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(67) A polishing tool and a device for polishing a
workpiece with a corresponding polishing tool are pro-
posed, the polishing tool having an elastic intermediate
layer with two portions/parts of different hardness, the

POLISHING TOOL AND DEVICE FOR POLISHING A WORKPIECE

portion/part close to the processing surface being softer
than the portion/part of the intermediate layer remote
from the processing surface.
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Description

[0001] The presentinvention relates to a polishing tool
according to the preamble of claim 1. The present inven-
tion further relates to a device for polishing a workpiece,
in particular alens, according to the preamble of claim 10.
[0002] A polishing tool of this type is known from DE
10 2014 015 052 A1. The polishing tool of this type has
a base with a two-part foam carrier applied to its curved
front surface, which in turn carries a polishing foil. The
two-part foam carrier is softer adjacent to the base and
harder adjacent to the polishing foil.

[0003] Such a polishing tool is used in particular for
polishing optical workpieces such as lenses. Since the
harder portion is much thinner than the softer portion, the
polishing foil can adapt well to the geometry of the surface
to be polished due to the comparatively thick softer por-
tion. Atthe same time, a comparatively high removal rate
can be achieved due to the comparatively thin harder
area. Therefore, it shall be possible to polish ophthalmic
lenses in a range from 0 to 14 diopters with a single tool
with a constant curvature of the surface of the base. Ba-
sically, the number of polishing tools required for oper-
ating in the diopter range of the ophthalmic lenses to be
polished shall be reduced. However, such a polishing
tool does not meet the requirements for the most exact,
deterministic polishing with a particularly accurate pol-
ishing result.

[0004] Furthermore, numerous polishing tools with a
one-piece elastic intermediate layer are known in the
state of the art. In particular when combined with a pol-
ishing spindle with spherical/ball head, the problem aris-
es that when compressing the intermediate layer during
the polishing process, the polishing tool or tool axis is
(too) strongly deflected or tilted away from the center axis
and/or drive axis (center offset). This leads to polishing
errors because the polishing tool is not guided centrally
and/or the tool axis is not guided perpendicular to the
surface to be polished (processing surface / target sur-
face), but off-center/eccentric and/or offset and/or at an
angle / inclined to said surface.

[0005] The objectofthe presentinventionis toimprove
and/or further develop a polishing tool of the known type
as well as a device of the known type in such a way that
a particularly precise polishing of a workpiece, such as
a lens or an ophthalmic lens, is made possible, in partic-
ular with small radial deflection of the polishing tool and/or
reduced center offset during the polishing process.
[0006] The solution to this problem is a polishing tool
with the features of claim 1 and a device with the features
of claim 10.

[0007] Afirstindependent aspect of the presentinven-
tion is that the polishing tool according to the invention
comprises a base, a polishing foil and/or polishing pad
and a two-part or multi-part elastic intermediate layer,
preferably made of foam, in particular a foam carrier,
wherein the intermediate layer is designed to be harder
and/or stiffer (against compression) in the (immediate)
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vicinity of the base and softer and/or more elastic and/or
more yielding in the (immediate) vicinity of the polishing
foil. Thus, a strong radial deflection of the polishing tool
according to the invention during the polishing process
is at least reduced.

[0008] Itis provided that the intermediate layer / foam
carrier has a (first) portion/part in particular of foam ma-
terial which (directly) adjoins the base and/or is remote
from the processing surface and a (second) portion/part
in particular of foam material which (directly) adjoins the
polishing foil and/or is arranged between the polishing
foiland the first portion/part and/or is close to the process-
ing surface, wherein the first portion/partis thicker, harder
/ less elastic, stiffer and/or denser than the second por-
tion/part.

[0009] Due to the softer/second portion/part, the pol-
ishing foil can adapt particularly well to the surface of the
workpiece even at high rotational speeds of the polishing
tool. In particular for workpieces or lenses with surfaces
which are not rotationally symmetric, such as toric lenses
or free-form lenses, the arrangement according to the
invention of the portions/parts of the intermediate layer /
foam carrier - in contrast to the state of the art - enables
the polishing foil to dynamically adapt or snuggle against
the surface so that the polishing foil always lies on the
workpiece/lens with its (entire) surface.

[0010] Due tothe harder/first portion/part, the polishing
tool and/or the polishing foil can yield both in the axial
direction / the direction of the tool axis and in the radial
direction / transversely to the drive axis, in particular to
allow adaptation to height differences and/or to radii of
curvature of the workpiece varying in the circumferential
direction, as in the case of toric lenses, and/or to be able
to process workpieces with different radii of curvature
with the same polishing tool.

[0011] A secondindependent aspect of the presentin-
vention is that a device for polishing according to the
invention comprises a - rotatably driven - tool carrier, in
particular a tool spindle / polishing spindle, which is (di-
rectly) connected to the base of the polishing tool accord-
ing to the invention by means of an optional coupling
element and/or is embodied for detachable and/or ex-
changeable holding of the polishing tool according to the
invention, wherein the tool carrier, in particular the cou-
pling element, is either at least substantially rigid / joint-
free, in particular ball-head-free, or has an elastic flexure
bearing / elastic flexure joint.

[0012] Thus, in particular, the tool carrier and/or the
coupling elementdo/does nothave a ball head/spherical
head which would lead to an excessive center offset of
the polishing tool when the polishing tool is pressed
against the workpiece and can lead to tilting during pol-
ishing in the edge area of the workpiece.

[0013] The known devices with ball head have a fixed
and relatively large distance between the joint / joint axis
/ tilt axis and the polishing surface. It is therefore a con-
straining/coercive mechanism which, even with small
transverse forces, leads to a large center offset of the
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polishing tool relative to the spindle axis / drive axis due
to the large distance.

[0014] In contrast, the rigid and/or joint-free device ac-
cording to the invention does not have a fixed joint axis
/ tilt axis.

