w0 2019/176149 A1 | NI 0000 000000 O 0 0

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

J

=

(19) World Intellectual Property
Organization
International Bureau

(43) International Publication Date
19 September 2019 (19.09.2019)

(10) International Publication Number

WO 2019/176149 Al

WIPO I PCT

(51) International Patent Classification:
B23K 26/38 (2014.01) B23K 26/10 (2006.01)
B23K 26/082 (2014.01)

(21) International Application Number:
PCT/JP2018/036909

(22) International Filing Date:
02 October 2018 (02.10.2018)

(25) Filing Language: English
(26) Publication Language: English
(30) Priority Data:
102018 203 899.6
14 March 2018 (14.03.2018) DE

(71) Applicant: AMADA HOLDINGS CO.,LTD. [JP/IP];
200, Ishida, [sehara-shi, Kanagawa, 2591196 (JP).

(72) Inventors: YAMANASHI Takaaki; 200, Ishida, Ise-
hara-shi, Kanagawa, 2591196 (JP). FUNAKI Kouji; 200,
Ishida, Isehara-shi, Kanagawa, 2591196 (JP). POHLE
Dennis; 200, Ishida, [sehara-shi, Kanagawa, 2591196 (JP).

(74) Agent: MIYOSHI Hidekazu et al.; Toranomon Kotohi-
ra Tower, 2-8, Toranomon 1-chome, Minato-ku, Tokyo,
1050001 (JP).

(81) Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY, BZ,
CA, CH, CL, CN, CO, CR, CU, CZ,DJ, DK, DM, DO, DZ,
EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT, HN, HR,
HU, ID, IL, IN, IR, IS, JO, JP, KE, KG, KH, KN, KP, KR,
KW,KZ,LA,LC,LK,LR,LS,LU,LY, MA, MD, ME, MG,
MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ, OM,
PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA, SC,
SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN, TR,
TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

(84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ,NA, RW, SD, SL, ST, SZ, TZ,
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,

(54) Title: LASER PROCESSING MACHINE AND LASER PROCESSING METHOD

W
b
201 301 200 301 307 | 1] 2008
SIS
N /_‘. '¥,. /.“ ‘.¥"
202 () )
»_. \r_.
301 200A 301
2008

(57) Abstract: The laser processing machine includes a beam oscillation mechanism that oscillates a beam spot on a surface of a sheet
metal. The control device controls the beam oscillation mechanism so as to oscillate the beam spot with an oscillation component in
a direction orthogonal to a cutting direction of the sheet metal in a non-holding region, in which a holding portion of the conveyance
apparatus for conveying a product is not held, when cutting the product from the sheet metal by irradiating the sheet metal with the
laser beam. The non-holding region is at least a part of a periphery of a protrusion portion of the product, or at least a part of a periphery
of a recess forming region in which a recess of the product is formed.

[Continued on next page]



WO 2019/176149 A | [IN 1]} 00P 00 00O 00 0 00O

TR), OAPI (BF, BJ, CF, CG, CIL, CM, GA, GN, GQ, GW,
KM, ML, MR, NE, SN, TD, TG).

Published:
—  with international search report (Art. 21(3))



WO 2019/176149 PCT/JP2018/036909

Description

Title of Invention: LASER PROCESSING MACHINE AND LASER
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[0002]

[0003]

[0004]

[0005]

[0006]

[0007]

PROCESSING METHOD
Technical Field

The present disclosure relates to a laser processing machine and a laser
processing method for processing a sheet metal with a laser beam.
Background Art

Laser processing machines have been widely used to cut a sheet metal with a
laser beam emitted from a laser oscillator, and to manufacture a product having a pre-
determined shape. The product cut by the laser processing machine may be conveyed
by a conveyance apparatus. The conveyance apparatus conveys the products suck by a

suction pad (see Patent Literature 1).
Citation List

Patent Literature
PTL 1: Japanese Unexamined Patent Application Publication No. 2011-136356
Summary of Invention

In recent years, as a laser oscillator for emitting a laser beam used in a laser
processing machine, a small-sized and low cost fiber laser oscillator or direct diode
laser oscillator (DDL oscillator) is widely used as compared with a large-sized and
high cost CO, laser oscillator.

