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120210-4731B SZT

LASER LENS WITH PASSIVE SEAM TRACKING

Field of the invention

The present invention relates to a device for guiding a laser beam, in particular along a seam or a joint,
for example for use in a laser processing system. The invention is particularly suitable for use in the fields of
laser joining and laser hardening.

Technical background of the invention

During joining, a laser processing head is intended to be guided with precision along the seam in order
to produce high-quality fillet welds and flanged seams, for example. Compared with optically implemented
beam guidance systems, laser processing optics which are guided in a tactile manner demonstrate several
advantages that manifest themselves, for example, in compact and comparatively simple constructions and
therefore in a precisely guided laser beam.

The principle of tactile seam tracking and a corresponding device are described in EP 1762328 Al. To
track the beam, the mechanical sensor is coupled there to a beam deflection module by means of a rotary
module. The rotary module has a resilient energy store in the form of two spiral springs in which the beam
deflection module engages using so-called drivers. In the case of a pivoted-out beam deflection module,
restorative forces act by means of the rotary module to return the beam deflection module to a resting position,
particularly when no external forces are acting on the mechanical sensor. The rotary module is therefore
designed in two parts, the first of the two sub-units of the resilient energy store, i.e. the first spring, acting in one
of the two deflection directions and the other sub-unit, i.e. the second spring, acting in the other deflection
direction. The two springs act against each other according to the illustration in Fig. 2 and Fig. 3 of EP 1762328
Al. In this case, the range of action of each of the two sub-units ends at the middle position of the beam
deflection module. The range of action of the two sub-units of the resilient energy store is limited there by a
stop.

A technical problem of the present invention is that of providing an alternative device for the tactile
guidance of a laser beam.

Description of the invention

The above-mentioned technical problem is solved according to the invention by a device for guiding a
laser beam along a target path, which device comprises the following components:

- a laser beam input module that is designed to point an incident laser beam onto a pivotable beam
guiding apparatus which is downstream of the laser beam input module, the beam guiding apparatus
being arranged in order to project the laser beam onto the target path and comprising

- an optics that is pivotable in the direction of least one pivot axis and

- atactile scanner, connected to the pivotable optics, which is designed to perform a tactile scan of the
target path and to deflect the pivotable optics accordingly,

- an intermediate focal point being located in the beam path of the laser beam upstream of the pivotable
optics and the pivot axis of the pivotable optics extending through the intermediate focal point.

The additional production of a stationary intermediate focal point makes it possible for the beam

guiding apparatus, particularly the pivotable part, to manage with significantly fewer components than is known
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in the prior art. Only the scanner and the pivotable optics firmly connected to the scanner (hereinafter also called
“optics”) pivot out in the direction of a rotational line along the stationary intermediate focus. The moment of
inertia of the pivoting-out parts is therefore significantly reduced, and faster and more precise tracking of the
laser focus is possible.

This allows a more compact construction than in previously known guiding devices as well as a
smoother tracking of the laser focus. It can be found for instance from EP 1762328 Al that the incident laser
beam is first directed by means of a first deflecting mirror onto a second deflecting mirror which then points the
laser beam onto a focusing optics that is part of the above-mentioned beam deflection module. To track the laser
focus, the entire beam deflection module must therefore be pivoted out, together with all of its components, by
means of the rotary module. In addition to the focusing optics, the beam deflection module also includes, for
example, a housing, a protective glass, a linear guide, etc.

In the device according to the invention, the intermediate focus is preferably reproduced by the
pivotable optics on the target path. The pivotable optics is therefore a movable imaging optics. The target path
corresponds, for example, to the path of a joint between workpieces to be processed.

The at least one pivot axis is preferably the deflection direction (y-direction) that is perpendicular, i.c.
lateral, to the laser beam direction (z-direction) and the target path direction (x-direction).

In a preferred embodiment, the laser beam input module is designed to focus the laser beam onto the
intermediate focal point. In this case, the pivotable optics is designed to reproduce the intermediate focal point
on the target path. That is to say, the pivotable optics has an “object-side” focus that is located in the
intermediate focal point and an “image-side” focus that is located on the target path.

