Double-Side or One-Side Machining Machine, and Method for Operating a Double-

Side or One-Side Machining Machine

The invention relates to a double-side or one-side machining machine with a
preferably annular bottom working disk and a top counter bearing element, wherein
the bottom working disk and top counter bearing element can be driven to rotate
relative to each other, wherein between the bottom working disk and top counter
bearing element, a working gap is formed to machine flat workpieces on two sides
or one side. The invention also relates to a method for operating such a double-side
or onc-side machining machine, and a method for setting up at least one bottom

working disk in a double-side or one-sided machining machine.

For example, flat workpieces such as wafers are simultaneously machined on both
sides in double-sided machining machines. For this purpose, double-sided
machining machines have a top working disk and a bottom working disk between
which a working gap is formed in which the workpieces to be machined are guided
during processing. The top working disk is fastened to a top support disk, and the
bottom working disk is fastened to the bottom support disk. For machining, a
relative rotation between the working disks is produced by rotatably driving at least
one of the working disks together with its support disk. Double-sided machining
machines are known in which so-called rotor disks are guided. The rotor disks
generally accommodate workpieces to be machined in circular openings in a floating
manner. By suitable kinematics, it is ensured that the rotor disks also rotate within
the working gap during the relative rotation of the working disks. As a result, the
workpieces move along cycloid paths within the working gap. Particularly consistent

surface machining is hereby achieved.

With machining machines of the kind at issue here, a change in the working gap

arises between the working disks due to the process heat which arises during
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machining. In particular, a heat-related deformation of the working disks occurs and
hence a deviation in the gap geometry from the stipulated shape. This negatively
influences the result of machining. This applies in particular to the very high

machining requirements of so-called prime wafers.

It is known from DE 10 2004 040 429 B4 to counteract negative effects from the
arising process heat by controlling the temperature of the working disks. Channels
are formed in the support disks or working disks through which corresponding
temperature-controlling fluid such as cooling water is conducted. In practice, these
temperature-controlling apparatuses cannot, however, always satisfy the maximum

precision requirements in machining.

Furthermore, an apparatus for mechanically deforming the top support disk, and
with it the top working disk attached thercto, is known from DE 10 2006 037 490
B4. With this apparatus, an initially flat working surface of the top working disk can
be changed to a slightly concave surface. Conversely, an initially slightly convex
working surface of the top working disk can be changed into a flat, or respectively
concave working surface. With this global deformation of the top working disk as
well, not all of the deviations from the ideal gap geometry that arise during operation

from process heat can be compensated.

Starting from the explained prior art, the object of the invention is to provide a
double or one-side machining machine, as well as a method of the initially-cited
type, by means of which an optimum machining result can be achieved despite the

unavoidable process heat that arises during operation.

The invention achieves this object by independent claims 1, 16 and 19.
Advantageous designs can be found in the dependent claims, the description and the

figures.




For a double or one-side machining machine of the above-cited type, the invention
achieves the object in that means are provided to generate a local deformation of the

bottom working disk.

For a method to operate such a double-side or one-side machining machine, the
invention achieves the object in that the bottom working disk is deformed locally

while processing workpieces such that it assumes a target geometry.

The machining machine can for example be a polishing machine, lapping machine,
or a grinding machine. A working gap is formed between the bottom working disk
and a counter bearing element such as a simple weight or pressure cylinder with
one-sided machining machines, or a top working disk with double-side machining
machines, in which workpieces to be machined such as wafers are machined on both
sides or one side. The machining machine can be double-side or a one-side. With a
double-side machining machine, the bottom side and top side of workpieces can be
preferably machined simultaneously in the working gap. Correspondingly, both
working disks can have a working surface that machines the workpiece surface.
With a one-side machining machine, only one workpiece side is contrastingly
machined; in the present case, the bottom side by the bottom working disk. In this
case, only the bottom working disk has a working surface that machines the
workpiece surface. The counter bearing element in this case only serves to form a

corresponding counter bearing for machining by the bottom working disk.