A wavelength of a laser beam emitted from the CO, laser oscillator is about 10
um, whereas a wavelength of a laser beam emitted from the fiber laser oscillator or the
DDL oscillator is about 1 um. Therefore, the laser beam emitted from the fiber laser
oscillator or the DDL oscillator has a small beam waist, and a groove formed around
the product by irradiation of the laser beam has a very narrow kerf width. Therefore,
when the product cut by the laser processing machine is to be conveyed by the
conveyance apparatus, the product may be caught in a base material and the product
may fail to be conveyed.

An object of one or more embodiments is to provide a laser processing machine
and a laser processing method capable of reducing failure of conveyance of a product
cut from a sheet metal by a conveying apparatus.

A first aspect of one or more embodiments provides a laser processing machine
including: a processing head in which a nozzle is attached to a tip, the nozzle emitting
a laser beam from an opening; a focusing lens that is provided in the processing head
and irradiates a sheet metal with the laser beam by focusing the laser beam, thereby

forming a beam spot on a surface of the sheet metal; a moving mechanism configured
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to move a relative position of the processing head with respect to the surface of the
sheet metal; a beam oscillation mechanism configured to oscillate the beam spot on the
surface of the sheet metal by oscillating the laser beam emitted from the opening in the
opening; and a control device configured to control the beam oscillation mechanism so
as to oscillate the beam spot with an oscillation pattern including an oscillation
component in a direction orthogonal to a cutting direction of the sheet metal in a non-
holding region, in which a holding unit of a conveyance apparatus for conveying a
product is not held, when cutting the product from the sheet metal by moving the
relative position of the processing head using the moving mechanism and irradiating
the sheet metal with the laser beam, the non-holding region being at least a part of a
periphery of a protrusion portion of the product, or at least a part of a periphery of a

recess forming region in which a recess portion of the product is formed.
A second aspect of one or more embodiments provides a laser processing

method including: irradiating a sheet metal on a surface of a sheet metal from an
opening of a nozzle with a focused laser beam; moving a beam spot formed on the
surface of the sheet metal along an end of a product so as to cut the product from the
sheet metal; and oscillating the beam spot in a non-holding region, in which a holding
unit of a conveyance apparatus for conveying the product is not held, with an os-
cillation pattern including an oscillation component in a direction orthogonal to a
cutting direction of the sheet metal when cutting a periphery of a protrusion portion of
the product, or a periphery of a recess forming portion, the non-holding region being at
least a part of a periphery of the protrusion portion or the recess portion, whereby a
kerf width formed on the sheet metal is widened.

In accordance with the laser processing machine and the laser processing
method according to one or more embodiments, it is possible for the conveyance
apparatus to reduce failure of conveyance of the product, which is cut from the sheet
metal.

Brief Description of Drawings

Fig. 1 is a diagram illustrating an overall configuration example of a laser
processing machine according to one or more embodiments.

Fig. 2 is a perspective view illustrating a specific configuration example of a
collimator unit and a processing head in the laser processing machine according to one
or more embodiments.

Fig. 3 is a view illustrating displacement of an irradiation position of a laser
beam on a sheet metal caused by a beam oscillation mechanism.

Fig. 4 is a view illustrating an example of a schematic configuration of a

conveyance apparatus for conveying a product cut from a sheet metal.
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Fig. 5 is a view illustrating a state in which a product to be conveyed by the
conveyance apparatus is caught in a base material and fails to be conveyed.

Fig. 6 is a view illustrating the first example of a shape of a product which is
caught in the base material and is likely to fail to be conveyed.

Fig. 7 is a view illustrating the second example of a shape of a product which is
caught in the base material and is likely to fail to be conveyed.

Fig. 8A is a view illustrating a parallel oscillation pattern of the laser beam.

Fig. 8B is a view illustrating an orthogonal oscillation pattern of the laser beam.

Fig. 8C is a view illustrating a circular oscillation pattern of the laser beam.

Fig. 8D is a view illustrating an 8-shaped oscillation pattern of a laser beam.

Fig. 8E is a view illustrating a C-shaped oscillation pattern of a laser beam.

Fig. 8F is a view illustrating an inverted C-shaped oscillation pattern of a laser
beam.

Fig. 9 is a view illustrating an actual oscillation pattern when the orthogonal os-
cillation pattern illustrated in Fig. 8B is used.

Fig. 10 is an overall view illustrating a method of cutting a product from a sheet
metal with the laser processing machine and the laser processing method according to
one or more embodiments.

Fig. 11 is a partially enlarged view illustrating in detail a method of cutting a
product from a sheet metal with the laser processing machine and the laser processing
method according to one or more embodiments.

Fig. 12 is a flowchart illustrating a process of a product from a sheet metal with
the laser processing machine and the laser processing method according to one or more
embodiments.