[0015] As already explained, tilting of the polishing tool
is (exclusively) caused by bending of the polishing tool,
in particular of the intermediate layer / foam carrier. In
other words, the polishing tool, in particular the interme-
diate layer/ foam carrier, preferably forms a flexure bear-
ing, in particular with a virtual joint axis, with a reduced
distance to the polishing surface compared to known de-
vices with ball head, so that transverse forces of the same
magnitude lead to a smaller center offset.

[0016] The polishing tool according to the invention, in
particular the first/harder portion/part of the intermediate
layer, can therefore take over the compensating func-
tions of the known ball head and enables - in particular
due to the smaller distance between the first portion/part
and the polishing foil - a better guidance over/on the work-
piece.

[0017] In addition, the rigid and/or joint-free device ac-
cording to the invention prevents the risk of the polishing
tool lifting off the workpiece in the edge area of the work-
piece.

[0018] A basic idea according to the invention is thus
to connect the polishing tool according to the invention,
in particular directly and/or without a ball head, to a tool
carrier, in particular a polishing spindle. This at least re-
duces the center offset. In particular, the center offset
can no longer be influenced by the tilting of the ball head.
[0019] A major contribution to this effect according to
the invention is that the polishing tool according to the
invention in the vicinity of the tool carrier and/or coupling
element, in particular the first portion of the intermediate
layer, is designed to be stiffer and/or harder than in the
state of the art in order to be able to contribute to a re-
duction of the center offset.

[0020] The above-mentioned aspects and features as
well as the aspects and features of the present invention
resulting from the claims and the following description
can in principle be realized independently of each other,
but also in any combination.

[0021] Further aspects, advantages, features, proper-
ties and advantageous further developments of the
present invention result from the sub-claims and the fol-
lowing description of preferred embodiments with refer-
ence to the figures. They show in schematic, not to scale
views:

Fig. 1 a schematic section of a device according to
the invention with a tool carrier only partially
shown and a polishing tool according to the
invention according to a first embodiment;

Fig. 2 a schematic section of the device according

to Fig. 1 with the tool carrier only partially
shown and the polishing tool according to the
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invention according to a second embodiment;
Fig. 3A  a schematic section of the device according
toFig. 2inaposition moved away from a work-
piece;
Fig. 3B a schematic section of the device according
to Fig. 3A in a position pressed against the
workpiece and/or in a central processing po-
sition;
Fig. 3C  a schematic section of the device according
to Fig. 3B in an eccentric and/or deflected
processing position;
Fig. 3D  a schematic section of the device according
toFig. 3C with aworkpiece rotated by 90°; and
Fig. 4 a schematic diagram of the processing posi-
tions of the polishing tool relative to the work-
piece in a top view.

[0022] Inthe partly notto scale, only schematic figures,
the same reference signs are used for the same, identical
or similar parts and components, wherein corresponding
or comparable properties, characteristics and advantag-
es are achieved, even if arepeated description is omitted.
[0023] Fig. 1 and Fig. 2 each show a preferred embod-
iment of a proposed device 1 for polishing a workpiece
L, not shown in Fig. 1 and 2, in particular a lens or a
spectacle/eyeglass lens.

[0024] The device 1 has a tool carrier 2, preferably ro-
tatably driven about a spindle axis and/or drive axis A1,
in particular a tool spindle and/or polishing spindle, and
a polishing tool 10 for polishing the workpiece L.

[0025] The polishing tool 10 is attached or attachable
to the tool carrier 2, preferably at least substantially rigid
and/or immovable and/or joint-free.

[0026] In particular, the polishing tool 10 is detachably
and/or interchangeably attached or attachable to the tool
carrier 2 so that the polishing tool 10 preferably manually
can be removed from the tool carrier 2 after one or more
polishing processes and replaced by a new polishing tool
10.

[0027] In the embodiments shown, the polishing tool
10 according to the invention has a base 20, an interme-
diate layer/foam carrier 30 and a polishing pad/ polishing
film / polishing foil 40.

[0028] The polishing foil 40 preferably forms a (first)
axial and/or free end of the device 1 and/or the polishing
tool 10. In particular, the polishing foil 40 is in direct con-
tact with the workpiece L when polishing the workpiece L.
[0029] Preferably, the polishing foil 40 has an in par-
ticular (concave or convex) curved, particularly prefera-
bly spherical, polishing surface 41, wherein the polishing
surface 41 forms a front surface of the polishing tool 10.
[0030] The intermediate layer 30 is preferably ar-
ranged between the base 20 and the polishing foil 40. In
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particular, the polishing foil 40 is connected to the base
20 by means of the intermediate layer 30.

[0031] The base 20 preferably forms a (second) axial
end of the polishing tool 10 and/or is (directly) connected
or connectable to the tool carrier 2, as explained in more
detail below.

[0032] The polishing tool 10, in particular the base 20
and/or the intermediate layer/foam carrier 30, are/is pref-
erably at least substantially cylindrical and/or (each) de-
signed as a (circular) cylinder.

[0033] Particularly preferably, the polishing tool 10
and/or the base 20 and/or the intermediate layer 30 are/is
at least essentially rotationally symmetrical.

[0034] The tool carrier 2 is preferably rotatable about
the drive axis A1, preferably wherein the drive axis A1
runs centrally through the at least substantially cylindrical
tool carrier 2.

[0035] The polishing tool 10, in particular the polishing
foil 40, preferably has a tool axis A2, in particular wherein
the tool axis A2 forms a longitudinal axis, symmetry axis,
central axis and/or rotational axis of the preferably elon-
gated and/or rotationally symmetrical polishing tool 10
and/or of the preferably circular polishing foil 40.

[0036] Usually the tool axis A2 corresponds to / coin-
cides with / is the same as the drive axis A1. However,
it is also possible to incline or tilt the polishing tool 10, in
particular the polishing foil 40, relative to the base 20
and/or tool carrier 2 so that the tool axis A2 is inclined to
the drive axis A1, thus creating a center offset.

[0037] The spatial allocations, arrangements and/or
alignments, in particular the terms "radial" and/or "axial"
used in the context of the present invention, preferably
refer to the drive axis A1 and/or tool axis A2, unless oth-
erwise indicated.

