedtherd, Mhich is out of the

bl int here the ai 6 or 7.0of the stati d th
e 1 used, oVBRSTABNGE ORI AIRATHTE B A oY FRe AR RER o ek e Pledetormined

levitation amouighg, lid¢lippessible to measure it because the amount is out of the measurable range.
However, in the case where the amount is measured by the air sensor 6 or 7 of the static pressure pad 1
or 2 on the oppd8®@5%ihe to the grinding wheel 3 or 4, even when a sensor by which values approximate

to zero are out of its mrleﬁlagr;i@e \r@qg@hl‘?hlﬁe??e %ﬁg?@e%ﬁéwgﬁg tgsﬁétﬁﬁ é}r@ﬁ gél[espai%l or 2 on the

opposite side and the workpiecé W is wi € measurable range ot € values approximate to
zero. Thereforeadtvamesds thlepipaneasusenibelglipit devitator anekpi Etor'Cioithessetkpiece W by the

air sensors 6 or 7.
against by the static pressure water 2c supplied from the other
static pressure pad 2. Meanwhile, the workpiece W receives
the staticpressurewater 2con itssubstantiallyentiresurface,
and on the other hand, the grinding wheel 3 is in the recessed
portion la of the static pressure pad 1, to press the lower
half of the workpiece W. Therefore, as shown in Fig. 10, the
workpiece W pressed by the grinding wheel 3 levitates from the
static pressure pad 1 while the upper side thereof is going
to be inclined to a fulcrum P, and the levitation of the lower
side of the workpiece W which is most distant from the fulcrum
P 1s maximized. Accordingly, there is the advantage that it

is easy to find a change in the levitation amount C1 or C2 of

the workpiece W, to be able to easily measure it by measuring
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[0054] The embodiments of the present invention have been des cribed in detail above, however, the
present invention should not be limited to these embodiments, and can be variously modified within the
scope not departing from the spirit of the present invention. For example, in the embodiments, the
grinding wheels 3 and 4 in a stopped state are advanced to press the workpiece W. However, the
grinding wheels 3 and 4 may be rotated at rotating speeds to an extent that the workpiece W is not
ground. Accordingly, the grinding wheels 3 and 4 preferably press the workpiece W in a stopped state,
but are not necessarily in a state in which the rotations are completely stopped. [0055] Further, in the
case where an existing horizontal surface grinder is adopted, provided that a program of an alignment
method as in this embodiment is input to the control device after a grinding wheel replacing work

periodically occyyring in fie PIQUUCHRA Brogess, | h%p8ﬁ§ibé%%\3hﬁ LRtigaly F%&i%’s%‘dt %éﬂ‘?rk.ﬁom
carrying-in of the"workpiece W to carrying-out of the workpiece W atfter the completion of grinding by
combining the carytingeinraedpondneansiat theweerkpieee Mdpged Feisipedsible fis dnigherator to carry
out another work away from the machine during that time. [0056 ]

of the workpiece W.

[0052]

Further, in the case where the levitation amount C1l or

C2 of the workpiece W is measured by the air sensor 6 or 7,

the air sensor 6 or 7 provided to the static pressure pad 1

or 2 on the same side of the grinding wheel 3 or 4 which levitates

the workpiece W may be used, or the air sensor 6 or 7 provided

to the static pressure pad 1 or 2 on the opposite side may be

used.

[0053]

In this case, provided that the air sensor 6 or 7 on the

opposite side is used, there is an advantage that even a sensor

by which values approximate to zero are out of 1ts measurable

range may be used. For example, when the predetermined

levitation amount C is a slight amount approximate to zero,

which 1s out of the measurable range, In the case where the

air sensor 6 or 7 of the static pressure pad 1 or 2 on the same

side is used, even when the levitation amount C1 or C2 of the

workpiece W reaches the predetermined levitation amount C, it

iIs impossible to measure i1t because the amount is out of the

measurable range. However, in the case where the amount is
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Further, a workpiece W of normal dimensions may be used before starting the grinding cycle, and the
right and left both grinding wheel shafts 8 and 9 may be advanced by the same amount, and again, an
alignment of the both grinding wheels 3 and 4 and the workpiece W may be carried out manually, to
thereafter start the grinding cycle. Provided that a grinding cycle using an in-process sizing equipment is
used as a grinding cycle, it is possible to omit operations of setting of an offset amount and the like, which
makes it possible to more easily grind the workpiece W into normal dimensions. [0057] In the grinding
cycle using an in-process sizing equipment, even if a clearance between the right and left both static
pressure pads 1 and 2 is not found, it is possible to determine the middle position between the both static
pressure pads 1 and 2, and it is possible to obtain the normal dimensions of the workpiece W. Further,