Description of Embodiments

[0011] A laser processing machine and a laser processing method according to one or
more embodiments will be described below with reference to the accompanying
drawings. In Fig. 1, a laser processing machine 100 includes: a laser oscillator 10 that
generates and emits a laser beam; a laser processing unit 20; and a process fiber 12 that
transmits the laser beam emitted from the laser oscillator 10 to the laser processing unit
20. In addition, the laser processing machine 100 includes an operation unit 1, a
computer device 2 functioning as a CAM, an operation unit 40, an NC device 50, a
processing program database 60, a processing condition database 70, and an assist gas
supply device 80.

[0012] The NC device 50 is an example of a control device that controls each portion
of the laser processing machine 100. The operation unit 1 and the computer device 2

are host devices for the laser processing machine 100, and may be provided outside the
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laser processing machine 100.

As the laser oscillator 10, a laser oscillator that amplifies an excitation beam
emitted from a laser diode to emit a laser beam having a predetermined wavelength, or
a laser oscillator that directly uses a laser beam emitted from a laser diode is
preferable. Examples of the laser oscillator 10 include a solid laser oscillator, a fiber
laser oscillator, a disk laser oscillator, and a direct diode laser oscillator (DDL os-
cillator).

The laser oscillator 10 emits a 1 pm band laser beam having a wavelength of
900 nm to 1100 nm. A fiber laser oscillator or a DDL oscillator will be described as an
example. A fiber laser oscillator emits a laser beam having a wavelength of 1060 nm to
1080 nm, and a DDL oscillator emits a laser beam having a wavelength of 910 nm to
950 nm.

The laser processing unit 20 includes: a processing table 21 on which sheet
metal W as a processing target is placed; a gate type X-axis carriage 22; a Y-axis
carriage 23; a collimator unit 30 that is fixed to the Y-axis carriage 23; and a
processing head 35. The X-axis carriage 22 is configured to be movable on the
processing table 21 in the X-axis direction. The Y-axis carriage 23 is configured to be
movable on the X-axis carriage 22 in the Y-axis direction perpendicular to the X-axis.
The X-axis carriage 22 and the Y-axis carriage 23 function as a moving mechanism for
moving the processing head 35 along the surface of the sheet metal W in the X-axis
direction, the Y-axis direction, or an arbitrary combination direction of the X-axis and
the Y-axis. The sheet metal W is stainless steel, for example.

Instead of moving the processing head 35 along the surface of the sheet metal
W, the moving mechanism may be configured such that the position of the processing
head 35 is fixed and the sheet metal W moves. The laser processing machine 100 may
include a moving mechanism that moves the position of the processing head 35
relative to the surface of the sheet metal W.

A nozzle 36 is attached to the processing head 35, the nozzle 36 having a
circular opening 36a at the tip portion and emitting a laser beam through the opening
36a. The sheet metal W is irradiated with the laser beam emitted through the opening
36a of the nozzle 36. The assist gas supply device 80 supplies nitrogen as assist gas to
the processing head 35, for example. During processing of the sheet metal W, the assist
gas is blown toward the sheet metal W through the opening 36a. The assist gas
discharges molten metal in the kerf that is obtained by melting the sheet metal W.

As illustrated in Fig. 2, the collimator unit 30 includes a collimation lens 31 that
converts a laser beam that is a divergent light emitted from the process fiber 12 into a
parallel light (collimated light). In addition, the collimator unit 30 includes: a galvano

scanner unit 32; a bend mirror 33 that reflects a laser beam emitted from the galvano
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scanner unit 32 downward in a Z-axis direction perpendicular to the X-axis and the Y-
axis. The processing head 35 includes a focusing lens 34 that focuses the laser beam
reflected from the bend mirror 33 and irradiates the sheet metal W with the focused
laser beam.

The laser processing machine 100 is centered such that the laser beam emitted
through the opening 36a of the nozzle 36 is positioned at the center of the opening 36a.
In the standard state, the laser beam is emitted from the center of the opening 36a. The
galvano scanner unit 32 functions as a beam oscillation mechanism that oscillates the
laser beam, which propagates in the processing head 35 and is emitted through the
opening 36a, in the opening 36a. The method of oscillating the laser beam using the
galvano scanner unit 32 will be described below.