[0038] Preferably, the base 20 has a base part 21, a
connecting part 22 and/or a head part 23, in particular
wherein the base part 21 is connected to the head part
23 by means of the connecting part 22.

[0039] The base part 21 is preferably arranged on a
side of the base 20 facing the tool carrier 2 and the head
part 23 on a side of the base 20 facing away from the
tool carrier 2.

[0040] Preferably, the polishing tool 10 is attachable
or attached (directly) to the tool carrier 2 by means of the
base 20, in particular the base part 21.

[0041] Inthe embodiments shown, the base 20 and/or
the base part 21 is designed to at least partially receive
the tool carrier 2. However, solutions are also possible
in which the tool carrier 2 is designed to receive the base
20 and/or the base part 21. For example, the tool carrier
2 may have a bore hole to receive polishing tool 10.
[0042] Preferably, the tool carrier 2 is designed as a
(tool-carrying) motor spindle and/or tool spindle and/or
formed by a shaft with a tool interface at an axial and/or
free end.

[0043] Preferably the tool carrier 2, in particular the tool
interface, has a coupling element/ pin 80 for torque trans-
mission.
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[0044] Thebase 20, in particularthe base part21, pref-
erably has a receiving region 24 for receiving and/or
centering the tool carrier 2, in particular the coupling el-
ement / pin 80 of the tool carrier / tool spindle 2.

[0045] The polishing tool 10, in particular the base 20,
is connected or connectable, preferably detachably, with
the tool carrier 2, in particular the coupling element / pin
80, by form-fit, force-fit and/or adhering/bonding.

[0046] As already explained at the beginning, the tool
carrier 2 / tool spindle 2 is rotatably driven, preferably
around the drive axis A1, for example by means of an
electric motor (not shown).

[0047] Preferably, by means of the coupling element /
pin 80 of the tool carrier 2, a torque and/or a rotary move-
ment is transmittable from the tool carrier 2 to the polish-
ing tool 10.

[0048] For this purpose, the coupling element / pin 80
and the receiving region 24 preferably have profiles for
torque transmission that are complementary to each oth-
er, for example polygonal profiles, so that a form-fit is
created between the tool carrier 2 and the polishing tool
10 in the direction of rotation when the coupling element
/ pin 80 is inserted into the receiving region 24, as shown
in Figs. 1 and 2.

[0049] Preferably, the base 20, in particular the base
part 21, lies axially - and optionally also radially -against
the tool carrier 2 with its surface.

[0050] Preferably, the base 20, in particular the base
part 21, has a base part surface 25, which lies axially
and/or radially against a corresponding support surface
3 of the tool carrier 2.

[0051] As already explained, the polishing tool 10 is
detachably connected or connectable to the tool carrier
2. Preferably, the device 1 and/or tool carrier 2 has a
coupling for detachably connecting the polishing tool 10
to tool carrier 2.

[0052] In the embodiment shown in Fig. 1, the device
1 and/or the tool carrier 2 is equipped with a pneumati-
cally actuated coupling, in which a sealing ring 4 can be
acted upon with pressurized air via a central and/or axially
running supply line 5 and one or more radially running
pressure lines 6 in such a way that the sealing ring 4 can
be pressed radially against the polishing tool 10 and/or
the base 20. In this way, a frictional / force-fit connection
is produced between the tool carrier 2 and the polishing
tool 10.

[0053] In the embodiment shown in Fig. 2, the device
1 and/or tool carrier 2 is equipped with a magnetic cou-
pling to magnetically connect the polishing tool 10 to tool
carrier 2. For this purpose, the polishing tool 10 has one
or more magnets 26 which are embedded in the base 20
and/or the base part 21 to allow magnetic adhesion to
the preferably metallic tool carrier 2.

[0054] Preferably, the base 20 is designed to be rigid
and/or harder, stiffer and/or less elastic than the interme-
diate layer 30 and/or the polishing foil 40, in particular to
give the polishing tool 10 the necessary stability and/or
to allow/enable attachment to the tool carrier 2.
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[0055] Thebase20is preferably designed/constructed
in one piece and/or made of a suitable plastic material,
e.g. rigid PVC (PVC-U), in a manner known per se, in
particular (injection-)molded.

[0056] The base 20, in particular the head part 23, is
preferably designed to hold the intermediate layer / foam
carrier 30, in particular in such away that the rotary move-
ment and/or the torques can be transmitted to the inter-
mediate layer / foam carrier 30.

[0057] For this purpose, the intermediate layer / foam
carrier 30 is connected to the base 20, in particular the
head part 23, by form-fit, force-fit and/or adhering/bond-
ing.

[0058] In the embodiments shown, the intermediate
layer / foam carrier 30 and the base 20 are adhered to-
gether as indicated by a bonded/adhesive seam and/or
an adhesive layer 50.

[0059] The base 20, in particular the head part 23, has
a front surface 27 facing the intermediate layer / foam
carrier 30, preferably wherein the intermediate layer /
foam carrier 30 is adhered to the front surface 27.
[0060] As already explained, the polishing tool 10
and/or polishing foil 40 has the polishing surface 41, by
means of which the workpiece L and/or the target surface
/ processing surface LF of the workpiece L can be pol-
ished.

[0061] The polishing surface 41 is preferably curved,
especially preferably convex or concave, in particular
spherical, preferably to process/machine the corre-
spondingly curved processing surface LF of the work-
piece L.

[0062] Preferably, the surface and/or front surface 27
of the base 20 is curved, particularly preferably convex
or concave, in particular spherical, preferably in order to
bend/curve the intermediate layer/foam carrier 30 and/or
to create the curvature of the polishing surface 41 in this
way. Inthis way, itis possible to dispense with a relatively
expensive adaptation of the intermediate layer / foam
carrier 30 and to use plate-shaped parts.

[0063] Preferably the radius of curvature of the front
surface 27 of the base 20 is at least 75 mm and/or at
most 1000 mm, particularly preferably at least substan-
tially 150 mm or 600 mm.

