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[TITLE OF DOCUMENT] SPECIFICATION

[TITLE OF THE INVENTION] METHOD FOR GRINDING THIN SHEET-LIKE
WORKPIECE AND DOUBLE-END SURFACE GRINDER

[Technical Field]

[0001] The present invention relates to a method for grinding
a thin sheet-like workpiece and a double-end surface grinder
that are used when grinding a thin sheet-like workpiece such
as a silicon wafer.

[Background Art]

[0002] When grinding a thin sheet-like workpiece such as a
siliconwafer by using a horizontal double-end surface grinder,
while rotating the workpiece supported by static pressures of
a pair of left and right static pressure pads in a non-contact
manner around its center, the workpiece is ground to a
predetermined finished thickness by a pair of left and right
grinding wheels rotating around a horizontal shaft.

[0003] As a method for supporting the workpiece rotatably, there
is a direct-contact support method (Patent Documents 1 and 2)
for supporting the workpiece by direct contact with the outer
periphery of the workpiece and a carrier support method (Patent
Document 3) for supporting the workpiece via a carrier and a
carrier ring, and the direct-contact support method includes

a roller support method (Patent Document 1) and a belt support



[0002] When grinding a thin sheet-like workpiece such as a silicon wafer by using a horizontal double-end
surface grinder, while rotating the workpiece supported by static pressures of a pair of left and right static
pressure pads in a hon-contact manner around its center, the workpiece is ground to a predetermined
finished thickness by a pair of left and right grinding wheels rotating around a horizontal shaft. [0003] As a
method for supporting the workpiece rotatably, there is a direct-contact support method (Patent
Documents 1 and 2) for supporting the workpiece by direct contact with the outer periphery of the
workpiece and a carrier support method (Patent Document 3) for supporting the workpiece via a carrier
and a carrier ring, and the direct-contact support method includes a roller support method (Patent
Document 1) and a belt support method (Patent Document 2). [0004] In the roller support method

(Patent Documﬁgtt}})ﬁ&hirpél{%r ;EeBB %we%fta isk-shaped workpiece is supported rotatably by a plurality
of support rollers in the c cumf%rentla directior, and a workpiece is rotated around its center by any of

the support roll§iG0o0a jha hetheu ppd it enethgap (Ratemt Geclieat@n tizocutes peripherytef a disk-shaped
workpiece is supported rotatably by two support belts in the circumferential direction, and the workpiece is

rotated around REE&htePBYARBLOHpE baItdIsk-shaped workpiece is supported
rotatably by a plurality of support rollers 1in the

circumferential direction, and a workpiece is rotated around
its center by any of the support rollers. In the belt support
method (Patent Document 2), the outer periphery of adisk-shaped
workpiece 1s supported rotatably by two support belts in the
circumferential direction, and the workpiece is rotated around
its center by the support belts.

[0005] In the carrier support method (Patent Document 3), a
workpiece is fitted into a fitting hole of a thin sheet-like
carrier the outer periphery of which is fixed to a carrier ring,
the carrier ring is supported by contact with a plurality of
support rollers disposed at substantially even intervals at
the outer periphery of the carrier ring, and by a drive gear
that meshes with a ring gear on the inner peripheral side of
the carrier ring, the workpiece is rotated around its center
via the carrier ring and the carrier.

[Prior Art Document]

[Patent Documents]

[0006]

[Patent Document 1] Japanese Published Unexamined Patent



[0005] In the carrier support method (Patent Document 3), a workpiece is fitted into a fitting hole of a thin
sheet-like carrier the outer periphery of which is fixed to a carrier ring, the carrier ring is supported by
contact with a plurality of support rollers disposed at substantially even Intervals at the outer periphery of
the carrier ring, and by a drive gear that meshes with a ring gear on the inner peripheral side of the carrier
ring, the workpiece is rotated around its center via the carrier ring and the carrier. [Prior Art Document]
[Patent Documents] [0006] [Patent Document 1] Japanese Published Unexamined Patent

Application No. H10-175144

[Patent Document 2] Japanese Published Unexamined Patent
Application No. H10-156681

[Patent Document 3] Japanese Published Unexamined Patent
Application No. 2005-205528

[SUMMARY OF THE INVENTION]

[Problem to be Solved by the Invention]

[0007] In the conventional direct-contact support method, the
outer peripheryoftheworkpiece isdirectlysupportedby support
rollersor supportbelts, and theworkpiece isdrivenand rotated
by the support rollers or support belts, so that this method
cannot be adopted when grinding a thin sheet-like workpiece
with high precision.

[0008] On the other hand, in the carrier support method, a thin
sheet-like carrier the outer periphery of which is fixed to
a carrier ring is used, and In a state where a workpiece 1s
fitted 1n a fitting hole of the carrier, the carrier ring
supported by support rollers on the outer periphery is driven
and rotated, so that a thin workpiece can be ground with high
precision as compared with the direct-contact support method.
However, the conventional carrier support method adopts a
contact support method in which the carrier ring is supported

by contact with a plurality of support rollers disposed at



Application No. H10-175144 [Patent Document 2] Japanese Published Unexamined Patent Application
No. H10-156681 [Patent Document 3] Japanese Published Unexamined Patent Application No.
2005-205528 [SUMMARY OF THE INVENTION]

substantially even intervals on the outer periphery of the
carrier ring, so that the following problem occurs.

[0009] That i1s, conventionally, a guide ring is sandwiched and
supported by contact with a plurality of support rollers, so
that runouts of the support rollers are transmitted to the
carrier ring and synthesized, and due to this combination, the
rotation precision of the workpiece is deteriorated. IT the
attachment precision of the pivots of the support rollers,
especially parallelism to the rotation center of the carrier
ring is defective, such a problem occurs that a force other
than rotation is transmitted to the carrier ring and the carrier
ring and the workpiece tilt.

[0010] As the support rollers, support rollers that were cast
molded by using a resin material such as high-hardness urethane
and finished by machining so that they hardly damage the carrier
ring and reliably support the carrier ring without slippage,
may be used, however, in this case, the support rollers are
made of resin, so that the following problem occurs. That is,
it is difficult to stably obtain circularity required for the
support rollers, the quality of the support rollers is easily
deteriorated with elapse of time, and further, the support
rollers are easily worn.

[0011] The present invention was made iIn view of these



[Problem to be Solved by the Invention] [0007] In the conventional direct-contact support method, the
outer periphery of the workpiece is directly supported by support rollers or support belts, and the
workpiece is driven and rotated by the support rollers or support belts, so that this method cannot be
adopted when grinding a thin sheet-like workpiece with high precision. [0008] On the other hand, in the
carrier support method, a thin sheet-like carrier the outer periphery of which is fixed to a carrier ring is
used, and in a state where a workpiece is fitted in a fitting hole of the carrier, the carrier ring supported by
support rollers on the outer periphery is driven and rotated, so that a thin workpiece can be ground with
high precision as compared with the direct-contact support method. However, the conventional carrier
support method adopts a contact support method in which the carrier ring is supported by contact with a

plurality of supp%h(;gmg 8#%@??)%8‘ ﬁgg)’stgﬂgag)ﬁ eé{ﬁfé@{efi’ﬁésr881‘h?é’%%%{ﬁl%yam the carrier

ring, so that the following problem occurs.
method for grinding a thin sheet-1ike workpiece and a double-end

surface grinder that can reduce influences of external forces
on a carrier ring and improve workpiece grinding precision,
and can maintain high grinding precision over a long period
of time without causing problems such as friction.

[Means for Solving the Problem]

[0012] In a method for grinding a thin sheet-like workpiece
according to the present invention, In a state where a thin
sheet-like workpiece fitted to a carrier is supported by static
pressures of a pair of static pressure pads in a non-contact
manner, when grinding both surfaces of the workpiece by a pair
ofgrindingwheelswhile rotating the workpiece via the carrier,
acarrier ringon the outer periphery of the carrier is supported
by static pressures of a plurality of static pressure carrier
guides inthecircumferential direction inanon-contact manner.
[0013] A double-end surface grinder according to the present
invention grinds both surfaces of a thin sheet-like workpiece
fitted to a carrier by a pair of grinding wheels while rotating
the workpiece via the carrier in a state where the workpiece
is supported by static pressures of a pair of static pressure
pads in a non-contact manner, wherein the double-end surface

grinder includes, inthecircumferential direction, aplurality



[0009] That is, conventionally, a guide ring is sandwiched and supported by contact with a plurality of
support rollers, so that runouts of the support rollers are transmitted to the carrier ring and synthesized,
and due to this combination, the rotation precision of the workpiece is deteriorated. If the attachment
precision of the pivots of the support rollers, especially parallelism to the rotation center of the carrier ring
is defective, such a problem occurs that a force other than rotation is transmitted to the carrier ring and
the carrier ring and the workpiece tilt. [0010] As the support rollers, support rollers that were cast molded
by using a resin material such as high-hardness urethane and finished by machining so that they hardly
damage the carrier ring and reliably support the carrier ring without slippage, may be used, however, in
this case, the support rollers are made of resin, so that the following problem occurs. That is, it is difficult

to stably obtain K h is easily
deteriorated wit %%%%f%%%ﬁ %?O@uglé)%ﬁ récﬁ eifg']s,ga‘?5 exgsﬁlygvxléorn ?édtlf]?%e present
invention was noadelie vieter the sé mioairg ntibnetheraeblenis rany astalyject theresi it provide a method

for grinding a thin sheet-like workpiece and a double-end surface grinder that can reduce influences of
external forces Bn"YRafFRY R alaRffove workpiece grinding precision, and can maintain high grinding

Igfrict’)'ﬁe'?nq over FiasiuReriod @4 PR Mol £y 19 L 0RIPIMR aH R 2P HiRian pBYBRE fanSolving the
surface, and the static pressure carrier guides may be disposed
at substantially even intervals in proximity to the outer
peripheral surface. The static pressure carrier guides may be
fixed. Alternatively, the static pressure carrier guide may
be floatable.

[0015] Each of the static pressure carrier guides is pivotally
supported by a floating shaft substantially parallel to the
rotation center of the carrier ring, and each static pressure
carrier guide may be provided with a static pressure pocket
that supplies a static pressure fluid to the portion between
the static pressure carrier guide and the outer peripheral
surface of the carrier ring substantially symmetrically about
the floating shaft in the rotation direction of the carrier
ring.