The galvano scanner unit 32 includes: a scanning mirror 321 that reflects the
laser beam emitted from the collimation lens 31; and a driver 322 that rotates the
scanning mirror 321 to a predetermined angle. In addition, the galvano scanner unit 32
includes: a scanning mirror 323 that reflects the laser beam emitted from the scanning
mirror 321; and a driver 324 that rotates the scanning mirror 323 to a predetermined
angle.

The drivers 322 and 324 reciprocate the scanning mirrors 321 and 323 in prede-
termined angle ranges, respectively, under the control of the NC device 50. By recip-
rocating either or both of the scanning mirrors 321 and 323, the galvano scanner unit
32 oscillates the laser beam with which the sheet metal W is irradiated.

The galvano scanner unit 32 is an example of the beam oscillation mechanism,
and the beam oscillation mechanism is not limited to the galvano scanner unit 32
including the pair of scanning mirrors.

Fig. 3 illustrates a state where either or both of the scanning mirrors 321 and
323 are tilted such that the position of the laser beam with which the sheet metal W is
irradiated is displaced. In Fig. 3, a thin solid line that is folded in the bend mirror 33
and passes through the focusing lens 34 represents the optical axis of the laser beam
when the laser processing machine 100 is in the standard state.

Specifically, due to the operation of the galvano scanner unit 32 positioned in
front of the bend mirror 33, the angle of the optical axis of the laser beam incident on
the bend mirror 33 changes, and the optical axis deviates from the center of the bend
mirror 33. In Fig. 3, for simplification, positions in which the laser beam is incident on
the bend mirror 33 before and after the operation of the galvano scanner unit 32 are il-
lustrated to be the same.

Due to the action of the galvano scanner unit 32, the optical axis of the laser
beam is displaced from the position indicated by a thin solid line to the position

indicated by a thick solid line. In the case where the laser beam reflected from the bend
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mirror 33 is tilted by an angle 0, an irradiation position of the laser beam on the sheet
metal W is displaced by the distance As. In the case where the focal length of the
focusing lens 34 is represented by EFL (effective focal length), the distance As is
calculated as EFL. x sin0.

In the case where the galvano scanner unit 32 tilts the laser beam in a direction
opposite to the direction indicated in Fig. 3 by the angle 0, the irradiation position of
the laser beam on the sheet metal W can be displaced in the direction opposite to the
direction indicated in Fig. 3 by the distance As. The distance As is shorter than the
radius of the opening 36a and is preferably a maximum difference or shorter, the
maximum difference being obtained by subtracting a predetermined allowance from
the radius of the opening 36a.

By controlling the drivers 322 and 324 of the galvano scanner unit 32, the NC
device 50 can oscillate the laser beam in a predetermined direction in the plane of the
sheet metal W. By oscillating the laser beam, the beam spot formed on the surface of
the sheet metal W can be oscillated.

The laser processing machine 100 having the above-described configuration
manufactures a product having a predetermined shape by cutting the sheet metal W
using the laser beam emitted from the laser oscillator 10.

As illustrated in Fig. 4, when the laser processing machine 100 cut a product
WP from a sheet metal W, a conveyance apparatus 300 conveys the product WP. The
product WP is a product which has an unspecified and arbitrary shape. The conveyance
apparatus 300 includes a plurality of suction pads 301, and sucks the product WP using
the suction pads 301 to convey the product WP. The suction pad 301 is one example of
a holding unit which holds the product WP. The product WP may be conveyed by the
conveyance apparatus which includes a holding unit gripping the product WP instead
of the suction pad, for example.

As described above, as illustrated in Fig. 5, since a kerf width of a groove
formed near the product WP is very narrow, when the product WP is conveyed by the
conveyance apparatus 300, the product WP may be caught in the base material to fail
the conveyance of the product WP.

Fig. 6 illustrates a product 200 as the first example of the product WP having a
shape which is easily caught in the base material to fail the conveyance. The product
200 illustrated in Fig. 6 includes a main portion 200A which occupies most of the
region of the product 200 and a pair of protrusion portions 200B which occupy a slight
region of the product 200 and protrudes from the main portion 200A. In this case, the
conveyance apparatus 300 makes a plurality of the suction pads 301 suck the main
portion 200A, and conveys the cut product 200 out. The protrusion portion 200B is a

non-suction region (non-holding region) in which the conveyance apparatus 300 is not
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sucked by the suction pad 301.

When the conveyance apparatus 300 conveys the product 200 out, the main
portion 200A sucked by the suction pad 301 is lifted up first, and thus the product 200
is inclined. Similarly to Fig. 5, when the protrusion portion 200B which is formed in a
fine shape and has a narrow peripheral kerf width is inclined, the protrusion portion
200B may be caught in the base material. Then, the conveyance apparatus 300 may fail
to convey the product 200.

