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(54) LASER PROCESSING MACHINE

(57) A laser processing machine includes a plurality
of collimating lenses (7) to convert a laser beam (LB)
from a laser oscillator, which have been emerged from
a point of emergence (P) of a transmission optical fiber
(5), into parallel rays of light, a condensing lens (8) to
condense the laser beam (LB) and then radiate it onto a
work (W), and a nozzle (9) positioned on one side of the
work (W) remote from the condensing lens (8). The dis-
tance from the point of emergence (P) to the tip of the

nozzle (9) remains unchangeable. The collimating lenses
(7) are disposed being spaced from each other in a di-
rection parallel to an optical axis. A switching device (10)
switches the position of each of the collimating lenses
(7) in the orthogonal direction so that the center of one
of the collimating lenses (7) may be aligned with a center
(O) of the laser beam (LB). The collimating lenses (7)
have respective focal lengths that are different from each
other.
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Description

CROSS REFERENCE TO THE RELATED APPLICATION

[0001] This application is based on and claims Convention priority to Japanese patent application No. 2011-112131,
filed May 19, 2011, the entire disclosure of which is herein incorporated by reference as a part of this application.

BACKGROUND OF THE INVENTION

(Field of the Invention)

[0002] The present invention relates to a laser processing machine for use in, for example, sheet material processing
or the like and, more particularly, to the technique of enabling a diameter of a beam incident on a condensing lens in
the laser processing machine to be changed.

(Description of Related Art)

[0003] The laser processing machine of a fiber light guide type is basically of a structure shown in Fig. 7 of the
accompanying drawings. Referring to Fig. 7, a laser beam LB outputted from a laser oscillator emerges outwardly from
a point of emergence P through a transmission optical fiber 5, is then condensed by a condensing lens 8 after having
passed through a collimating lens 7 and is finally radiated onto a work W to be processed. Since the laser beam LB has
an energy density that is high at a portion thereof where the beam diameter is small, the work W to be processed is
processed at a location in the vicinity of a focal position (processing position) Q at which the beam diameter is minimal.
Given the same angle of divergence of the laser beam LB from the point of emergence P, the beam diameters at the
focal position Q, that is, spot sizes S1 and S2 (shown respectively in Figs. 8A and 8B), and associated Rayleigh lengths
R1 and R2 (similarly shown respectively in Figs. 8A and 8B) are determined in dependence on the corresponding
diameters D of the laser beam LB incident on the condensing lens 8 (the diameter of the laser beam LB incident on the
condensing lens 8 being hereinafter referred to as "incident beam diameter"). Each of the Rayleigh lengths R1 or R2 is
the distance as measured in the optical direction, which is about equal to √2 time of the radius of the associated minimum
spot diameter S1 or S2 and the work W is desirably processed within this range.
[0004] Figs. 8A and 8B illustrate respective diagrams showing the relation between the incident beam diameter and
the spot diameter and the Rayleigh length. If as shown in Fig. 8A the incident beam diameter D1 is large, the spot
diameter S1 is small and the Rayleigh length R1 is short. Conversely, if as shown in Fig. 8B the incident beam diameter
D2 is small, the spot diameter S2 is large and the Rayleigh length R2 is large. Accordingly, with respect to the sheet
metal having a relatively small thickness, a processing with a high efficiency is performed with the large incident beam
diameter and at the high energy density. With respect to the sheet metal having a relatively great thickness, if the incident
beam diameter is reduced to a relatively small value, the processing can be enabled within the large Rayleigh length
R2 even with the sheet metal of the great thickness although the energy density is low.
[0005] Following methods have hitherto been available to change the incident beam diameter.
[0006] One of those methods is to use, in a laser processing machine of a type utilizing a carbon dioxide gas laser
oscillator as a laser beam source, a variable curvature mirror provided, separate from a plurality of transmission mirrors,
on the laser beam transmission optical path leading from the oscillator to the condensing lens. By changing the curvature
of the variable curvature mirror, the diameter of the laser beam incident on the condensing lens can be changed. In this
respect, see, for example, the patent document 1 listed below.
[0007] Another one of the methods is to use a collimating lens intervened between the point of emergence and the
condensing lens so that, by shifting the collimating lens in a direction parallel to the optical axis, the diameter of the laser
beam incident on the condensing lens can be changed. In this respect, see, for example, the patent document 2 listed
below. It is to be noted that the collimating lens is primarily used to convert laser rays of light, which have been diverged
from the point of emergence, into parallel rays of light.