In another preferred embodiment, the laser beam input module is designed as an optical fibre. In this
case, the intermediate focal point is located on the side of the optical fibre that faces the pivotable optics.
Moreover, the pivotable optics is designed to reproduce the intermediate focal point on the target path.

In another preferred embodiment, the laser beam input module is designed to produce a beam path that
is not focused on the intermediate focal point but rather, for example, one that is divergent, collimated or even
only weakly focused. In this case, the pivotable optics has a virtual intermediate focus on the input side which
forms the intermediate focal point and is located in the collimated beam path. Such an intermediate focal point
can be created, for example, by a diverging lens downstream of the laser input module in the beam path. The
diverging lens or even multiple-element diverging group is preferably not pivotable together with the pivotable
optics but firmly connected to the laser input module.

In another embodiment, the tactile scanner and the pivotable optics are connected to an energy store by
means of a resilient element. The resilient element of the energy store is designed to make available some of its
stored energy depending on the pivotable optics being pivoted out in order to return the optics and scanner to a
resting position. The optics and the scanner are coupled to the resilient element by at least two driver stops, only
the first of which driver stops deforms the resilient element when the optics pivots in the positive pivot axis
direction and only the second of which driver stops deforms the resilient element when the optics pivots in the
negative pivot axis direction.

This embodiment includes the finding that the coupling between the mechanical scanner and the beam
deflection module according to Fig. 2 and 3 of EP 1762328 A1l has to be implemented using at least two springs

in each case, which is costly, impracticable and not very efficient: the two springs take up quite a large
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installation space, and the susceptibility to error is not sufficiently low when at least two springs are involved.
Moreover, in certain constructions, for example according to Fig. 3, when the optics is pivoted out, only one of
the two springs is compressed, while the other spring is not compressed at all and, consequently, no restorative
forces are developed, so one spring is useless in each instance for the return of the optics.

By contrast, in this embodiment, it is sufficient and preferred for the energy store to have only one
resilient element such as a spring, in order to couple the tactile scanner to the pivotable optics in both pivot axis
directions and to effect restorative/centring forces in the direction opposed to each pivot axis direction. As a
result, the energy store can be integrated into the device for guiding the laser beam in a very space-saving
manner without sacrificing functionality. Additionally, the energy store is more cost-effective since it can be
realised with just one single resilient element, and proves to be less error-prone. Owing to the possible compact
construction, space savings are achieved and accessibility is improved. Accordingly, the present invention
shows how the advantages of a laser processing optics that is guided in a tactile manner as highlighted at the
outset can also be achieved by means of an even more compact, more cost-effective and less error-prone
construction without having to sacrifice precision.

At least some of the lateral pressing force required by the tactile scanner for scanning the target path,
1.e. the joint, for example, is provided by the energy store of the beam guiding apparatus. This pressing force is
dependent on the pivoting-out of the pivotable optics. Preferably, when the optics is not pivoted out or in the
absence of external forces on the tactile scanner, the energy store is in a defined middle position, any deflection
of the scanner or any pivoting-out of the pivotable optics leading to compression of the resilient element owing
to the driver stops, that is to say to an increase in the energy stored in the energy store. With this increase in
energy, the restorative forces can be provided by the energy store. In particular, these restorative forces can be
provided in a continuously variable manner as a result of the resilient element.

Correspondingly, the resilient element of the energy store can thus be implemented mechanically, for
example by means of a spring, but also pneumatically or electrically. For example, a piston/cylinder
arrangement, in the case of a pneumatic design, or a plunger coil arrangement, in the case of an electrical design
of the energy store, is conceivable. However, owing to the specific coupling of the driver stops to the energy
store, only a single “resilient element” is necessary here in each case.

In an embodiment of the device for guiding a laser beam that is preferred according to the above, the
resilient element is accordingly formed in one piece.

In a preferred embodiment, the above-mentioned stable middle position is achieved by the two driver
stops directly contacting the resilient element when the optics is in the not-pivoted-out resting position. As soon
as the optics pivots out, the resilient element is compressed by precisely one of the two driver stops, thus
creating restorative forces.

