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(57) ABSTRACT 
A device for abrasive machining of Surfaces of components, 
comprising a tool (1) having an inlet (11) and an outlet (12); 
a Supply unit for conveying to the inlet (11) a liquid in which 
abrasive agents are dissolved and which emerges from the 
outlet (12); and a positioning means which guides the tool 
across a Surface to be machined and simultaneously posi 
tions the tool in such manner that the outlet faces the surface 
to be machined, an area of an annular gap (3) defined by 
boundary walls (13) of the outlet (12) and the surface (2) to 
be machined being Smaller than a cross-sectional area of the 
inlet (11). 
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DEVICE FOR THE ABRASIVE MACHINING OF 
SURFACES OF ELEMENTS AND IN PARTICULAR 

OPTICAL ELEMENTS OR WORKPIECES 

TECHNICAL FIELD 

0001. The invention relates to a device for abrasive 
machining of Surfaces of components, particularly optical 
components or work pieces. 

PRIOR ART 

0002 Various methods and devices are known for abra 
sively machining Surfaces, as is necessary for example for 
the manufacture of optical components such as lenses, 
prisms, plane parallel plates etc., but also of molds for casting 
or molding optical components. With many of the known 
methods or devices a surface to be machined is first sub 
jected to a grinding operation, and possibly also to a fine 
grinding operation using contacting tools such as, for 
example, disk-wheel grinders, spherical grinders etc., and 
Subsequently to a polishing operation using a polishing tool. 
Instead of applying grinding operations it is also known to 
Subject the Surfaces to turning using a Suitable lathe chisel on 
a lathe, or to apply another machining-down method. Most 
machining operations in which relatively much material is 
removed require a final polishing of the Surface, at least 
when optical Surfaces are to be produced. The polishing of 
spherical Surfaces is performed in prior art on a large Surface 
using a polishing disk. 

0003 Problems always arise with conventional methods 
and devices when a spherical Surfaces are to be produced. 
The manufacture of a spherical Surfaces is accomplished 
according to prior art with tools such as spherical grinders 
which engage the Surface to be machined in a more or less 
point-wise manner and are guided along a track across the 
Surface to be machined. In this, according to the design of 
the tool, the surface is either ground or polished. However, 
for reasons of time and cost, a spherical Surfaces are 
frequently only ground along a track; the polishing is then 
effected not along a track but on a large Surface. Particularly 
when the asphericity is comparatively large, as is the case for 
example with progressive spectacle lenses, the Surface pol 
ishing leads to a more or less large polishing error which 
must be compensated by means of Suitable fabrication 
corrections during preceding processing operations. 

0004 Furthermore, it is known to treat surfaces of work 
pieces and particularly optical components with jets of fluid. 
However, the devices proposed for this require a relatively 
large outlay, yet do not permit of any fast manufacture of the 
Surfaces because of the more or less point-shaped working 
of the surfaces. 

DECRIPTION OF THE INVENTION 

0005 The invention is based on the object of providing a 
device for abrasive machining of Surfaces, and particularly 
for grinding and/or polishing of Surfaces of optical compo 
nents, which permits fast machining of the Surface irrespec 
tive of the shape of the particular Surface being machined. 
0006 An achievement of the object in accordance with 
the invention is set out in patent claim 1. Further develop 
ments of the invention are the subject matter of claims 2 to 
10. Possible uses of the device of the invention are claimed 
in claims 11 to 14. 
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0007. In accordance with the invention, the device for 
abrasive machining of Surfaces and particularly for grinding 
and/or polishing optical components comprises a tool hav 
ing a fluid inlet and a fluid outlet. A Supply unit conveys a 
liquid in which abrasive agents are dissolved to the fluid 
inlet. This liquid flows through the tool to an outlet from 
which it emerges from the tool. According to the invention, 
this tool is positioned by a positioning means in Such manner 
relative to the surface to be machined that the outlet from 
which the liquid emerges faces the Surface to be machined, 
in particular with a small intervening space. Here it is 
important that the area of the annular gap defined between 
the boundary walls of the outlet and the surface to be 
machined be Smaller than the cross-sectional area of the 
inlet. Because of this, the liquid in which abrasive agents are 
dissolved emerges from the annular gap along the radial 
direction of the tool under a pressure which is substantially 
higher than the pressure under which it flows into the inlet. 
The machining of the surface of the workpiece is performed 
by the liquid flowing out in the radial direction. The surface 
in the region of the annular gap is thus machined so as to be 
linearly ground or polished in accordance with the kind of 
abrasive agents dissolved in the, liquid. Because of the linear 
working, the machining time is shortened by some orders of 
magnitude when compared with that of known methods or 
devices in which there is a Substantially point-shaped 
engagement between the tool and the work piece. 