[Prior Art Literature]

[0008]

[Patent Document 1] JP Laid-open Patent Publication No. 2000-084689
[Patent Document 2] JP Laid-open Patent Publication No. 2009-226473

[0009] According to the above described method in which the variable curvature mirror is employed, a pressure is
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applied to one of opposite surfaces of the variable curvature mirror, which is not a reflective surface, but a surface on
the rear side, to change convexed and concaved shapes of the rear side surface to thereby change the curvature of the
variable curvature mirror. In order to change the variable curvature mirror to obtain desired concaved and convexed
shapes, a pressure control is very complicated and it is also difficult to monitor the pressure applied to various portions
of the variable curvature mirror.
[0010] Also, according to the second mentioned method in which the collimating lens is moved in the direction parallel
to the optical axis, laser rays of light emitted as diverged from the point of emergence are not perfectly converted into
parallel rays as they pass through the collimating lens, but are allowed to be markedly converged or diverge to thereby
change the incident beam diameter. For this reason, the distance from the point of emergence to the focal position also
changes with a change of the incident beam diameter and, accordingly, the positional adjustment between the nozzle,
positioned on one side of the condensing lens adjacent the work to be processed and the work becomes complicated.

SUMMARY OF THE INVENTION

[0011] In view of the foregoing, the present invention has for its primary object to provide a laser processing machine
of a structure in which the distance from the point of emergence to the tip of a nozzle remains unchangeable, but which
allows the spot diameter and the Rayleigh length at the focal position to be adjusted with a simplified structure.
[0012] The laser processing machine designed in accordance with the present invention will be summarized as follows
with the aid of reference numerals employed in describing the present invention with reference to the accompanying
drawings. The laser processing machine according to the present invention includes a collimating lens (7A, 7B) to convert
a laser beam (LB) from a laser oscillator (1), which emerges from a point of emergence (P) of a transmission optical
fiber (5), into parallel rays of light, a condensing lens (8) operable to collect the laser beam (LB), which has been converted
into the parallel rays of light, and then to radiate onto a work (W) to be processed, and a nozzle (9) positioned on one
side of the work (W) adjacent the condensing lens (8) and operable to discharge an assist gas, in which a distance from
the point of emergence (P) to the tip of the nozzle (9) remains unchangeable. In the laser processing machine of the
construction described above. In such case, the collimating lens (7A, 7B) is provided in a plural number and those
collimating lenses are disposed having been spaced from each other in an orthogonal direction perpendicular to the
optical axis. A switching device (10) is provided to switch a position of each of the collimating lenses (7A, 7B) in the
orthogonal direction so that an arbitrarily chosen one of the plurality of the collimating lenses (7A, 7B) may have a lens
center thereof coinciding with the center (O) of the laser beam (LB) emitted from the point of emergence (P). The plurality
of the collimating lenses (7A, 7B) have respective focal lengths that are different from each other. The drive of the
switching device (10) may be performed either manually or automatically.
[0013] According to the above described construction, the laser beam (LB) diverged from the point of emergence (P)
is converted into the parallel rays of light by the collimating lens (7A, 7B), and then the parallel rays, after having been
condensed by the condensing lens (8), are radiated onto the work (W). By changing the position of each of the collimating
lenses (7A, 7B) with the switching device (10) to thereby change the beam diameter of the parallel rays of light, the spot
diameter (S1, S2) and the Rayleigh length (R1, R2) are changed.
[0014] Where the single collimating lens is shifted in the direction parallel to the optical axis such as disclosed in the
patent document 2 referred to above, the laser beam emerging from the collimating lens does not form the parallel rays
of light and, in order to allow the focal position to remain at the same position, the position of the condensing lens need
be corrected incident to the positional adjustment of the collimating lens, wherefore not only is a mechanism for the
correction purpose needed, but the structure is also complicated. Or, an adjustment for that correction is laborious.
However, according to the construction described above in connection with the present invention, by exchanging and
using the plurality of the collimating lenses (7A, 7B) having different focal lengths, rendering the laser beam (LB), emerging
from the collimating lens (7A, 7B), to be the parallel rays of light even after the exchange, and changing the beam
diameter of the laser beam (LB) emerging from the collimating lens (7A, 7B), the spot diameter (S1, S2) and the Rayleigh
length (R1, R2) on the focal position (Q) are altered. For this reason, only by changing the plurality of the collimating
lenses (7A, 7B), the spot diameter (S1, S2) and the Rayleigh length (R1, R2) on the focal position (Q) can be altered