the midcle posijan bepuaen e lotand elLppts sato RIESE Bads fapd &ls il pfjenced by the

clearance A between the right and static pres sure pads 1 an cause the positions of the
both grinding whheets 3 andtharemeisirnme datltcefeienge indiagvatigrdca suppqriegnvgeaurfaces b and
2b of the both static pressure pads 1 and 2. [0058] By simultaneously using a technology that, at the

same time as a8 ﬁoiﬁ?@@?ﬁl@ftﬂ@_ KV F?jl'ﬁﬁ?\% @H@ﬁ%émp@céw(?eﬁﬁﬁe@{ﬁeQEished dimens
ions is received; M FRINRS T3 SN URME M QUINLE YRGS ERIL 2R fY SPESSLR-E and 7 of the

static pressure pads 1 and 2 are obtained, and it is monitored whether or not there is a difference on the
right and left sigexlirltios c2tpot vhrieppbdthetairsssasd thd wowkgoreee: & grindimglposition caused by

brasion diff betweep the both grinding wheels 3 and 4, provided that the output values f
the air sensors ST SE AP AME W45l BAFEIN AhaT /B HER R HSATE 8P S&fsors 6 and 7

before setup (befRspdeniacinDedilshas bReto RBEdNPdikAL Y RICPrENRIEPE AR FONaRbEAES to be the
output values from the air sensors 6 and 7 before setup, it is possible to reproduce the grinding position

before setting. FAefdfofe i0E Jasiviensreseat thoprddrtRhwiRE8OFR Uy defective products,
which makes it E’BSEUPje to stabilize the grinding precision over a long period of time. [0059]

The embodiments of the present iInvention have been
described indetail above, however, the present inventionshould
not be limited to these embodiments, and can be variously
modified within the scope not departing from the spirit of the
present invention. For example, iIn the embodiments, the
grinding wheels 3 and 4 in a stopped state are advanced to press
the workpiece W. However, the grinding wheels 3 and 4 may be
rotated at rotating speeds to an extent that the workpiece W
iIs not ground. Accordingly, the grinding wheels 3 and 4
preferably press the workpiece W In a stopped state, but are
not necessarily in astate inwhich the rotations are completely
stopped.

[0055]

Further, in the case where an existing horizontal surface
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Moreover, by using a technology of correcting a misalignment in grinding position before trial grinding, it is
possible to stabilize the grinding precision until the next setup by comparison with the output values from
the air sensors 6 and 7 before setup in real time during trial grinding, to correct the misalignment. [0060]
In the present embodiment, the air sensors6 and 7included in the static pressure pads 1 and 2 are used
as the workpiece position detecting means. Meanwhile, provided that an in-process sizing equipment
used during grinding of the workpiece W is adopted, it is possible to obtain the middle position between
the right and left both static pressure pads 1 and 2. Any workpiece position detecting means, which is
capable of measuring distances between the static pressure pads 1 and 2 and the workpiece W (the
levitation amounts Cl and C2) may be used. [0061] The grinder is preferably a hori zontal double-end

surface grinderaé? J\@g} tq% bé)&lag{zétbc pg)ers&%(a é)@dén]a@ngl ﬁ%‘gw'% %q;hg%rigqi ﬁg\@é)g %Is 3 and 4 are

disposed right However, becduse static pressure w S supplied from t oth static pressure
pads 1 and 2 tanereissdhasvarkpieds VEmbodsnterieviiateitheuotkpiene Wdntite gdedingewheels 3 and 4,
the present invention may be achieved in the same way by a vertical double-end surface grinder in which

the both static (FELEN & Bt bng ?%‘tﬁ@B&ﬂf@ﬂﬁdW%H@é@ Qi by PGePBEEAdIp and down.
[Description of RefgreneeUEEBIShIAEA WGKRIE D ssibl e to automatical ly carry

out a work from carrying-in of the workpiece W to carrying-out
of the workpiece W after the completion of grinding by combining
the carrying-in-and-out means of the workpiece W, and i1t is
possible for an operator to carry out another work away from
the machine during that time.

[0056]

Further, a workpiece W of normal dimensions may be used
before starting the grinding cycle, and the right and left both
grinding wheel shafts 8 and 9 may be advanced by the same amount,
and again, an alignment of the both grinding wheels 3 and 4
and the workpiece W may be carried out manually, to thereafter
start the grinding cycle. Provided that agrinding cycle using
an in-process sizing equipment is used as a grinding cycle,
it is possible to omit operations of setting of an offset amount
and the like, which makes it possible to more easily grind the
workpiece W into normal dimensions.