[0016] The double-end surface grinder may include a support
arm that is pivotally supported swingably by a pivot
substantially parallel to the rotation center of the carrier
ring and supports at least a part of the static pressure carrier

guides movably in the directions approaching and separating



[0012] In a method for grinding a thin sheet-like workpiece according to the present invention, in a state
where a thin sheet-like workpiece fitted to a carrier is supported by static pressures of a pair of static
pressure pads in a hon-contact manner, when grinding both surfaces of the workpiece by a pair of
grinding wheels while rotating the workpiece via the carrier, a carrier ring on the outer periphery of the
carrier is supported by static pressures of a plurality of static pressure carrier guides in the circumferential
direction in a non-contact manner. [0013] A double-end surface grinder according to the present invention
grinds both surfaces of a thin sheet-like workpiece fitted to a carrier by a pair of grinding wheels while
rotating the workpiece via the carrier in a state where the workpiece is supported by static pressures of a
pair of static pressure pads in a non-contact manner, wherein the double-end surface grinder includes, in

the CirC“mfere”F%ﬁ"‘Eﬁ@%a%.ol%rﬁ!iiyiR StaliCHrpoRUR SAY A deg Fiat g&%ﬁ%ﬁ@%@f{i?r ring on the

outer periphery of the carrier by static pressures in a non-contact manner. | carrier ring may
have a cylindricaiouteopedtirer gl sBwiacendna she spaticrassutbatrsieogsites sgypbetisposed at
substantially even Intervals in proximity to the outer_peripheral surface. The static pressure carrier guides

may be fixed. AREFh&Rely AReAqLaL Pross RS ELPuide may be floatable. [0015] Each of the static
pressure carrier[%' i‘pﬁgvgt@g{ﬁélp@cggeg]% %Wmsﬂafiéé@wiﬂéf Eﬂ%’&é&b?@ rotation center

of the carrier ring, and each static pressure carrier guide may be provided with a static pressure pocket
that supplies a beiticgaessuifd feid Btdiecpanibrebdtlesdi tie skiteprdssuee therieitgditle and the outer

peripheral surface of the carrier rin subst§ntiallﬁlo%ymmetricalgf ak)ﬁ)ﬁyt ﬁ floatingq shaf%in the rotation
direction of the Bg?r%f%ﬁg. ‘f@(ﬁé] hedddabie-¢ g\}rfaab'éoblﬁ der Ry Heidd sﬁlﬂ% HSarm that is
pivotally supporte@ srangably By parxatisubsanéiadyiearatieble hmieintion eerteshf Hie arrier ring and
supports at least apart of the static pressure carrier guides movably in the directions approaching and

separating ring.

[0018] The double-end surface grinder may include the static
pressure carrier guides that are three or more in number and
disposed at substantially even intervals at the outer periphery
of the carrier ring, and a space adjusting means that adjusts
spaces between the static pressure surfaces of the three or
more static pressure carrier guides and the outer peripheral
surface of the carrier ring by adjusting the position of at
least one of the three or more static pressure carrier guides
in the substantially diametrical direction of the carrier ring.
[Effect of the Invention]

[0019] According to the present invention, a carrier ring is
supported by staticpressuresofstaticpressure carrier guides,
so that influences of external forces tobeappliedtothecarrier
ring can be reduced, the workpiece grinding precision can be

improved, and high grinding precision can be maintained over



from the carrier ring, a drive means that turns the support arm around the pivot, and a stopper means that
stops the support arm at a predetermined position. [0017] The static pressure carrier guides may be
changeable between a fixed state and a floating state where the static pressure carrier guides float
around the floating shafts substantially parallel to the rotation center of the carrier ring. [0018] The
double-end surface grinder may include the static pressure carrier guides that are three or more in
number and disposed at substantially even intervals at the outer periphery of the carrier ring, and a space
adjusting means that adjusts spaces between the static pressure surfaces of the three or more static
pressure carrier guides and the outer peripheral surface of the carrier ring by adjusting the position of at
least one of the three or more static pressure carrier guides in the substantially diametrical direction of the

carrer ing. [EfeG G141 ISR} sROLMAER GRS Pt

‘fﬁ%%é%‘{?&i% ﬁj?{i%ﬁif‘g is supported
by static pres sures of Static pressure carrier guides, s influences of external forces to be applied to

the carrier ring §8R beFcniEEER! | HTd QrorkpieTREyrdRANG NiE&gision can be improved, and high grinding
precision can be[onaggiained over
[Fig. 1] is a schematic side view of a horizontal double-end
surface grinder showing an embodiment of the present invention.
[Fig. 2] i1s a schematic sectional view of the same.
[Fig. 3] is an enlarged side view of an essential portion of
the same.
[Fig. 4] is an enlarged sectional view of a support portion
of an upper side static pressure carrier guide of the same.
[Fig. 5] is a sectional view of a fixed state of the static
pressure carrier guide of the same.
[Fig. 6] is a sectional view taken along line X-X in Fig. 3
of the same.
[Fig. 7] is a sectional view of the static pressure carrier
guide of the same.
[Fig. 8] 1s a bottom view of the static pressure carrier guide
of the same.
[Fig. 9] is a static pressure circuit diagram of the static
pressure carrier guides of the same.
[Fig. 10] is a sectional view taken along line Y-Y in Fig. 3
of the same.

[Fig. 11] is a sectional view showing a floating state of the



a long period of time without causing problems such as friction. [BRIEF DESCRIPTION OF THE
DRAWINGS] [0020] [Fig. 1] is a schematic side view of a horizontal double-end surface grinder showing
an embodiment of the present invention. [Fig. 2] is a schematic sectional view of the same. [Fig. 3]is an
enlarged side view of an essential portion of the same. [Fig. 4] is an enlarged sectional view of a support
portion of an upper side static pressure carrier guide of the same. [Fig. 5] is a sectional view of a fixed
state of the static pressure carrier guide of the same

static pressure carrier guide of the same.

[Fig. 12] is a diagram showing results of measurement of
circularity of the carrier ring.

[Fig. 13] is a diagram showing results of measurement of edge
runout of the carrier ring In a conventional contact support
method.

[Fig. 14] is a diagram showing results of measurement of edge
runout of the carrier ring In a non-contact support method
according to the present invention.

[Best Mode for Carrying Out the Invention]

[0021] Hereinafter, embodiments of the present invention are
described indetail with reference to the drawings. The drawings
illustrate a horizontal double-end surface grinder adopting
the present invention. This horizontal double-end surface
grinder includes, as shown in Fig. 1 and Fig. 2, a pair of left
and right static pressure pads 1 that are disposed on the left
and right so as to face each other and support a thin sheet-like
workpiece W by static pressures in a hon-contact manner, a pair
of left and right grinding wheels 3 that are disposed rotatably
around wheel shafts in the left-right direction corresponding
to notched portions 2 of the static pressure pads 1 and move
in the central axis direction of a cutting axis to grind both

left and right side surfaces of the workpiece W supported by



[Fig. 6] is a sectional view taken along line X-X in Fig. 3 of the same. [Fig. 7] is a sectional view of the
static pressure carrier guide of the same. [Fig. 8] is a bottom view of the static pressure carrier guide of
the same. [Fig. 9] is a static pressure circuit diagram of the static pressure carrier guides of the same.
[Fig. 10] is a sectional view taken along line Y-Y in Fig. 3 of the same.

the staticpressurepads 1, acarrier 4 that rotates theworkpiece
W fitted thereto around the center of the cutting axis in a
state where the workpiece W is held by the static pressure pads
1, a carrier ring 5 that supports the outer periphery of the
carrier 4, and a plurality of static pressure carrier guides
6a and 6b that are disposed at substantially even intervals
at the outer periphery of the carrier ring 5 and support the
carrier ring 5 rotatably by static pressures in a non-contact
manner from the outer periphery.

[0022] The static pressure pads 1 are disposed on facing end
sides of a pair of left and right movable bases 8 movable in
the central axis direction of the cutting axis, and movable
in the cutting axis direction between advanced positions at
which the static pressure pads hold the workpiece Wand withdrawn
positions at which the static pressure pads withdraw from the
workpiece W, and at the advanced positions, the static pressure
pads support theworkpiece Wby static pressures inanon-contact
manner via a static pressure fluid such as static pressure water
supplied to the static pressure surface sides facing the
workpiece W.

[0023] The carrier 4 is a thin sheet-like disk thinner than
the finished thicknessof theworkpieceW, and has, substantially

concentrically, a fitting hole 9 in which the workpiece W is
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[Fig. 11] is a sectional view showing a floating state of the static pressure carrier guide of the same. [Fig.
12] is a diagram showing results of measurement of circularity of the carrier ring. [Fig. 13] is a diagram
showing results of measurement of edge runout of the carrier ring in a conventional contact support
method.

removably fitted. The carrier 4 is supported by the carrier
ring 5 disposed on the outer periphery of the carrier
substantially concentrically, and a presser ring 10 that is
Tixed to the Inside of the carrier ring 5 and presses the outer
peripheryof the carrier 4 to thecarrierring5side. Thecarrier
ring 5 has an outer peripheral surface 12 formed into a
cylindrical surface substantially concentrically with the
rotation center of the carrier 4, and end faces on both sides
in the axial center direction face stepped portions 11 on the
outer peripheral side of the static pressure surfaces of the
static pressure pads 1 via spaces. The carrier 4, the carrier
ring 5, and the presser ring 10 constitute a carrier means 7,
and when inserting or extracting the workpiece W, the workpiece
W iIs inserted or extracted integrally with the carrier means
7.

[0024] The carrier ring 5 1s made of a ceramic material such
as alumina that i1s thin in thickness and is easily increased
in circularity, however, it may be made of a metal such as a
stainless steel. On the inner periphery of the presser ring
10, a ring gear 13 is provided, and by a drive gear 14 that
meshes with the ring gear 13, the carrier means 7 including
the carrier 4 and the carrier ring 5 is driven to rotate.