In a specific embodiment of the device for guiding a laser beam, the resilient element is mounted in a
housing having at least two stationary stop surfaces, the resilient element being pressed only against the first
stop surface upon deflection in the positive pivot axis direction and only against the second stop surface upon
deflection in the negative pivot axis direction. In this embodiment as well, the compression of the resilient
element occurs only as a result of one of the two driver stops.

In the absence of external forces, the expansion of the resilient element causes the two driver stops to

be oriented so as to be planar with respect to the stationary stops of the housing, as a result of which the tactile
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scanner is brought into the middle position. If the tactile scanner is deflected by external seam tracking forces,
the resilient element is pressed together by a driver stop and the opposing stationary stop. Owing to a preferred
symmetrical arrangement of the four stop surfaces, this deflection movement is possible together with lateral
force in the positive and negative deflection directions.

In another preferred embodiment, one of the two stop surfaces and one of the two driver stops are
arranged such that they can move in a direction of deformation of the resilient element. Using one of the two
movable stops, the tensile force of the resilient element can thus be adjusted, and any play between the
stationary stop surfaces and the driver stops can be reduced using the second movable stop. The adjustment can
be made in the middle position of the tactile scanner, for example in the design of a filler wire necessary for the
seam formation during joining. As a result, a further increase in the precision of the laser beam guidance is
achieved.

If the resilient element is a spring, then, in a preferred embodiment of the device for guiding a laser
beam, said spring has thrust washers at both ends, the thrust washers, the driver stops and the stop surfaces each
being dome-shaped. As a result, pivoting movements can be absorbed by the spring arrangement without
separate joints.

In another preferred embodiment, the scanner is spring-mounted by means of a resilient component
approximately in the direction of the laser beam. In this way, constant contact of the scanner with the target path,
e.g. with a joint, can be ensured. For example, a telescopic arm and an autofocus of the imaging optics enable
tracking of the focus when the target path changes in the z-direction, i.e. approximately in the direction of the
laser beam.

In this embodiment, it is also preferred for the laser beam input module to be coupled to the resilient
component. In this way, the laser focus can be tracked in the direction of the laser beam.

Preferably, the device for guiding a laser beam is designed such that the pivotable optics is rigidly
connected to the tactile scanner. As a result, it is ensured that the distance between the pivotable optics and the
scanner is constant, which is advantageous particularly in the event that the scanner comprises a filler wire
necessary for seam formation and is therefore constituted by same, since, in this case, the laser beam is always
correctly focused.

In a preferred embodiment, the filler wire therefore forms a part of the tactile scanner. The seam
tracking then occurs in a wear-free manner directly in the working point by means of tactile movement of the
filler wire. Even in the case of small radii and three-dimensional contours, scanning can be done in this manner.
Owing to this special mechanical scanner, no advance and hence no advance compensation is necessary.
Moreover, the scanning process is resistant to the greatest possible extent to interference factors such as dirt or
heat, for example. Additionally, the simultanecous tracking and joining enables an increase in the clock
frequency and hence shortening of the laser processing time. Furthermore, the device for guiding a laser beam
can be designed to be a stand-alone device, which gives it a modular character.

In this embodiment, the tracking of the filler wire is ensured, for example, by a wire feed device, for
example of the type described in EP 1762328 Al.

In a preferred embodiment, the laser beam input module is designed to focus the incident laser beam on
an intermediate focal point between the laser beam input module and the beam guiding apparatus. In this

embodiment, the beam guiding apparatus is designed to guide the laser beam by means of the pivotable optics
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without moving the intermediate focal point. The intermediate focal point therefore forms the constant starting

point of an imaginary rotation axis.

The incident laser beam is, for example, a collimated laser beam or a beam made available by a fibre
laser, i.e. an output beam of a fibre-optic cable. In the latter case, the end of the fibre can form the intermediate
focus. Alternatively, an intermediate imaging optics for focusing is installed between the end of the fibre and the
intermediate focal point. If the laser beam is a collimated laser beam, it can be focused (actual intermediate
focus) on the intermediate focal point by a fixed focusing lens, which can be part of the laser beam input module
or, alternatively, by a diverging lens downstream of the laser beam input module and the focal point, which
diverging lens is arranged in a fixed manner in the pivotable beam guiding apparatus, for example (virtual
intermediate focus).