[0064] Preferably, the radius of curvature of the polish-
ing surface 41 is larger than the radius of curvature of
the front surface 27, preferably by at least 100 mm, de-
pending on the thickness and material properties of the
intermediate layer / foam carrier 30 and the polishing foil
40.

[0065] In comparison to the state of the art, larger radii
of curvature of the front surface 27 and/or the polishing
surface 41 have proven to be effective in order to be able
to process larger processing surfaces LF and/or to in-
crease the removal during polishing.

[0066] Particularly preferably, the radius of curvature
of the polishing surface 41 is larger than the (largest)
radius of curvature of the workpiece L in order to create
an annular contact surface when pressing the polishing
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tool 10 onto the workpiece L. This is an advantageous
way to increase the removal rate in comparison with
punctiform contact surfaces and/or small radii of curva-
ture of the polishing surface 41.

[0067] As already explained at the beginning, the in-
termediate layer / foam carrier 30 is made up of multiple
parts and/or layers and/or is formed by a plurality of por-
tions and/or parts.

[0068] The intermediate layer/foam carrier 30 has two
parts/layers in the embodiments shown. However, solu-
tions are also possible in which the intermediate layer /
foam carrier 30 is composed of more than two portions
and/or parts and/or layers.

[0069] Preferably, the intermediate layer /foam carrier
30 has afirst portion/part 31 and a second portion/part 32.
[0070] The first portion/part 31 adjoins (directly and/or
axially) the base 20. In particular, the first portion/part 31
is (directly) attached to the base 20 and/or adhesively
bonded with the base 20 and/or (axially) arranged be-
tween the second portion/part 32 and the base 20.
[0071] The second portion/part 32 adjoins (directly
and/or axially) the polishing foil 40. In particular, the pol-
ishing foil 40 is (directly) attached to and/or adhesively
bonded with the second portion/part 32 and/or the sec-
ond portion/part 32 is (axially) arranged between the first
portion/part 31 and the polishing foil 40.

[0072] Preferably, the material properties and/or the
geometry and/or the structural design of the por-
tions/parts 31 and/or 32 differ from each other.

[0073] The essential aspect of the invention is that the
first portion/part 31 and/or the portion/part 31 facing the
base 20 is harder and/or less elastic and/or stiffer (than
the second portion/part 32) and that the second por-
tion/part 32 and/or the portion/part 32 facing the polishing
foil 40 is softer and/or more elastic and/or more pliable
and/or more flexible (than the first portion/part 31).
[0074] According to the invention, these proper-
ties/characteristics are preferably to be understood in
such a way that the static and/or dynamic modulus of
elasticity is higher in the vicinity of the base 20 than in
the vicinity of the polishing foil 40 and/or, conversely, that
the static and/or dynamic modulus of elasticity is lower
in the vicinity of the polishing foil 40 than in the vicinity
of the base 20.

[0075] Thus, preferably, the - static and/or dynamic -
modulus of elasticity of the first/harder portion/part 31 is
greater than the - static and/or dynamic - modulus of elas-
ticity of the softer/second portion/part 32, preferably by
at least a factor of 1.2 or 1.5 or 2.

[0076] Preferably, the first/harder portion/part 31 has
a (static) modulus of elasticity of more than 0.4 N/mm?2,
particularly preferably more than 0.75 N/mm?2, and/or less
than 2 N/mmz2, particularly preferably less than 1.75
N/mm2,

[0077] Preferably, the softer/second portion/part 32
has a (static) modulus of elasticity of more than 0.05
N/mm2 or 0.075 N/mm?2, in particular more than 0.1
N/mm2, and/or less than 1 N/mm?2 or 0.9 N/mm?2, in par-
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ticular less than 0.8 N/mm?2 or 0.6 N/mm2.

[0078] The modulus ofelasticity is preferably amaterial
characteristic value for the relationship between stress
and strain and/or pressure and compression when a
(test) piece made of this material is deformed.

[0079] A material with a low modulus of elasticity is
softer and/or more elastic and/or easier to compress than
a material with a higher modulus of elasticity.

[0080] The terms "hard" and/or "soft" are to be under-
stood as a material property which can be used as a
measure of the force required to compress or squeeze
the material by a certain length value.

[0081] Inotherwords, the "hardness" and/or "softness"
and/or "stiffness" is the mechanical resistance that a ma-
terial and/or substance has against (elastic) deforma-
tion/compression.

[0082] A hard material is preferably less elastic and/or
less easy to compress than a soft material.

[0083] The term "elasticity" and/or "elastic" in the
sense of the present invention is preferably understood
to mean the property of a material to change its shape
elastically, i.e. not plastically, under the action of force
and to return to its original shape - without permanent
deformation - when the acting force is removed.

[0084] To determine the (static) modulus of elasticity,
a predefined pressure is preferably applied to a surface
of a cuboidal, in particular a cube-shaped, test piece and
the compression of the test piece in the direction of pres-
sure/force is measured.

[0085] The modulus of elasticity is preferably the quo-
tient of pressure in [N/mm?2] and compression in [mm]
multiplied by the original length/width in [mm] of the test
piece in the direction of pressure/force.

[0086] Preferably, the above values for the modulus of
elasticity refer to a test piece in which the ratio of the
pressurized surface to the lateral surface (shape factor
/ form factor) is three and to which a pressure of 0.01
N/mm2 or 0.035 N/mmZ2 or 0.055 N/mm2 or 0.1 N/mm?Z
or 0.2 N/mm2 is applied.

[0087] Preferably, the first/harder portion/part 31 has
a greater compression hardness than the second/softer
portion/part 32, in particular by at least a factor of two,
three or four.

[0088] Preferably, the compression hardness of the
first/harder portion/part 31 is at least 0.05 N/mm?2, 0.1
N/mm?2 or 0.12 N/mm2 and/or at most 0.3 N/mm2 or 0.2
N/mm?2.