[0025] The static pressure carrier guides 6a and 6b are fitted

11



[Fig. 14] is a diagram showing results of measurement of edge runout of the carrier ring in a non-contact
support method according to the present invention. [Best Mode for Carrying Out the Invention] [0021]
Hereinafter, embodiments of the present invention are described in detail with reference to the drawings.
The drawings lllustrate a horizontal double-end surface grinder adopting the present invention. This
horizontal double-end surface grinder includes, as shown in Fig. 1 and Fig. 2, a pair of left and right static
pressure pads 1 that are disposed on the left and right so as to face each other and support a thin
sheet-like workpiece W by static pressures in a non-contact manner, a pair of left and right grinding
wheels 3 that are disposed rotatably around wheel shafts in the left-right direction corresponding to
notched portions 2 of the static pressure pads 1 and move in the central axis direction of a cutting axis to

grind both left apd Qgﬁééiﬂ?ﬂfgggggiﬁétggﬂﬂr péﬁ%%‘é(ﬁlﬁeqﬁﬁeiﬂ% FRAGRE U pads 1,

carrier 4 that rotates the workp thereto around the center of the cutting axis in a state where
the workpiece W iahdldrnetherstaticeprassiepadsit saacard és pogen thessinytants ited dyter periphery of
the carrier 4, and a plurality of static pressure carrier guides 6a and 6b that are disposed at substantially

even intervals RYRE AREFPEAPREN ditfe CHAEMTRE N EAE LG EHC Bafe thfg Y iR htably by static
pressures in a pN-ERALAS) BRNPRE P he PUishgesPhesy- dazAlithe slafpprpredisirads 1 are

disposed on facing end sides of a pair of left and right movable bases 8 movable in the central axis
direction of the entirrji axeig tantiomo\ekad: It thé essting axd difectign biiewdsn anld hlced positions at

hich the stati ds hold. th jece W and withd itions at which the stati
prossuro pads AARETN R PEQATANY SN AL Hie SEVAHCA R T 1 Seafi Brossure pads

support the workpiegeo\Wh by Statig Pres SHIRS. ima NFHCeRERCt Naper Yoo ptatisreassiee fluid such as

static pressure water supplied to the static pressure surface sides facing the workpiece W.
carrier guides 6a and 6b are pivotally attached to the movable
base 8 via floating shafts 15a and 15b, and fitted via fixing
means 16a and 16b and restricting means 17a and 17b changeably
between a fixed state and a floating state.
[0026] In each static pressure carrier guide 6a or 6b, as shown
inFig. 7 and Fig. 8, a shaft hole 20 through which the floating
shaft 15a or 15b is inserted is formed at substantially the
center in the rotation direction of the carrier ring 5
(hereinafter, referred to as rotation direction, simply), and
two pin holes 21 disposed on both sides of the shaft hole 20,
astatic pressure surface 22 facing the outer peripheral surface
12 of the carrier ring 5 via a small space, two static pressure
pockets 23 provided on the static pressure surface 22 side,
and a release groove 24 disposed between the two static pressure

pockets 23 are provided. The floating shafts 15a and 15b, the

pin holes 21, the shaft holes 20 are substantially parallel

12



[0023] The carrier 4 is a thin sheet-like disk thinner than the finished thickness of the workpiece W,
andhas, substantially concentrically, a fitting hole 9 in which the workpiece W is removably fitted. The
carrier 4 is supported by the carrier ring 5 disposed on the outer periphery of the carrier substantially
concentrically, and a presser ring 10 that is fixed to the inside of the carrier ring 5 and presses the outer
periphery of the carrier 4 to the carrier ring 5 side. The carrier ring 5 has an outer peripheral surface 12
formed into a cylindrical surface substantially concentrically with the rotation center of the carrier 4, and
end faces on both sides in the axial center direction face stepped portions 11 on the outer peripheral side
of the static pressure surfaces of the static pressure pads 1 via spaces. The carrier 4, the carrier ring 5,
and the presser ring 10 constitute a carrier means 7, and when inserting or extracting the workpiece W,

the workpiece Wi sergd of SYIaRpS aepLal il e eauier (MeAss fy [A0PALIDE gprier ing 5 i

made of a ceramic material such as alumina that Is thin in thickness and is easily Increased in circularity,
however, it mayaké@ snademf athetalmirch hs bestaiplesasteeld Dspthsehnesyberizrery of kge presser ring
10, aring gear 13 is provided, and by a drive gear 14 that meshes with the ring gear 13, the carrier
means 7 includ%@d%'”aﬁ@%cgﬂ%rw £ i9lser% Bt Y02 e1‘1\’1e'§laﬁb‘?ﬂessure carrier
guides 6a and Gh g fitgdyt-ad@givg end side facing the carrier 4 of one movable base 8, and three or
more carrier guides are disposed at substantially even intervals in the circumferential direction at the
outer periphery [(1QR€ Lafher etg 8l ¢griegsuple, su tifepee@ehiodmbadimenht, toar statid pressure carrier
guides 6a and 6b are disposed at substa tialléevenl -%%aced urgositions, and as shown in Fig. 3, Fig.
d

4, and Fig. 6, tr{%"&%ﬁgﬁ) oSBT Edrr it YliGes 32 are PRE R/ A& To BNERTS able base 8 via
floating shafts Ippoagdéhd g fitied Mphikingl meaRateaBn G £6trNe sesticiingimgans 17a and 17b

changeably between a fixed state and a floating state.
and face the outer peripheral surface 12 of the carrier ring
5 via a small space (for example, approximately 10 to 30
micrometers) in the diametrical direction. The static pressure
pockets 23 are for supplying a static pressure Fluid such as
staticpressurewater to the portionsbetween the staticpressure
surfaces 22 of the static pressure carrier guides 6a and 6b
and the outer peripheral surface 12 of the carrier ring 5, and
are formed by recesses recessed from the staticpressure surfaces
22 and long intherotationdirection, anddisposedsubstantially
symmetrically on both sides in the rotation direction with
respect to the floating shafts 15a and 15b and the shaft holes
20. Each static pressure pocket 23 is connected to a static
pressure fluid supply source 29 via a flexible hose 26, etc.,
on the side opposite to the static pressure surface 22 from

a communication hole 25 formed inside.

[0028] Among the static pressure carrier guides 6a and 6b, two
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[0026] In each static pressure carrier guide 6a or 6b, as shown in Fig. 7 and Fig. 8, a shaft hole 20
through which the floating shaft 15a or 15b is inserted is formed at substantially the center in the rotation
direction of the carrier ring 5 (hereinafter, referred to as rotation direction, simply), and two pin holes 21
disposed on both sides of the shaft hole 20, a static pressure surface 22 facing the outer peripheral
surface 12 of the carrier ring 5 via a small space, two static pressure pockets 23 provided on the static
pressure surface 22 side, and a release groove 24 disposed between the two static pressure pockets 23
are provided. The floating shafts 15a and 15b, the pin holes 21, the shaft holes 20 are substantially
parallel to the rotation center axis of the carrier ring 5 and the cutting axis, and the pin holes 21 are
disposed substantially symmetrically about the shaft hole 20 on both sides in the rotation direction. [0027]
The static presygﬁ.gf %ghg&f e%%?,pi %L?qté%gr%%sgwdcgg@agqﬁ@se %ﬁrg{ﬁgﬂsifﬂrmed into arc
shapes along the outer peripheral surface 1270t the carrier ring 5, and tace the outer peripheral surface 12
of the carrier ringhg \daansmeilsphcH (fec tkamptE, eppreximataty rlihtp 3Gnecoametersedh the diametrical
direction. The static pressure pockets 23 are for supplying a static pressure fluid such as static pres sure

water to the portid RS HERAIAT NECSSHE IV LHrRUaCRAWEEARY Lathe 7886 F G AEr guides 6a and
6b and the OUtez‘ﬁ%gpél%%ﬁ‘Hm@%Qf IRCCRINR R Pe I AR IYRRA-BYHRSEPIGDFFCes sed from

the static pres sure surfaces 22 long in the rotation direction, and disposed Substantially
symmetrically oviddott Sidearid thefrboatioe tirecBibnawith retpeposeihe fostitdeyiaf@negeand 15b and
the shaft holes 28. Each static pres § ocke§923 is connected to a static pressure fluid supply source 29
via a flexible hos SRS Ot dqé cggbaé(?t UB%he static pressure surface 22 from a communication

hole 25 formed jagide][00RS]PERISIGES RIG Nsesti'e prEesarides PRId §hi bie skatic pressure

carrier guides 6a and 6b facing each other in the diametrical direction of the carrier ring 5 are connected
to the static pre8'fEifliacs§ephnsoskeP 2ot R the 34Rd \«wea kb 3Etash\ed iswdiggabkyeach circuit 27,

a pressure regufign AR AR BHy PR S ARIFIRRTPL 2L RRY BIPPaRG RRgressure and

flow volume.
the carrier means 7, the support arms 34 are swung around the

pivots 33 by drive means 19 to move the upper side static pressure
carrier guides 6a in the directions approaching or separating
fromthe carrierring5. The pivots 33 are substantially parallel
to the floating shafts 15a.

[0030] On one end side of the support arm 34, the static pressure
carrier guide 6a is Titted inside a housing 35, and to the other
endside, acylinder 36 constituting thedrivemeans 19is joined.
As shown In Fig. 4 and Fig. 6, the housing 35 is provided so
as to penetrate in the diametrical direction of the carrier
ring 5 between side walls 35a and 35b of the support arm 34,
and inside this housing 35, the static pressure carrier guide
6a iIs housed, and the static pressure carrier guide 6a 1is

pivotally supported by the floating shaft 15a inserted through
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[0029] The upper side two static pressure carrier guides 6a are fitted to the support arms 34 pivotally
attached swingably to the movable base 8 by pivots 33, and when attaching or removing the carrier
means 7, the support arms 34 are swung around the pivots 33 by drive means 19 to move the upper side
static pressure carrier guides 6a in the directions approaching or separating from the carrier ring 5. The
pivots 33 are substantially parallel to the floating shafts 15a. [0030] On one end side of the support arm
34, the static pressure carrier guide 6a is fitted inside a housing 35, and to the other end s ide , a cylinder
36 constituting the drive means 19 is joined. As shown in Fig. 4 and Fig. 6, the housing 35 is provided so
as to penetrate in the diametrical direction of the carrier ring 5 between side walls 35a and 35b of the
support arm 34, and inside this housing 35, the static pressure carrier guide 6a is housed, and the static

pressure carriet guli [ Il loagi t i t ugh _the support arm
34 by penetratirrltgg %hdr%ﬁgaﬂ Eﬁe \éfl}le éguéu&g?agﬁ%g%%%éﬁziﬂﬁoﬁ@s %P?%hé] i%%ilgﬁ;hg%gl%% static pressure
carrier guide 6aaindidsthe haustig Sbded@bielad ehprepriadfie tOHbestigpart grassdby a fixing means
16a as shown in Fig._3 and Fig. 6, and becomes floatahle within a floating range restricted by the restring

means 17a whé&RHE fXirg e Ra1 BNS R 4 hpdtsAor e iddnd hiells Bk }PALRRE A fixation pin 39

press-fitted in oggqypedilgne! Qe FAUG-RresSY Saﬂ%ﬂ%'drﬁ‘e%sa@@é‘ HXInghBAckR| 38 that has a

pin hole 38b which the fixation pin 39 is fitted in and extracted from, and is removably fitted to the side
surface of the stippor8 amnad 54 drhe.fixird) theackets3Blisatatlablythvotall§ katicheg tamnge support arm 34
by a fixation bolt 40 on thea se portion side, and the an%e thereof is adjustable around %ue fixation bolt
40 by an adiusth 5o SR AT ARG RER TN HOGRER D 4 e Yind BABRGPSANSs Kerewed to the
support arm 34 gide-eljlea pithole 38b is provided on the tip end portion of the fixing bracket 38, and in this
pinhole 3 8D, the fixation pin 3 9 removably fits. The restricting means 17a is constituted by the other pin
hole 21 of the sl&R3adsdire chirdinguinedasandtarebffelivgesin a2 haxakhang MBugtPthe housing 35