without any positional adjustment of the condensing lens (8) being effected.
[0015] Also, without changing the distance from the point of emergence (P) to the tip of the nozzle (9), the spot size
(S1, S2) and the Rayleigh length (R1, R2) on the focal position (Q) can be changed. For this reason, the structure
becomes simplified. Thus, despite of the structure in which the distance from the point of emergence (P) to the tip of the
nozzle (9) remains unchangeable, the spot size (S1, S2) and the Rayleigh length (R1, R2) on the focal position (Q) can
be changed with that simplified structure.
[0016] In a preferred embodiment of the present invention, the laser processing machine may further include a storage
unit (23) to store a processing condition and a predetermined one of the first and second collimating lenses (7A, 7B) in
a fashion contrasted to each other, a selecting unit (24) to select the collimating lens (7A, 7B) which meets the processing
condition upon checking the storage unit (23), and a switching control unit (25) to control a drive source (13) for the
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switching device (10) so that one of the collimating lenses (7A, 7B) selected by this selecting unit (24) may assume a
position at which the laser beam (LB) emerging from the point of emergence (P) is converted into parallel rays of light.
[0017] With the laser processing machine so constructed as hereinabove described, the selecting unit (24) checks
against the storage unit (23) regarding information on the processing condition and then selects the collimating lens (7A,
7B) that meets the processing condition. Subsequently, so that the selected collimating lens (7A, 7B) may be held at a
position where the laser beam (LB) emerging from the point of emergence (P) is formed into parallel rays of light, the
drive source (13) for the switching device (10) is controlled by the switching control unit (25). By so doing, selection of
the collimating lens (7A, 7B) that meets the processing condition can be accomplished automatically.
[0018] In another preferred embodiment of the present invention, the laser processing machine may further include
a detecting unit (14A, 14B) to detect a position of the collimating lens (7A, 7B), of which position in the orthogonal
direction is switched by the switching device (10) and which has been positioned on the optical axis of the laser beam
(LB); and an emergency responsive unit (26) to implement a predetermined emergency responsive measure in the event
that a lens center of the collimating lens (7A, 7B) detected by the detecting unit (14A, 14B) does not coincide with a
position of a center (O) of the laser beam (LB) emerging from the point of emergence (P). The emergency responsive
measure is such as, for example, issuing a warning, halting the operation, re-switching the collimating lens (7A, 7B).
[0019] According to the structure, in the event that the position of the collimating lens (7A, 7B) is not proper, the
emergency responsive measure is implemented in such a way that, for example, a warning is issued, the operation is
halted or the switching of the collimating lens (7A, 7B) is again performed.
[0020] In a further preferred embodiment of the present invention, the laser processing machine may further include
a focal position changing mechanism (15) to alter a focal position (Q) of the laser beam (LB) by moving the condensing
lens (8) in a direction parallel to the optical axis of the laser beam (LB). According to this structural feature, since respective
actuating directions of the condensing lens (8) and the collimating lens (7A, 7B) are in one direction, respective structures
of the focal position changing mechanism (15) to actuate the condensing lens (8) and the switching device (10) to actuate
the collimating lens (7A, 7B) are simplified.
[0021] In a still further preferred embodiment of the present invention, the laser processing machine may further include
a lens holder (11) to hold the plurality of the collimating lenses (7), in which case the switching device (10) switches the
position in the orthogonal direction by moving the lens holder (11) in the orthogonal direction.
[0022] In a yet further preferred embodiment of the present invention, the laser processing machine may further
includes a lens holder (11) to hold the plurality of the collimating lenses (7), in which case the switching device (10)
switches the position in the orthogonal direction by rotating the lens holder (11) about a rotation axis (32a) that lies
parallel to the optical axis.
[0023] Any combination of at least two constructions, disclosed in the appended claims and/or the specification and/or
the accompanying drawings should be construed as included within the scope of the present invention. In particular,
any combination of two or more of the appended claims should be equally construed as included within the scope of the
present invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0024] In any event, the present invention will become more clearly understood from the following description of
preferred embodiments thereof, when taken in conjunction with the accompanying drawings. However, the embodiments
and the drawings are given only for the purpose of illustration and explanation, and are not to be taken as limiting the
scope of the present invention in any way whatsoever, which scope is to be determined by the appended claims. In the
accompanying drawings, like reference numerals are used to denote like parts throughout the several views, and:

Fig. 1 is a diagram showing a conceptual diagram illustrating a laser processing machine designed in accordance
with a first preferred embodiment of the present invention, which diagram is shown together with a unit diagram
illustrative of a control system;
Fig. 2A is a horizontal sectional view showing a switching mechanism of the laser processing machine held in one
condition;
Fig. 2B is a horizontal sectional view showing a switching mechanism of the laser processing machine held in a
different condition;
Fig. 3A is a diagram showing an optical system of the laser processing machine, illustrating parallel rays of light
having a certain diameter;
Fig. 3B is a diagram showing an optical system of the laser processing machine, illustrating the parallel rays of light
having a different diameter;
Fig. 4A is an explanatory diagram showing the spot diameter and the Rayleigh length which are exhibited when the
beam diameter of the parallel rays of light is large;
Fig. 4B is an explanatory diagram showing the spot diameter and the Rayleigh length which are exhibited when the
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beam diameter of the parallel rays of light is small;
Fig. 5 is a conceptual diagram showing the laser processing machine designed in accordance with a second preferred
embodiment of the present invention;
Fig. 6 is a horizontal sectional view of the switching mechanism employed in the laser processing machine of Fig. 5;
Fig. 7 is a diagram showing the optical system employed in the conventional laser processing machine;
Fig. 8A is an explanatory diagram showing the spot diameter and the Rayleigh length which are exhibited when the
beam diameter of the parallel rays of light is large; and
Fig. 8B is an explanatory diagram showing the spot diameter and the Rayleigh length which are exhibited when the
beam diameter of the parallel rays of light is small.