[0089] Preferably, the compression hardness of the
first/harder portion/part 31 is at least essentially 0.15
N/mm2,

[0090] Preferably, the compression hardness of the
second/softer portion/part 32 is at least 0.01 N/mm?2 or
0.02 N/mm2 and/or at most 0.1 N/mm?2 or 0.08 N/mm?2.,

[0091] Preferably, the compression hardness of the
second/softer portion/part 32 is at least essentially 0.031
N/mmZ2 or 0.047 N/mm?2.

[0092] The compression hardness is preferably a ma-
terial characteristic value thatindicates the force required
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to compress a test piece by a certain length.

[0093] The above values for the compression hard-
ness preferably refer to a cuboidal, in particular a cube-
shaped, test piece in which the ratio of the pressurized
surface to the lateral surface (shape factor / form factor)
is three and which has been compressed by 10 % relative
to its original size.

[0094] Additionally or alternatively, the geometry
and/or structural design of the first portion/part 31 may
differ from the second portion/part 32, in particular to
achieve different stiffness.

[0095] Forexample, the second portion/part 32 can be
provided with recesses, such as slots, holes, bores or
the like. In this way, the stiffness of the second por-
tion/part 32 can be reduced - even with otherwise iden-
tical material properties - compared to the first por-
tion/part 31.

[0096] The intermediate layer /foam carrier 30 is pref-
erably (exclusively) formed by or made of foam, in par-
ticular polyurethane foam.

[0097] Thefirst/harderportion/part31is preferably (ex-
clusively) made of a closed-cell foam, in particular a
closed-cell polyurethane foam.

[0098] The softer/second portion/part 32 is preferably
(exclusively) made of an open-cell, mixed-cell or closed-
cell foam, in particular an open-cell, mixed-cell or closed-
cell polyurethane foam.

[0099] In the case of closed-cell foams, the walls be-
tween the individual cells of the foam are - at least sub-
stantially - closed, in particular in such a way that there
is no exchange of liquid between the cells and/or the
foam cannot absorb liquid. Preferably, a closed-cell foam
has more than 80 % or 90 % closed cells and/or less than
20 % or 10 % open cells.

[0100] In the case of open-cell foams, the walls be-
tween the individual cells of the foam are at least partially
open or not closed, in particular in such a way that a liquid
exchange can take place between the cells and/or the
foam can absorb liquid. Preferably, an open-cell foam
has more than 70 % or 80 % open cells and/or less than
30 % or 20 % closed cells.

[0101] In the case of mixed-cell foams, the walls be-
tween the individual cells of the foam are partially open
and partially closed. In particular, a mixed-cell foam is a
mixture of a closed-cell foam and an open-cell foam. Pref-
erably, the amount of open and/or closed cells in a mixed-
cell foam lies between the amount for a closed-cell foam
and an open-cell foam.

[0102] Usually, closed-cell foams are harder than
open-cell and/or mixed-cell foams. Against this back-
ground, closed-cell foams are preferred for the first por-
tion/part 31 and open-cell and/or mixed-cell foams for
the second portion/part 32. However, it is also possible
to use a closed-cell foam for the second portion/part 32
if corresponding material properties are achieved as with
an open-cell or mixed-cell foam.

[0103] The absorption of polishing agent can affect the
material properties of the foam.
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[0104] To prevent or at least reduce the influence of
the polishing agent on the material properties, it is pref-
erable to use a closed-cell or mixed-cell foam also for
the softer/second portion/part 32.

[0105] Preferably, the first/harder portion/part 31 and
the second/softer portion/part 32 are connected with
each other by adhering/boding.

[0106] Asindicatedbya corresponding adhesive seam
and/or adhesive layer 60, the portions/parts 31, 32 are
adhered together in the embodiments shown. However,
it is also possible to foam the two portions/parts 31, 32
together during production.

[0107] Itis preferred - in contrast to the state of the art
- that the harder portion/part 31 is (significantly) thicker
than the softer portion/part 32, in particular to enable pre-
cise polishing by means of the polishing tool 10 and to
reduce the center offset, as explained at the beginning.
[0108] Preferably, the first/harder portion/part 31 is at
least by a factor of 1, 1.1 or 1.5 and/or at most by a factor
of 3 or 2 thicker than the second/softer portion/part 32.
[0109] Preferably, the axial extension and/or thickness
D1 of the first/harder portion/part 31 is at least 5 mm or
6 mm, particularly preferably at least 8 mm or 10 mm,
and/or at most 20 mm or 18 mm, particularly preferably
at most 16 mm or 14 mm.

[0110] Preferably, the axial extension and/or thickness
D2 of the second/softer portion/part 32 is at least 2 mm
or 4 mm, particularly preferably at least 6 mm, and/or at
most 12 mm or 10 mm, particularly preferably at most 9
mm.

[0111] Preferably, the axial extension and/or thickness
of the intermediate layer / foam carrier 30 in total is at
least 12 mm or 14 mm, particularly preferably at least 15
mm, and/or at most 30 mm or 25 mm, particularly pref-
erably at most 22 mm or 20 mm.

[0112] As already explained, the intermediate layer /
foam carrier 30 is cylindrical and/or embodied as a (cir-
cular) cylinder. Preferably, the intermediate layer / foam
carrier 30 has an at least essentially constant diameter
along the tool axis A2 and/or in the axial direction.
[0113] Preferably, the diameter of the intermediate lay-
er / foam carrier 30 is at least 35 mm and/or at most 60
mm.

[0114] Preferably, the diameter of the polishing foil 40
is larger than the diameter of the intermediate layer/foam
carrier 30. In other words, the polishing foil 40 preferably
protrudes at the edges beyond the intermediate layer /
foam carrier 30.

[0115] Preferably, the polishing foil 40 is connected to
the intermediate layer / foam carrier 30, in particular the
second/softer portion/part 32, by bonding, in particular
adhering, as indicated by a corresponding adhesive
seam and/or adhesive layer 70 in the figures.

