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Abstract

The invention relates to a device for representing the direction of action (9) of a working means
(3), in particular a tool or a radiation source and/or a radiation emitter, for example, of X-rays.
Said device comprises a first light source (4) which 1s used to produce a first beam (5). In order
[to] represent the direction of action in a continuous manner, at least one additional light source
(4") which is used to produce an additional beam (35') 1s provided. The light sources (4, 4') and the
working means (3) can be oriented in such a manner that the first beam (5) and the additional
beam (5') have a flat extension and cut in the direction of action (9) of the working means (3).

The invention also relates to a corresponding method.
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DEVICE AND METHOD FOR REPRESENTING THE DIRECTION OF ACTION OF A
' WORKING MEANS |

[0001]) The present invention relates to a device for representing the direction of action of a
working means, in particular a tool or a radiation source or a radiation receiver of X-rays, for

example, having a first light source for generating a first ray, and a corresponding method.

[0002] In developing, manufacmring, and testin g today's products, high demands are placed on
the technologies used to achieve the desired manufacturing accuracy. Products of this type for
which the demands on production accuracy are very high include, for example, turbine engines.
In particular in the area of manufacturing and testing technology, the positionability of tools or
measuring instruments, for example, X-ray diffractometers, with respect to the components 1s of
 decisive importance. To achieve high product quality and make manufacturing processes cost-

effective, it is important to be able to check the orientation of these working means continuously

during operation.

[0003] No possibilities are known at the present time that permit a visualization of the
directions of action of tools or invisible rays, for example X-rays of an X-ray diffractometer,
during operation. Instead, a light source or its light beam is folded or reflected into the spatial
direction of the working means that corresponds to the direction of action. The requisite devices
require a large amount of space and are of elaborate construction, since direct access is needed to
the spatial direction in which the direction of action of the working means runs. Such
constructions often diminish the performance spectrum of the working means, or of the entire

system. Furthermore, a representation of the direction of action of the working means is normally

only possible if the tool or beam operation of the working means is interrupted.

[0004] An object of the present invention is therefore to enable continuous measuring and

exact control of the direction of action of a working means, in particular a tool or radiation

source, during operation.
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[0005] According to one aspect of the invention there 1s provideda device for
representing the direction of action of a working means, in particular a tool or a radiation
source or a radiation receiver of X-rays, for example, having a first light source for
generating a first beam, characterised in that at least one additional light source 1s
provided for generating an additional beam, the light sources and the working means
being configurable in such a way that the first beam and the additional beam have planar
divergence and intersect in the direction of action of the working means. There, in
addition to the first light source, at least one additional hight source 1s provided for
generating an additional beam, the light sources and/or the working means being
configurable so that the first beam and the additional beam have planar divergence or
expansion and intersect in the direction of action of the working means. The planar
divergence of the beams generates light planes in particular. This makes 1t possible to
mount the light sources for generating these light planes outside of the direction of action
of the working means which is to be visualized, whereupon the two flat beams intersect
in a straight line of intersection. According to the present invention, this straight line of
intersection is brought into conformity with the direction of action of the working means
1n such a way that the recognizable straight line of intersection of the flat beams
conforms to the spatial direction (direction of action of the working means) that is to be

represented.

According to one aspect of the invention there is provided a device for
representing the direction of action of a working means having a first hight source for
generating a first beam, wherein at least one additional light source is provided for
generating an additional beam, wherein the light sources and the working means are
configurable in such a way that the first beam and the additional beam have planar
divergence and intersect in the direction of action of the working means, and wherein the
light sources are situated with a first adjusting devic'e on a visualizing unit, and the

working means 1s situated on a second adjusting device.

According to a further aspect of the invention there is provided a method for
representing the direction of action of a working means, wherein a beam for visualizing
the direction of action of the working means 1s generated using a device as described

herein, wherein a line of intersection is formed from a first flat beam and at least one
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additional flat beam, and wherein the first beam, the additional beam and/or the working

means are oriented in such a way that the line of intersection runs in the direction of

action of the working means.

[0006] Since according to the present invention the light sources are situated outside of
the actual working area of the tool, the spatial direction that conforms to the direction of
action may be made visible even during operation of the working means. A special
application is the use of the device according to the present invention for a robot-
controlled X-ray diffractometer in order to be able to visualize the beam direction when
the X-ray radiation is turned on. This represented spatial direction or direction of action
1s preferably directed in this case at the surface of the component being worked on and/or
examined, so that the direction of action is always visible even with a component that

moves relative to the working means.,

[0007] According to a preferred embodiment of the present invention, one or all light
sources may be situated with an adjusting device on a visualizing unit, so that each light

source 1s freely adjustable in every spatial direction, under robot control or manually.
[0008] The working means is preferably also situated on an adjusting device, in

particular one attached to the visualizing unit, in order to be able to adjust the light

sources and the working means relative to each other with a great degree of freedom.
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[0009] In order to maintain an adjustment of working means and light sources relative to each
other once it has been made, the working means with the adjusting device and the visualizing
unit with the light sources may be movable as a unit, for example relative to the component. To
that end, the working means or the visualizing unit may be guided on appropriate positioning

elements or multiple-axis robots.