and Inserted thli?rb’sgg]st—h?iQiPe%Oﬁz&néan AeRETE Eqrroelsk?:?l%d@t%tic pressure carrier

guide 6a, and a fixing bracket 38 that has a pin hole 38b which
the fixation pin 39 is fitted in and extracted from, and is
removably fitted to the side surface of the support arm 34.
The fixing bracket 38 is removably pivotally attached to the
support arm 34 by a fFixation bolt 40 on the base portion side,
and the angle thereof is adjustable around the fixation bolt
40 by an adjusting bolt 41 that penetrates through a slot 38a
of the Fixing bracket and i1s screwed to the support arm 34 side.
The pin hole 38b is provided on the tip end portion of the fixing
bracket38, and inthispinhole38b, the fixationpin39 removably
fits. The restricting means 17a is constituted by the other
pin hole 21 of the static pressure carrier guide 6a and a
restricting pin 42 penetrating through the housing 35 and

inserted through the pin hole 21, and a space corresponding
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to the floating range is provided between the restricting pin 42 and the pin hole 21. [0032] A cylinder 36 is
interposed between a joint pin 44 of the support arm 34 and the pivot pin 45 of the movable base 8, and
swings the support arm 34 around the pivot 33 to move the static pressure carrier guide 6a in the
directions approaching or separating from the carrier ring 5 (substantially the diametrical direction). On
one end side of the support arm 34, a stopper means 47 that stops the support arm 34 at a
predetermined position is provided. [0033] The stopper means 47 includes, as shown in Fig. 3 and Fig. 6,
a contact portion 48 fixed to the movable base 8, and a screw-type stopper 49 screwed adjustably to one
end side of the support arm 34, and by adjusting the stopper 49, the distance between the static pressure
surfaces 22 of the static pressure carrier guides 6a and 6b on both sides in the diametrical direction of the

gigﬁ;rrrlt?aglls t(r\e cente?giejt\t/%ge he st t%ﬁp%ﬂ%i@%?ﬁé?%&"? e; 2@%5 %%lslriﬁﬁe%:mﬁ?eaétopper
means 47 also genmsdathespaine adjlistiag means that adjusts the space between the static pressure
surface 22 of the static pressure carrier guide_6a and the outer peripheral surface 12 of the carrier ring 5.

[0032] A cylinder 36 is interposed between a joint pin 44 of

the support arm 34 and the pivot pin 45 of the movable base

8, and swings the support arm 34 around the pivot 33 to move

the static pressure carrier guide 6a in the directions

approachingor separating fromthe carrier ring5 (substantially

the diametrical direction). On one end side of the support arm

34, a stopper means 47 that stops the support arm 34 at a

predetermined position is provided.

[0033] The stopper means 47 includes, as shown in Fig. 3 and

Fig. 6, a contact portion 48 fixed to the movable base 8, and

a screw-type stopper 49 screwed adjustably to one end side of

the supportarm 34, and by adjusting the stopper 49, the distance

between the static pressure surfaces 22 of the static pressure

carrier guides 6a and 6b on both sides iIn the diametrical

direction of the carrier ring 5 changes and the space can be

adjusted so that the carrier ring 5 1is positioned at

substantially the center between the static pressure carrier

guides 6a and 6b. Therefore, the stopper means 47 also serves

as a space adjusting means that adjusts the space between the

static pressure surface 22 of the static pressure carrier guide

6a and the outer peripheral surface 12 of the carrier ring 5.

16



[0034] As shown in Fig. 3, Fig. 5, Fig. 10, and Fig. 11, the lower side two static pressure carrier guides 6b
are fitted via the floating shafts 15b, the fixing means 16b including fixing brackets 50 (refer to Fig. 3, Fig.
5, and Fig. 10), and the restrictingmeans 17b (refer to Fig. 11) changeably between a fixed state and a
floating state. [0035] The floating shaft 15b is fixed to the movable base 8. The fixing bracket 50 is fitted
so that one end side in the longitudinal direction thereof is invertible with respect to the floating shaft 15b
and the angle of the fixing bracket is adjustable around the floating shaft 15b, and on the other end side, a
fixing hole 53 and a floating recess 54withadiameter larger than that of the fixing hole 53 are provided.
The static pressure carrier guide 6b is pivotally supported by the floating shaft 15b, and in one pin hole
21, an engagement pin 55 is press-fitted. The amount of projection of the engagement pin 55 to the fixing

bracket 50 side g§ sef $othaf fhe engagementpin-does notenga Wi%n efpng qgle when the
floating recess ?éfsg ecte%towarc?ﬁwe ‘s?]atlc pressgbre carrier guide 6 tsé,Plde.)g[OO% ] The fixing means
16b for fixing thikcstatic pidestieocartiet oulifha Ebds instituteédrbyyasislsowh inafagf8tEml 5, and Fig. 10,
the engagement pin 55 and the pin hole 21 of the fixing bracket 50, and by inserting the engagement pin

55 in the pin hotd 31 thife AR SSREELRidrhuidtsh Imi&y means 16b including
fixing brackets 50 (refer to Fig. 3, Fig. 5, and Fig. 10), and

the restricting means 17b (refer to Fig. 11) changeably between
a Tixed state and a floating state.

[0035] The floating shaft 15b is fixed to the movable base 8.
The fixing bracket 50 is fitted so that one end side iIn the
longitudinal direction thereof is invertible with respect to
the floating shaft 15b and the angle of the fixing bracket is
adjustable around the floating shaft 15b, and on the other end
side, a fixing hole 53 and a floating recess 54 with a diameter
larger than that of the fixing hole 53 are provided. The static
pressure carrier guide 6b is pivotal ly supported by the floating
shaft 15b, and in one pin hole 21, an engagement pin 55 1is
press-fitted. The amount of projection of the engagement pin
55 to the fixing bracket 50 side i1s set so that the engagement
pin does not engage with the fixing hole 53 when the floating
recess 54 is directed toward the static pressure carrier guide
6b side.

[0036] The fixing means 16b for fixing the static pressure
carrier guide 6b is constituted by, as shown in Fig. 3, Fig.

5, and Fig. 10, the engagement pin 55 and the pin hole 21 of
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[0037] The restricting means 17b that restricts the floating range of the static pressure carrier guide 6b is
constituted by, as shown in Fig. 11, the engagement pin 55 and the floating recess 54 of the fixing bracket
50, and when the engagement pin 55 enters the floating recess 54, the space between these corresponds
to the floating range of the static pressure carrier guide 6b. [0038] On one end side of the fixing bracket
50, a two-split seizing portion 56 that seizes the base portion of the floating shaft 15b, and a fastening bolt
57 that fastens this seizing portion 56 are provided, and the angle of the fixing bracket 50 is adjustable
with respect to the floating shaft 15b. The fixing hole 53 and the floating recess 54 are formed to be long
in the longitudinal direction of the fixing bracket 50 so that the angle of the fixing bracket 50 is adjustable
around the floating shaft 15b. [0039] When grinding a workpiece W, the workpiece W fitted to the carrier 4

is supported by statie nressu ir ' f % right sides in a
mon-tontact mamnart G By BB o taa b e T T o B Bt e e 12 of he
carrier ring 5 fram thkestalio pnedsur2inoditets Eadfith pstatis pressanar-danriaygideesibaiand 6b disposed
at substantially evenly-spaced four positions at the outer periphery of the carrier ring 5, the carrier ring 5

is supported byfsiéﬁ" pressures of the static pressure carrier guides 6a and 6b via the static pressure fluid

the workpiece W o s o e e e A S ces of e

workpiece W areag@emiftthepretiatdienineeisinishedadird &y hieickir o grihdingsiidelses)
by, as shown in Fig. 11, the engagement pin 55 and the floating
recess 54 of the fixing bracket 50, and when the engagement
pin 55 enters the floating recess 54, the space between these
corresponds to the floating range of the static pressure carrier
guide 6b.
[0038] On one end side of the fixing bracket 50, a two-split
seizing portion 56 that seizes the base portion of the floating
shaft 15b, and a fastening bolt 57 that fastens this seizing
portion 56 are provided, and the angle of the fixing bracket
50 i1s adjustable with respect to the floating shaft 15b. The
fixing hole 53 and the floating recess 54 are formed to be long
in the longitudinal direction of the fixing bracket 50 so that
the angle of the fixing bracket 50 is adjustable around the
floating shaft 15b.
[0039] When grinding a workpiece W, the workpiece W fitted to
the carrier 4 is supported by static pressures of the pair of
static pressure pads 1 from both left and right sides in a

non-contact manner, and by supplying a static pressure fluid
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[0040] Accordingly, the carrier ring 5 can be supported by static pressures of the static pressure carrier
guides 6a and 6b at the outer periphery in a non-contact manner. Specifically, the static pressure fluid
supplied from the static pressure carrier guides 6a and 6b is present between the static pressure carrier
guides and the outer peripheral surface 12 of the carrier ring 5, and by the static pressure carrier guides
6a and 6b, the carrier ring 5 can be supported by static pressures in a non-contact manner from the outer
peripheral side via the static pressure fluid. On the other hand, the static pressure fluid supplied from the
static pressure pads 1 is present between the static pressure carrier guides and the both end faces of the
carrier ring5 as in the conventional case, and by the static pressure pads 1, the carrier ring 5 can be
supported by static pressures in a non-contact manner via the static pressure fluid. [0041] Therefore, all

of the outer per@?ﬁé%ﬂ?@@ﬁéﬁ@&?ﬂ UsGaIde 199 p JRSURPPIEH Iy ﬁé"’t‘%gﬂ?‘éﬁmsures ina

non-contact manner, and in comparison with the conventional contact support m In which the carrier
ring 5 is supportée: bytgitidle mtessumdainekiotse23odfe tpplEchibit e weskpieeecW frderthe carrier ring
5 via the carrier 4 during a grinding cycle are reduced, so that the rotation precision (mainly, edge runout)

of the workpiec8YVAEH 82 ARPr&R01$ReRGE @iy B Bl RIRERAGRDIZOY W can be
Improved. [0047343 glglifion, herargeedPImR iSip B4 reidabl P POP{ERNBCT granner by static

pressures of the static pressure carrier guides 6a and 6b via the static pressure fluid, so that problems
such as wear, eter cheseding rbulisalstyntactbdiwyentatitbpressurtwe chsthef skatdgtact support