[0116] The polishing foil 40 preferably has a thickness
D3 of at least 0.08 mm or 1 mm and/or at most 2 mm,
particularly preferably at least substantially 1.2 mm.
[0117] The polishing foil 40 is preferably made of poly-
urethane.
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[0118] As already explained, the device 1 and/or the
polishing tool 10 is designed for (micro)cutting/machin-
ing/processing (of surfaces), in particular for fine
processing and/or polishing, of the workpiece L and/or
the processing surface LF of the workpiece L.

[0119] The processing/machining and/or the polishing
process of the workpiece L will be explained in more detail
below with reference to Fig. 3A to 3D and Fig. 4.
[0120] Fig. 3A shows the device 1 and/or polishing tool
10 in a position (moved) away from the workpiece L. Fig.
3B shows the device 1 and/or polishing tool 10 in a po-
sition pressed against the workpiece L and/or in a (cen-
tral) processing position in which the polishing tool 10
and the workpiece L are arranged coaxially. Fig. 3C
shows the device 1 and/or polishing tool 10 in an eccen-
tric/off-center and/or deflected processing position. Fig.
3D shows the device 1 and/or polishing tool 10 in the
eccentric/off-center and/or deflected processing position
according to Fig. 3C with workpiece L rotated by 90°
about a workpiece axis A3. Fig. 4 shows a schematic
view/diagram of possible processing positions of the de-
vice 1 and/or polishing tool 10 relative to the workpiece L.
[0121] In the processing/machining position and/or
during the polishing process, the polishing tool 10, in par-
ticular the polishing foil 40, and the workpiece L are in
contact with each other. In particular, in the processing
position and/or during the polishing process, the polish-
ing surface 41 lies preferably with its (entire) surface on
the workpiece L and/or the processing surface LF, as
shown in Figs. 3B, 3C and 3D.

[0122] Preferably, a polishing force and/or polishing
pressure and/or contact/surface pressure is applied to
the workpiece L during the polishing process.

[0123] Preferably, the polishing pressure is kept at
least essentially constant during a polishing process.
[0124] Preferably, during the polishing process, a pol-
ishing pressure of more than 0.01 N/mm?2 or 0.02 N/mm?
and/or less than 1 N/mm?2 or 0.05 N/mm?Z, in particular
less than 0.1 N/mm?2, is generated and/or applied to the
workpiece L.

[0125] Inthe processing position and/or during the pol-
ishing process, the polishing tool 10, in particular the in-
termediate layer / foam carrier 30, is com-
pressed/squeezed, preferably wherein the second/softer
portion/part 32 is compressed/squeezed more than the
first/harder portion/part 31.

[0126] Particularly preferably, the intermediate layer /
foam carrier 30 is compressed/squeezed by more than
5 % or 10 % and/or by less than 80 %, in particular less
than 50 % or 25 % (based on the original thickness of
the intermediate layer / foam carrier 30).

[0127] As already explained, the workpiece L is pref-
erably a lens, in particular a spectacle lens.

[0128] Preferably, the workpiece L is round in a top
view and/or designed as a (circular) cylinder.

[0129] In particular, the workpiece L has a workpiece
axis A3, wherein the workpiece axis A3 forms a central
axis and/or rotational axis of the workpiece L.



13 EP 3 766 635 A1 14

[0130] The workpiece L preferably has a larger diam-
eter than the polishing tool 10 and/or the polishing foil
40, in particular by at least a factor of 1.2 or 1.5, partic-
ularly preferably by at least a factor of 2. However, it is
also possible that the diameter of the workpiece L is at
least substantially the same as the diameter of the pol-
ishing foil 40.

[0131] For the processing and/or the polishing proc-
ess, the workpiece L is preferably fixed/attached to a
workpiece carrier (not shown), in particular by means of
a block piece (not shown).

[0132] Preferably, the workpiece L rotates during the
processing and/or the polishing process and/or the work-
piece carrier is rotatably driven, for example by means
of an electric motor (not shown).

[0133] Preferably, the rotational speed of the polishing
tool 10 and/or tool carrier 2 is greater than the rotational
speed of the workpiece L and/or workpiece carrier, par-
ticularly preferably by at least a factor of 1.5 or 2. How-
ever, it is also possible that the rotational speed of the
polishing tool 10 is at least substantially the same as the
rotational speed of the workpiece L.

[0134] Preferably, the rotational speed of the polishing
tool 10 and/or tool carrier 2 and/or workpiece L is more
than 1000 min-! or 1200 min-1, in particular at least es-
sentially 1500 min-1 or 2000 min-1.

[0135] Preferably, the workpiece L rotates in the op-
posite direction to polishing tool 10, as indicated by the
corresponding arrows in Fig. 4. However, a rotation of
workpiece L and polishing tool 10 in the same direction
is also possible.

[0136] A polishing process in the sense of the present
invention means in particular the complete polishing of
the processing surface LF to be polished of the workpiece
L with the polishing tool 10.

[0137] Preferably, the duration of a (complete) polish-
ing process is between 30 seconds and 120 seconds.
[0138] Particularly preferably, a plurality, in particular
atleast 100 or 150, of polishing processes can be carried
out and/or of workpieces L can be processed with the
polishing tool 10 before a change of the polishing tool 10
is necessary.

[0139] For the processing and/or the polishing proc-
ess, the workpiece L and the polishing tool 10 are pref-
erably (initially) aligned coaxially with each other and/or
aligned with each other in such a way that the tool axis
A2 corresponds to / coincides with / is the same as the
workpiece axis A3 and/or that the polishing surface 41
is arranged directly opposite to and/or centrally on the
processing surface LF of the workpiece L, as shown in
Fig. 3A.

[0140] Then the polishing tool 10 and the workpiece L
are pressed together, as shown in Fig. 3B.

[0141] Duringthe (subsequent)processing and/or dur-
ing the polishing process, the polishing tool 10 and the
workpiece L are moved relative to each other - in partic-
ular radially and/or axially - in particular in order to proc-
ess the entire processing surface LF of the (larger) work-
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piece L with the (smaller) polishing tool 10.

