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Monitoring Apparatus for a Laser Beam

Specification

The present invention relates to a monitoring apparatus for a laser beam.
Furthermore, the invention relates to a laser apparatus for emitting laser light, which
apparatus comprises a monitoring apparatus. Finally, the invention relates to a

method for monitoring a laser beam.

Technical systems in which laser radiation is used require that this laser beam
propagates on a previously established path. If the beam departs from this previously
established path, for example in the event of an error, functional failure of the system
and/or damage to the system can occur. This can happen as the result of both direct
and indirect, i.e. reflected laser radiation. For this reason, it is necessary to check

whether or not the laser beam is situated on the previously established path.

From the state of the art, light-sensitive sensors are known, with which sensors it is
possible to check whether the laser beam is situated on the previously established
path, if the number and arrangement of the sensors is appropriate. Depending on the
geometry of the space to be monitored, very many sensors can be required for this
purpose, because every sensor has only a limited detection range. It is therefore
necessary to place multiple sensors so that their vision ranges supplement one
another in such a manner that in total, the entire space to be monitored can be
observed. Aside from the plurality of sensors, overlaps of the vision ranges are
necessarily accepted in this regard, without achieving real redundancy to reduce the

failure probability of the system.

It is the task of the invention to make available a monitoring apparatus for a laser
beam, which apparatus allows secure and reliable monitoring of a laser beam, along

with simple and cost-advantageous production.

This task is accomplished by the characteristics of claim 1. Thereby the task is
accomplished by a monitoring apparatus for a laser beam, which apparatus

comprises a body and a sensor. The body has a passage opening, wherein it is
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provided, in particular, that the laser beam can be passed through this passage
opening. The sensor is disposed on the body. According to the invention, it is
provided that impact of the laser beam onto the body can be detected by the sensor.
In this manner, monitoring of the laser beam can be implemented in such a manner
that during normal operation, the laser beam is passed through the passage opening.
If, instead, the laser beam is deflected and impacts the body, this is recognized by
the sensor. Thereby an error case can be recognized. In this regard, the passage

opening can have any desired shape.

The dependent claims have further advantageous developments of the invention as

their content.

Preferably, it is provided that the body is a hollow profile having a closed cross-
section. In this regard, the hollow profile can assume any desired geometrical
shapes. Particularly advantageously, the hollow profile is a light guide. The use of a
hollow profile as the body allows reduction of the monitoring region of the laser beam
to a two-dimensional plane. Thus, the hollow profile forms a closed geometrical figure
in the two-dimensional plane, wherein it is provided that the laser beam impacts this
two-dimensional plane perpendicularly during normal operation. Thus the laser beam
is represented by a point in the two-dimensional plane. Monitoring is therefore
restricted to determining whether the point lies within the geometrical body or impacts
the geometrical body. Therefore monitoring is very simple, particularly in view of the
monitoring of an entire three-dimensional space by means of a plurality of light-

sensitive sensors used in the state of the art.

It is advantageous if the hollow profile has a mantle surface, wherein the sensor is
disposed on the mantle surface. In this regard, it is particularly provided that the
sensor is a light-sensitive sensor that recognizes coupling of light of the laser beam
into the hollow profile. Therefore the sensor is able to detect when the laser beam
impacts the hollow profile. For this purpose, at least one light having the wavelength

of the laser beam can be recognized using the sensor.

Likewise, it is preferably provided that the hollow profile has a first face surface and a

second face surface, wherein the second face surface has a greater roughness than
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the first face surface. Due to the different surface roughnesses, which are particularly
selected by taking the index of refraction of the material of the hollow profile into
consideration, the laser beam can be coupled into the hollow profile. Thereby the
laser beam is always guided onto a predefined surface area of the hollow profile,
independent of its angle of incidence into the body. Because it is particularly provided
that the sensor is disposed on the mantle surface of the hollow profile, the laser
beam is advantageously guided onto this mantle surface. Thereby it is particularly
possible that the body has any desired shape, because the laser beam can always

be guided onto a predefined surface area of the hollow profile.