[0010] A simple possibility for forming flat or curved light planes is a light source in the form
of a laser line generator. In this case it may be advantageous to introduce rotating transparent
disks or parallelepipeds into the beam path of the flat beams in order to drastically reduce the
speckle effects of the laser line generators with the aid of the resulting alternating parallax offset.
Naturally, according to the present invention the beams may also be generated by a system of
optical elements, for éxample with appropriate light baffles. Another embodiment of the light
source or light line generator provides for a light beam, for example a laser beam, to be directed
at a rotatable mirror, the light beam striking the mirror in particular in the area of an axis of

rotation of the mirror. If the frequency at which the mirror rotates back and forth is high enough,

the reflected light beam generates a flat beam.

[0011] To clarify the representation of the spatial direction, the first beam and the additional
beam may be adjusted in such a way that they project in particular an orthogonal cross, for
example onto the surface of the component, whose intersection is the point of action or working
point of the working means on the component. In this case the direction of action of the working
means may also be made visible by changing the distance between the component and the
working means, for example by repositioning the component or the working means. Naturally
other optical patterns may also be generated, depending on the circumstances. More than two

light sources having more than two flat beams may also be used to that end, as appropriate.

[0012] The generated beams are simply visible light beams; 1.e., they come from the
wavelength range of visible light. Thus the direction of action may be visualized without
additional auxiliary aids by using optical monitoring devices such as cameras or the human eye.
But it is also possible using appropriate sensors to represent beams that do not come from the

wavelength range of visible light, so that these may also be utilized according to the present
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invention.

[0013] The present invention also relates to a method for representing the direction of action of
a working means, wherein a beam is generated for visualizing the direction of action of the
working means. This method may be carried out in particular using the device described above.
A line of intersection is formed from a first flat beam and at least one additional flat beam, the
first beam, the additional beam and/or the working means being oriented in such a way that the

line of intersection of the beams runs in the direction of action of the working means.

[0014] The beams are preferably generated from light having visible wavelengths, it also being
possible to form the first beam and the additional beam from light of different colors, for
example in order to represent certain preferred directions of the working means on the

component. Furthermore, the beams in the projection may produce a pattern, in particular a cross

or crosshairs.

[0015] Further features, advantages and possible applications of the present invention are also
derived from the following description of an exemplary embodiment and from the drawing. All
described and/or depicted features per se or in any combination constitute the subject matter of

the present invention, regardless of their summary in the claims or their back-references.

[0016] Figure 1, the only figure, schematically shows in a three-dimensional view the structure
of a device according to the present invention for representing direction of action 9 of a working
means 3. Working means 3 may be, for example, a tool, for example for mechanically processing
a component 7, or a radiation source, or a radiation receiver for X-rays with which component 7
is to be examined. In particular, working means 3 may be a robot-controlled X-ray

diffractometer, whose beam direction as the direction of action 9 to be monitored is to be

represented continuously.

[0017] To that end, the device has a first light source 4 for generating a first beam 5 and a
second light source 4' for generating an additional beam 5'. Both light sources 4, 4' are adjustably

attached to a common optical visualizing unit 1, and generate flat beams 5, 5'. Light sources 4, 4,
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which are in particular in the form of laser line generators, are configured using the adjusting
possibilities on visualizing unit 1 in such a way that flat beams 5, 5°, which are in the form of
light planes, intersect in a straight line or intersection 6. Beams 5, 5' project a cross 8 onto the
surface of component 7, whose point of intersection 10 lies in straight line of intersection 6.
Straight line of intersection 6 may be represented on the surface of component 7 for example by
shifting component 7 in the direction of motion indicated by arrow x for various spacings -

between component 7 and visualizing unit 1.

[0018] To represent direction of action 9 of working means 3, straight line of intersection 6
must now be brought into conformity with direction of action 9. That is done by connecting
working means 3 with visualizing unit 1 through an adjusting device 2. Using adjusting device 2
and the adjustment possibilities (not shown. in further detail) for light sources 4, 4’, it 1s possible
to place direction of action 9 and straight line of intersection 6, which are still represented in
Figure 1 as different straight lines, one on top of the other. That may be done by adjusting light
sources 4, 4' and/or working means 3 appropriately. After the adjustment, the unit made up of
optical visualizing unit 1 with adjusted light sources 4, 4' and working means 3 may be moved as
a unit relative to component 7 with the aid of positioning elements or robots (not shown),

without straight line of intersection 6 and direction of action 9 becoming separated.