The workpieces can be accommodated for machining to float in a known manner in
openings in rotor disks arranged in the working gap. The bottom working disk and
the counter bearing element are driven to rotate relative to each other during
operation, for example by a top and/or bottom driveshaft and at least one drive

motor. The top counter bearing element as well as the bottom working disk can be
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driven to rotate, and subsequently in the opposite direction. It is, however, possible
to only rotatably drive only one of the top counter bearing element and bottom
working disk. For example, with a double-side machining machine, rotor disks can
be moved by suitable kinematics to rotate during this relative rotation through the
working gap so that workpieces arranged in the rotor disks describe cycloid paths in
the working gap. For example, the rotor disks can have teeth on their outer edge
and/or on their inner edge that engage in associated teeth, for example of the bottom

working disk. Such machines with so-called planetary kinematics are well-known.

The bottom working disk can be designed annular. The counter bearing element, or
respectively the top working disk, can also be designed annular. The bottom
working disk and the top counter bearing element such as the top working disk then
possess facing annular working surfaces between which the annular working gap is
formed. The working surfaces can be covered with a working covering such as
polishing cloths. Any support disks that hold the working disks can also be designed
annular, or at least possess annular support sections to which the working disks are

fastened. More than one support disk per working disk can also be provided.

According to the invention, means are provided by which the bottom working disk
can be locally deformed, in particular between a local concave deformation and a
local convex deformation. A local concave or convex deformation must be
distinguished from a global concave or convex deformation as for example is known
from DE 10 2006 037 490 B4. With a local deformation, the convex, or respectively
concave deformation, or respectively shape, lies in a radial direction between the
inner and outer edge of the e.g. annular working disk. If the bottom working disk is
not annular, the convex, or respectively concave deformation, or respectively shape,
lies in a radial direction between the center and the outer edge of the working disk.
With the global deformation, the concave or convex shape, viewed in the radial

direction, only arises over the entire diameter of the working disk. In a radial
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direction between the inner and outer edge of an annular working disk, or
respectively between the center and the outer edge of a non-annular working disk,
the working disk is contrastingly flat with an exclusively global deformation. The
difference between a local deformation and global deformation of a working disk

will be explained below with reference to Fig. 4 to 6.

According to the invention, a smooth adjustment of the local shape of the bottom
working disk between a maximum concave to maximum convex shape determined
by the installation, geometric and material edge conditions is basically possible. The
bottom working disk correspondingly possesses a sufficiently small thickness so that
it can be deformed depending on its surface area, in particular its annular width, or
respectively its turning radius. In the region of its greatest deformation, i.e., along an
imaginary circle running in the middle on the e.g. annular working surface, the
difference between the maximum concave shape and maximum convex shape of the

bottom working disk can for example be about 200 pm.

Give the possibility according to the invention of adjusting the bottom working disk
in a radial direction, a change in the gap can be compensated more effectively by
influencing the temperature while machining. During the machining process, many
gap geometries are possible that yield optimum machining of the workpieces. The
invention is particularly advantageous with large workpieces, such as large wafers
that, for example, possess a diameter of 450 mm or more. In this context, only one
workpiece can be located in a rotor disk. In addition, the invention makes it possible
to more effectively vary over wide ranges the process parameters such as rotary
speed, specific load and amount of polish in polishing machines and thereby further
optimize machining as the arising process heat can better be compensated. The
erosion by machining per time can also be increased. The radial geometry of the
annular width can be adapted by the deformation, according to the invention, of the

bottom working disk. If for example the radial geometry of the top counter bearing
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element, or respectively the top working disk, is slightly concave at the start of
machining, the bottom working disk can be deformed in the convex direction in
order to thereby restore an optimum parallel working gap geometry. If, during the
subsequent machining process, the radial geometry of the top counter bearing
element or respectively the top working disk changes in the convex direction due to
the arising process heat, the bottom working disk can compensate for this by a
corresponding deformation and thereby restore the optimum parallel working gap

geometry.

According to the invention, a local deformation of the bottom working disk that is
statically adjusted before machining is conceivable. It is also possible to provide a
control apparatus for actuating the means for generating a local deformation of the
bottom working disk. An operator can then for example save a desired local
deformation in the control apparatus. It is also conceivable to specify certain
working disk geometries for certain processing parameters of the machine that are

then set by the control apparatus for machining.

According to one embodiment, the top counter bearing element can be formed by a
preferably annular top working disk, wherein the working disks are arranged coaxial
to each other and can be driven to rotate relative to each other, wherein the working
gap is formed between the working disks to machine both or one side of flat
workpieces. In particular, the machining machine can be a double-side machining

machine,

The means for generating a local deformation of the bottom working disk can in

principle be hydraulic means, and/or pneumatic means, and/or mechanical means.