For example, the laser beam can be generated by a solid-state laser, a diode laser or a fibre laser.

According to a second aspect of the present invention, the technical problem is solved by a laser
processing system having a device according to the first aspect of the invention.

All types of lasers may be considered for the laser processing system according to the invention. The
device according to the invention can be advantageously used in particular as a guidance module in seam-
tracked laser welding and soldering, for example for steel and aluminium alloys. To begin with, laser
technology is outstandingly suited to joining processes. One particular advantage is the narrow and uniform
seam geometry that is made possible. The joining process can be controlled precisely and carried out at high
speed. The introduction of heat into the component and the distortion resulting therefrom are significantly
reduced by laser joining. Due to the resulting high-quality joints, re-working of the seam can be omitted in most
cases. The seam itself can be reproduced having consistently high quality. Owing to the device according to the
invention for guiding a laser beam, this laser joining process can now be carried out even more precisely, more
cost-effectively and using more compact and more reliable devices.

Brief description of the figures

In the drawings:

Fig. 1 is a schematic view of a beam path for lateral compensation showing a lens system for the optical
imaging of an actual intermediate focus pivoted about an axis through or near the actual intermediate
focus;

Fig. 2 is a schematic view of a beam path for lateral compensation showing a lens system for the optical
imaging of a virtual intermediate focus pivoted about an axis through or near the virtual intermediate
focus;

Fig. 3 is a schematic view of a beam path for lateral compensation showing a lens system for the optical
imaging of an actual intermediate focus after intermediate imaging of a fibre end surface pivoted about
an axis through or near the actual intermediate focus;

Fig. 4 is a schematic view of a beam path for lateral compensation showing a lens system for the optical
imaging of a virtual intermediate focus, represented by a fibre end surface, pivoted about an axis
through or near the virtual intermediate focus; and

Fig. 5 is a schematic view of an embodiment of the energy store for generating centring forces/restorative
forces.

Description of embodiments
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Fig. 1 is a schematic view of a beam path for lateral compensation in the y-direction (running direction
of deflection) by pivoting a pivotable optics 5, which optically reproduces an actual intermediate focal point 3
onto a target path on a workpiece 17.

On the input side, a collimated laser beam 1 strikes a fixed focusing lens 2 which forms a laser beam
nput module. The laser beam input module 2, 10 in the form of the fixed and focusing lens 2 focuses the
collimated laser beam onto the actual intermediate focal point 3. Arranged downstream of the laser beam input
module 2, 10 and the actual intermediate focal point 3 is a pivotable beam guiding apparatus which comprises a
tactile scanner 6 and an optics 5 that can be pivoted in at least one pivot axis 4. The tactile scanner 6 and the
pivotable optics 5 are rigidly interconnected, and both are connected to an energy store 18 by means of a
resilient element not shown in further detail in Fig. 1. The energy store 18 and the mechanical connection of the
pivotable optics 5 and the tactile scanner 6 thereto are shown in further detail by way of example in Fig. 5.

The target path is scanned by the scanner 6. As a result of the rigid connection and the deflections of
the scanner, the laser beam 1 is constantly projected and focused by the pivotable optics 5 onto the target path,
for example a joint. The device is designed here such that, upon a deflection Ay of the scanner 6 and a resulting
pivoting-out of the optics 5 by the angle o, as is shown, for example, in the illustration to the right in Fig. 1, the
actual intermediate focal point 3 is not shifted, but remains stationary. The pivot axis 4 therefore always leads
through this intermediate focal point 3. As can be seen directly in Fig. 1, the pivotally mounted parts of the
device are substantially limited to the optics 5, the scanner 6, and the rigid mechanical connection provided
therebetween. As a result of the consequently reduced moment of inertia of the pivotable parts, even faster and
smoother processing of the workpiece 17 is possible when the laser beam is constantly focused.