It is advantageous if the hollow profile is produced from a light-conducting material,
preferably from acrylic glass. This allows simple and cost-advantageous production
of the hollow profile, wherein at the same time, working of surface roughnesses of
the hollow profile is made possible. In particular, acrylic glass is optimally suitable for

coupling in light of the laser beam.

Alternatively, the body is an electrical conductor. In this regard, the electrical
conductor is advantageously formed into at least one winding. The sensor in turn is
configured for measuring a resistance of the electrical conductor. At high laser
power, coupling of laser light into the body might no longer be possible, because the
intensity of the laser beam would destroy or damage the body. Therefore the body is
preferably an electrical conductor that is damaged or severed when the laser beam
hits it. In turn, by forming the electrical conductor into at least one winding, the
principle described above is achieved, that a closed two-dimensional shape is
present, wherein the laser beam intersects the two-dimensional shape at a right
angle under normal conditions. If an error case is present, the laser beam impacts
the electrical conductor, thereby damaging it. The resistance of the conductor is
thereby changed, so that the sensor can detect, by measuring the electrical
resistance of the conductor, whether the latter is damaged or destroyed. Once again,
it can be recognized, in this manner, whether the laser beam has hit the body.
Detection of the electrical resistance can take place either by measuring the
resistance or by emitting a test signal, wherein in the latter case, a measure of the
resistance can be determined using the test signal that is received after it has passed

through the electrical conductor.
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It is particularly advantageous if the electrical conductor is structured in circular
shape, so that a round passage opening is present. This simplifies the production

and installation of the body configured as an electrical conductor.

Likewise, it is preferably provided that the body is a light wave guide. Particularly
advantageously, the light wave guide comprises at least one glass fiber. In this
regard, the light wave guide is formed into at least one winding. The sensor in turn is
configured for receiving a message transmitted into the light wave guide. In this
regard, the monitoring principle is analogous to the case of the electrical conductor.
In normal operation, the laser beam is guided perpendicular to a cross-section of the
winding, so that it runs through the passage opening formed by the winding. If the
laser beam is deflected, however, it impacts the light wave guide and damages or
destroys it. Therefore the sensor cannot receive a message transmitted into the light
wave guide, or cannot receive it correctly. It is particularly advantageous if the sensor
is also configured for emitting the message into the light wave guide, wherein the
sensor transmits a message into the light wave guide periodically, in particular. If this
message is not received or not received correctly, a conclusion can be drawn
concerning damage to the light wave guide and therefore concerning an error case in
the operation of the laser beam. The advantage of using the light wave guide
particularly lies in the fact that the monitoring apparatus cannot be influenced by
external electromagnetic radiation. Likewise, the monitoring apparatus itself does not
emit any electromagnetic radiation. Therefore the monitoring apparatus is very robust
against interference and can be used even in environments that are not allowed to be

disrupted by electromechanical radiation.

The invention furthermore comprises a laser apparatus that comprises a laser source
and a previously mentioned monitoring apparatus. In this regard, it is provided that
the laser source is configured in such a manner that the laser beam is emitted
through the passage opening of the body of the monitoring apparatus. In particular,
the body has a closed cross-section, wherein the laser beam is emitted by the laser
source in such a manner that the laser beam intersects the cross-section
perpendicularly. The laser apparatus can therefore be operated in particularly secure

and reliable manner, because an error case can be detected by the monitoring
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apparatus. At the same time, the laser apparatus can be produced in very simple and
cost-advantageous manner, because the monitoring apparatus, in particular, is

structured in simple and cost-advantageous manner.

Finally, the invention relates to a method for monitoring a laser beam. The method
comprises the following steps: First, a laser beam is emitted by a laser source. In this
regard, the laser beam is guided through a passage opening of a body. In particular,
propagation of the laser beam takes place concentrically to a center axis of the
passage opening. Subsequently, recognition of coupling of the emitted laser beam
into the body takes place. Alternatively or in addition to this, recognition of damage to
the body by the emitted laser beam takes place. The two stated steps of recognition
can be carried out alternatively or simultaneously. In every case, a deviation of a
propagation direction of the laser beam can be recognized, because the beam is no
longer guided through the passage opening but rather onto the body. Thereby it can

be recognized that an error case exists in the emission of the laser beam.

