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(54) LINEARLY ADVANCING POLISHING METHOD AND APPARATUS

(57) Continuous feeding of workpieces to an appa-
ratus and effective use of the space around the apparatus
are difficult in rotary abrasive finishing. To solve such
problems, the present invention provides a conceptually
novel method and apparatus for linear abrasive finishing.
A pair of parallel flat surface plates adjacent in parallel
move linearly in opposite directions. A workpiece is
pressed onto both of the surface plates to apply a couple
of forces for rotational movement to the workpiece. The

workpiece is subjected to abrasive finishing with abrasive
grains by relative movement between the rotation of the
workpiece and the linear movement of the pair of surface
plates. The workpiece may be held between the pair of
parallel flat surface plates and another pair of parallel flat
surface plates facing the pair of parallel flat surface plates
before one or both surfaces of the workpiece are sub-
jected to the abrasive finishing. Belt polishers passing
over a workpiece support may be used instead of the
surface plates.



EP 1 745 888 A1

2

5

10

15

20

25

30

35

40

45

50

55

Description

Technical Field

[0001] The present invention relates to abrasive finish-
ing of, for example, metals (steel and nonferrous metals)
and nonmetallic materials (ceramic, glass, and plastic).

Background Art

[0002] Abrasive finishing, which is used as a final fin-
ishing step in mechanical processing, is growing in im-
portance as device quality has improved recently. Exam-
ples of abrasive finishing include lapping, in which a work-
piece is rubbed with a lap using an abrasive containing
dispersed loose abrasive grains, and polishing, in which
a workpiece is polished with a tool softer than metal,
called a polisher.
[0003] Abrasive finishing can be performed in various
ways, including single-side finishing, double-side finish-
ing, and curved surface finishing. Fig. 10 illustrates a ba-
sic way of abrasive finishing. In Fig. 10, a holder 14 holds
a workpiece 3 supported by, for example, a carrier 13
and rotates at a speed of n. The workpiece 3 is pressed
onto an abrasive surface plate 10 (onto a polisher 11
laminated on the surface plate for polishing) by a pres-
sure of P. The abrasive surface plate 10 is rotated at a
speed of N while an abrasive 15 containing loose abra-
sive grains 12 is supplied to the surface plate 10 (to the
polisher 11 for polishing). Relative rotation between the
workpiece 3 and the surface plate 10 causes the loose
abrasive grains 12 to remove a surface portion of the
workpiece 3, thus forming a highly smooth surface. Non-
woven fabric or suede-type plastic is often used as the
polisher 11. The current maximum speed of the abrasive
finishing seems to be about 2 m/s.

Disclosure of Invention

Problems to be Solved by the Invention

[0004] Abrasive finishing using a rotary abrasive sur-
face plate , however, needs the time for attachment/de-
tachment of workpieces because the finishing is gener-
ally a batch process in which the abrasive surface plate
must be stopped to detach and attach the workpieces.
Also, an automated double-side abrasive finishing sys-
tem capable of continuous feeding of workpieces to the
apparatus is difficult to establish. In particular, improving
abrasive finishing efficiency is challenging in mass pro-
duction.
[0005] Furthermore, the rotary abrasive surface plate
requires a diameter of at least twice that of a workpiece
because the workpiece is processed on the abrasive sur-
face plate. Processing a larger workpiece requires a larg-
er abrasive surface plate and a larger area for installation
of the abrasive finishing apparatus. In addition, a rotary
abrasive surface plate for double-side abrasive finishing

having a horizontal rotating axis and a vertical plane of
rotation is difficult to produce because of the mechanical
difficulty of supporting a workpiece. This makes it difficult
to sufficiently utilize the space around the apparatus. Ac-
cordingly, the development of a conceptually novel meth-
od for abrasive finishing has strongly been demanded to
facilitate establishment of a more compact automated
abrasive finishing system capable of continuous feeding
of workpieces to an apparatus and to sufficiently utilize
the space around the apparatus.