[0057]
In thegrinding cycleusingan in-process sizing equipment,

even 1T a clearance between the right and left both static
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1, 2Static pressure pad 3, 4Grinding wheel 7Carrier 8, 9Grinding wheel shaft 17Levitation amount setting
means 18Grindingadvancingendposition tentatively-determining means

pressure pads 1 and 2 is not found, it is possible to determine
the middle position between the both static pressure pads 1
and 2, and it is possible to obtain the normal dimensions of
theworkpieceW. Further, themiddle positionbetween the right
and left both static pressure pads 1 and 2 is not influenced
by the clearance Abetween the rightand leftbothstaticpressure
pads 1 and 2 because the positions of the both grinding wheels
3and 4 are determinedwith reference to the workpiece supporting
surfaces 1b and 2b of the both static pressure pads 1 and 2.
[0058]

By simultaneously using a technology that, at the same
timeasazeropointsignal at the point in timewhen theworkpiece
Wreaches the fFinisheddimensions isreceived fromthe in-process
sizing equipment, output values from the air sensors 6 and 7
of the static pressure pads 1 and 2 are obtained, and it is
monitored whether or not there is a difference on the right
and left sides in the output values of the air sensors 6 and
7, to correct a grinding position caused by an abrasion
difference between the both grinding wheels 3 and 4, provided
that the output values from the air sensors 6 and 7 at the time
of trial grinding and the output values from the ailr sensors
6 and 7 before setup (before replacing grinding wheels, and

the like) are compared, to correct so as to be the output values
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19Clearance setting means 20Finished thickness setting means 21Grinding cycle control means
Predetermined levitation amount Fl, F2 Grinding advancing end position Advancing amount [TITLE OF
DOCUMENT] WHAT IS CLAIMED IS:

from the air sensors 6 and 7 before setup, It is possible to
reproduce the grinding position before setting. Therefore,
it Is possible to restart the production without producing
defective products, which makes i1t possible to stabilize the
grinding precision over a long period of time.

[0059]

Moreover, by using a technology of correcting a
misalignment in grinding position before trial grinding, It
is possible to stabilize the grinding precision until the next
setup by comparison with the output values from the air sensors
6 and 7 before setup in real time during trial grinding, to
correct the misalignment.

[0060]

In the present embodiment, the air sensors 6 and 7 included
in the static pressure pads 1 and 2 are used as the workpiece
position detecting means. Meanwhile, provided that an
in-process sizing equipment used during grinding of the
workpiece W i1s adopted, i1t is possible to obtain the middle
position between the right and left both static pressure pads
1 and 2. Any workpiece position detecting means, which is
capable of measuring distances between the static pressure pads
1 and 2 and the workpiece W (the levitation amounts C1 and C2)

may be used.
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[Claim 1] A double-end surface grinding method comprising, when grinding both surfaces of the
workpiece by a pair of grinding wheels while rotating a thin sheet-like workpiece supported by static
pressure by a pair of static pressure pads: detecting a position of the workpiece by workpiece
position detecting means while moving the workpiece toward a center side between the both static
pressure pads at static pressure supporting positions by the grinding wheels; tentatively determining
positions of the grinding wheels when the workpiece position detecting means detects that the workpiece
is separated by a predetermined distance from the respective static pressure pads, as grinding advancing
end positions, and advancing the both grinding wheels at the same speed from the grinding
advancing end positions, to grind the workpiece. [Claim 2] The double-end surface grinding method
according to Clt@gélz;[vherein an operation in which, after the workpiece is pressed against one of the
static pressure pads at the static pressure supporting positions, the workpiece is levitated by a
predetermined amountrtieny tiiadee sigiicafiessbie zeldani tungabding mikee ihmsefiatation is stopped
while advancing the grinding wheel on the one static pres sure pad side , and a pos ition of the grinding

wheel when theg_\K/b Ecé']_s‘f‘i@&&téi!i‘_ﬁmgb%éﬁrﬁﬁ@&%%f&H?%Sté]nt%‘ﬁg %@eﬁtﬁ?n_ed as the
grinding advan@dewap'm@ﬁeﬁe%ﬁamema%e&wé'ﬂ%f&ﬁ&%ﬁ@ WAHGRIGRS IS supported by

static pressure by the both static pressure pads.
because static pressure water is supplied from the both static
pressure pads 1 and 2 to press the workpiece W, so as to levitate
the workpiece W by the grinding wheels 3 and 4, the present
inventionmay be achieved in the same way by avertical double-end
surface grinder in which the both static pressure pads 1 and
2 and the both grinding wheels 3 and 4 are disposed up and down.
[Description of Reference Numerals]
[0062]
w Workpiece
1, 2 Static pressure pad
3, 4 Grinding wheel
7 Carrier
8, 9 Grinding wheel shaft
17 Levitation amount setting means
18 Grinding advancing end position
tentatively-determining means
19 Clearance setting means
20 Finished thickness setting means