method do not occur, and high rotation_precision ¢ e maintained semipermanently. Therefore,
dteroration in BF R BRI AT ToP I G Kb REE B A EPEeb kAT il enance works,
and occurrencejef eXpeRSeDFAFRANMNAABIES dne tekea GG« FaPilRy PBeYeniativen by
the drive gear 14 via the ring gear 13 to rotate the workpiece
W fitted to the carrier 4 around its rotation center, and
accordingly, both surfaces of the workpiece W are ground to
a predetermined finished size by the pair of grinding wheels
3.
[0040] Accordingly, the carrier ring5 can be supported by static
pressures of the static pressure carrier guides 6a and 6b at
the outer periphery in a non-contact manner. Specifically, the
static pressure Tluid supplied from the static pressure carrier
guides 6a and 6b is present between the static pressure carrier
guides and the outer peripheral surface 12 of the carrier ring
5, and by the static pressure carrier guides 6a and 6b, the
carrier ring 5 can be supported by static pressures in a
non-contact manner from the outer peripheral side via the static
pressure fluid. On the other hand, the static pressure fluid

supplied from the static pressure pads 1 is present between
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[0043] Among the static pressure carrier guides 6a and 6b disposed at substantially evenly-spaced four
positions at the outer periphery of the carrier ring 5, the static pressure carrier guides 6a and 6b disposed
so as to face each other in the diametrical direction of the carrier ring 5 are connected to the same circuit
27 in which the pressure and flow volume of the static pressure fluid are sufficiently high as shown in Fig.
9, so that when the spaces between the static pressure surfaces 22 of the static pressure carrier guides
6a and 6b and the outer peripheral surface 12 of the carrier ring 5 change, a force acts to equalize the
pressure inside the same circuit 27, and the carrier ring 5 tries to maintain its stable position, so that
stable rotation precision can be obtained. [0044] Specifically, if the pressure balance between the pair of
static pressure carrier guides 6a and 6b facing each other is lost for some reason and, for example, the
space bet""ee.”iﬂé '%‘E’SE Pl Pl res é{f‘? fé‘zF '%WH@& SRAEBGRA '%%H”Q%BSCB‘PQS narrower,
the pressure inside the static pressure pockets 23 of this static pressure carrier guide 6b Increases. On
the other hand, the spatd betwiaenShesuppehsidesiatict presslicacaryianguigetbe sndthiie carrier ring 5
becomes larger, and the pressure inside the static pressure pockets 23 of this static pressure carrier

guide 6a decreREESSHEGABRS decRfingAbAE HI R HffeRenSYRANEEH e StatiSres sure
pockets 23 of the- LG RIS THHESBALES IMILISBRH ROF $Pa D5CEFHT ENs-adBalRLaHI$ ifg Stable position

by moving so that the spaces between the static pressure carrier guides 6a and 6b become equal. [0045]
The outer periph8klifaes @ Pastetheddra€r they Buikea gygindipbalrsuaiad detbstadtifidgedsncentric with
the rotation cent the carrier 4, and i shaged SO as no tg have a%oove, etc., for releasing the

pressure of the lat Sr&gg&ﬁruiﬁ,'gﬁd ha" aﬁ%%ggﬁ rrakadto B ﬁ]sesgtré%% [ft%s%ure carrier

guides 6a and ¢lpALe ShBEXEMHRAHALRS Qg PerEhissarswirca i-€ofihe caneeritponyi small spaces,
so that the carrier ring 5 can be stably supported by the static pressure fluid, and stable rotation precision

of the carrier rir@ﬁﬁ%ﬁ%&%@ﬁé@?#ﬁ&é‘dﬁﬁbﬁhéﬁhh@@t% ﬁr@éﬁrﬁ‘ﬁjﬁéé‘ewépéé}@ﬁ' of the static
e e e RIR ARG SR AR ke e Crecion
pockets, so thattia-pressig esaefrtiherstaing®ssivethedcnr bétrsilerinithg so@tibnddirection of the
B TG 3 O 16 Are Foduban . 5o ehat Ehe Totatton prociaion (haimty. edge

runout) of the workpiece W can be improved. Therefore, the

grinding precision for the workpiece W can be improved.

[0042] In addition, the carrier ring 5 is supported rotatably

in a non-contact manner by static pressures of the static

pressure carrier guides 6a and 6b via the static pressure Tluid,

so that problems such as wear, etc., caused by mutual contact

between members as iIn the case of the contact support method

do not occur, and high rotation precision can be maintained

semipermanently. Therefore, deterioration 1in grinding

precision for the workpiece W, an increase in the number of

maintenance works, and occurrence of expenses for consumables

due to wear, etc., can be prevented.

20



[0046] When attaching or removing the carrier means 7, each of the support arms 34 is swung in the
arrow "a" direction shown in Fig. 3 around the pivot 33 by the cylinder 36 as shown by the alternate long
and two short dashed line in Fig. 3 so that the upper side two static pressure carrier guides 6a separate in
the diametrical direction from the carrier ring 5. After the carrier ring 5 is inserted into the predetermined
position, the support arm 34 is turned in the direction opposite to the arrow "a" direction around the pivot
33 by the cylinder 36. When the space between the static pressure surface 22 of the upper side static
pressure carrier guide 6a and the outer peripheral surface 12 of the carrier ring 5 becomes the
predetermined space, the stopper 49 comes into contact with the contact portion 48 and restricts the
support arm 34 from turning. [0047] Thus, by moving the upper side static pressure carrier guide 6a by
driving the sup h li t% ' eg 2 tl% ir of static pressure carrier
guides 6a and @giﬁsﬁggéoéazt% f}::jga{ eac (t?h%ér%lr@ Er%e %prﬁgtg}?ca %Eggtslonééf %%Bcéﬁﬁer ring 5 is
changed, so thatitbposedestisy bstambédds)\evise g dspiad ed tifmiedp as iitthanepetatine can be easily
automatized. [0048] By adjusting the position at which the screw-type stopper 49 of the stopper means
47 comes into COHEE RRK RELEY 1k o 2B 15K shARSS %etxggn A EILiPHRYFE surfaces 22 of

the static pressutg-¢3uiergRides @ AnsLOBE A Sy QutPsBerRerirslddaca di? Btiig-Caier ring 5 can
be arbitrarily adjusted. Specifically, by adjusting the stopper 49, the position of the support arm 34 when

the stopper 47 theabiimtetontad Witirelod tontadt pbeticauBichandgey, ananbedivt@ededetween the

static pressure surfaces 22 of the static pressure carrier guides 6a and 6b r}foth si(ées in the diametrical
direction of the EArigErAE S cRARGHE o RnT ARERTEID LIS PRSI i KOSpNed Wik the static

pressure carriepguigles Gaapilcoh padRiRsi¢es it the-diamewicl sirerjionigfihasasnsiing S to the
outer periphery of the carrier ring 5, the carrier ring 5 is positioned at substantially the center between the
static pressure 88ridggutieSedLBAY BheanEhASHREAR O BERfachNhstaltH NSRS AT Surface 12 of the

carrier ring 5 ar]QJI'IhFa%t icgeg;umgug@gﬁ gﬁbg%tggﬁtgtig Z%[ﬁ%weﬁ@qréig %gdg% nd 6b on both

sides in the diametrical direction of the carrier ri ecome substantially equal to each other . Therefore,
according to thediseece betweer ik sialic suesade BudEcesellavirtiersiatin B essingecarrier guides 6a
and 6b on both sides in the diametrical direction of the carrier ring_5, the distances between the static
pressure a force acts to equalize the pressure inside the same circuit

27, and the carrier ring 5 tries tomaintain its stable position,

so that stable rotation precision can be obtained.

[0044] Specifically, if the pressure balance between the pair

of static pressure carrier guides 6a and 6b facing each other

is lost for some reason and, for example, the space between

the lower side static pressure carrier guide 6b and the carrier

ring 5 becomes narrower, the pressure inside the static pressure

pockets 23 of this static pressure carrier guide 6b increases.

On the other hand, the space between the upper side static

pressure carrier guide 6a and the carrier ring 5 becomes larger,

and the pressure inside the static pressure pockets 23 of this

static pressure carrier guide 6a decreases. Therefore,
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surfaces 22 of the static pressure carrier guides 6a and 6b and the outer peripheral surface 12 of the
carrier ring 5 can be adjusted. [0049] The static pressure carrier guides 6a and 6b are changeable
between a fixed state and a floating state, and by changing the states as appropriate, they can be used
appropriately. For example, when the circularity of the carrier ring 5 is high and the carrier ring 5 can be
reliably supported by static pressures, the static pressure carrier guides 6a and 6b are fixed, and when
the circularity of the carrier ring 5 is low, the static pressure carrier guides 6a and 6b can be floated. It is
also possible that the lower side two static pressure carrier guides 6b are fixed and the upper side two
static pressure carrier guides 6a are floated. [0050] Fig. 3 and Fig. 6 show a state where the static
pressure carrier guides 6a and 6b are fixed. To fix the upper side static pressure carrier guide 6a, as

e e ST RSB A R e s

support arm 34 dnycketix@rolfolk . Sndhiscstpieseier tha fikingrbrackdd S8aa tarmedlagound the

fixation bolt 40 in the range within the slot 38a, the static pressure carrier guide 6a turns
the carrier ring 5 maintains its stable position by moving so
that the spaces between the static pressure carrier guides 6a
and 6b become equal.
[0045] The outer peripheral surface 12 of the carrier ring 5
is a cylindrical surface substantially concentric with the
rotation center of the carrier 4, and is shaped so as not to
have a groove, etc., for releasing the pressure of the static
pressure fluid, and the static pressure surfaces 22 of the static
pressure carrier guides 6a and 6b are in proximity to the outer
peripheral surface 12 of the carrier ring 5 via small spaces,
so that the carrier ring 5 can be stably supported by the static
pressure fluid, and stable rotation precision of the carrier
ring 5 can be obtained. In addition, on the static pressure
surface 22 of each of the static pressure carrier guides 6a
and 6b, two static pressure pockets 23 are provided in the
rotation direction of the carrier ring 5, and are divided into
two by the release groove 24 between the two static pressure
pockets, so that the pressures of the static pressure fluid
on both sides in the rotation direction of the carrier ring