According to an additional embodiment, the bottom working disk can be fastened to

a bottom support disk, wherein the means for generating the local deformation in the
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bottom working disk can comprise an annular volume of pressure formed between
the bottom support disk and the bottom working disk that is connected to a fluid
supply which can be controlled so that pressure builds in the pressure volume which
generates a predetermined local deformation of the bottom working disk. The fluid
can be a liquid, in particular water. By introducing the fluid into the pressure
volume, pressure can be exerted on the working disk, which is thin in comparison to
the support disk, that leads to a deformation of the working disk. In particular, the
working disk can be thereby changed to a locally concave shape by setting a low
pressure in the pressure volume, to a locally flat shape by setting a medium pressure,
and to a locally convex shape by setting a high pressure. The locally convex, or
respectively concave deformation, or respectively shape, lies between the inner and
outer edge of the annular bottom working disk, in particular in the radial direction.
The pressure volume is a changeable pressure volume. The bottom working disk
forms a membrane that deforms depending on the volume of the pressure volume
produced by the different pressure. The pressure that builds in the pressure volume
to locally deform the bottom pressure disk can for example lie within a range of 0.4

to 1.5 bar.

The pressure fluid supply comprises a pressure fluid reservoir to which is connected
at least one pressure line that is connected to the pressure volume. A pump and a
control valve can be arranged in the pressure line that can be actuated to build up the
desired pressure within the pressure volume, for example by a control apparatus. In
addition, the pressure fluid supply can comprise a pressure measuring apparatus that
directly or indirectly measures the pressure in the pressure volume and can also send
the measurements to the control apparatus. By suitably actuating the pressure fluid
supply in the pressure volume, the required pressure for the desired working gap
geometry can be adjusted on this basis. A highly parallel working gap, i.e., an
unchanging distance between the working disks over the entire radial extent, is

generally desirable.



According to another embodiment, provision can be made for the bottom working
disk to be fastened only in the region of its outer edge and in the region of its inner
edge to the bottom support disk. As already explained, the working disks can
particularly be annular. The annular pressure volume is then formed between the
bottom working disk and the bottom support disk. In the aforementioned
embodiment, the bottom working disk is only fastened to the bottom support disk in
the region of its radially outside and radially inside edge bordering the working disk,
for example screwed along a divided circle. Between these edge regions, the
working disk is contrastingly not fastened to the support disk. In particular, the
annular pressure volume can be formed within this region. In this manner, the
working disk possesses the required mobility in order to be deformed in the desired
manner by building up a suitable pressure in the pressure volume. The attachment of
the working disk to the support disk is selected so that the contact surface on the
inner and outer edge is kept as narrow as possible in order to achieve a specific

deformation over the entire surface of the working disk if possible.

According to another embodiment, a distance measuring apparatus can moreover be
provided to determine the thickness of the working gap and/or working disk
deformation. The distance measuring apparatus can comprise at least one distance
measuring sensor that measures the working gap thickness and/or the working gap
deformation at at least one place in the working gap. For example, the at least one
distance measuring sensor can measure the distance between the bottom working
disk and a support disk holding the bottom working disk which acts in this case as a
membrane. The distance measuring sensor is then preferably arranged on the radius
of the maximum local deformation of the bottom working disk, in particular in the
middle of the working disk. The distance measuring sensor can also measure the
distance between the bottom working disk and the top counter bearing element, or

respectively between the working disks, and for example be arranged in the top
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working disk. The distance measuring apparatus can moreover comprise at least two
distance sensors that measure the working gap thickness at at least two radially
spaced locations. For example, the distance measuring sensors can measure the
distance between the bottom working disk and the counter bearing element, or
respectively the distance between the working disks. The distance sensors can for
example be arranged in the region of an edge of the working gap and in the middle
of the working gap. According to another embodiment, the distance measuring
apparatus can comprise at least three distance measuring sensors that measure the
working gap thickness at at least three radially spaced points of the working gap to
achieve improved measurement of the working gap geometry. In this case, the
distance sensors can measure the distance at the inner and outer edge and in the
middle of the working gap. It is possible for all distance measuring sensors to
measure the distance between the bottom working disk and the top counter bearing
element, or respectively between the working disks, and for example be arranged in
the top working disk. A combination of the above-explained embodiments of the
distance measuring apparatus is however also possible in which distance measuring
sensors, for example on the inner and outer edge, measure the distance between the
bottom working disk and the outer bearing element, or respectively the distance
between the working disks, and in which a distance measuring sensor in the middle
of the working disk measures the distance between the bottom working disk and a

support disk that holds the bottom working disk.