For example, the scanner 6 is formed by a filler wire that is necessary for seam formation during
joining. The filler wire therefore serves simultancously as a mechanical sensor. The energy store 18 presses the
filler wire into the joint. There, it is melted by the laser beam. If external forces act on the scanner 6, for
example as a result of bending or raising of the joint, then the pivotable optics 5 is pivoted out by the pivot
angle o as a result of the rigid connection. The position of the actual intermediate focal point 3 does not change
in the process. As a result of the rigid connection between scanner 6 and pivotable optics 5, the laser remains
pointed at the scanner 6, i.c. optionally at the filler wire. By means of the energy store 18, restorative forces are
generated which act on the pivotable optics 5 and the mechanical scanner 6 and, in the absence of external
forces on the mechanical scanner 6, return these two components to the resting position shown in the left-hand
part of Fig. 1. This energy store 18 is explained in further detail in the following with reference to Fig. 5:

Fig. 5 is a schematic view of an embodiment of the energy store 18 for generating the aforementioned
restorative forces/centring forces. The energy store 18 comprises a single resilient element in the form of a
spiral pressure spring 13 which makes some of its stored energy available depending on an amplitude of the
pivoting-out of the pivotable optics 5 in order to return the optics 5 and scanner 6 to a resting position.

The spiral pressure spring 13 is arranged in a housing 12 having a cylindrical hole. The housing 12 has
at each longitudinal end of the cylinder a collar as stationary stop surfaces 12-1 and 12-2. The pivotable optics 5
and the scanner 6 are coupled to the spiral pressure spring 13 by means of at least two driver stops 14-1 and 14-
2. The two driver stops 14-1 and 14-2 can be connected, for example, by means of a kind of tappet 15 to the

pivotable optics 5 and thus to the scanner 6.



10

15

20

25

30

35

40

In the two lower drawings of Fig. 5, it is shown that, when the optics 5 is pivoted in the —y direction,
only the first driver stop 14-1 deforms the spiral spring 13 (middle drawing) and, in the opposite case (lower
drawing), that is to say when the optics 5 is pivoted in the +y direction, only the second driver stop 14-2
deforms the spiral spring in the other direction. In the depicted example, the tensile force (F) of the spring 13
acts by means of thrust washers 16 on the stationary stops 12-1 and 12-2 and the driver stops 14-1 and 14-2. As
a result of this arrangement of the energy store 18, restorative forces can be generated both in the negative and
in the positive pivot direction by means of just one resilient element 13. Therefore, if the scanner 6 slides over a
bend in the joint, for example, this results in both a direct pivoting-out of the optics 5 corresponding to the
deflection of the scanner 6 and compression of the spiral pressure spring 13 in one of the two possible directions.

In the absence of external forces on the tactile scanner 6, the two driver stops 14-1/14-2 are oriented in
so as to be planar with respect to the stationary stops 12-1/12-2 of the housing 12 owing to the expansion of the
spring 13, as a result of which the scanner 6 is brought into the middle position. If the scanner 6 is deflected by
external seam tracking forces, then the spring 13 is pressed together by one of the driver stops and the opposing
stationary stops. Owing to the symmetrical arrangement of the four stop surfaces 12-1/12-2 and 14-1/14-2, this
deflection movement is possible in the positive and negative direction of deflection.

Three additional possible embodiments of the device according to the invention for guiding a laser
beam are shown schematically in Fig. 2 to 4, the fact common to these embodiments being that the pivotable
optics 5, together with the tactile scanner 6, can be moved back into a resting position in the absence of external
seam tracking forces by an energy store 18 shown by way of example in Fig. 5.

Fig. 2 shows a variant in which the collimated laser beam 1 does not strike a fixed focusing lens 2, but
instead strikes a fixed diverging lens 7 located in the beam path between intermediate focal point 8 and
workpiece surface 17. According to this variant, the intermediate focal point 8 is a virtual intermediate focal
point. Unlike the pivotable optics 5, the fixed diverging lens 7 is not rigidly connected to the scanner 6 and thus
not rigidly connected to the energy store 18 either. Rather, the diverging lens 7 is installed firmly in the beam
path. However, in this embodiment as well, the position of the virtual intermediate focal point 8 does not change
when the pivotable optics 5 pivots out by the pivot angle o, according to the drawing on the right-hand side in
Fig. 2.