Means for Solving the Problems

[0006] The present invention provides a conceptually
novel method for abrasive finishing which can facilitate
establishment of a compact automated abrasive finishing
system capable of continuous feeding of workpieces to
an apparatus and which allows effective use of the space
around the apparatus. Such a system is difficult to es-
tablish based on existing methods for rotary abrasive fin-
ishing using rotary abrasive surface plates. The present
invention also provides an abrasive finishing apparatus
based on the novel method.
[0007] That is, the present invention provides a method
for linear abrasive finishing which includes pressing a
workpiece onto both of a pair of parallel flat surface plates
that are adjacent in parallel and move linearly in opposite
directions to apply a couple of forces for rotational move-
ment to the workpiece; and subjecting the workpiece to
abrasive finishing with abrasive grains by relative move-
ment between the rotation of the workpiece and the linear
movement of the pair of flat surface plates. In this method,
the workpiece may be held between the pair of parallel
flat surface plates and another pair of parallel flat surface
plates facing the pair of parallel flat surface plates before
one or both surfaces of the workpiece are subjected to
the abrasive finishing.
[0008] The present invention further provides a meth-
od for linear abrasive finishing which includes pressing
a workpiece onto a flat surface plate that moves linearly
to apply a couple of forces for rotational movement to the
workpiece; and subjecting the workpiece to abrasive fin-
ishing with abrasive grains by relative movement be-
tween the rotation of the workpiece and the linear move-
ment of the flat surface plate. The flat surface plate has
a surface whose friction coefficient differs in a direction
perpendicular to a direction in which the flat surface plate
moves linearly. In this method, the workpiece may be
held between the flat surface plate and another flat sur-
face plate facing the flat surface plate before one or both
surfaces of the workpiece are subjected to the abrasive
finishing.
[0009] In the above methods, the abrasive finishing
can be continuously performed by gradually moving an
elongated plate-like carrier having a circular hole holding
a circular subcarrier holding the workpiece in one direc-
tion as the abrasive finishing progresses.
[0010] In the above methods, additionally, belt polish-
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ers passing over a workpiece support may be used in-
stead of the flat surface plates.
[0011] The present invention further provides a linear
abrasive finishing apparatus including a pair of parallel
flat surface plates adjacent in parallel; means for linearly
moving the flat surface plates in opposite directions; and
means for pressing a workpiece onto the flat surface
plates. This apparatus may further include another pair
of parallel flat surface plates disposed opposite the pair
of parallel flat surface plates such that the workpiece is
held therebetween.
[0012] The above apparatus may further include an
elongated plate-like carrier for continuously feeding the
workpiece to the abrasive finishing apparatus and eject-
ing the workpiece therefrom during the abrasive finishing.
This apparatus may further include a circular workpiece-
holding subcarrier hole in the plate-like carrier, and the
center of rotation of the hole may be located on or away
from an adjacent center line between the parallel flat sur-
face plates. In addition, the circular subcarrier hole in the
plate-like carrier may include a workpiece-holding hole
having a shape such as a circle, a square, a rectangle,
or a polygon, and the center of rotation thereof may be
located on the adjacent center line between the parallel
flat surface plates.
[0013] The present invention further provides a linear
abrasive finishing apparatus including a flat surface plate
that moves linearly and has a surface whose friction co-
efficient differs in a direction perpendicular to a direction
in which the flat surface plate moves linearly; and means
for pressing a workpiece onto the flat surface plate. This
apparatus may further include another flat surface plate
disposed opposite the flat surface plate such that the
workpiece is held therebetween.
[0014] Each of the above apparatuses may include a
workpiece support and a pair of belt polishers passing
over the workpiece support instead of the flat surface
plates.
[0015] The methods according to the present invention
leave no unidirectional abrasive streaks because the
abrasive finishing is performed by rotating a workpiece
using a couple of forces produced by the linear movement
of the flat surface plates. These methods can therefore
provide an excellent nondirectional finished surface with
a roughness of about 1.5 nm or less (intervals of several
atoms or less). Without rotation, the workpiece would suf-
fer streaks oriented in the direction in which the flat sur-
face plates move, leading to a roughness exceeding 10
nm. The methods according to the present invention can
thus provide an ultrasmooth surface without such abra-
sive streaks.

Advantages

[0016] The methods for linear abrasive finishing ac-
cording to the present invention have the following ad-
vantages:

1) An abrasive finishing apparatus that is more
space-saving than rotary abrasive finishing appara-
tuses can be produced.
2) An automated abrasive finishing system capable
of continuous feeding of workpieces to the apparatus
can be established. Such a system is difficult to es-
tablish based on known methods for abrasive finish-
ing using rotary abrasive surface plates.
3) An automated vertical double-side abrasive fin-
ishing system with a vertical plane of rotation can be
produced to effectively utilize the space around the
apparatus.