According to another embodiment, a control apparatus can be provided that actuates
means for generating a local deformation in the bottom working disk depending on
the measurements received from the distance measuring apparatus so that a
predetermined local deformation is created in the bottom working disk. In particular,
the control apparatus can actuate the fluid supply in order to generate a pressure in
the pressure volume that causes a predetermined local deformation of the bottom

working disk. In this embodiment, the local deformation of the bottom working disk
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is controlled by a control apparatus at whose input the measurements are supplied
from the distance measuring apparatus. If the control apparatus discerns a deviation
in the working gap geometry from a predetermined geometry based on the values
measured by the distance measuring device, it actuates the means for generating the
local deformation such that the working gap resumes the predetermined geometry as
closely as possible. This controlling according to the invention can in particular be

automatic during production operation of the double or one-side machining machine.

Moreover, means can be provided for generating a global deformation of the top
counter bearing element, in particular the top working disk. The control apparatus
can be designed to also actuate the means for deforming the top counter bearing
element. The actuation by the control apparatus can moreover be carried out

depending on the measurements obtained from the distance measuring apparatus.

If at least three distance measuring sensors are provided that can measure the
distance at at least three radially spaced points in the working gap, the global
adjustment of the working gap can be carried out by a global deformation of the top
working disk through a reconciliation of the distance measuring sensors provided at
the inner and outer edge of the working gap. The third, middle distance measuring
sensor arranged between the inner and outer distance measuring sensors monitors
the parallelism of the top and bottom working disk in a radial direction between the
inner and outer edge of the working disk, i.e., the local parallelism. This local
parallelism can also be optimally adjusted by suitable local deformation of the
bottom working disk. The aim is generally to bring all of the distance values
measured by the distance measuring sensors to the same value by suitably deforming

the top working disk and/or the bottom working disk.

According to another embodiment, the top counter bearing element is a top working

disk fastened to a top support disk, and the means for deforming the top working
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disk comprises a support ring on which the top support disk is suspended, wherein
controllable means are arranged between the support ring and a ring section of the
support disk lying radially to the outside of the support ring by means of which a
radial force is applied over the perimeter of the support ring to the support disk with
the assistance of a force generator, wherein the control apparatus adjusts the force at
the force generator depending on the distance values measured by the distance
measuring apparatus, or by the pressure values measured by a measuring apparatus.
The support ring can be rotatably connected to a top working shaft for rotatably
driving the top support and working disk.

Moreover, a small-width annular channel running in a peripheral direction can be
provided between the support ring and a ring section, and the force generator is a
pressure generator that is connected to the annular channel and generates a

predetermined pressure in the annular channel.

Moreover, a cylinder with a piston can be arranged on the support ring, the piston
can interact with a cylindrical hole in the support ring and is connected via a
transverse hole to the annular channel, and a hydraulic medium is accommodated in
the annular channel and cylindrical hole. The piston can be actuated by a
controllable pressure from a hydraulic source. In particular, the actuation can be

hydropneumatic.

The aforementioned embodiments for globally deforming the top working disk are
known in principle from DE 10 2006 037 490 B4 and can be used in a

corresponding manner in the present invention.

According to another embodiment, temperature-controlling channels for conducting
a temperature-controlling fluid can be formed at least in the bottom support disk, or

in the bottom working disk, preferably also in the top support disk or in the top
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working disk. The temperature-controlling channels can be designed like a labyrinth.
A temperature-controlling fluid, in particular a temperature-controlling liquid such
as water can be guided through the temperature-controlling channels while the
machine is operating to control the temperature, in particular to cool the working
disk(s). To a certain extent, this can counteract a heat-related deformation of the

working disks.

According to an embodiment with a particularly simple design, the temperature-
controlling channels formed in the bottom working disk or the bottom support disk
can be connected to the pressure volume. In this case, a suitable control valve is
provided by means of which the pressure built up in the pressure volume can be
controlled. In particular, a pressure can be thereby adjusted in the pressure volume
that, for example, is smaller or the same as the pressure in the temperature-
controlling channels. The control valve can in turn be actuated by the control

apparatus.