The invention will now be described in detail, using exemplary embodiments, making

reference to the attached drawings. In the drawings,

Figure 1 is a schematic representation of a laser apparatus having a
monitoring apparatus according to a first exemplary embodiment

of the invention,

Figure 2 is a further schematic representation of the laser apparatus having
the monitoring apparatus according to the first exemplary

embodiment of the invention,

Figure 3 is a schematic representation of the laser apparatus having an
alternative monitoring apparatus according to the first exemplary

embodiment of the invention,

Figure 4 is a schematic representation of a laser apparatus having a
monitoring apparatus according to a second exemplary

embodiment of the invention,
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Figure 5 is a further schematic representation of the laser apparatus having
the monitoring apparatus according to the second exemplary

embodiment,

Figure 6 is a schematic representation of a laser apparatus having a
monitoring apparatus according to a third exemplary embodiment

of the invention, and

Figure 7 is a further schematic representation of the laser apparatus having
the monitoring apparatus according to the third exemplary

embodiment of the invention.

Figure 1 schematically shows a laser apparatus 2 that comprises a laser source 14
and a monitoring apparatus 1. In this regard, the monitoring apparatus 1 has a ring-
shaped hollow profile 3 that is produced from acrylic glass. The laser source 14 and
the monitoring apparatus 1 are mounted on a base plate 15 in such a manner that
the laser source 14 emits a laser beam 6 through a passage opening 5 of the hollow
profile 3 of the monitoring apparatus 1. In this regard, an error case can be
recognized by the monitoring apparatus 1, wherein an error case is present if the
laser beam 6 is not guided through the passage opening 5 of the hollow profile 3, but
rather impacts the hollow profile 3, in particular. If the laser beam 6 impacts the
hollow profile 3, it is provided that the laser beam 6 is coupled into the hollow profile
3. For this purpose, the hollow profile 3 has a first face surface 10 and a second face
surface 11. The first face surface 10 faces the laser source 14. Furthermore, it is
provided that the second face surface 11 has a greater surface roughness than the

first face surface 10.

Furthermore, the hollow profile 3 has a mantle surface 9. A sensor 4 is mounted on
this mantle surface 9, wherein light having the same wavelength as that of the laser
beam 6 can be detected using the sensor 4. If the laser beam 6 runs through the
passage opening 5 of the hollow profile 3, no light can be detected using the sensor
4.
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If the laser source 14 is deflected or the laser beam 6 is diverted, the laser beam 6
impacts the hollow profile 3 and is no longer guided through the passage opening 5.
This case is shown in Figure 2. In this regard, Figure 2 shows the same structure as
in Figure 1, wherein the laser source 14 merely emits the laser beam 6 in a different

direction.

As soon as the laser beam 6 impacts the hollow profile 3, the laser beam 6 is
coupled into the hollow profile 3. Due to the different surface roughnesses between
the first face surface 10 and the second face surface 11, coupling in takes place
independent of an angle of incidence and a location at which the laser beam 6
impacts the hollow profile 3, which is configured as a light guide. By means of the
hollow profile 3, the coupled-in light of the laser beam 6 is guided onto the mantle
surface 9 of the hollow profile 3. In this regard, it is provided that the mantle surface 9
has a uniform surface roughness, so that the light of the laser beam 6 is distributed
uniformly on the mantle surface 9. Thereby the light of the coupled-in laser beam 6
can be detected by the sensor 4 at any desired location of the mantle surface 9. As a
result, the sensor 4 can be placed at any desired location on the mantle surface 9. It
can therefore be determined that the laser beam 6 is no longer guided through the

passage opening 5 of the hollow profile 3, so that an error case was recognized.

Because the coupled-in light of the laser beam 6 is visible on the entire mantle
surface 9 of the hollow profile 3, it is particularly not prescribed where the sensor 4
must be affixed. It is merely provided that the sensor 4 is disposed at any desired
location of the mantle surface 9. Likewise, a shape of the mantle surface 9 is not
prescribed, as long as it does not have any jumps or edges, causing routing of the
light to be interrupted. Therefore the two-dimensional cross-section of the hollow
profile 3, in particular, can also be selected in any desired manner. An example of

such optional selectability is shown in Figure 3.