5 can be balanced by each static pressure carrier guide 6a or

6b alone.
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around the floating shaft 15a and the space between the static pressure surface 22 of the static pressure
carrier guide 6a and the outer peripheral surface 12 of the carrier ring 5 differs between both s ides of the
floating shaft 15a, so that at a pos ition at which the space becomes substantially equal between both
sides of the floating shaft 15a, the adjusting bolt 41 is tightened to fix the static pressure carrier guide.
[0051] An adjustment allowance when fixing the static pressure carrier guide 6a is normally within the
range of the space between the pin hole 21 and the restricting pin 42, so that the restricting pin 42 may be
left Inserted in the pin hole 21. The size of the space between the static pressure surface 22 of the static
pressure carrier guide 6a and the outer peripheral surface 12 of the carrier ring 5 is appropriately adjusted
by the stopper means 47. [0052] To fix the lower side static pressure carrier guide 6b, as shown in Fig. 5

and Fig. 10, the e pi I§ inserted | iXi le r_fixi ati ssure carrier
guide 6b and th'(_a%%%% bragﬁet%gggm@e g?%%o ?ﬁeﬁg&%%b%%iﬁ %g( i@gaéjt%s?éa %99 {:j]rning around the
floating shaft 15 fsthihaiecsmaaenetvees tvusiptiopreesure surfacedid-ot timatatopressure carrier

guide 6b and the outer peripheral surface 12 of the carrier ring 5 becomes substantially equal between

both sides of th&Mdzkfhg Shafaul! Feurhy e REEXiIAN B RAGIhRER 3B OHTE R¥ing bracket 50
to the floating spafl 19RMreqrdingly BRJOWRS SABSERUSSKEESYIREaFTieE pYide &l igfixed.

the upper side two static pressure carrier guides 6a separate
in the diametrical direction from the carrier ring 5. After
the carrier ring 5 is inserted into the predetermined position,
the support arm 34 is turned in the direction opposite to the
arrow “a” direction around the pivot 33 by the cylinder 36.
When the space between the static pressure surface 22 of the
upper side static pressure carrier guide 6a and the outer
peripheral surface 12 of the carrier ring 5 becomes the
predetermined space, the stopper 49 comes into contact with
the contact portion 48 and restricts the support arm 34 from
turning.

[0047] Thus, by moving the upper side static pressure carrier
guide 6a by driving the support arm 34 by the cylinder 36, the
distance between the pailr of static pressure carrier guides
6a and 6b disposed so as to face each other in the diametrical
direction of the carrier ring 5 is changed, so that the carrier
ring 5 can be easily inserted and extracted, and this operation
can be easily automatized.

[0048] By adjusting the position at which the screw-type stopper
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[0053] Thus, even when the static pressure carrier guides 6a and 6b are fixed, two static pressure
pockets 23 are present in the static pressure surfaces 22 of the static pressure carrier guides 6a and 6b,
and the static pressure fluid is supplied from these static pressure pockets 23 to the outer peripheral
surface 12 of the carrier ring 5, so that the carrier ring 5 can be supported by static pressures via the
static pressure fluid. The static pressure carrier guides 6a and 6b are in a fixed state, so that the carrier
ring 5 can be prevented from wobbling and the carrier ring 5 can be reliably supported by static
pressures. [0054] To float the upper side static pressure carrier guide 6a, by removing the fixing bracket
38, the fixation pin 39 of the static pressure carrier guide 6a comes off the pin hole 38b of the fixing
bracket 38, so that fixation of the static pressure carrier guide 6a by the fixing means 1 6a can be

released. Accorgli , i jer guide a t (o] ing shaft 15a
within the rangé%?%kﬁénpgagﬁéév%eﬁéﬁ%%%ggtri(é(t?%%pifﬁtzg an#%%ggrﬁﬁi J‘qug %g%% o float the lower
side static prespuretdamietg)yiddébs pascdwr twedn Thebytmvertngithe dixirg bradkat&d, the static
pressure carriergguide 6b is fitted in a floatable manner in the range of the restricting means 17b. First, the

static pressure €arAZ GRS KCrRRERRY F drA Thd Sb AHPER 130 Srane HidPHER ket 50 is

inverted and fittgéﬂ?ﬁh@#k@ﬁ@%ﬁﬁe@ !L%bo#d@ﬁett%s.s}qf&rpﬁﬁ%?se%r@é SreGhaisifiyed over the
floating shaft 1 5b, and the engagement pin 55 is engaged with the floating recess 54 of the fixed bracket

50. [0056] Theadfestarg bipem BOalddustey adodns tHadodthey sitafppsb sdIhattthe space between
the static pressure surface of the static gressur:g cafrier %ﬁi]ge b and the170uter etipheral surface 12
S

of the carrier rir%og belkehe sﬂb%tgHﬁQW q?l'érf]b At]\/\)% b %D&Bﬂ:]é |088P?8 it FTSb, and the
fixing bracket isdgrrehby & iagictitd oot s6pEiBalu gV idhianbes angribehwegisthgrrigagement pin

55 and the floating recess 54, the static pressure carrier guide 6b can be floated around the floating shaft

15b. between the static pressure surfaces 22 of the static pressure
carrier guides 6a and 6b on both sides iIn the diametrical
direction of the carrier ring 5 changes. Then, when the static
pressure fluid is supplied from the static pressure carrier
guides 6a and 6b on both sides in the diametrical direction
of the carrier ring 5 to the outer periphery of the carrier
ring 5, the carrier ring 5 is positioned at substantially the
center between the static pressure carrier guides 6a and 6b,
and the distances between the outer peripheral surface 12 of
the carrier ring 5 and the static pressure surfaces 22 of the
static pressure carrier guides 6a and 6b on both sides in the
diametrical direction of the carrier ring become substantially
equal toeachother. Therefore, according to the distance between
the static pressure surfaces 22 of the static pressure carrier

guides 6a and 6b on both sides in the diametrical direction

of the carrier ring 5, the distances between the static pressure
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[0057] Thus, after the static pressure carrier guides 6a and 6b are made floatable, when the static pres
sure fluid is supplied from the static pressure pockets 23 of the static pressure carrier guides 6a and 6b to
the outer peripheral surface 12 of the carrier ring 5, the carrier ring 5 can be supported by static pressures
via the static pressure fluid. When the spaces between the static pressure surfaces 22 of the static
pressure carrier guides 6a and 6b and the outer peripheral surface 12 of the carrier ring 5 differ between
both sides of the floating shafts 15a and 15b, the static pressure carrier guides 6a and 6b float around the
floating shafts 15a and 15b so that the spaces become substantially equal between both sides of the
floating shafts 15a and 15b. Therefore, the static pressure carrier guides 6a and 6b can be prevented
from coming into contact with the carrier ring S. Further, the restricting means 17a and 17b that restrict

floating ranges of e, Sl prespuER caLierquidep S apd ORI pIOYIgRe SO datpsiaple swing, etc,

of the static pressure carrier guides ba an ound the floating s aan b can be prevented.
[0058] In additiamtb the usetky fpénd phédealnguatifaicind atatic phessuarerdariar guwidssdza and 6b, for
example, use in a state where the lower side two static pressure carrier guides 6b are fixed and the upper
side two static ﬁ%s@gﬁé‘%ﬁ%r guides 6a fitted to the support arms 34 are floatable around the floating

shafts 15a, is alfgoq@ﬁsib}ﬁelngt&%ﬁqebsep%ggmmég@ﬁ@ch' {remaoving apgradgn gfthe carrier ring 5

is facilitated, the spaces between the static pressure surfaces 22 of the static pressure carrier guides 6a
and 6b and the creagpealidlechd tugtra IPixkd stakeamigd hloatddy sstalkeanamide®arrier ring 5 can

be stablysuppo(:rheéjn8¥r%atlct ressures. . s appropriate, they can be used

appropriately. For example, when the circularity of the carrier
ring 5 is high and the carrier ring 5 can be reliably supported
by static pressures, the static pressure carrier guides 6a and
6b are fixed, and when the circularity of the carrier ring 5
is low, the static pressure carrier guides 6a and 6b can be
floated. It is also possible that the lower side two static
pressure carrier guides 6b are fixed and the upper side two
static pressure carrier guides 6a are floated.

[0050] Fig- 3 and Fig. 6 show a state where the static pressure
carrier guides 6a and 6b are fixed. To Tix the upper side static
pressure carrier guide 6a, as shown in Fig 3, Fig. 5, Fig. 6,
and Fig. 10, the Tixation pin 39 of the static pressure carrier
guide 6a is inserted in the pin hole 38b of the fixing bracket
38, and the fFixingbracket 38 ispivotal ly attached to the support
arm 34 by the fixation bolt 40. In this state, when the fixing
bracket 38 is turned around the fixation bolt 40 in the range

within the slot 38a, the static pressure carrier guide 6a turns
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[0059] Specifically, when attaching the upper side static pressure carrier guide 6a to the support arm 34
that turns around the pivot 33, if the static pressure carrier guide 6a is fixed to the support arm 34, the
static pressure carrier guide 6a may come into contact with the carrier ring 5 due to accumulation of
errors, etc., and it becomes hard to make small the spaces between the static pressure carrier guides 6a
and 6b and the carrier ring 5. However, by fitting the static pressure carrier guide 6a to the support arm 34
Ina floatable manner, the upper side static pressure carrier guide 6a can be prevented from coming into
contact with the carrier ring 5 by floating of the upper side static pressure carrier guide 6a while the
spaces between the static pressure surfaces 22 of the static pressure carrier guides 6a and 6b and the
outer peripheral surface 12 of the carrier ring 5 are made small. [0060] Incidentally, when the non-contact

support methOda%‘ifHQ"i}ﬂ éO#F‘Sa‘F ?ﬁge’gtﬁe%‘ff‘ﬂ%% e t@ﬁ&%‘b‘é%gi%r%%\ggoéﬁaﬁﬁé@i’é’ﬁ fethod using

conventional support rollers were Ins by using a carrier ring 5 of ceramic, In the non-contact
support methodhresmdigg & itapee sEhtofvahio s theied ga essouicoicherdarrieguingeb €auld be reduced
to approximately 1/5 as compared with the conventional contact support method. Fig. 12 shows results of

measurement AAeHENGRY LG EREEARNG S Higce 3 A rige £ ERbGK FA89R S &t Surements of
edge runout of e GREICHHRA SiBE8 FRRYEAIINET feYIRSFEURROI LR eERAC-FIIBdRe Ngn-contact

support method according to the present invention, respectively. [0061] As the carrier ring 5, as shown in
Fig. 12, a carriextinghtzh e nspde ef becam@sasdibstaat valdiypedpiadrybetoigentybofth micrometers

(measured value: 4.5 migrometers) was used and edge runquts of the carrier . ring 5 jn the conventional
contact support%(gﬁ?ooo fn&ﬂ?thfesl)ﬂgﬁ-'c%@&%ﬁ pqo% Fﬁbed ggf!&%ﬁ{é]ﬁ) Hél%reé%nt' fivention were

measured. In thejepae AEhareORisNtERAl SEatae PiRstimetbasrasnegsigsl_ value of the edge runout
is approximately 15 micrometers as shown in Fig. 13, and from this value, when the outer periphery

circularity (apprbRPRatkKroadibistees® pdilpwanaaatany B sl gedtieeeg tadd 6 e FIONR is
ﬁgﬁfgéi:‘t"g‘gte'g’ujcoawi@ﬂ@]j&% Qé‘i@%é’}'%%{l 'i;‘;”vmﬂ‘? SPS%&%!%"H%@%E%%?B&@&#Q}? case of the

pport method Is approximately 7 micrometers as shown in Fig. 14, and from this, when the
outer peripherythe pinhole 21 and therestrictingpin42, sothatthe restricting

pin 42 may be left inserted in the pin hole 21. The size of

the space between the static pressure surface 22 of the static

pressure carrier guide 6a and the outer peripheral surface 12

of the carrier ring 5 is appropriately adjusted by the stopper

means 47.