Fig. 7 illustrates a product 210 as the second example of the product WP having
a shape which is easily caught in the base material and fails the conveyance. The
product 210 has a recess forming portion 210B formed with the recess portion 210r.
The recess forming portion 210B is the region of the end part of the product 210 which
is adjacent to the recess portion 210r. Even in this case, when the conveyance
apparatus 300 conveys the product 210 out, the recess forming region 210B may be
caught in the base material, so that the conveyance apparatus 300 fails to convey the
product 210. The recess forming region 210B is a non-suction region (non-holding
region) in which the conveyance apparatus 300 is not sucked by the suction pad 301.

The product 210 is an example having a shape which is easy to be caught in the
base material and fails the conveyance even in a case where the product 210 has a
protrusion portion protruding from the outer circumference of the product 210 instead
of the recess portion 210r illustrated in Fig. 7.

Next, using a case where the product 200 is cut from the sheet metal W as an
example, a description will be given about a specific method for reducing the failure of
the conveyance of the product 200. Figs. 8A to 8F illustrate examples of an oscillation
pattern in which a NC device 50 oscillates a laser beam by a galvano scanner unit 32.
In Figs. 8A to 8F, a cutting direction of the sheet metal W is set as an x direction, and a
direction which is perpendicular to the x direction in the surface of the sheet metal W
is set as a y direction. The NC device 50 can select any oscillation pattern according to
the instruction of the operator through the operation unit 40.

For the convenience of understanding the oscillation pattern, Figs. 8A to 8F il-
lustrate the oscillation patterns in a state where a processing head 35 is moved in the x
direction. Fig. 8A illustrates an oscillation pattern in which a beam spot Bs is oscillated
in the x direction in the groove 203 formed by the progressing of the beam spot Bs.
The oscillation pattern illustrated in Fig. 8A is referred to as a parallel oscillation
pattern. When the frequency in which the beam spot Bs is oscillated in a direction
parallel to the cutting direction is set as Fx, and the frequency in which the beam spot
Bs is oscillated in a direction perpendicular to the cutting direction is set as Fy, the
parallel oscillation pattern is an oscillation pattern in which Fx:Fy is 1:0.

Fig. 8B illustrates an oscillation pattern which oscillates the beam spot Bs in the
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y direction. By oscillating the beam spot Bs in the y direction, the groove 203 becomes
a kerf width K2 wider than the kerf width K1. The oscillation pattern illustrated in Fig.
8B is referred to as a perpendicular oscillation pattern. The perpendicular oscillation
pattern is an oscillation pattern in which Fx:Fy is 0:1.

Fig. 8C illustrates an oscillation pattern which oscillates the beam spot Bs such
that the beam spot Bs draws a circle. By oscillating the beam spot Bs in a circular
shape, the groove 203 becomes a kerf width K3 wider than the kerf width K1. The os-
cillation pattern illustrated in Fig. 8C is referred to as a circle oscillation pattern. The
circle oscillation pattern is an oscillation pattern in which Fx:Fy is 1:1.

Fig. 8D illustrates an oscillation pattern which oscillates the beam spot Bs such
that the beam spot Bs draws the shape of number 8. By oscillating the beam spot Bs in
an 8§ shape, the groove 203 becomes a kerf width K4 wider than the kerf width K1. The
oscillation pattern illustrated in Fig. 8D is referred to as an 8-shaped oscillation pattern.
The 8-shaped oscillation pattern is an oscillation pattern in which Fx:Fy is 2:1.

Fig. 8E illustrates an oscillation pattern which oscillates the beam spot Bs such
that the beam spot Bs draws a shape of alphabet C. By oscillating the beam spot Bs in
the C shape, the groove 203 becomes a kerf width K5 wider than the kerf width K1.
The oscillation pattern illustrated in Fig. 8E is referred to as a C-shaped oscillation
pattern. The C-shaped oscillation pattern is an oscillation pattern in which Fx:Fy is 2:1.

Fig. 8F illustrates an oscillation pattern which oscillates the beam spot Bs such
that the beam spot Bs draws an inverted C shape to which the alphabet of C is turned in
a right and left direction. By oscillating the beam spot Bs in the inverted C shape, the
groove 203 becomes a kerf width K6 wider than the kerf width K1. The oscillation
pattern illustrated in Fig. 8F is referred to as an inverted C-shaped oscillation pattern.
The inverted C-shaped oscillation pattern is an oscillation pattern in which Fx:Fy is
2:1.