0008. In this, the ratio of the pressure under which the 
liquid flows into the tool to the pressure under which the 
liquid emerges from the annular gap is inversely propor 
tional portional to the ratio of the cross-sectional area of the 
inlet to the cross-sectional area of the formed annular gap. 
This means that the “processing pressure'can be set by the 
positioning of the tool relative to the work piece in other 
words, by an adjustment of the height of the annular 
gap without the pressure under which the Supply unit 
conveys the liquid having to be changed. With this it is a 
special advantage of the invention that comparatively low 
pressures may be used on the inlet side: in particular, the 
Supply unit can convey the liquid at a pressure of less than 
20 bar, preferably less than 5bar, and possibly even at only 
atmospheric pressure. In order that a pressure increase which 
is of advantage for the processing operation and the pro 
cessing speed may be achieved, it is preferred for the 
cross-sectional area of the inlet to be greater than the 
cross-sectional area of the formed annular gap by a factor of 
at least 5. With this it is furthermore preferred for the height 
of the formed annular gap to be smaller than 3 mm and, in 
particular, about 1 mm. 

0009. In any case, it is of advantage for the positioning 
means to have a control unit for controlling the positioning 
of the tool according to the surface data of the surface to be 
produced. In this, it is preferred for the positioning of the 
tool to be so effected that the height of the annular gap 
remains constant during a shift along respective tracks. 

0010. In principle, the positioning device can shift the 
tool relative to the work piece, i.e. to the surface to be 
machined, along any tracks. For example, the track may be 
a meandering track, with either the tool or the work piece or 
both being moved. 

0011 Furthermore, the tool and the component of which 
a Surface is to be machined can be simultaneously shifted. In 
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the case of rotationally symmetrical Surfaces, or Surfaces 
deviating only slightly from rotational symmetry, it is pre 
ferred for the tool to be moved along tracks which extend 
through the Surface apex, and simultaneously for the work 
piece or the component being machined to be rotated by a 
rotary unit around an axis which, in particular, is the 
rotational axis of the surface to be produced. 

0012. In order to effect a homogeneous machining of the 
Surface along the annular gap it is furthermore preferred for 
the outlet to have a circular cross-section, and for the tool to 
have an outside contour in the shape of a (regular) cylinder 
at least in the region of the outlet. 

0013 In a further preferred development of the invention, 
a machining of the Surface occurring only linearly (or 
circularly) in the region of the annular gap, and not also at 
the center of the outlet, is achieved by the cross-sectional 
area of the inlet being smaller than that of the outlet. 

0014 Furthermore, it is preferred for the size of the tool 
to be conformed to the shape of the surface to be machined: 

0.015 For a machining of plane surfaces the outer diam 
eter of the tool in the region of the outlet may be of the order 
of magnitude of one half of the aperture of an optical 
component, so that a very fast machining of the Surface is 
achieved with the greatest possible homogeneity of the 
machining operation. For a machining of curved Surfaces, 
the outer diameter of the tool is preferably of the order of 
magnitude of the Smallest radius (Smallest principal radius 
of curvature) of the surface; hereby it is ensured that the 
height of the annular gap is practically constant along the 
entire formed annular gap. 

0016. The device of the invention can be used for 
machining any surfaces of components or work pieces 
which in principle may be of any material. For example, 
because of the high working speed, the device of the 
invention can be used for machining Steel turbine blades. 

0017 Particularly preferred, however, is the use of a 
device of the invention for grinding and/or polishing optical 
Surfaces. In the case of lenses, prisms, plane parallel plates 
etc.—i.e. directly manufactured optical components—the 
work pieces concerned may be of quartz, optical glass or 
synthetic material; if molds are to be produced for the 
casting and/or molding etc. of optical components, the work 
pieces may also be of a metal Such as steel or a ceramic 
material. 

0018. Because the kind of abrasion depends substantially 
not on the design of the tool, but on the kind of liquid or 
abrasive agent(s) dissolved in the liquid used, one and the 
same device may be used Successively for grinding, possibly 
fine grinding, and finally for polishing a component or work 
piece in one and the same mount. A change between the 
individual kinds of machining then necessitates merely a 
replacement or exchange of the working fluids used in each 
CaSC. 

0019. In every case, however, it is especially preferred for 
the device of the invention to used for machining a spherical 
Surfaces. 
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BREIF DECRIPTION OF THE DRAWINGS 

0020. In the following the invention will be described by 
way of example without limitation of the general inventive 
concept, with the aid of embodiments with reference to the 
drawings to which attention is expressly drawn concerning 
the disclosure of all details of the invention not described 
more explicitly in the text. Shown by: 

0021 FIG. 1 is a device according to the invention, used 
in machining a plane Surface; and 

0022 FIG. 2 is a device according to the invention, used 
in machining a curved surface, and particularly an a spheri 
cal Surface. 