The invention also achieves the object by means of a method for setting up at least
one bottom working disk in a double or one-side machining machine according to
the invention in which at least the working surface of the bottom working disk,
preferably also the working surface of the top working disk, is set up in that at least
the working surface of the bottom working disk, preferably also the working surface
of the top working disk, is machined to remove material, preferably ground, wherein

the bottom working disk is locally deformed while machining to remove material.

Given the unavoidable production and installation tolerances, working disks must be
set up before they are operated for the first time, in particular in double-side
machining machines. This is presently accomplished by an involved lapping process
in which the working disks are machined to remove material over a long time until

they possess the desired shape for subsequent operation. Because the bottom
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working disk is locally deformed in the aforementioned method according to the
invention, for example brought into a locally convex shape, this setup procedure can
be significantly shortened. In particular, it is possible to choose a grinding process
instead of lapping. The working disks can thereby be brought into their desired
shape for later operation significantly faster. In the method according to the
invention, it is also possible to set up working disks for another machining machine

in the machining machine used in the method.

An exemplary embodiment of the invention is explained in greater detail below

based on figures. In a highly schematic manner:

Fig. 1 shows a sectional view of a part of a double-side machining machine

according to the invention in a first operating state,

Fig. 2 shows the view from Fig. 1 in a second operating state,

Fig.3 shows the view from Fig. 1 in a third operating state,

Fig.4 shows a sectional view of a part according to another exemplary
embodiment of a double-side machining machine according to the
invention,

Fig. 5 shows a plan view of an illustration of a working disk,

Fig. 6 shows a cross-sectional view of an illustration of a global deformation of a

working disk along line A-B in Fig. 5, and
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Fig. 7 shows a cross-sectional view of a local deformation of working disk along
line A-B in Fig. 5, wherein only half of the cross-sectional view is depicted

in scgments b) and c) for the sake of visualization.

The same rcference numbers refer to the same objects in the figures unless indicated

otherwise.

The double-side machining machine depicted merely as an example in Fig. 1 to 3
has an annular top support disk 10 and a bottom support disk 12 that is also annular.
An annular top working disk 14 is fastened to the top support disk 10, and a working
disk 16 that is also annular is fastened to the bottom support disk 12. Between the
annular working disks 14, 16, an also annular working gap 18 is formed in which
flat workpieces such as wafers are machined on both sides during operation. The
double-side machining machine can for example be a polishing machine, lapping

machine, or a grinding machine.

The top support disk 10, and with it the top working disk 14, and/or the bottom
support disk 12 and with it the bottom working disk 16, can be rotatably driven
relative to each other by a suitable drive apparatus comprising for example a top
drive shaft, and/or a bottom drive shaft, as well as at least one drive motor. The drive
apparatus is known per se and will not be described further for reasons of clarity. In
a manner which is also known per se, the workpieces to be machined can be held to
float in rotary disks in the working gap 18. By suitable kinematics, for example
planetary kinematics, it can be ensured that the rotor disks also rotate through the
working gap 18 during the relative rotation of the support disks 10, 12, or
respectively working disks 14, 16. Temperature-controlling channels can be formed
in the top working disk 14, or the top support disk 10 and possibly also the bottom
working disk 16 or the bottom support disk 12, through which a temperature-
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controlling fluid such as a temperature-controlling liquid like water can be

conducted during operation. This is also known per se and not further described.