[0052] To fix the lower side static pressure carrier guide 6b,

as shown 1n Fig. 5 and Fig. 10, the engagement pin 55 is inserted

in the fixing hole 53 for fixing the static pressure carrier

guide 6b and the Tixing bracket 50, and the angle of the fixing

bracket 50 is adjusted by turning around the floating shaft

15b so that the space between the static pressure surface 22

of the static pressure carrier guide 6b and the outer peripheral

surface 12 of the carrier ring 5 becomes substantially equal
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circularity (approximately 5 micrometers) of the carrier ring 5 is deducted, the edge runout is
approximately 2 micrometers. [0062] Therefore, in the non-contact support method according to the
present invention, the edge runout of the carrier ring 5 can be reduced to approximately 1/5 as compared
with the conventional contact support method. Therefore, the rotation precision of the carrier ring 5 is
directly transmitted to the workpiece Win contact with the inner periphery of the carrier ring via the carrier
4, and acts on the grinding point of the workpiece W sandwiched and fixed by the pair of grinding wheels
3 in a grinding cycle and immediately Influences grinding of the workpiece W, however, by adopting the
non-contact support method according to the present invention, the influence of the edge runout of the
carrier ring 5 can be reduced, and stable grinding precision for the workpiece W can be obtained. [0063]

Embodiments sentLinv are-descri i [ awe t e invention is not
limited to the e%é%%%@ng&gﬁd%?&r% %e é%rigﬁélyﬁﬁéﬁg%ﬁﬁwﬁﬁ%mé%%r’tir\%?]rﬁ!o%n%ﬁa E%{I%t of the present
invention. For eRast@a i imgtheodmbedinent, ithietstatid pros$iise thwsief iguides IBeaaed 6b50an be changed
between a fixed state and a floating state, however, it is also possible that all static pressure carrier

guides 6a and &9 &8&iIkPBEABS & tiHe BrurdfiPEAILIEYY sidds dRVBlesdsie SXAktGuides 6b are
fixed and the pIH;egggQ}élpggp,sicjiersmipdgegguri%cqfﬂgécguides 6a are floated. [0064] The static

pressure carrier guides 6a and 6b are preferably disposed at substantially even intervals at the outer
periphery of thel €2} riry5,, hewaverhtieytte reitatdat [ destisposad bk sutgidokesilyoaven Intervals as

long as the carrier C{/l\%g 5 can fe Slépp%rted k%?:/ %tatic ressures of the pluraljty of static pressure carrier
guides 6a and 5 aiftfie S pre W8 &rhér BLRRE'6S dIvF 58 e |5853e8raetss%1§tantially even
Intervals, the stgfaREeseHiE 6P Fes syides irand SPo6T EHeS AT P iHe SsiiHeesaWhidr the number of
static pres sure carrier guides 6a and 6b is three, for example, two static pressure carrier guides 6b are

disposed on theg_lbw«ﬁssi@é, and tﬁe,urﬁ}:%’r dibe seadtgiciessure chibidrdydigessprIgRNided movably in
the diametrical ‘FFSF%“‘BHeOééh&%aEE'SrﬂF&Qure pockets 23 to the outer peripheral

surface 12 of the carrier ring 5, so that the carrier ring 5
can be supported by static pressures via the static pressure
fluid. The static pressure carrier guides 6a and 6b are in a
fixed state, so that the carrier ring 5 can be prevented from
wobbling and the carrier ring 5 can be reliably supported by
static pressures.

[0054] To float the upper side static pressure carrier guide
6a, by removing the fixing bracket 38, the fixation pin 39 of
the static pressure carrier guide 6a comes off the pin hole
38b of the fixing bracket 38, so that fixation of the static
pressure carrier guide 6a by the fixing means 16acanbe released.
Accordingly, the staticpressure carrier guide 6a can be floated
around the floating shaft 15a within the range of the space

between the restricting pin 42 and the pin hole 21.
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[0065] When the static pressure pockets 23 are provided in the static pressure surface 22 of each of the
static pressure carrier guides 6a and 6b substantially symmetrically about the floating shaft 15a or 15b in
the rotation direction, two-divided static pressure pockets are provided in the rotation direction as
lllustrated in the embodiment, or one static pressure pocket 23 long in the rotation direction is provided
continuously. It is also possible that the drive means 19 that drives the support arm 34 is constituted by a
motor in addition to the cylinder 36, and the support arm 34 is driven by the motor via a torsion axis or
gear. [0066] When the static pressure carrier guides 6a and 6b are moved in the directions approaching
or separating from the carrier ring 5 , it is possible that the movable base 8 is provided with a guide
mechanism in the substantially diametrical direction of the carrier ring 5, and the static pressure carrier

guides 6a and Gl g DePHIARITRXAPIY, AloG e S SThAEIPe 10l pEPgTag, the stonper
predeter edp

means 47 that stops the support arm 34 at a min sition Is also used as a space adjusting
means that adjis the spanenbétwedg the Sjaby piessureisiyfate 2Picdithg dedickeressare carrier guide
6a or 6b and the outer peripheral surface 12 of the carrier ring 5, however, these means may be provided

separately. [00NAFHAHE REGSPEG GRY EAGErBLEdEs R R d 8 tRey Y 2hataR 1§ the static
pressure fluid sHRRFOYIFERR YA MR SHNeIR st i PSS IRUG REeEFHIe ERIFE IS 6a and 6b

may be individually connected to the supply source 29 via Independent pressure control circuits. Further,

in the embodimehgta hapiressalsidace gendyy iddl@irated;emoved from the floating
shaft 15b, and the fixing bracket 50 is inverted and fitted
to the floating shaft 15b. Next, the static pressure carrier
guide 6b is fittedover the floating shaft 15b, and the engagement
pin 55 is engaged with the floating recess 54 of the fixed bracket
50.
[0056] Then, the fixing bracket 50 is adjusted around the
floating shaft 15b so that the space between the static pressure
surface 22 of the static pressure carrier guide 6b and the outer
peripheral surface 12 of thecarrierring5becomes substantially
equal between both sides of the floating shaft 15b, and the
fixing bracket is fixed by a fastening bolt 57. Accordingly,
within the range between the engagement pin 55 and the floating
recess 54, the static pressure carrier guide 6b can be floated
around the floating shaft 15b.
[0057] Thus, after the static pressure carrier guides 6a and
6b are made floatable, when the static pressure fluid issupplied
from the static pressure pockets 23 of the static pressure

carrier guides 6a and 6b to the outer peripheral surface 12
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however, the present invention can also be carried out in a vertical surface grinder. As the workpiece W,
any workpiece can be used as long as it is a thin sheet-like workpiece. [Description of Symbols] [0068]
1Static pressure pad 3Grinding wheel

of the carrier ring 5, the carrier ring 5 can be supported by
static pressures via the static pressure fluid. When the spaces
between the static pressure surfaces 22 of the static pressure
carrier guides 6a and 6b and the outer peripheral surface 12
of the carrier ring 5 differ between both sides of the floating
shafts 15a and 15b, the static pressure carrier guides 6a and
6b float around the floating shafts 15a and 15b so that the
spaces become substantially equal between both sides of the
floating shafts 15a and 15b. Therefore, the static pressure
carrier guides 6aand 6b can be prevented fromcoming into contact
with the carrier ring 5. Further, the restricting means 17a
and 17b that restrict floating ranges of the static pressure
carrier guides 6a and 6b are provided, so that unstable swing,
etc., of the static pressure carrier guides 6a and 6b around
the floating shafts 15a and 15b can be prevented.

[0058] In addition to the use by fixing or floating all of the
static pressure carrier guides 6a and 6b, for example, use In
a state where the lower side two static pressure carrier guides
6b are fTixed and the upper side two static pressure carrier
guides 6a Titted to the support arms 34 are floatable around
the floating shafts 15a, is also possible. In this case, even
while the attaching/removing operation of the carrier ring 5

is facilitated, the spaces between the static pressure surfaces
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4Carrier 5Carrier ring 6a, 6bStatic pressure carrier guide 120uter peripheral surface 15a, 15bFloating
shaft

22 of the static pressure carrier guides 6a and 6b and the outer
peripheral surface 12 of the carrier ring 5 are made small,
and the carrier ring 5 can be stably supported by static
pressures.

[0059] Specifically, when attaching the upper side static
pressure carrier guide 6a to the support arm 34 that turns around
the pivot 33, IfT the static pressure carrier guide 6a i1s fixed
to the support arm 34, the static pressure carrier guide 6a
may come into contactwith the carrier ring5 due to accumulation
of errors, etc., and it becomes hard to make small the spaces
between the static pressure carrier guides 6a and 6b and the
carrier ring 5. However, by fitting the static pressure carrier
guide 6a to the support arm 34 in a floatable manner, the upper
side static pressure carrier guide 6a can be prevented from
coming into contact with the carrier ring 5 by floating of the
upper side static pressure carrier guide 6a while the spaces
between the static pressure surfaces 22 of the static pressure
carrier guides 6a and 6b and the outer peripheral surface 12
of the carrier ring 5 are made small.

[0060] Incidentally, when the non-contact support method
according to the present invention and the conventional contact
support method using conventional support rollers were

inspected by using a carrier ring 5 made of ceramic, in the
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16a, 16bFixing means 17a, 17bRestricting means 19Drive means 21Pin hole 22Static pressure surface

non-contact support method according to the present invention,
the edge runout of the carrier ring 5 could be reduced to
approximately 1/5 as compared with the conventional contact
support method. Fig. 12 shows results of measurement of
circularity of the carrier ring 5. Fig. 13 and Fig. 14 shows
results of measurements of edge runout of the carrier ring 5
inthe conventional contact supportmethodand inthe non-contact
support method according to the present invention,
respectively.