[0142] Preferably, the polishing tool 10 and the work-
piece L are moved radially relative to each other, in par-
ticular in such a way that the drive axis A1 and/or the tool
axis A2 is (radially) offset and/or shifted and/or tilted rel-
ative to the workpiece axis A3.

[0143] The tool carrier 2 and thus the polishing tool 10
are preferably adjustable in an X-direction and/or along
an X-axis, in particular by means of a slide (not shown)
and an associated drive (not shown).

[0144] The X-axis is preferably designed as a control-
led or feedback-controlled axis and/or as a CNC-axis or
linear axis, so that precise positioning in the X-direction
is made possible.

[0145] Preferably, the X-axis is transverse and/or per-
pendicular to the drive axis A1, the tool axis A2 and/or
the workpiece axis A3.

[0146] It is further provided that the tool carrier 2 and
thus the polishing tool 10 is pivotable about a swivel axis
B, hereinafter referred to as B-axis, in particular about a
swivel angle S, as shown in Fig. 3C.

[0147] The B-axis is preferably designed as a control-
led or feedback-controlled swivel axis and/or CNC axis,
also called rotary axis.

[0148] Preferably, the B-axisis transverse, in particular
at least substantially perpendicular, to the X-axis, drive
axis A1, tool axis A2 and/or workpiece axis A3, as indi-
cated in Fig. 4.

[0149] By swiveling the polishing tool 10, it is possible
to follow the curvature of the processing surface LF
and/or to provide a large contact surface also in the edge
area of the processing surface LF and thus a high re-
moval rate.

[0150] In addition, by swiveling the polishing tool 10,
the polishing force and/or polishing pressure is not or not
significantly changed when the polishing tool 10 is guid-
ed/moved to the edge area of the processing surface LF.
[0151] Itis thus preferable to move the (smaller) pol-
ishing tool 10 - in particular by shifting/moving it along
the X-axis and/or swiveling it around the B axis - from
the center to the edge of the (larger) workpiece L (or vice
versa) in order to polish the entire processing surface LF,
as indicated in Fig. 4.

[0152] As already explained, the polishing tool 10
and/or the polishing foil 40 can give way / yield in the
radial direction and/or transverse to the drive axis A1, for
example to allow adaptation to radii of curvature of the
workpiece L that change in the circumferential direction,
as in the case of toric lenses.

[0153] In Fig. 3D, the workpiece L is rotated by 90°
about the workpiece axis A3 compared to Fig. 3C, the
radius of curvature of the workpiece L in the sectional
plane shown in Fig. 3D being smaller than that shown in
Fig. 3C.

[0154] The smaller radius of curvature results in the
polishing tool 10, in particular the intermediate layer 30,
being more strongly compressed in the deflected and/or
eccentric/off-center processing position at the edge of
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workpiece L, in Fig. 3D on the right, than in the center of
the workpiece L. This results in the workpiece axis A3
being tilted relative to the drive axis A1 and a center offset
being created.

[0155] Due to the construction of the device 1 and/or
the polishing tool 10 according to the invention and/or
due to the rigid/stiff and/or joint-free construction of the
device 1 and/or the polishing tool 10, it is possible to
move the polishing tool 10 and/or the tool axis A2 up to
or over the edge of the workpiece L without the polishing
foil 40 lifting off the processing surface LF. On the con-
trary, known devices with a joint, such as a ball/spherical
head, would tilt in a processing position in which the tool
axis A2 is moved over the edge of the workpiece L in
such a way that the polishing foil 40 would lose contact
with the processing surface LF.

[0156] With the polishing tool 10 according to the in-
vention, it is therefore possible to carry out surface pol-
ishing and/or polishing with a high removal rate even in
the edge area of the workpiece L.

[0157] As can be seen from Figs. 1 and 2, a device 1
for polishing according to the invention has a tool carrier
2, in particular a polishing spindle, which is rigidly con-
nected to the base 20 of the polishing tool 10 according
to the invention, in particular by means of the coupling
element 80, in particular by the coupling element 80 itself
beingrigid. The coupling element 80 thus has in particular
no ball head which would contribute to an excessive cent-
er offset of the polishing tool 10 according to the inven-
tion. Rigid connections between a polishing tool 10 and
a tool carrier 2 are known per se in the state of the art.
[0158] Inanalternative embodiment(not shown), ade-
vice 1 for polishing according to the invention has a tool
carrier 2, in particular a polishing spindle, which is elas-
tically connected to the base 20 of the polishing tool 10
according to the invention by means of the coupling el-
ement 80, wherein the coupling element 80 is designed
in the form of an elastic flexure bearing / elastic flexure
joint. Such connections by means of elastic flexure bear-
ings are known per se in the state of the art.

[0159] A basic idea according to the invention thus is
to connect the polishing tool 10 according to the invention
to the tool carrier 2, in particular a polishing spindle, joint-
free /without a ball head. This at least reduces the center
offset. In particular, the center offset can no longer be
influenced by the tilting of a ball head.

[0160] A major contribution to this effect according to
the invention is that the polishing tool 10 according to the
invention in the vicinity of the coupling element 80 and/or
the first portion/part 31 of the intermediate layer 30 is
designed to be stiffer and/or harder and preferably also
thicker than in the state of the art in order to be able to
contribute to a reduction of the center offset.

[0161] Further aspects of the present invention which
are realizable independently but also in combination with
the aspects explained above are in particular:

1. Polishing tool, comprising:
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a base (20),

an elastic intermediate layer (30), in particular a
foam carrier, applied to the base (20),

a polishing foil (40) applied to the elastic inter-
mediate layer (30),

wherein the elastic intermediate layer (30) has
at least two portions (31, 32) of different hard-
ness,

characterized

in that the portion (31) of the elastic intermediate
layer (30) adjoining the base (20) is harder than
the portion (32) of the elastic intermediate layer
(30) adjoining the polishing foil (40).