The double-side machining machine shown in Fig. 1 to 3 moreover comprises a
distance measuring apparatus that is also known per se and is not further described.
It can for example function optically or electromagnetically (such as eddy current
sensors). In the depicted example, the distance measuring apparatus can for example
comprise three distance measuring sensors that measure the distance between the top
working disk 14 and bottom working disk 16 at three radially spaced positions in the
working gap. The arrangement of the distance measuring sensors is illustrated in
Fig. 1 by the arrows 20, 22 und 24. As can be seen, the distance measuring sensor
indicated with reference number 20 measures the distance between the top working
disk 14 and the bottom working disk 16 in the region of the radially outer edge of
the working gap 18. The measuring sensor indicated with reference number 24
measures the distance between the top working disk 14 and the bottom working disk
16 in the region of the radially inner edge of the working gap 18. The distance
measuring sensor indicated with reference number 22 measures the distance between
the top working disk 14 and the bottom working disk 16 in the middle of the
working gap 18. In Fig. 2, a distance measuring sensor is indicated with reference
number 22’ that measures the distance between the bottom working disk 16 and
bottom support disk 12 in the middle of the working gap. This distance measuring
sensor can be used alternatively to the distance measuring sensors shown in Fig. 1,
or in combination with the distance measuring sensors shown in Fig. 1. For example,
the distance measuring sensor 22’ can replace the distance measuring sensor 22
shown in Fig. 1. The distance measuring sensors in Fig. 3 and 4 are not shown for
reasons of clarity. The measurements of the distance measuring sensors indicated
with reference numbers 20, 22 and 24, or respectively 22’ are applied to a control

apparatus 26.
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The bottom working disk 16 in the present case is only fastened in the region of its
outer edge and the region of its inner edge to the bottom support disk 12, for
example screwed along a divided circle in each case, as illustrated in Fig. 1 with
reference numbers 28 and 30. Between these fastening sites 28 and 30, the bottom
working disk 16 is contrastingly not fastened to the support disk 12. Instead, an
annular pressure volume 32 is located between these fastening sites 28, 30 between
the bottom support disk 12 and bottom working disk 16. The pressure volume 32 is
connected by a dynamic pressure line 34 to a pressurized fluid reservoir such as a
liquid reservoir, in particular a water reservoir (not shown in the figures). In the
dynamic pressure line 34, a pump and a control valve can be arranged that can be
actuated by the control apparatus 26. In this manner, fluid introduced into the
pressure volume 32 can be built up within the pressure volume 32 to a desired
pressure that then acts on the bottom working disk 16. The pressure predominating
in the pressure volume 32 can be measured by means of a pressure measuring
apparatus (not shown). The measurements from the pressure measuring apparatus
can also be applied to the control apparatus 26 so that the control apparatus 26 can

set a predetermined pressure within the pressure volume 32.

Due to its freedom of movement between the fastening sites 28, 30, the bottom
working disk 16 can be brought locally into a convex shape by setting a sufficiently
high pressure within the pressure volume 32 as indicated in Fig. 2 in a dashed line
with reference number 36. If a pressure po in the pressure volume 32 is assumed in
the operating state in Fig. 1 in which the bottom working disk 16 has a flat shape,
the convex deformation shown in Fig. 2 at 36 of the bottom working disk 16 can be
achieved by setting a pressure of p1 > po. On the other hand, by setting a pressure of
p2 <po in the pressure volume 32, a local concave deformation of the bottom
working disk 16 can be achieved as indicated by a dashed line in Fig. 3 with

reference number 38.
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Viewed in a radial direction, it can be seen that the bottom working disk 16 can
assume a local convex shape (Fig. 2), or respectively a local concave shape (Fig. 3),
between its inner edge in the region of the fastening site 28 and its outer edge in the

region of fastening site 30.

Means can be provided for globally deforming the top working disk 14 in addition to
this local radial deformation of the bottom working disk 16. These means can be
designed as explained above, or respectively as described in DE 10 2006 037 490
B4. The top support disk 10 and with it the top working disk 14 fastened thereto are
globally deformed so that a global concave or convex shape of the working surface
of the top working disk 14 results over the entire cross-section of the top working
disk 14. The top working disk 14 can contrastingly remain flat between its radially
inner edge and its radially outer edge. The means for adjusting the shape of the top

working disk 14 can also be actuated by the control apparatus 26.

While workpieces are being machined in the working gap 18, the distance measuring
sensors 20, 22, 24, or respectively 22° measure the distance between the top working
disk 14 and bottom working disk 16, or respectively between the bottom working
disk 16 and bottom support disk 12 e.g., at regular intervals at their respective
measuring site, and forward these measurements to the control apparatus 26. If the
control apparatus 26 discerns a deviation from the specified working gap geometry,
or respectively working disk deformation, in particular from an optimum parallelism
between the working surfaces of the top and bottom working disks 14, 16, the
control apparatus 26 controls the means for adjusting the shape of the top working
disk 14, and/or the pressure fluid supply for the pressure volume 32 to deform the
bottom working disk 16 in a suitable manner in order to achieve the desired