Figure 3 shows the same representation as Figure 2, wherein merely the shape of
the hollow profile 3 was changed. It is therefore evident that the hollow profile 3 can
be structured very flexibly and thereby can be optimally adapted to external
conditions. In this regard, no symmetries of the hollow profile 3 are required, in

particular; the hollow profile 3 merely has to have a closed cross-section. Thereby a
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maximal monitoring range is implemented with minimal effort. The size and shape of
the passage opening 5 are defined by the requirements regarding maximal
permissible beam deviation. The smaller this deviation is allowed to be, or the more
precisely the laser beam 6 must follow the predetermined path, the smaller the
passage opening 5 must be. If the permissible deviation is the same in all directions,

the passage opening 5 proves to be a circular passage opening.

In the first exemplary embodiment, recognition of an error case takes place by means
of coupling light of the laser beam 6 into the hollow profile 3. If, however, an optical
power of the laser beam 6 is too great for coupling light in, then the laser beam 6 can
damage the hollow profile 3 or destroy it, depending on the material used and the
laser power used. In this case, the first exemplary embodiment cannot be
advantageously used. For this purpose, a second and third exemplary embodiment
are presented, which can be advantageously used even at very high power of the

laser beam 6.

Figure 4 shows a laser apparatus 2 that has a laser source 14 and a monitoring
apparatus 1 according to a second exemplary embodiment of the invention. Once
again, laser source 14 and monitoring apparatus 1 are mounted on a base plate 15.
The monitoring apparatus 1 comprises an electrical conductor 7 that is formed into at
least one winding. Thereby the winding forms a passage opening 5. The laser source
14 is set up for transmitting a laser beam 6 perpendicularly through the passage
opening 5 of the winding of the electrical conductor 7. The sensor 4 is configured for
determining an electrical resistance of the electrical conductor 7. For this purpose,
the sensor 4 is either configured for measuring an electrical resistance of the body 7,

or for determining the resistance indirectly by means of an emitted test signal.

If the electrical resistance of the electrical conductor 7 is determined by emitting a
test signal, it is particularly provided that the resistance is merely determined in
binary manner. In this regard, a distinction is made between a closed circuit and an
interrupted circuit. This means that a closed circuit is assumed as long as an emitted
test signal can be received. If this test signal is not received, however, then an
interrupted circuit and thereby damage of the electrical conductor 7 must be

assumed.
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If the laser beam 6 is not passed through the passage opening 5 of the electrical
conductor 7, as in a normal case, but rather the laser beam 6 impacts the electrical
conductor 7, then the laser beam 6 will sever the electrical conductor 7. This is
shown in Figure 5. Thereby the electrical resistance of the electrical conductor 7

increases, and this can be recognized by the sensor 4.

In order to guarantee secure and reliable severing of the electrical conductor 7 by the
laser beam 6, a thickness of the electrical conductor 7 is coordinated with the
intensity of the laser source 14 and/or of the laser beam 6. Thereby it is ensured that
when the laser beam 6 impacts the electrical conductor 7, secure and reliable

severing of the electrical conductor 7 takes place.

The electrical conductor 7 is structured to be approximately circular in the second
exemplary embodiment. Because the shape of the electrical conductor 7 does not
influence its electrical resistance value, it is alternatively provided that the electrical
conductor 7 is structured in any desired shape, as long as a two-dimensional
projection of the electrical conductor 7 yields a closed cross-section. Here, too, it
particularly holds true that the permissible deviation of the laser beam from its path

establishes the maximal radius of the winding.

A third exemplary embodiment of the monitoring apparatus 1 according to the

invention is shown in Figures 6 and 7.

Figure 6 shows a laser apparatus 2 having a monitoring apparatus 1 according to the
third exemplary embodiment of the invention. The laser apparatus 2 comprises not
only the monitoring apparatus 1 but also a laser source 14, wherein the laser source

14 and the monitoring apparatus 1 are each mounted on a base plate 15.