In practice, the laser beam is oscillated while the processing head 35 is moved
in the cutting direction, and thus the oscillation pattern becomes the oscillation pattern
obtained by adding the displacement in the cutting direction (x direction) to the os-
cillation patterns illustrated in Figs. 8A to 8F. When the perpendicular oscillation
pattern illustrated in Fig. 8B is used as an example, the beam spot Bs is oscillated in
the y direction while being moved in the x direction, and thus the actual perpendicular
oscillation pattern becomes the oscillation pattern illustrated in Fig. 9.

Computer device 2 creates a processing program for cutting the product 200 il-
lustrated in Fig. 6 from the sheet metal W. Specifically, as illustrated in Fig. 10, the
computer device 2 creates a processing program that opens a pierce 201 in a prede-
termined position on the outside of the product 200, cut an approach 202 after opening

the pierce 201, and cuts the sheet metal W from the end part, which is near the product
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200, of the approach 202 side along the outer circumference of the product 200.

The computer device 2 creates a processing program which includes in-
formation indicating which suction pad 301 becomes effective among a plurality of
suction pads 301 of the conveyance apparatus 300 to suck which position of the
product 200. Which suction pad 301 becomes effective to suck which position of the
product 200 may be decided automatically based on the shape of the product 200 by
the computer device 2, or may be decided in such a manner that the operator operates
the operation unit 1. The computer device 2 may decide automatically the setting
relating to the suction pad 301 and the operator may correct the content decided by
operating the operation unit 1.

Based on the processing program, an NC device (not illustrated) which controls
the conveyance apparatus 300 performs control such that the product 200 is sucked by
the suction pad 301 to be conveyed. The NC device 50 which controls the laser
processing machine 100 and the NC device which controls the conveyance apparatus
300 are cooperated with each other to control the laser processing machine 100 and the
conveyance apparatus 300, respectively. The NC device 50 may be configured to
control the laser processing machine 100 and the conveyance apparatus 300.

The computer device 2 creates the processing program which designates the
position where the sheet metal W is cut using any oscillation pattern including the os-
cillation component of the y direction illustrated in Figs. 8B to 8F in the vicinity of the
product 200. The operator may operate the operation unit 1 to designate the position
where the sheet metal W is cut using the oscillation pattern including the oscillation
component of the y direction. Based on the shape of the product 200, the computer
device 2 may automatically decide the position where the sheet metal W is cut using
the oscillation pattern including the oscillation component of the y direction.

In a case where the computer device 2 decides the above-described position au-
tomatically, the non-suction region where the conveyance apparatus 300 does not suck
the product 200 by the suction pad 301 may be set as the position where the sheet
metal W is cut using the oscillation pattern including the oscillation component of the
y direction. Specifically, in the case of the product 200 illustrated in Fig. 6, at least a
part (preferably, the entire portion) in the vicinity of the protrusion portion 200B may
be set as the position.

In the case of the product 210 illustrated in Fig. 7, at least a part in the vicinity
of the recess forming region 210B may be set as the position. That is, the sheet metal
W may be cut using the oscillation pattern including the oscillation component of the y
direction in a part (preferably, the entire portion) of the right and left surface parts and
the bottom part of the recess portion 210r in Fig. 7. Additionally, the sheet metal W

may be cut by a predetermined distance from the upper end of the right and left surface
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parts of the recess portion 210r in Fig. 7 along the upper end part of the product 210
using the oscillation pattern including the oscillation component of the y direction.

The position where the sheet metal W is cut using the oscillation pattern
including the oscillation component of the y direction can be set to at least a part in the
vicinity of the narrow protrusion portion in which the width of the product WP is equal
to or less than a predetermined distance, or at least a part of the recess forming region
formed with the narrow recess portion in which the width of the product WP is equal to
or less than the predetermined distance.

The processing program which the computer device 2 creates as above is stored
in a processing program database 60. The NC device 50 reads the processing program
from the processing program database 60, and selects any of a plurality of processing
conditions stored in a processing condition database 70. The NC device 50 controls the
laser processing machine 100 to process the sheet metal W based on the read
processing program and the selected processing condition.