DESCRIPTION OF PREFERRED EMBODIMENTS

[0025] A first preferred embodiment of the present invention will be described with particular reference to Figs. 1 to
4A and 4B. As shown in Fig. 1, a laser processing machine embodying the present invention includes a laser oscillator
1, a processing machine head 2 and a control device 3.
[0026] The laser oscillator 1 is comprised of, for example, a solid state laser oscillator and a laser light oscillated by
the laser oscillator 1 is transmitted to an emission member 6, provided in the processing machine head 2, through a
transmission optical fiber 5. It is to be noted that the laser oscillator 1 may be a semiconductor laser oscillator.
[0027] The processing machine head 2 includes, in addition to the emission member 6 referred to above, a collimating
lens 7 operable to convert a laser beam LB, converged and emitted from a point of emergence P of the emission member
6, into parallel rays of light, and a condensing lens 8 for condensing the laser beam LB, which has been converted into
the parallel rays of light, and then radiating it onto a work W to be processed. The emission member 6 is provided at a
tip of the transmission optical fiber 5 and the point of emergence P thereof defines a point of emergence of the transmission
optical fiber 5. At a lower end of the processing machine head 2, there is provided a nozzle 9 for discharging a high
speed gas or an assist gas, which is used to blow off a metal melted by the laser beam LB. For the assist gas, any of
oxygen gas, nitrogen gas and argon gas, for example, is used. The nozzle 9 referred to above is positioned below the
condensing lens 8, that is, on one side adjacent the work W to be processed. It is to be noted that the emission member
6 referred to above may not be essential and may therefore be dispensed with occasionally.
[0028] The collimating lens 7 is employed in a plural number, for example, two in the illustrated embodiment, for
changing a beam diameter of the parallel rays of light, the plurality of, that is, two collimating lenses having focal lengths
different from each other. The first and second collimating lenses 7A and 7B are disposed having been offset relative
to each other in an orthogonal direction (X-axis direction) which is perpendicular to the optical axis of the laser beam
LB and respective positions thereof in a direction (Z-axis direction) parallel to the optical axis are rendered to be the
position at which the laser beam LB emerging from the point of emergence P is converted into the parallel rays of light,
when a center of each of the first and second collimating lenses 7A and 7B coincides with a center O of the laser beam LB.
[0029] The first and second collimating lenses 7A and 7B are switched in position by a switching device 10 in the X-
axis direction. The switching device 10 includes, as best shown in Figs. 2A and 2B, a common lens holder 11 to which
the first and second collimating lenses 7A and 7B are fitted, a pair of X-axis rails 12 for guiding the lens holder 11 in the
X-axis direction, and switching drive source 13 for selectively advancing or retracting the lens holder 11 in the X-axis
direction perpendicular to the Z-axis direction. The switching drive source 13 is, for example, an air cylinder. As shown
in Fig. 2A, when the switching drive source 13, which is the air cylinder, is actuated to advance, the center of the first
collimating lens 7A having a long focal length coincides with the center O of the laser beam LB. On the other hand, as
shown in Fig. 2B, when the switching drive source 13 is actuated to retract, the center of the second collimating lens 7B
having a short focal length coincides with the center O of the laser beam LB.
[0030] At opposite ends of the range of distance of movement of the lens holder 11, a pair of first and second detecting
units 14A and 14B, each in the form of, for example, a proximity switch or the like, are provided. When and so long as
the center of the first collimating lens 7A is held in coincidence with the center O of the laser beam LB, one of the detecting
units, for example, the first detecting unit 14A detects the lens holder 11 and is therefore switched on. On the other hand,
when and so long as the center of the second collimating lens 7B is held in coincidence with the center O of the laser
beam LB, the second detecting unit 14B detects the lens holder 11 and is therefore switched on. It is to be noted that
respective positions of the first and second collimating lenses 7A and 7B may be made detectable by, for example, a
linear scale or the like.
[0031] Due to the individual characteristics of the laser oscillator 1, it occurs that the laser beam LB may occasionally
have a somewhat different characteristic. Also, the first and second collimating lenses 7A and 7B have different curvatures
or the like due to the individual characteristics. Because of those differences, a focal position Q as will be detailed later
may vary. In order to compensate for a variation of the focal position Q, a fine adjusting mechanism is desirably employed
for finely adjusting the respective positions of the first and second collimating lenses 7A and 7B in a direction parallel to
the optical axis (Z-axis direction) and, also, the respective positions thereof in a plane (X-Y plane) orthogonal to the
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optical axis. It is, however, to be noted that only the positions in the Z-axis direction may be made finely adjustable and/or