Best Mode for Carrying Out the Invention

[0017] The mechanism of a method for linear abrasive
finishing according to the present invention will now be
described with reference to Fig. 1, which illustrates an
example of polishing. The method for polishing according
to the present invention involves the use of a pair of pol-
ishers 11 adjacent in parallel as parallel flat surface plates
A and B. The pair of polishers 11 move linearly at a speed
of V in opposite directions on both sides of an adjacent
center line. A workpiece 3 is held by a holder 14 that can
rotate without substantial restriction. The workpiece 3 is
brought into contact with both of the pair of polishers 11
and is pressed by a pressure of P to apply a couple of
forces for rotational movement to the workpiece 3. An
abrasive liquid containing loose abrasive grains is sup-
plied to surfaces of the polishers 11. Relative movement
between the rotation of the workpiece 3 and the linear
movement of the polishers 11 causes the loose abrasive
grains to remove a surface portion of the workpiece 3,
thus forming a highly smooth surface.
[0018] In the method according to the present inven-
tion, the rotation of a workpiece depends basically on the
movement direction and surface structure of plates or
polishers. The workpiece may also be rotated using a
driving force generated by, for example, a motor to control
the relative movement between the workpiece and the
plates or polishers for abrasive finishing. An abrasive fin-
ishing apparatus based on the method can perform abra-
sive finishing if the total width of the pair of polishers 11
is slightly larger than the diameter of the workpiece 3.
The pair of polishers 11 thus occupy a smaller space
than a rotary abrasive surface plate.
[0019] For double-side polishing using this method, as
shown in Fig. 2, the workpiece 3 is held between two
pairs of parallel surface polishers 11 that move linearly
in opposite directions at a speed of V. These polishers
11 are pressed onto the top and bottom of the workpiece
3 by a pressure of P using a workpiece support (not
shown) formed of, for example, metal or ceramic. Sur-
faces of the polishers 11 are brought into contact with
surfaces of the workpiece 3 to apply a couple of forces
for rotational movement to the workpiece 3. An abrasive
liquid containing loose abrasive grains is supplied to the
surfaces of the polishers 11 to remove top and bottom
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surface portions of the workpiece 3 with the loose abra-
sive grains, thus forming highly smooth surfaces. Belt
polishers may be used as the polishers 11 so that they
can continuously pass through a polishing position.
[0020] Referring to Fig. 3, continuous double-side
abrasive finishing can be automatically performed in the
method shown in Fig. 2 by gradually moving an elongated
plate-like carrier 13 having a circular workpiece-holding
hole holding the workpiece 3 in either direction as the
abrasive finishing progresses. The method shown in Fig.
3, which is applied to horizontal double-side abrasive fin-
ishing with the plane of rotation oriented horizontally, can
also be easily applied to vertical double-side abrasive
finishing with the plane of rotation oriented vertically.
Such a vertical double-side abrasive finishing system al-
lows effective use of the space around the apparatus.
[0021] The method for abrasive finishing shown in
Figs. 1 to 3 can be used for workpieces having a central
hole, such as magnetic disc substrates, if the workpiece-
holding hole of the carrier 13 is disposed on the adjacent
center line between the pair of parallel flat surface plates.
For workpieces having no central hole, such as silicon
wafers, however, the central portions thereof cannot be
subjected to abrasive finishing because these portions
do not come into contact with the polishers. Referring to
Fig. 4, a subcarrier 13A having a circular hole may be
provided in the plate-like carrier 13 to allow abrasive fin-
ishing of the entire surfaces of the workpiece 3. The cent-
er of rotation of the hole is located away from the adjacent
center line between the pair of parallel flat surface plates
A and B.
[0022] The hole of the subcarrier 13A may be formed
in another shape such as a square, a rectangle, or a
polygon to perform abrasive finishing. For abrasive fin-
ishing of a circular workpiece having no hole, the center
of the workpiece hole in the carrier 13 may be located
away from the adjacent center line to allow abrasive fin-
ishing of the entire surfaces of the workpiece 3 without
using the subcarrier 13A.
[0023] Referring to Fig. 5, the subcarrier 13A may have
two or more workpiece-holding holes disposed away
from the center of rotation of the subcarrier 13A so as to
surround the center of rotation. This subcarrier 13A al-
lows abrasive finishing of the entire surfaces of workpiec-
es 3 irrespective of whether the workpieces 3 have a hole
or not. This method is suitable for abrasive finishing of a
large number of workpieces.
[0024] Figs. 6 and 7 are schematic diagrams illustrat-
ing methods and apparatuses for abrasive finishing ac-
cording to other embodiments of the present invention.
Linearly moving plates are used, each having a surface
whose friction force differs in a direction perpendicular
to the direction in which the plates move linearly. The
linearly moving plates can be pressed onto a workpiece
to apply a couple of forces for rotational movement to the
workpiece.
[0025] These abrasive finishing methods can be used
for single-side or double-side polishing. Referring to Fig.