The NC device 50 controls the galvano scanner unit 32 such that when the laser
processing unit 20 cuts the product 200, in the position designated by the processing
program, the sheet metal W is cut using any oscillation pattern including the oscillation
component of the y direction illustrated in Figs. 8B to 8F. The operator can select the
oscillation pattern in advance by operating the operation unit 40.

If the processing program designates the vicinity of the protrusion portion 200B
as the position where the sheet metal W is cut using the oscillation pattern including
the oscillation component of the y direction, the laser processing unit 20 cuts the
vicinity of the protrusion portion 200B while the laser beam is oscillated in the selected
oscillation pattern. Accordingly, as illustrated in Fig. 10, the kerf width in the vicinity
of the protrusion portion 200B can be widened, and the failure of the conveyance of
the product 200 can be reduced.

The specific method to cut the vicinity of the protrusion portion 200B will be
described using Fig. 11. The perpendicular oscillation pattern illustrated in Fig. 8B
(Fig. 9) is selected. If a purpose is only widening the kerf width, the perpendicular os-
cillation pattern is sufficient. Since the perpendicular oscillation pattern does not
include the oscillation component in the direction parallel to the cutting direction, the
control of the galvano scanner unit 32 by the NC device 50 is simple compared to
another oscillation pattern.

In Fig. 11, the laser processing machine 100 moves the beam spot Bs radiating
to the sheet metal W in the cutting direction illustrated by an arrow along the end part
200e of the main portion 200A among the product 200. The groove 203 having the
kerf width K1, which is almost a diameter of the beam spot Bs, is formed in the

vicinity of the main portion 200A. When the vicinity of the main portion 200A is cut,
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[0060]

the laser processing machine 100 may oscillate the beam spot Bs in the parallel os-
cillation pattern illustrated in Fig. 8A.

In the processing program, a range from the position B1 which is a boundary
between the main portion 200A and the protrusion portion 200B to the position B2
which almost faces the position B1 is set as a range of oscillating the laser beam. After
the beam spot Bs reaches the position B1, the NC device 50 starts the oscillation of the
laser beam in the perpendicular oscillation pattern by the galvano scanner unit 32. The
NC device 50 cuts the vicinity of the protrusion portion 200B while oscillating the
laser beam in the perpendicular oscillation pattern, and stops the oscillation of the laser
beam after the beam spot Bs reaches the position B2.

By oscillating the laser beam in the perpendicular oscillation pattern, the groove
203 has the kerf width K2 wider than the kerf width K1. After the beam spot Bs
reaches the position B2, the laser processing machine 100 subsequently cuts the outer
circumference of the main portion 200A. After the beam spot Bs reaches the position
B2, the groove 203 returns to the kerf width K1.

In the portion of the kerf width K1 in the groove 203, the diameter of the beam
spot Bs is a tool width. In the portion of the kerf width K2, the width when the beam
spot Bs is oscillated in a perpendicular oscillation pattern is the tool width. When the
groove 203 of the kerf width K1 is formed, the NC device 50 moves the processing
head 35 such that a center of an opening 36a of a nozzle 36 is positioned on the line
which is separated by the distance corresponding to the radius of the beam spot Bs
from the outer circumference of the product 200 and is illustrated as a broken line.

Similarly to a case where the groove 203 of the kerf width K1 is formed, when
the groove 203 of the kerf width K2 is formed, the NC device 50 moves the processing
head 35 such that the center of the opening 36a is positioned on the line which is
separated by the distance corresponding to the radius of the beam spot Bs from the
outer circumference of the product 200 and is illustrated as a broken line. In order to
form the groove 203 of the kerf width K2, the NC device 50 oscillates the beam spot
Bs in the perpendicular oscillation pattern by the galvano scanner unit 32.

In this way, while the distance from the outer circumference cutting line of the
product 200 of the processing head 35 is kept constant, the tool width is changed by
the laser beam to change the kerf width, which is preferable. If the NC device 50
controls the processing head 35 and the galvano scanner unit 32 as described above,
the kerf width can be changed only by the oscillation of the laser beam by the galvano
scanner unit 32. Therefore, it is possible to realize a stable control system by sup-
pressing excessive inertial vibration without generating displacement of the processing
head 35.

After the beam spot Bs reaches the position B1, the laser processing machine
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[0062]

[0063]

[0064]

[0065]

[0066]

[0067]

100 may oscillate scanning mirrors 321 and (or) 323 immediately in a maximum
amplitude, or may oscillate the scanning mirrors such that the amplitude becomes the
maximum after a predetermined time when the amplitude is gradually increased. After
the beam spot Bs reaches the position B2, the NC device 50 may make the scanning
mirrors 321 and (or) 323 immediately return to a reference angle and stops the os-
cillation, or may make the scanning mirrors return to the reference angle after the pre-
determined time when the amplitude is gradually reduced and the oscillation is
stopped.