The monitoring apparatus 1 comprises a body configured as a light wave guide 8. In
this regard, the light wave guide 8 is guided analogous to the electrical conductor 7,
in such a manner that the light wave guide 8 forms a winding. This winding thereby
defines the passage opening 5 of the light wave guide 8. The sensor 4 comprises a

transmission apparatus 12 and a reception apparatus 13, wherein the transmission
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apparatus 12 is configured for coupling a signal into the light wave guide 8. The
reception apparatus 13 is set up for receiving the signal from the light wave guide 8,

coupled in by the transmission apparatus 12.

If the light wave guide 8 is damaged by the laser beam 6 because the latter, as
shown in Figure 7, impacts the light wave guide 8, then reception by the reception
apparatus 13 of the signal coupled in by the transmission apparatus 12 is no longer
possible. Therefore a conclusion must be drawn that the light wave guide 8 has been
damaged and therefore the laser beam 6 has impacted the light wave guide 8.
Therefore the principle of the third exemplary embodiment follows the principle of the
second exemplary embodiment, wherein the light wave guide 8 is used in place of
the electrical conductor 7. The light wave guide 8 is particularly formed by a plurality

of glass fibers.

The monitoring apparatus 1 according to the third exemplary embodiment
advantageously cannot be influenced by external electromagnetic radiation.
Likewise, the monitoring apparatus 1 according to the third exemplary embodiment
itself does not contaminate the environment with electromagnetic radiation. Because
light wave guides generally have a predefined minimal bending radius, it is
particularly provided that the light wave guide is guided in spiral shape, so that a

circular projection of the light wave guide 8 in a two-dimensional plane is present.

If severing of the electrical conductor 7 or the light wave guide 8 has taken place with
the laser beam 6, combustion residues are present. Therefore it is advantageous to
clean the laser apparatus 2 before putting it into operation again, in order to eliminate

precipitants on optical components such as mirrors or lenses.
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Claims

Monitoring apparatus (1) for a laser beam (6), comprising a body (3, 7, 8)
having a passage opening (5) and a sensor (4) that is disposed on the body (3,
7, 8), wherein impact of the laser beam (6) onto the body (3, 7, 8) can be

detected using the sensor (4).

Monitoring apparatus (1) according to claim 1, characterized in that the body (3,

7, 8) is a hollow profile (3) having a closed cross-section.

Monitoring apparatus (1) according to claim 2, characterized in that the hollow
profile (3) has a mantle surface (9), wherein the sensor (4) is disposed on the

mantle surface (9).

Monitoring apparatus (1) according to one of claims 2 or 3, characterized in that
the hollow profile (3) has a first face surface (10) and a second face surface
(11), wherein the second face surface (11) has a greater roughness than the

first face surface (10).

Monitoring apparatus (1) according to one of the preceding claims,
characterized in that the hollow profile (3) is produced from an optically

conductive material, particularly acrylic glass.

Monitoring apparatus (1) according to one of the preceding claims,
characterized in that the body (3, 7, 8) is an electrical conductor (7) that is
formed into at least one winding, and the sensor (4) is configured for measuring

a resistance of the electrical conductor (7).

Monitoring apparatus (1) according to claim 6, characterized in that the
electrical conductor (7) is guided in circular shape, so that a round passage

opening (5) is present.

Monitoring apparatus (1) according to one of the preceding claims,

characterized in that the body (3, 7, 8) is a light wave guide (8), particularly at
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least one glass fiber, which is formed into at least one winding, and the sensor
(4) is configured for reception of a message transmitted into the light wave
guide (8).

5 9. Laser apparatus (2), comprising a laser source (14) and a monitoring apparatus
(1) according to one of the preceding claims, wherein the laser source (14) is
configured for emitting the laser beam (6) through the passage openings (5) of

the body (3, 7, 8) of the monitoring apparatuses (1).

10 10. Method for monitoring a laser beam, comprising the steps
- emitting a laser beam (6) from a laser source (14), through a passage
opening (5) of a body (3, 7, 8), and
- recognizing that the emitted laser beam (6) has been coupled into the body
(3,7,8), or
15 - recognizing damage to the body (3, 7, 8) by the emitted laser beam (6).