DESCRIPTION OF AN EXAMPLE OF 
EMBDIMENT 

0023 FIG. 1 illustrates a device according to the inven 
tion, of which only a tool 1 is shown, used in machining a 
plane surface 21 of a workpiece 2 which, without limitation 
of the generality, is a plane parallel plate. The tool 1 has an 
inlet 11, and an outlet 12 having a cross-sectional area which 
is greater than that of the inlet 11. A not shown supply unit 
conveys a liquid in which abrasive agents such as grinding 
agents or polishing agents are dissolved into the inlet 11 of 
the tool 1. The tool 1 is positioned by a not shown posi 
tioning unit in such manner relative to the work piece 2 that 
between the boundary walls 13 of the outlet 12 and the 
Surface 21 an annular gap 3 is formed, the cross-sectional 
area of which is smaller and preferably substantially smaller 
than the cross-sectional area of the inlet 11. Hereby the 
pressure with which the liquid emerges from the annular gap 
3 is increase in the ratio of the cross-sectional areas of the 
inlet 11 and the annular gap 3. The pressure which is 
effective for the machining of the work piece surface 21 is 
thus Substantially greater than the delivery pressure. 

0024. The not shown positioning means shifts the tool 1 
parallel to the surface of the work piece 2, whilst an also not 
shown rotary unit rotates the work piece 2 about an axis 22, 
so that the line-shaped engagement along the annular gap 3 
is shifted across the work piece 2 in such manner that the 
entire Surface 21 is uniformly machined, for example pol 
ished. 

0.025 The diameter of the tool 1 is of the order of 
magnitude of the radius of the work piece 2. 

0026 FIG. 2 shows a device in accordance with the 
invention during a machining of a curved, in particular a 
spherical surface 21'of a work piece 2. The same parts are 
provided with the same reference signs, so that their 
renewed introduction can be dispensed with. The diameter 
of the tool 1 is of the order of magnitude of the smallest 
radius of the a spherical Surface 21'. The positioning unit, 
also not shown, shifts the tool 1 along tracks passing through 
the apex of the surface 21". At the same time the work piece 
2 is rotated around an axis 22 of rotation passing through the 
apex. 

0027. In the foregoing the invention has been described 
with the aid of examples of embodiment without limitation 
of the general inventive concept. 
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1. Device for abrasive machining of Surfaces of compo 
nents, comprising 

a tool having an inlet and an outlet; 
a Supply unit for conveying to the inlet a liquid in which 

abrasive agents are dissolved and which emerges from 
the outlet; and 

a positioning means which guides the tool across a surface 
to be machined, and simultaneously positions said tool 
in such manner that the outlet faces the surface to be 
machined, an area of an annular gap defined by bound 
ary walls of the outlet and the surface to be machined 
being Smaller than a cross-sectional area of the inlet. 

2. Device according to claim 1, 
characterized in that the cross-sectional area of the inlet is 

greater by a factor of at least 5 than the cross-sectional 
area of the formed annular gap. 

3. Device according to claim 1 or 2, 

characterized in that a height of the formed annular gap is 
smaller than 3mm and preferably is about 1 mm. 

4. Device according to any one of claims 1 to 3. 

characterized in that a rotary unit is provided for rotating 
a component to be machined around an axis. 

5. Device according to any one of claims 1 to 4. 

characterized in that the outlet has a circular cross-section, 
and that the tool has a cylindrical outer contour at least 
in the region of the outlet. 
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6. Device according to any one of claims 1 to 5. 
characterized in that the cross-sectional area of the inlet is 

Smaller than that of the outlet. 
7. Device according to any one of claims 1 to 6. 
characterized in that the Supply unit conveys the liquid 

under a pressure smaller than 20 bar, preferably smaller 
than 5 bar. 

8. Device according to any one of claims 1 to 7. 
characterized in that for machining plane Surfaces, an 

outer diameter of the tool in a region of the outlet is of 
an order of magnitude of one half of an aperture of an 
optical component. 

9. Device according to any one of claims 1 to 7, 
characterized in that for machining curved Surfaces, an 

outer diameter of the tool is of an order of magnitude 
of a smallest radius of the surface. 

10. Device according to any one of claims 1 to 9, 
characterized in that the positioning means comprises a 

control unit for controlling a positioning of the tool 
according to Surface data of a Surface to be produced. 

11. Use of a device of any one of claims 1 to 10 for 
grinding optical Surfaces. 

12. Use of a device of any one of claims 1 to 10 for 
polishing optical Surfaces. 

13. Use of a single device of any one of claims 1 to 10 for 
first grinding, and Subsequently polishing an optical Surface. 

14. Use of a device of any one of claims 1 to 10 for 
machining a spherical Surfaces. 
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