[0019] Thus direction of action 9 of the working means is always visible on component surface
7, even while the working means is operating. This is true even if the positions of the surface of

component 7 and of working means 3 change relative to each other.

[0020] The present invention makes it possible to visualize a spatial direction that conforms to
direction of action 9 of a working means 3 using the intersection of two flat light beams 5, 5' or
light planes, even during operation of working means 3, since it is possible to situate light
sources 4, 4' for beams 3, 5' outside of the spatial direction to be represented, and the spatial

direction is generated by the intersection of these flat beams.
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The embodiments of the invention in which an exclusive property or privilege is

claimed are defined as follows:

1. A device for identifying a direction of a tool working on a component,

comprising:

a tool for working on a component, the tool aligned in a direction with respect to

the component;

a first light source for emitting a first light beam in a first plane;

a second light source for emitting a second light beam in a second plane, the first
light source and the second light source configured such that the first light beam and the
second light beam are coincident at a line of intersection that intersects the component at
an intersection point;

a visualizing unit, the first light source and the second light source adjustably
coupled to the visualizing unit; and

an adjusting unit coupled to the tool for adjusting the tool so that the direction of
the tool is coincident with the intersection point, the tool and the first and second light
sources being coupled together in a manner such that during operation of the tool the
direction of the tool remains coincident with the intersection point, wherein the tool, the

adjusting device and the visualizing unit are movable as a unit.

2. The device of claim 1, wherein the first light source and the second light source
are arranged and configured such that the first light source and second light source are

adjustable via the visualizing unit to vary the intersection point.

3. The device of claim 1 or 2, wherein the visualizing unit is also coupled to the tool

through the adjusting device, the direction of the tool being adjustable via the visualizing

unit.

4. The device of claim 1, 2 or 3, wherein the first light source is a laser line
generator.

. The device of any one of claims 1 to 4, wherein the second light source is a laser

line generator.
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6. The device of any one of claims 1 to 5, wherein the first light beam and the

second light beam form a cross.

7. The device of claim 6, wherein the cross is an orthogonal cross.

8. The device of any one of claims 1 to 7, wherein the first and second light beams

are visible light beams.

9. A device for identifying a direction of a tool working on a component,
comprising:

a tool for working on a component, the tool aligned in a direction with respect to
the component;

a first light source for emitting a first light beam in a first plane;

a second light source for emitting a second light beam in a second plane, the first
light source and the second light source configured such that the first light beam and the
second light beam are coincident at a line of intersection that intersects the component at
an intersection point;

a visualizing unit, the first light source and the second light source adjustably
coupled to the visualizing unit; and

an adjusting unit coupled to the tool for adjusting the tool so that the direction of
the tool is coincident with the intersection point, the tool and the first and second light
sources being coupled together in a manner such that during operation of the tool the

direction of the tool remains coincident with the intersection point, wherein the tool is an

X-ray diffractometer.

10.  The device of claim 9, wherein the X-ray diffractometer is robot-controlled.

11. A method for identifying a direction of a tool working on a component with

respect to the component comprising:

emitting a first light beam in a first plane;

emitting a second light beam in a second plane,
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adjusting the first light beam and the second light beam until the first light beam
and the second light beam are emitted such that the first light beam and the second light
beam are coincident at a line of intersection that intersects the component at an
intersection point; and

adjusting the tool so that the direction of the tool is coincident with the
intersection point and the direction of the tool intersects the line of intersection of the
first and second light beams;

moving the tool, the first light beam and the second light beam during operation
of the tool while maintaining the intersection of the direction of the tool and the line of

intersection of the first and second light beams.

12.  The method of claim 11, wherein the first and second light beams are generated

from light having visible wavelengths.

13.  The method of claim 11 or 12, wherein the first and second light beams produce a

pattern.

14.  The method of claim 13, wherein the pattern is a cross or crosshairs.

15. A device for identifying the direction of an X-ray beam with respect to a
component comprising:

an X-ray device emitting an X-ray beam in a direction;

a first light source for emitting a first light beam in a first plane;

a second light source for emitting a second light beam in a second plane, the first
light source and the second light source configured such that the first light beam and the
second light beam are coincident at a line of intersection that intersects the component at
an intersection point;

a visualizing unit, the first light source and the second light source adjustably

coupled to the visualizing unit; and

an adjusting unit coupled to the X-ray device for adjusting the X-ray device so

that the direction of the X-ray beam is coincident with the intersection point.
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16.  The device of claim 15, wherein the first light source and the second light source

may be adjusted via the visualizing unit to vary the intersection point.

17.  The device of claim 15 or 16, wherein the visualizing unit is also coupled to the
X-ray device through the adjusting device, the direction of the X-ray beam being

adjustable via the visualizing unit.
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