6, a workpiece 3 held by a carrier 13 is placed between
belt polishers 11, as a pair of top and bottom flat surface
plates, which move linearly in opposite directions at a
speed of V. The polishers 11 are pressed onto the top
and bottom of the workpiece 3 by a pressure of P so that
surfaces of the polishers 11 are brought into contact with
surfaces of the workpiece 3 to perform polishing.
[0026] Each polisher has different surface conditions
on both sides of a longitudinal center line to produce dif-
ferent frictional forces. For example, the surface of the
polisher may have circular holes or linear grooves on
either side of the longitudinal center line to reduce the
contact area between the polisher and the workpiece on
the side. As a result, a smaller frictional force can be
produced than on the other side. Different frictional forces
can also be produced on both sides of the longitudinal
center line to apply a couple of forces by changing the
mechanical properties of the polisher, such as surface
hardness, to create different contact conditions between
the workpiece and the polisher on both sides.
[0027] A couple of forces for rotational movement is
thus applied to the workpiece 3. An abrasive liquid con-
taining loose abrasive grains is supplied to the surfaces
of the polishers 11. Relative movement between the ro-
tation of the workpiece 3 and the linear movement of the
polishers 11 causes the loose abrasive grains to remove
top and bottom surface portions of the workpiece 3, thus
forming highly smooth surfaces. In this method, as shown
in Fig. 7, the belt polishers 11 may also be linearly moved
in the same direction at a speed of V to perform abrasive
finishing.
[0028] A workpiece is held between linearly moving
flat surface plates facing each other to perform single-
side or double-side abrasive finishing in the embodi-
ments shown in Figs. 6 and 7, although a single polisher
that moves linearly at a speed of V may also be used.
The workpiece may be pressed onto the single polisher
to apply a couple of forces for rotational movement to the
workpiece. Abrasive finishing can be performed by rela-
tive movement between the rotation of the workpiece and
the linear movement of the polisher.

EXAMPLE 1

[0029] An example of a method according to the
present invention will be described below with reference
to Fig. 8.
[0030] In Fig. 8, a pair of adjacent belt polishers A and
B were moved linearly and rotated by motors M1 and M2,
respectively, in opposite directions so as to pass over a
workpiece support. A circular magnetic disc substrate,
as a workpiece, was polished by pressing it onto surfaces
of the pair of belt polishers A and B on both sides of the
adjacent center line therebetween. Alumina abrasive
grains were uniformly supplied to the polishers. The sub-
strate was pressed by a pressure of 3.7 kPa. The polish-
ers used were of suede type and were moved at a speed
of 1.5 m/s. The magnetic disc substrate was of aluminum
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type and was polished for five minutes. The resulting cou-
ple of forces rotated the magnetic disc substrate at a
speed of at least 0.15 m/s. Relative movement between
the substrate and the polishers A and B caused the abra-
sive grains to polish the substrate, thus forming a smooth
surface.
[0031] Fig. 9 shows the surface smoothness of the pol-
ished magnetic disc substrate according to three-dimen-
sional roughness measurements using a high-precision
interferometric surface profiler (WYKO). The magnetic
disc substrate had a significantly smoothly polished sur-
face with a roughness of about 1.3 nm in terms of Ra,
which can be determined as an ultrasmooth surface.
These results demonstrate the effectiveness of the linear
abrasive finishing apparatus according to the present in-
vention.