[0061] As the carrier ring 5, as shown in Fig. 12, a carrier
ring that was made of ceramic and has an outer periphery
circularity of 5 micrometers (measured value: 4.5 micrometers)
was used and edge runouts of thecarrier ring5 inthe conventional
contact support method and in the non-contact support method
according to the present invention were measured. In the case
of the conventional contact support method, a measured value
of the edge runout is approximately 15 micrometers as shown
in Fig. 13, and from this value, when the outer periphery
circularity (approximately 5 micrometers) of the carrier ring
5 is deducted, the edge runout is approximately 10 micrometers.
On the other hand, the measured value of the runout in the case
of the non-contact supportmethod isapproximately 7 micrometers

as shown in Fig. 14, and from this, when the outer periphery
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29Supply source 33Pivot 34Support arm 47Stopper means (space adjusting means) Workpiece

circularity (approximately 5 micrometers) of the carrier ring
5 iIs deducted, the edge runout is approximately 2 micrometers.
[0062] Therefore, in the non-contact support method according
to the present invention, the edge runout of the carrier ring
5 can be reduced to approximately 1/5 as compared with the
conventional contact support method. Therefore, the rotation
precision of the carrier ring 5 is directly transmitted to the
workpiece W iIn contact with the inner periphery of the carrier
ring via the carrier 4, and acts on the grinding point of the
workpiece W sandwiched and fixed by the pair of grinding wheels
3 in a grinding cycle and immediately influences grinding of
the workpiece W, however, by adopting the non-contact support
method according to the present invention, the influence of
the edge runout of the carrier ring 5 can be reduced, and stable
grinding precision for the workpiece W can be obtained.

[0063] Embodiments of the present invention are described iIn
detail above, however, the present invention is not limited
to the embodiments, and can be variously changed without
departing from the spiritof the present invention. For example,
in the embodiment, the static pressure carrier guides 6a and
6b can be changed between a fixed state and a floating state,
however, it is also possible that all static pressure carrier

guides 6a and 6b are fixed or floated, or the plurality of lower
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[TITLE OF DOCUMENT] WHAT IS CLAIMED IS: [Claim 1] A method for grinding a thin sheet-like
workpiece, wherein when grinding both surfaces of a thin sheet-like workpiece by a pair of grinding
wheels while rotating the workpiece via a carrier in a state where the thin sheet-like workpiece fitted to the
carrier is supported by static pressures of a pair of static pressure pads in a non-contact manner, a carrier
ring on the outer periphery of the carrier is supported by static pressures of a plurality of static pressure
carrier guides in the circumferential direction in a non-contact manner. [Claim 2 ] A double-end surface
grinder that grinds both surfaces of a thin sheet-like workpiece by a pair of grinding wheels while rotating
the workpiece via a carrier in a state where the thin sheet-like workpiece fitted to the carrier is supported
by static pressures of a pair of static pressure pads in a hon-contact manner, comprising a plurality of

static pressure gqlajaer %Hécﬁ%t ggg@{%vig%q,m g}e @a%gger%%tiaépgegq%?% ?%pgf&r carrier ring on

the outer periphery of the carrier by static pressures ima non-contact manner. [Claim e double-end
surface grinder @bgpediigyoo®laippr v ieleis tha tarpeegsgrasaryiiedrnal detepedipderal surface,

and the static prfissutredcarrier guides are disposed at substantially even Intervals in proximity to the outer
oated.

peripheral surfatt:

[0064] The static pressure carrier guides 6a and 6b are
preferablydisposedat substantially even intervalsat theouter
periphery of the carrier ring 5, however, they do not need to
be disposed at substantially even intervals as long as the
carrier ring 5 can be supported by static pressures of the
plurality of static pressure carrier guides 6a and 6b. When
the static pressure carrier guides 6a and 6b are disposed at
substantially even intervals, the static pressure carrier
guides 6a and 6b are three or more in number. When the number
of staticpressurecarrier guides6aand6b is three, forexample,
two static pressure carrier guides 6b are disposed on the lower
side, and the upper side one static pressure carrier guide 6a
is provided movably in the diametrical direction of the carrier
ring 5.

[0065] When the static pressure pockets 23 are provided in the
staticpressure surface 22 of each of the static pressure carrier
guides 6a and 6b substantial ly symmetrically about the floating
shaft 15a or 15b in the rotation direction, two-divided static
pressure pockets are provided in the rotation direction as

illustrated in the embodiment, or one static pressure pocket
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[Claim 4] The double-end surface grinder according to Claim 2 or 3, wherein the static pressure carrier
guides are fixed. [Claim 5] The double-end surface grinder according to Claim 2 or 3, wherein the static
pres sure carrier guides are floatable. [Claim 6] The double-end surface grinder according to any of
Claims 2 to 5, wherein each of the static pressure carrier guides is pivotally supported by a floating shaft
substantially parallel to the rotation center of the carrier ring, and in each of the static pressure carrier
guides, a static pressure pocket that supplies a static pressure fluid to the portion between the static
pressure carrier guide and the outer peripheral surface of the carrier ring are provided substantially
symmetrically about the floating shaft in a rotation direction of the carrier ring. [Claim 7] The double-end
surface grinder according to any of Claims 2 to 6, comprising: a support arm that is pivotally supported

swingably by a Bﬁ’olt sﬁntﬁ;]lg/ P lﬂ 8?'1“?& p&t@&geggci(raggﬁgpgmgarr%r{mlgﬂs%ggfports at least a

part of the static pressure carrier guides movably In ns approaching an ating from the
carrier ring, a diite isealsthaiossis flee shppottrarnd pivenddbe pivid, ahdta dioppes nthans that stops
the support arm at a predetermined position, [Claim 8] The double-end surface grinder according to any

of Claims 2 to 7BYARGEM #H@sEficl 50t EEG Y (e’ Aittarlibadd Het@Beho tREd state and a
floating state wherigsihigestadls PERRPWIsCRTTI e sflagl RLourq JRe fInrting shafissyhgiantially parallel

to the rotation center of the carrier ring.
a torsion axis or gear.

[0066] When the static pressure carrier guides 6a and 6b are

moved in the directions approaching or separating from the

carrierring5, itispossible that the movable base 8 is provided

with a guide mechanism in the substantially diametrical

direction of the carrier ring 5, and the static pressure carrier

guides 6aand 6b may be provided movably along the guide mechanism.
In the embodiment, the stopper means 47 that stops the support
arm 34 at a predetermined position is also used as a space

adjusting means that adjusts the space between the static

pressure surface 22 of the static pressure carrier guide 6a
or 6b and the outer peripheral surface 12 of the carrier ring

5, however, these means may be provided separately.

[0067] All of the static pressure carrier guides 6a and 6b may
be connected to the static pressure Tluid supply source 29 via
the same circuit 27, or the static pressure carrier guides 6a
and 6b may be individually connected to the supply source 29

via independent pressure control circuits. Further, in the

embodiment, a horizontal surface grinder is illustrated,
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[Claim 9] The double-end surface grinder according to any of Claims 2 to 8, comprising the static
pressure carrier guides that are three or more in number and disposed at substantially even Intervals at
the outer periphery of the carrier ring, and a space adjusting means that adjusts spaces between static
pressure surfaces of the three or more static pressure carrier guides and the outer peripheral surface of
the carrier ring by adjusting the position of at least one of the three or more static pres sure carrier guides
in the substantially diametrical direction of the carrier ring.

however, the present invention can also be carried out in a
vertical surface grinder. As the workpiece W, any workpiece
can be used as long as it 1s a thin sheet-like workpiece.
[Description of Symbols]

[0068]

1 Static pressure pad

3 Grinding wheel

4 Carrier
5 Carrier ring
6a, 6b Static pressure carrier guide

12 Outer peripheral surface
15a, 15b Floating shaft
16a, 16b Fixing means

17a, 17b Restricting means
19 Drive means

21 Pin hole

22 Static pressure surface
29 Supply source

33 Pivot

34 Support arm

47 Stopper means (space adjusting means)

w Workpiece
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[TITLE OF DOCUMENT] WHAT IS CLAIMED 1S:

[Claim 1] A method for grinding a thin sheet-like workpiece,
wherein when grinding both surfaces of a thin sheet-like
workpiece by a pair of grinding wheels while rotating the
workpiece via a carrier in a state where the thin sheet-like
workpiece Fitted to the carrier is supported by static pressures
of a pair of static pressure pads in a non-contact manner, a
carrier ring on the outer periphery of the carrier is supported
by static pressures of a plurality of static pressure carrier
guides inthecircumferential direction inanon-contact manner.
[Claim 2] Adouble-end surface grinder that grinds both surfaces
of a thin sheet-like workpiece by a pair of grinding wheels
while rotating the workpiece via a carrier in a state where
the thin sheet-like workpiece fitted to the carrier is supported
by static pressures of a pair of static pressure pads in a
non-contact manner, comprising a plurality of static pressure
carrier guides that are provided in the circumferential
direction to support a carrier ring on the outer periphery of
the carrier by static pressures In a non-contact manner.
[Claim 3] The double-end surface grinder according to Claim
2, wherein the carrier ring has a cylindrical outer peripheral
surface, and the static pressure carrier guides are disposed

at substantially even intervals in proximity to the outer
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peripheral surface.

[Claim 4] The double-end surface grinder according to Claim
2 or 3, wherein the static pressure carrier guides are fixed.
[Claim 5] The double-end surface grinder according to Claim
2o0r 3, wherein the static pressure carrier guidesare floatable.
[Claim 6] The double-end surface grinder according to any of
Claims 2 to 5, wherein each of the static pressure carrier guides
is pivotally supported by a floating shaft substantially
parallel to the rotation center of the carrier ring, and in
each of the static pressure carrier guides, a static pressure
pocket that supplies a static pressure fluid to the portion
between the static pressure carrier guide and the outer
peripheral surface of the carrier ring are provided
substantially symmetrically about the floating shaft in a
rotation direction of the carrier ring.

[Claim 7] The double-end surface grinder according to any of
Claims 2 to 6, comprising: a support arm that is pivotally
supported swingably by a pivot substantially parallel to the
rotation center of the carrier ring, and supports at least a
part of the static pressure carrier guides movably in the
directions approaching and separating from the carrier ring,
a drive means that turns the support arm around the pivot, and

a stopper means that stops the support arm at a predetermined
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position.

[Claim 8] The double-end surface grinder according to any of
Claims 2 to 7, wherein the static pressure carrier guides are
changeable between a fixed state and a floating state where
the static pressure carrier guides float around the floating
shafts substantially parallel to the rotation center of the
carrier ring.

[Claim 9] The double-end surface grinder according to any of
Claims 2 to 8, comprising the static pressure carrier guides
that are three or more in number and disposed at substantially
even intervals at the outer periphery of the carrier ring, and
a space adjusting means that adjusts spaces between static
pressure surfaces of the three or more static pressure carrier
guides and the outer peripheral surface of the carrier ring
by adjusting the position of at least one of the three or more
staticpressure carrier guides in the substantial ly diametrical

direction of the carrier ring.
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