the positions thereof in the X-Y plane may be made finely adjustable. The fine adjusting mechanism may be so designed
and so configured, for example, that first and second lens mounting members (not shown), which the first and second
collimating lenses 7A and 7B are respectively fitted to or otherwise mounted on, can be finely adjusted by means of a
screw mechanism or the like.
[0032] Also, as shown in Fig. 1, the processing machine head 2 is provided with a focal position changing mechanism
15 for changing the focal position Q of the laser beam LB by moving the condensing lens 8 in a direction (Z-axis direction)
parallel to the optical axis of the laser beam LB. This focal position changing mechanism 15 includes a lens holder 16
having the condensing lens 8 fitted thereto, a pair of Z-axis rails 17 along which the lens holder 16 is moved in the Z-
axis direction, and a selective advance or retraction drive source 18 for selectively advancing or retracting the lens holder
16 in the Z-axis direction. For the selective advance or retraction drive source 18 may be employed in the form of, for
example, a servomotor.
[0033] Referring to Fig. 1, the control device 3 includes a basic operation control unit 20 for controlling a movement
of the processing machine head 2 and an output of the laser oscillator 1, a focal position changing control unit 21 for
controlling the selective advance or retraction drive source 18 for the focal position changing mechanism 15, and a
collimating lens switching control unit 22 for controlling the switching drive source 13 for the switching device 10. Also,
the collimating lens switching control unit 22 in turn includes a storage unit 23, a selecting unit 24, a switching control
unit 25 and an emergency responsive unit 26.
[0034] The storage unit 23 referred to above stores therein a processing condition and a predetermined one of the
first and second collimating lenses 7A and 7B in a fashion contrasted to each other. The processing condition includes,
for example, the material for the work W to be processed, the plate thickness of the work W and so on.
[0035] The selecting unit 24 referred to above is operable to select one of the first and second collimating lenses 7A
and 7B, which meets with the processing condition, by checking information on the processing condition against the
storage unit 23. The information on the processing condition may be supplied either from the outside or from the basic
operation control unit 20.
[0036] The switching control unit 25 referred to above issues an output command to the drive source 13 for the switching
device 10 so that the first collimating lens 7A or the second collimating lens 7B, which has been selected by the selecting
unit 24, can be held at a position at which the laser beam LB emerging from the point of emergence P of the transmission
optical fiber 5 is converted into the parallel rays of light, that is, the center of either one of the first and second collimating
lenses 7A and 7B coincides with the center O of the laser beam LB.
[0037] The emergency responsive unit 26 referred to above is operable to implement a predetermined emergency
responsive measure in the event that the position of one of the first and second collimating lenses 7A and 7B, which
has been detected by the corresponding detecting unit 14A or 14B, is not in position at which the laser beam LB emerging
from the point of emergence P is converted into the parallel rays of light. In the illustrated embodiment now under
discussion, as the emergency responsive measure, an output is given to an alarm annunciator 27 to allow the latter to
issue a warning. Other than that, any of such emergency responsive measures as halting an operation of the laser
processing machine, performing another switching operation to switch one of the first and second collimating lenses 7A
to 7B over to the other thereof, or anything like that may be implemented.
[0038] The laser processing machine of the structure described above is so designed and so configured that the laser
beam LB diverging and emerging from the point of emergence P is converted by the first collimating lens 7A (or the
second collimating lens 7B) into the parallel rays of light and the laser beam LB, which has been converted into the
parallel rays of light, is condensed by the condensing lens 8 before it is radiated onto the work W. With the position of
the condensing lens 8 changed by the focal position changing mechanism 15 in the direction (Z-axis direction) parallel
to the optical axis of the laser beam LB, the focal position Q of the laser beam LB is changed.
[0039] Also, by switching the respective positions of the first and second collimating lenses 7A and 7B by means of
the switching device 10 to thereby change the beam diameter D1 and D2 of the parallel rays of light as shown in Figs.
3A and 3B, the spot diameter and the Rayleigh length are altered. Where the beam diameter D1 of the parallel rays of
light is large as shown in Fig. 4A in which the first collimating lens 7A is utilized, the spot diameter S1 is small and the
Rayleigh length R1 is short. Conversely, where the beam diameter D2 of the parallel rays of light is small as shown in
Fig. 4B in which the second collimating lens 7B is utilized, the spot diameter S2 is large and the Rayleigh length R2 is
long. For comparison purpose, various dimensions when the beam diameter of the parallel rays of light is large or small
are shown in the following Table 1.