In the embodiment according to Fig. 3, the laser beam 1 is provided by a fibre laser 9. This laser beam
1 first strikes an intermediate imaging optics 10, which then focuses the laser beam 1 onto the actual
intermediate focal point 3. In this example, the pivotable optics 5 is achieved by a dual-lens arrangement that
enables better tracking of the focus on the workpiece 17 in the z-direction. The dual-lens arrangement is firmly
connected to the scanner 6 and arranged axially, i.e. in the spacing direction z, in a sprung manner. This ensures
that the scanner 6 is in constant contact with the joint and the laser focus is continuously tracked as a result of
the rigid connection between scanner 6 and pivotable optics 5.

Finally, Fig. 4 shows a variant in which the laser beam 1, in turn, is provided by a fibre laser 9 and in
which the intermediate focal point 3 strikes a point in a fibre end surface 11. Accordingly, no intermediate
imaging of the laser beam 1 is performed. The left and middle view each show a non-deflected state, the
pivotable optics 5 being pivoted out by the pivot angle o in the right-hand view, which results in a lateral

deflection Ay.
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List of reference numerals

1 collimated laser beam

2 fixed focusing lens

3 actual intermediate focal point
4 pivot axis

5 movable imaging optics

6 tactile scanner

7 fixed diverging lens

8 virtual intermediate focal point
9 fibre-optic cable

10 intermediate imaging optics
11 fibre end surface

12 spring housing having stops
12-1, 12-2 stationary stop surfaces

13 spiral pressure spring

14 driver stops

14-1 first driver stop

14-2 second driver stop

15 tappet for force-coupling

16 thrust washers

17 workpiece surface

18 energy store

o pivot angle

Ay resulting lateral deflection

F lateral force

X direction of travel

y lateral direction of deflection

beam direction

LEZEROPTIKA PASSZIV VARRATVEZETESSEL
Szabadalmi igénypontok

1. Berendezés 1ézernyaléb célpalya mentén vezetéséhez, amely tartalmaz
— lézernyalab betaplald modult (2; 7; 10), amely beesd 1ézernyalébot (1) egy a lézernyalab betaplaldé modul (10)
utan elrendezett és tengely koriil elforduld nyalabtereld szerkezetre (4, 5, 6) iranyiton van kialakitva, ahol a
nyalébtereld szerkezet (4, 5, 6) a 1ézernyalabot (1) a célpalyara projektalon van elrendezve és tartalmaz

— legalabb egy elfordulasi tengely (4) koriil elfordithaté optikat (5) és
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— egy az elfordithatd optikdval (5) Osszekapcsolt taktilis letapogatoeszkozt (6), amely a célpalya érintoén
azzal jellemezve, hogy a lézernyalab (1) nyalabutjaban az elfordithatd optikai (5) el6tt kdzbensé fokuszpont (3;
8) van kiképezve, tovabba az elfordithatd optika (5) elfordulasi tengelye (4) a kdzbensé fokuszponton (3; 8)

keresztiil terjed.

2. Az 1. igénypont szerinti berendezés, azzal jellemezve, hogy a lézernyalab betaplaléo modul (2; 10) a
lézernyalabot (1) a kozbensd fokuszpontra (3) fokuszalon van kiképezve, tovabba az elfordithatd optika (5) a

kdzbensé fokuszpontot (3) a célpélyara leképezon van kiképezve.

3. A 2. igénypont szerinti berendezés, azzal jellemezve, hogy a 1ézernyaldb betaplalo modul (2; 10)
fényvezetd szalat (9) és kozbensd leképezd optikat (10) tartalmaz, ahol a kozbenso leképezd optika (10) a
fényvezetd szal (9) kozbensd leképezd optikaval (10) szemkdzti végét a kozbensd fokuszpontra (3) leképezon

van kiképezve.