2. Polishing tool according to aspect 1, characterized
in that the harder portion (31) of the elastic interme-
diate layer (30) has a degree of deformation of 7 %
to 75 % at a compressive load of 0.028 N/mm?2 to 1
N/mm2,

3. Polishing tool according to aspect 1 or 2, charac-
terized in that the ratio of the thickness (D1) of the
harder portion (31) to the thickness (D2) of the softer
portion (32) of the elastic intermediate layer (30) is
2:1to 1:1, in particular 3:2 to 1:1.

4. Polishing tool according to one of the preceding
aspects, characterized in that the harder portion (31)
is made of a closed-cell foam.

5. Polishing tool according to aspect 4, characterized
in that the harder portion (31) consists of a closed-
cell polyetherurethane foam.

6. Polishing tool according to one of the preceding
aspects, characterized in that the harder portion (31)
has a compressive strength of up to 0.120 N/mm?2.

7. Polishing tool according to one of the preceding
aspects, characterized in that the harder portion (31)
has a static shear modulus of 0.07 N/mm2 to 0.13
N/mm2,

8. Polishing tool according to one of the preceding
aspects, characterized in that the harder portion (31)
has a dynamic shear modulus of 0.15 N/mm2 to 0.18
N/mm2,

9. Polishing tool according to one of the preceding
aspects, characterized in that the harder portion (31)
is adhered to the base (20) and/or the softer portion
(32) is adhered to the polishing foil (40).
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10. Device for polishing a workpiece, having a tool
carrier, in particular a polishing spindle, which is con-
nected by means of a coupling element to the base
of a polishing tool (10) according to one of aspects
1 to 9, the coupling element (80) being either rigid
or in the form of an elastic flexure bearing.

Individual aspects and features of the present

invention can be realized independently of each other,
but also in any combination.

List of reference signs

[0163]

1 Device

2 Tool Carrier

3 Support Surface

4 Sealing Ring

5 Supply Line

6 Pressure Line

10  Polishing Tool

20 Base

21 Base Part

22 Connecting Part

23 Head Part

24  Receiving Region

25 Base Part Surface

26  Magnet

27  Front Surface

30 Intermediate Layer / Foam Carrier

31 First / Harder Portion / Part

32  Second/ Softer Portion / Part

40  Polishing Foll

41  Polishing Surface

50 Adhesive Seam between Base and Intermediate
Layer

60 Adhesive Seam between First and Second Por-
tion/Part

70  Adhesive Seam between Intermediate Layer and
Polishing Foll

80 Coupling Element / Pin

A1 Drive Axis

A2  Tool Axis

A3  Workpiece Axis

B Swivel Axis

D1  Thickness of the First/Harder Portion/Part

D2  Thickness of the Second/Softer Portion/Part

D3  Thickness of the Polishing Foil

L Workpiece

LF  Processing Surface

S Swivel Angle

X Linear Axis
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10

Claims

1.

Polishing tool (10), comprising:

a base (20),

an elastic intermediate layer (30), in particular a
foam carrier, applied to the base (20),

a polishing foil (40) applied to the intermediate
layer (30),

wherein the intermediate layer (30) has at least
two portions/parts (31, 32) of different hardness
and/or stiffness,

characterized,

in that afirst portion/part (31) of the intermediate
layer (30) adjoining the base (20) is harder
and/or stiffer than a second portion/part (32) of
the intermediate layer (30) adjoining the polish-
ing foil (40).

Polishing tool according to claim 1, characterized
in that the modulus of elasticity of the harder/first
portion/part (31) is greater than the modulus of elas-
ticity of the softer/second portion/part (32).

Polishing tool according to claim 1 or 2, character-
ized in that the modulus of elasticity of the first/hard-
er portion/part (31) is more than 0.4 N/mm2 and/or
less than 2 N/mm2 and/or the modulus of elasticity
of the second/softer portion/part (32) is more than
0.05 N/mm2 and/or less than 1 N/mm?2,

Polishing tool according to one of the preceding
claims, characterized in that the first/harder por-
tion/part (31) is thicker than the second/softer part
(32), preferably at least twice as thick, and/or in that
the ratio of the thickness (D1) of the harder/first por-
tion/part (31) to the thickness (D2) of the softer/sec-
ond portion/part (32) of the intermediate layer (30)
is at least 3:2, preferably 2:1, and/or at most 1:2,
preferably 2:3.

Polishing tool according to one of the preceding
claims, characterized in that the first/harder por-
tion/part (31) consists and/or is made of a closed-
cell foam, in particular polyetherurethane foam.

Polishing tool according to one of the preceding
claims, characterized in that the second/softer por-
tion/part (32) consists and/or is made of an open-,
mixed- or closed-cell foam, in particular polyetheru-
rethane foam.

Polishing tool according to one of the preceding
claims, characterized in that the base (20) has a
curved front surface (27), the radius of curvature of
the front surface (27) being atleast 50 mm and/or at
most 1000 mm.
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Polishing tool according to one of the preceding
claims, characterized in that the first/harder por-
tion/part (31) is adhered - in particular directly - to
the base (20), in particular the front surface (27) of
the base (20), and/or the second/softer portion/part
(32)is adhered - in particular directly - to the polishing
foil (40).

Polishing tool according to one of the preceding
claims, characterized in that the second/softer por-
tion/part (32) has one or more recesses.

Device (1) for polishing a workpiece (L), having a
rotatably driven tool carrier (2), in particular a polish-
ing spindle, and a polishing tool (10),

wherein the polishing tool (10) is replaceably at-
tached to the tool carrier (2), and

wherein the polishing tool (10) is formed according
to one of the preceding claims.

Device according to claim 10, wherein the tool carrier
(2) is either rigid and/or joint-free or has an elastic
flexure bearing.

10

15

20

25

30

35

40

45

50

55

1"

20



EP 3 766 635 A1

\\ — A1,A2

Fig. 1

12



2
20 =N
%

ooz

EP 3 766 635 A1

)

50 \5 ~

———oA1,A2

0 80\/ 5\‘/ T~ 25
77 A

7))

13

Fig. 2



EP 3 766 635 A1
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