EP 2 711 121 A1

7

5

10

15

20

25

30

35

40

45

50

55

[0040] As discussed above, the change of the focal position Q is carried out by moving the condensing lens 8 in the
direction parallel to the optical axis (the Z-axis direction) and the change of each of the spot diameter and the Rayleigh
length is carried out by performing the positional switching of the first and second collimating lenses 7A and 7B in the
direction (in the X-axis direction) orthogonal to the optical axis. In other words, the condensing lens 8 and the first and
second collimating lenses 7A and 7B are moved in only one direction. For this reason, respective structure of the focal
position changing mechanism 15 and the switching device 10 for actuating (driving) the first and second collimating
lenses 7A and 7B are simple.
[0041] Also, the laser beam LB diverged and emerged from the point of emergence P is neither converged nor diverged
by any of the first and second collimating lenses 7A and 7B such as disclosed in the previously mentioned patent
document 2, but the laser beam LB having passed through any of the collimating lenses 7A and 7B is rendered to be
the parallel rays of light and the corresponding spot diameter S1 and S2 and the associated Rayleigh length R1 and R2
are changed by altering the beam diameter of the parallel rays. For this reason, the positional switching of the first and
second collimating lenses 7A and 7B for the purpose of changing the spot diameter S1 and S2 and the Rayleigh length
R1 and R2 does not affect the focal position Q of the laser beam LB from the condensing lens 8 and, hence, no positional
adjustment of the collecting lens 8 due to the positional switching of the first and second collimating lenses 7A and 7B
is required. Accordingly, the change of the spot diameter S1 and S2 and the Rayleigh length R1 and R2 on the focal
position Q can be accomplished with a simplified structure.
[0042] Figs. 5 and 6 illustrate a second preferred embodiment of the present invention. The laser processing machine
shown therein differs from the laser processing machine according to the previously described first embodiment in
respect of the the number of the collimating lenses 7 and the structure of the switching device 10. Other structural
features than those mentioned above are similar to those employed in the first embodiment shown in and described
with reference to Figs. 1 to 4.
[0043] The laser processing machine shown in Figs. 5 and 6 makes use of four, i.e., first, second, third and fourth
collimating lenses 7A, 7B, 7C and 7D in order to change the beam diameter of the parallel rays of light, those collimating
lenses having respective focal lengths that are different from each other. The first to fourth collimating lenses 7A to 7D
are disposed equidistantly in a circumferential direction and the position of each of them in a direction parallel to the
optical axis (in Z-axis direction) is rendered to be a position at which, when the center of it coincides with the center O
of the laser beam LB, the laser beam LB emerging from the point of emergence P is rendered to be the parallel rays of light.
[0044] The switching device 10 includes a lens holder 31 which is round in shape when viewed from top and has the
first to fourth collimating lenses 7A to 7D fitted thereto, a rotary shaft 32 rotatable together with the lens holder 31 and
positioned at the center of the circumference on which the first to fourth collimating lenses 7A to 7D are arranged, and
a rotary drive source 33 such as, for example, a motor or the like for rotating the rotary shaft 32. The rotary shaft 32 has
a rotation axis 32a that lies parallel to the direction parallel to the optical axis (the Z-axis direction). Fig. 6 illustrates a
condition in which the center of the first collimating lens 7A is aligned with the center O of the laser beam LB, that is,
the first collimating lens 7A is held at a position at which the laser beam LB emerging from the point of emergence P is
converted into the parallel rays of light. Respective positions of the first to fourth collimating lenses 7A to 7D are switched
one at a time so that, each time the lens holder 31 is rotated 90°, starting from the condition described above and shown
in Fig. 6, in a leftward direction shown by the arrow AR, that is, in a counterclockwise direction as viewed in Fig. 6, the
second, third and fourth collimating lenses 7B, 7C and 7D can be held sequentially in this order at a position at which
the parallel rays are formed.
[0045] Although the present invention has been fully described in connection with the preferred embodiments thereof
with reference to the accompanying drawings which are used only for the purpose of illustration, those skilled in the art
will readily conceive numerous changes and modifications within the framework of obviousness upon the reading of the
specification herein presented of the present invention. Accordingly, such changes and modifications are, unless they
depart from the scope of the present invention as delivered from the claims annexed hereto, to be construed as included
therein.