Brief Description of the Drawings

[0032]

Fig. 1 is a schematic diagram illustrating the mech-
anism of a method for linear abrasive finishing ac-
cording to the present invention.
Fig. 2 is a schematic diagram illustrating a method
for linear double-side abrasive finishing according to
an embodiment of the present invention.
Fig. 3 is a schematic diagram illustrating an auto-
matic continuous process using a linear double-side
abrasive finishing apparatus according to the
present invention.
Fig. 4 is a schematic diagram illustrating a modifica-
tion of the automatic continuous process shown in
Fig. 3.
Fig. 5 is a schematic diagram illustrating another
modification of the automatic continuous process
shown in Fig. 3.
Fig. 6 is a schematic diagram illustrating a method
for linear double-side abrasive finishing according to
another embodiment of the present invention.
Fig. 7 is a schematic diagram illustrating a modifica-
tion of the method for linear double-side abrasive
finishing shown in Fig. 6.
Fig. 8 is a perspective view of a linear abrasive fin-
ishing apparatus used in an example.
Fig. 9 is a photograph showing the surface smooth-
ness of a magnetic disc substrate subjected to abra-
sive finishing in the example according to three-di-
mensional roughness measurements using a high-
precision interferometric surface profiler (WYKO).
Fig. 10 is a schematic diagram illustrating an exam-
ple of a known mechanism of abrasive finishing (pol-
ishing). Reference Numerals

3 workpiece
10 surface plate
11 polisher
12 loose abrasive grains

13 carrier
14 holder
15 abrasive liquid

Claims

1. A method for linear abrasive finishing, comprising
pressing a workpiece onto both of a pair of parallel
flat surface plates that are adjacent in parallel and
move linearly in opposite directions to apply a couple
of forces for rotational movement to the workpiece;
and subjecting the workpiece to abrasive finishing
with abrasive grains by relative movement between
the rotation of the workpiece and the linear move-
ment of the pair of flat surface plates.

2. The method for linear abrasive finishing according
to Claim 1, wherein the workpiece is held between
the pair of parallel flat surface plates and another
pair of parallel flat surface plates facing the pair of
parallel flat surface plates before one or both surfac-
es of the workpiece are subjected to the abrasive
finishing.

3. A method for linear abrasive finishing, comprising
pressing a workpiece onto a flat surface plate that
moves linearly to apply a couple of forces for rota-
tional movement to the workpiece, the flat surface
plate having a surface whose friction coefficient dif-
fers in a direction perpendicular to a direction in
which the flat surface plate moves linearly; and sub-
jecting the workpiece to abrasive finishing with abra-
sive grains by relative movement between the rota-
tion of the workpiece and the linear movement of the
flat surface plate.

4. The method for linear abrasive finishing according
to Claim 3, wherein the workpiece is held between
the flat surface plate and another flat surface plate
facing the flat surface plate before one or both sur-
faces of the workpiece are subjected to the abrasive
finishing.

5. The method for linear abrasive finishing according
to any of Claims 1 to 4, wherein the abrasive finishing
is continuously performed by gradually moving an
elongated plate-like carrier having a circular hole
holding a circular subcarrier holding the workpiece
in one direction as the abrasive finishing progresses.

6. The method for linear abrasive finishing according
to any of Claims 1 to 5, wherein belt polishers passing
over a workpiece support are used instead of the flat
surface plates.

7. A linear abrasive finishing apparatus comprising a
pair of parallel flat surface plates adjacent in parallel;
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means for linearly moving the flat surface plates in
opposite directions; and means for pressing a work-
piece onto the flat surface plates.

8. The linear abrasive finishing apparatus according to
Claim 7, further comprising another pair of parallel
flat surface plates disposed opposite the pair of par-
allel flat surface plates such that the workpiece is
held therebetween.

9. The linear abrasive finishing apparatus according to
Claim 8, further comprising an elongated plate-like
carrier for continuously feeding the workpiece to the
abrasive finishing apparatus and ejecting the work-
piece therefrom during the abrasive finishing.

10. The linear abrasive finishing apparatus according to
Claim 9, further comprising a circular workpiece-
holding subcarrier hole in the plate-like carrier, the
center of rotation of the hole being located on or away
from an adjacent center line between the parallel flat
surface plates.

11. The linear abrasive finishing apparatus according to
Claim 10, wherein the circular subcarrier hole in the
plate-like carrier includes a workpiece-holding hole
having a shape such as a circle, a square, a rectan-
gle, or a polygon, the center of rotation thereof being
located on the adjacent center line between the par-
allel flat surface plates.

12. A linear abrasive finishing apparatus comprising a
flat surface plate that moves linearly and has a sur-
face whose friction coefficient differs in a direction
perpendicular to a direction in which the flat surface
plate moves linearly; and means for pressing a work-
piece onto the flat surface plate.