21 Grinding cycle control means
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[Claim 3] The double-end surface grinding method according to Claim 2, wherein a static pressure
fluid is supplied from the other static pressure pad, to press the workpiece against the one static pressure
pad side. [Claim 4] The double-end surface grinding method according to any of Claims 1 to 3,
wherein an offset amount of the both grinding wheels is determined in advance, and the both grinding
wheels are set so as not to advance by the offset amount during grinding of the workpiece. [Claim 5]

A double-end surface grinder which grinds both surfaces of the workpiece by a pair of grinding wheels
while rotating a thin sheet-like workpiece supported by static pressure by a pair of static pressure pads,
the double-end surface grinder comprising:

C Predetermined levitation amount
F1, F2 Grinding advancing end position

S Advancing amount
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a pair of workpiece position detecting means for detecting a position at which the workpiece is separated
by a predetermined distance from the both static pressure pads at static pressure supporting positions;
grinding advancing end position tentatively-determining means for tentatively determining positions of the
grinding wheels when the respective workpiece position detecting means detect the position separated by
the predetermined distance, as grinding advancing end positions; and grinding cycle control means
for advancing the both grinding wheels at the same speed from the grinding advancing end positions
tentatively determined by the grinding advancing end position tentatively-determining means, to execute a
grinding cycle.
[TITLE OF DOCUMENT] WHAT 1S CLAIMED 1IS:
[Claim 1]
A double-end surface grinding method comprising, when
grinding both surfaces of the workpiece by a pair of grinding
wheels while rotating a thin sheet-like workpiece supported
by static pressure by a pair of static pressure pads:
detecting a position of the workpiece by workpiece
position detecting means while moving the workpiece toward a
center side between the both static pressure pads at static
pressure supporting positions by the grinding wheels;
tentatively determining positions of the grinding wheels
when the workpiece position detecting means detects that the
workpiece is separated by a predetermined distance from the
respective static pressure pads, as grinding advancing end
positions, and
advancing the both grinding wheels at the same speed from
the grinding advancing end positions, to grind the workpiece.
[Claim 2]
The double-end surface grinding method according to Claim
1, wherein an operation inwhich, after the workpiece is pressed
against one of the static pressure pads at the static pressure

supporting positions, the workpiece 1is levitated by a

predetermined amount from the one static pressure pad by the
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grinding wheel whose rotation is stopped while advancing the
grindingwheel on the one staticpressure padside, andaposition
of the grinding wheel when the workpiece is levitated by the
predetermined amount is tentatively determined as the grinding
advancing end position is carried out on each side, and
thereafter, the workpiece is supported by static pressure by
the both static pressure pads.

[Claim 3]

The double-end surface grinding method according to Claim
2, wherein a static pressure fluid is supplied from the other
static pressure pad, to press the workpiece against the one
static pressure pad side.

[Claim 4]

The double-end surface grinding method according to any
of Claims 1 to 3, wherein an offset amount of the both grinding
wheels is determined in advance, and the both grinding wheels
are set so as not to advance by the offset amount during grinding
of the workpiece.

[Claim 5]

A double-end surface grinder which grinds both surfaces
of the workpiece by a pair of grinding wheels while rotating
a thin sheet-like workpiece supported by static pressure by

a pair of static pressure pads, the double-end surface grinder
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comprising:

apair ofworkpiece positiondetecting means for detecting
apositionatwhichtheworkpiece is separated by a predetermined
distance from the both static pressure pads at static pressure
supporting positions;

grinding advancing end position tentatively-determining
means for tentatively determining positions of the grinding
wheels when the respective workpiece position detecting means
detect the position separated by the predetermined distance,
as grinding advancing end positions; and

grinding cycle control means for advancing the both
grinding wheels at the same speed from the grinding advancing
end positions tentatively determined by the grinding advancing
end position tentatively-determining means, to execute a

grinding cycle.
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