4. Az 1. igénypont szerinti berendezés, azzal jellemezve, hogy a 1ézernyalab betaplalé modul (2; 10)
fényvezetd szalként (9) van kialakitva és a kozbenso fokuszpont (3, 8) a fényvezetd szal (9) elfordithatd
optikaval (5) szemkdzti oldalan helyezkedik el, tovabba az elfordithatd optika (5) a kdzbensé fokuszpontot (3, 8)

a célpalyara leképezdn van kiképezve.

5. Az 1. igénypont szerinti berendezés, azzal jellemezve, hogy a 1ézernyalab betaplald modul (2; 7; 10)
fokuszalatlan nyalabterjedési utat 1étrehozon van kiképezve, tovabba az elfordithatd optika (5) belépdoldalan
egy a kozbenso fokuszpontot (3, 8) képez és a kollimalt nyalabuiton 1év latszolagos kdzbensd fokusszal (8)

rendelkezik.

6. Az 1-5. igénypontok barmelyike szerinti berendezés, amelynél

— a taktilis letapogatoeszkdz (6) €és az elfordithatd optika (5) rugalmas elem (13) utjan energiatarolohoz (18)
vannak csatlakoztatva,

— az energiatarold (18) rugalmas eleme (13) a benne tarolt energia egy részét az elfordithatd optika (5)
elforduldsa (o) esetén az optika (5) és a letapogatoeszkéz (6) nyugalmi helyzetbe vald visszajuttatdsara
biztositon van kiképezve, tovabba amelynél

— az optika (5) és a letapogatdeszkdz (6) a rugalmas elemmel (13) legalabb két menesztéiitkdzo (14-1, 14-2)
révén csatolasban van, melyek koziil a rugalmas elemet (13) az optika (5) pozitiv elfordulési tengelyiranyu elsd
elfordulasa esetén csupan az elsé meneszt6iitk6zo (14-1) deformalja, tovabba negativ elfordulési tengelyiranyt

elfordulas esetén csupan a masodik menesztdiitkdz6 (14-2) deformalja.
7. A 6. igénypont szerinti berendezés, ahol a rugalmas elem (13) egyetlen darabként van kialakitva.

8. A 6. vagy a 7. igénypont szerinti berendezés, ahol a rugalmas elem (13) legalabb két rogzitett
iitkozofeliilettel (12-1, 12-2) rendelkezé hazban (12) van elrendezve, ahol a rugalmas elem (13) pozitiv
elfordulési tengelyiranyu kitérés esetén csupéan az elsé iitkozofeliletnek (12-1) nyomodik neki, tovabba negativ
elforduléasi tengelyiranyu kitérés esetén csupan a masodik iitkozofeliiletnek (12-2) nyomodik neki.

9. A 8. igénypont szerinti berendezés, ahol a két iitkozofeliilet (12-1; 12-2) egyike, valamint a két

rrrrrr
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10. A 8. vagy a 9. igénypont szerinti berendezés, ahol a rugalmas elemet mechanikai rmigoé (13) képezi,
melynek mindkét végén nyomotarcsa (16) van, ahol a nyométarcsék (16), a meneszt6iitkozok (14-1, 14-2) és a

rogzitett iitkozofeliiletek (12-1, 12-2) mindegyike gdmbsiiveg alakkal rendelkezik.

11. Az el6z6 igénypontok barmelyike szerinti berendezés, ahol a letapogatdoeszkdz (6) rugalmas

komponens révén nagyjabol a Iézernyaldb irdnyaban (z) rug6zon van elhelyezve.

12. A 11. igénypont szerinti berendezés, ahol a lézernyaldb betaplalé modul (2; 10) a rugalmas

komponenssel csatolasban van.

13. Az ¢léz6 igénypontok barmelyike szerinti berendezés, ahol az clfordithaté optika (5) a letapogato-

eszkozzel (6) mereven van dsszekapcsolva.

14. Az €l6z6 igénypontok barmelyike szerinti berendezés, ahol a letapogatoeszkdz varratépitéshez

sziikséges tolt6huzalt (6) tartalmaz.

15. Lézeres megmunkald rendszer, mely egy az elézd igénypontok barmelyike szerinti berendezést

tartalmaz.
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Fig. 2
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Fig. 3
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Fig. 4
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