13. The linear abrasive finishing apparatus according to
Claim 12, further comprising another flat surface
plate disposed opposite the flat surface plate such
that the workpiece is held therebetween.

14. The linear abrasive finishing apparatus according to
any of Claims 7 to 13, comprising a workpiece sup-
port and a pair of belt polishers passing over the
workpiece support instead of the flat surface plates.

Amended claims under Art. 19.1 PCT

1. (Original): A method for linear abrasive finishing,
comprising pressing a workpiece onto both of a pair
of parallel flat surface plates that are adjacent in par-
allel and move linearly in opposite directions to apply
a couple of forces for rotational movement to the
workpiece; and subjecting the workpiece to abrasive
finishing with abrasive grains by relative movement

between the rotation of the workpiece and the linear
movement of the pair of flat surface plates.

2. (Original): The method for linear abrasive finishing
according to Claim 1, wherein the workpiece is held
between the pair of parallel flat surface plates and
another pair of parallel flat surface plates facing the
pair of parallel flat surface plates before one or both
surfaces of the workpiece are subjected to the abra-
sive finishing.

3. (Original): A method for linear abrasive finishing,
comprising pressing a workpiece onto a flat surface
plate that moves linearly to apply a couple of forces
for rotational movement to the workpiece, the flat
surface plate having a surface whose friction coeffi-
cient differs in a direction perpendicular to a direction
in which the flat surface plate moves linearly; and
subjecting the workpiece to abrasive finishing with
abrasive grains by relative movement between the
rotation of the workpiece and the linear movement
of the flat surface plate.

4. (Original): The method for linear abrasive finishing
according to Claim 3, wherein the workpiece is held
between the flat surface plate and another flat sur-
face plate facing the flat surface plate before one or
both surfaces of the workpiece are subjected to the
abrasive finishing.

5. (Original): The method for linear abrasive finishing
according to any of Claims 1 to 4, wherein the abra-
sive finishing is continuously performed by gradually
moving an elongated plate-like carrier having a cir-
cular hole holding a circular subcarrier holding the
workpiece in one direction as the abrasive finishing
progresses.

6. (Original): The method for linear abrasive finishing
according to any of Claims 1 to 5, wherein belt pol-
ishers passing over a workpiece support are used
instead of the flat surface plates.

7. (Currently amended): A linear abrasive finishing
apparatus utilized in the method according to claim
1, comprising a pair of parallel flat surface plates
adjacent in parallel; means for linearly moving the
flat surface plates in opposite directions; and means
for pressing a workpiece onto the flat surface plates.

8. (Original): The linear abrasive finishing apparatus
according to Claim 7, further comprising another pair
of parallel flat surface plates disposed opposite the
pair of parallel flat surface plates such that the work-
piece is held therebetween.

9. (Original): The linear abrasive finishing apparatus
according to Claim 8, further comprising an elongat-
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ed plate-like carrier for continuously feeding the
workpiece to the abrasive finishing apparatus and
ejecting the workpiece therefrom during the abrasive
finishing.

10. (Original): The linear abrasive finishing appara-
tus according to Claim 9, further comprising a circular
workpiece-holding subcarrier hole in the plate-like
carrier, the center of rotation of the hole being located
on or away from an adjacent center line between the
parallel flat surface plates.

11. (Original): The linear abrasive finishing appara-
tus according to Claim 10, wherein the circular sub-
carrier hole in the plate-like carrier includes a work-
piece-holding hole having a shape such as a circle,
a square, a rectangle, or a polygon, the center of
rotation thereof being located on the adjacent center
line between the parallel flat surface plates.

12. (Original): A linear abrasive finishing apparatus
comprising a flat surface plate that moves linearly
and has a surface whose friction coefficient differs
in a direction perpendicular to a direction in which
the flat surface plate moves linearly; and means for
pressing a workpiece onto the flat surface plate.

13. (Original): The linear abrasive finishing appara-
tus according to Claim 12, further comprising another
flat surface plate disposed opposite the flat surface
plate such that the workpiece is held therebetween.

14. (Original): The linear abrasive finishing appara-
tus according to any of Claims 7 to 13, comprising a
workpiece support and a pair of belt polishers pass-
ing over the workpiece support instead of the flat
surface plates.

Statement under Art. 19.1 PCT

Claim 7 has been amended to clarify that the appa-
ratus is used for the method according to claim 1.

The cited reference does not disclose such an abra-
sive finishing apparatus for particular abrasive finishing
method.
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