optimum working gap geometry.
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Fig. 4 shows a double-side machining machine according to another exemplary
embodiment that is designed in principle like the double-side machining machine
shown in Fig 1 to 3. The example shown in Fig. 4 differs from the example shown in
Fig. 1 to 3 only in that two top support disks, i.e., support disk 10 and support disk
10°, as well as two bottom support disks, i.e., support disks 12 and 12’ are provided
in Fig. 4. The top working disk 14 is fastened to the top support disk 10” which in
turn is held against the top support disk 10. The bottom working disk 16 is fastened
to the bottom support disk 12” in the manner explained with reference to Fig. 1 to 3,
which in tumn is held against the bottom support disk 12. Labyrinthine cooling lines
are shown in the top support disk 10’ in Fig. 4 at reference number 40. Labyrinthine
cooling lines which are formed in the bottom support disk 12’ are shown at
reference number 42. During operation, a cooling liquid such as water is conducted
through the cooling lines 40, 42. The bottom cooling lines 42 are moreover
connected via a throttle hole 44 to the pressure volume 32. The pressure volume 32
and the bottom cooling lines 42 are supplied by the same pressure fluid supply in the
depicted example, for example via a triple distributor. The triple distributor can
supply the bottom cooling lines 42 that are kept at a set pressure by the control
pressure control valve. The pressure volume 32 is also supplied through the throttle
hole 44 with cooling liquid from the cooling lines 42. A third connection of the
triple distributor is connected to the pressure volume 32, and the dynamic pressure
in the pressure volume 32 can be controlled by a pressure control valve that is pilot-
controlled by the control apparatus 26. The maximum dynamic pressure corresponds

to the pressure in the cooling lines 42.

The difference between the local deformation of a working disk according to the
invention and the global deformation of a working disk known from the prior art
will be further explained with reference to Fig. 5 to 7. Fig. 5 shows a plan view of an
annular working disk as it can be used in the double or single-side machining

machine according to the invention. The diameter of the working disk runs between
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the points A and B drawn in Fig. 5. The turning radius, or respectively the ring
width of the annular working disk runs between points A and A', or respectively

between points B and B'.

Fig. 6 shows a global concave deformation of the top working disk in segment a).
Fig. 6 shows a global convex deformation of the top working disk in segment c), and
Fig. 6 shows the top working disk without a global deformation in segment b). With
the exclusively global deformation depicted in Fig. 6, the distance between points A
and A', or respectively the distance between points B and B' does not discernibly
change in the different states of deformation, i.e., the working surface of the working
disk is flat between the inner edge A' and the outer edge A, or respectively between
the inner edge B' and the outer edge B. However, in the different states depicted in
Fig. 6, the distance h in an axial direction of the working disk changes between the
inner edge A', or respectively B' and the outer edge A, or respectively B, in Fig. 6,
i.e., in a direction from top to bottom. Without a global deformation, this distance is
h=0 (segment b)). Given a concave deformation, this distance is h>0 (segment a)),

and given a convex deformation, this distance is h<0 (segment c)).

Fig. 7 shows an (exclusively) local deformation, also for a top working disk for
reasons of clarity. As in segment b) in Fig. 6, a state without any deformation of the
top working disk is shown in segment a) of Fig. 7. Segment b) of Fig. 7 shows a
local concave deformation of the top working disk, and segment ¢) of Fig. 7 shows a
local convex deformation of the top working disk. As can in particular be seen in
segments b) and ¢) in Fig. 7, the concave or respectively convex shape results in a
radial direction between the inner edge A’ and the outer edge A, or respectively
between the inner edge B' and the outer edge B of the working disk, i.e., over the
turning radius, or respectively the ring width. With a local deformation as shown in
Fig. 7, the distance h' between any point on the working surface such as the middle

of the working surface and the strait connecting line between the inner edge A’ and
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the outer edge A (or respectively the inner edge B' in the outer edge B) of the
working surface is not zero. In the event of a concave deformation as shown in
scgment b) in Fig. 7, h™>0. In the event of a convex deformation as shown in

segment ¢) in Fig. 7, h'<0.
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Claims

[Claim 1]

A machining machine comprising:

An annular bottom working disk (16) and an annular top working disk (14)
or a top counter bearing element, wherein the bottom working disk (16) and the top
working disk (14) or the top counter bearing element are configured to rotate relative
to each other;

a working gap defined between the bottom working disk (16) and the top
working disk (14) or the top counter bearing element, the working gap being
configured to allow machining flat work pieces on at least one side; and

a means for generating a local deformation of the bottom working disk (16);

wherein the means for generating the local deformation of the bottom
working disk (16) are hydraulic means, or pneumatic means further comprising:

a bottom support disk (12, 12”) coupled to the bottom working disk (16);
and an annular volume of pressure formed between the bottom support disk (12, 127)
and the bottom working disk (16), the annular volume of pressure (32) being
configured to be coupled to a fluid supply, wherein the fluid supply is configured to
be controlled so that the pressure built in the annular volume of pressure (32)
produce a predetermined local deformation of the bottom working disk (16); and

wherein the bottom working disk (16) is only coupled to the bottom support
disk 12, 12”) in a region of its outer edge and in a region of its inner edge,

wherein the annular volume of pressure (32) is extended between the inner

and outer edge.

[Claim 2]
The machining machine according to claim 1, characterized in that a control
apparatus is also provided for actuating the means for generating a local deformation

of the bottom working disk (16).
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[Claim 3]
The machining machine according to claim 2, characterized in that a
distance measuring apparatus is provided to determine the thickness of the working

gap (18) or a deformation of the working disk (16).

[Claim 4]

The machining machine according to claim 3, characterized in that the
distance measuring apparatus comprises at least one distance measuring sensor (22”)
that measures the distance between the bottom working disk (16) and a bottom
support disk holding the bottom working disk (16) at at least one place in the
working gap (18).

[Claim 5]

The machining machine according to claim 4, characterized in that the
distance measuring apparatus comprises at least two distance measuring sensors (20,
22, 24) that measure the distance between the bottom working disk (16) and the top

counter bearing element at at least two points in the working gap (18).

[Claim 6]

The machining machine according to claim 3, characterized in that a
control apparatus (26) is provided that actuates the means for generating a local
deformation in the bottom working disk (16) depending on the measurements
received from the distance measuring apparatus so that a predetermined local

deformation is created in the bottom working disk (16).

[Claim 7]
The machining machine according to claim 6, characterized in that means
are also provided to generate a global deformation in the top counter bearing

element or the top working disk (14).
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[Claim 8]
The machining machine according to claim 7, characterized in that the
control apparatus (26) is designed to also actuate the means for generating the global

deformation of the top counter bearing element or the top working disk (14).

[Claim 9]

The machining machine according to claim 6, characterized in that the top
counter bearing element is a top working disk (14) fastened to a top support disk
(10, 10%),

the means for deforming the top working disk (14) comprises a support ring
on which the top support disk (10, 10°) is suspended,

wherein controllable means are arranged between the support ring and a
ring section of the top support disk (10, 10°) lying radially to the outside of the
support ring by means of which a radial force is applied over the perimeter of the
support ring to the top support disk (10, 10”) with the assistance of a force generator,

wherein the control apparatus (26) adjusts the force at the force generator
depending on the distance values measured by the distance measuring apparatus, or

by the pressure values measured by a measuring apparatus.

[Claim 10]
The machining machine according to claim 1, characterized in that
temperature-controlling channels (42) for conducting a temperature-controlling fluid

are formed in the bottom support disk (12, 12°) or in the bottom working disk (16).

[Claim 11]
The machining machine according to claim 10, characterized in that the

temperature-controlling channels (42) are connected to the pressure volume (32).
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[Claim 12]
A method to operate a machining machine according to one of claims 1 to
11, characterized in that the bottom working disk (16) is deformed locally while

processing workpieces such that it assumes a target geometry.

[Claim 13]

A method to operate a machining machine according to claim 12,
characterized in that the distance of the working disks (14, 16) is measured in at
least one location in the working gap (18), wherein the local deformation is

generated depending on the measurements.

[Claim 14]
A method to operate a machining machine according to claim 13,
characterized in that the top working disk (14) is also deformed globally while

processing workpieces so that the working gap (18) assumes the target geometry.

[Claim 15]

A method for setting up at least one bottom working disk in a machining
machine according to one of claims 1 to 11, characterized in that the working
surface of the bottom working disk (16) is set up in that the working surface of the
bottom working disk (16) is machined to remove material, wherein the bottom

working disk (16) is locally deformed while processing to remove material.