Table 1

Dia. of 
Emergence 

Point

Beam Dia. of 
Parallel Light 

Rays

Distance from 
Condensing Lens to 

Focal Position

Distance from 
Collimating Lens to 
Condensing Lens

Focal Length of 
Collimating 

Lens

Spot 
Diameter

7A 100 mm D1=20 mm a=190 mm b=100.8 mm c=125 mm S1=0.15 
mm

7B 100 mm D2=16 mm a=190 mm b=125.8 mm c=100 mm S2=0.19 
mm
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[Reference Numeral]

[0046]

1 Laser oscillator
5 Transmission optical fiber
7, 7A, 7B, 7C, 7D Collimating lens
8 Condensing lens
9 Nozzle
10 Switching device
11 Lens holder
14A, 14B Detecting unit
15 Focal position changing mechanism
23 Storage unit
24 Selecting unit
25 Switching control unit
26 Emergency responsive unit
32a Rotation axis
LB Laser beam
O Center
P Point of emergence
Q Focal position
W Work to be processed

Claims

1. A laser processing machine comprising:

a collimating lens to convert a laser beam from a laser oscillator, which emerges from a point of emergence of
a transmission optical fiber, into parallel rays of light;
a condensing lens operable to collect the laser beam, which has been converted into the parallel rays of light,
and then to radiate onto a work to be processed;
a nozzle positioned on one side of the work adjacent the condensing lens and operable to discharge an assist
gas, a distance from the point of emergence to a tip of the nozzle remaining unchangeable;
the collimating lens provided in a plural number, those collimating lenses being disposed having been spaced
from each other in an orthogonal direction perpendicular to an optical axis; and
a switching device to switch a position of each of the collimating lenses in the orthogonal direction so that an
arbitrarily chosen one of the plurality of the collimating lenses may have a lens center thereof coinciding with
the center of the laser beam emitted from the point of emergence,
wherein the plurality of the collimating lenses have respective focal lengths that are different from each other.

2. The laser processing machine as claimed in claim 1, further comprising:

a storage unit to store a processing condition and a predetermined one of the plurality of collimating lenses in
a fashion contrasted to each other;
a selecting unit to select the collimating lens which meets the processing condition upon checking the storage
unit; and
a switching control unit to control a drive source for the switching device so that one of the collimating lenses
selected by the selecting unit may assume a position at which the laser beam emerging from the point of
emergence is converted into parallel rays of light.

3. The laser processing machine as claimed in claim 1 or 2, further comprising:

a detecting unit to detect a position of the collimating lens, of which position in the orthogonal direction is switched
by the switching device and which has been positioned on the optical axis of the laser beam; and
an emergency responsive unit to implement a predetermined emergency responsive measure in the event that
a lens center of the collimating lens detected by the detecting unit does not coincide with a position of a center
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of the laser beam emerging from the point of emergence.

4. The laser processing machine as claimed in claim 1 or 2, further comprising a focal position changing mechanism
to alter a focal position of the laser beam by moving the condensing lens in a direction parallel to the optical axis of
the laser beam.

5. The laser processing machine as claimed in claim 1 or 2, further comprising a lens holder to hold the plurality of the
collimating lenses, wherein
the switching device switches the position in the orthogonal direction by moving the lens holder in the orthogonal
direction.

6. The laser processing machine as claimed in claim 1 or 2, further comprising a lens holder to hold the plurality of the
collimating lenses, wherein
the switching device switches the position in the orthogonal direction by rotating the lens holder about a rotation
axis that lies parallel to the optical axis.
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