Also in another protrusion portion 200B (not illustrated in Fig. 11), similarly,
the NC device 50 operates the galvano scanner unit 32 to cut the outer circumference
of the protrusion portion 200B such that the groove 203 is widened to have the kerf
width K2.

The cutting process of the sheet metal W for manufacturing the product using
the laser processing machine 100 of one or more embodiments and a laser processing
method will be described with reference to the flowchart illustrated in Fig. 12. Fig. 12
does not illustrate a procedure of processing the pierce and the approach.

In Fig. 12, when the cutting process of the sheet metal W starts, in step S1, the
laser processing machine 100 starts the cutting of the outer circumference of the
product based on the control of the NC device 50. In step S2, the NC device 50 de-
termines whether the cutting position reaches the oscillation starting position
designated by the processing program. Unless the cutting position reaches the os-
cillation starting position (NO), the NC device 50 returns the procedure to step S2.

If the cutting position reaches the oscillation starting position (YES), in step S3,
the NC device 50 operates the galvano scanner unit 32 to start the oscillation of the
laser beam in the y direction. The oscillation pattern in step S3 may be any oscillation
pattern among the oscillation patterns illustrated in Figs. 8B to 8F.

In step S4, the NC device 50 determines whether the cutting position reaches an
oscillation ending position. Unless the cutting position reaches the oscillation ending
position (NO), the NC device 50 returns the procedure to step S3. If the cutting
position reaches the oscillation ending position (YES), in step S5, the NC device 50
stops the operation of the galvano scanner unit 32 to end the oscillation of the laser
beam in the y direction.

In step S6, the NC device 50 determines whether the cutting of the outer cir-
cumference of the product is completed. Unless the cutting of the outer circumference
of the product is completed (NO), the NC device 50 returns the procedure to step S2. If
the cutting of the outer circumference of the product is completed (YES), the NC
device 50 ends the cutting process of the product.

In accordance with the above-described laser processing machine 100 and the
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[0069]

[0070]

laser processing method according to one or more embodiments, it is possible to
reduce the failure of the conveyance apparatus 300 in the conveyance of the product
WP cut by the sheet metal W. Incidentally, it is also considered that the laser beam is
oscillated in the y direction in all of the vicinity of the product WP so that the kerf
width is widened in all of the vicinity. However, when the kerf width is widened in all
of the vicinity, the processing time is increased which is required for the sheet metal W
to cut the product WP. According to the laser processing machine 100 and the laser
processing method according to one or more embodiments, the kerf width is widened
only in a specified place, and thus the processing time is increased only by a small

degree.
The present invention is not limited to the above-described embodiments, and

various modifications can be made without departing from the scope of the invention.

This application is based upon and claims the benefit of priority from German
Patent Application No. 10 2018 203 899.6 filed on March 14, 2018, the entire contents
of which are incorporated herein by reference.
Reference Signs List

1, 40: operation unit

2: computer device (CAM)

10: laser oscillator

12: process fiber

20: laser processing unit

30: collimator unit

31: collimation lens

32: galvano scanner unit

33: bend mirror

34: focusing lens

35: processing head

36: nozzle

36a: opening

50: NC device (control device)

60: processing program database

70: processing condition database

80: assist gas supply device

100: laser processing machine

200, 210, WP: product

300: conveyance apparatus

301: suction pad (holding unit)
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321, 323: scanning mirror
322, 324: driver
W: sheet metal
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Claims

A laser processing machine comprising:

a processing head in which a nozzle is attached to a tip, the nozzle
emitting a laser beam from an opening;

a focusing lens that is provided in the processing head and ir-
radiates a sheet metal with the laser beam by focusing the laser beam,
thereby forming a beam spot on a surface of the sheet metal;

a moving mechanism configured to move a relative position of the
processing head with respect to the surface of the sheet metal;

a beam oscillation mechanism configured to oscillate the beam
spot on the surface of the sheet metal by oscillating the laser beam
emitted from the opening in the opening; and

a control device configured to control the beam oscillation
mechanism so as to oscillate the beam spot with an oscillation pattern
including an oscillation component in a direction orthogonal to a
cutting direction of the sheet metal in a non-holding region, in which a
holding unit of a conveyance apparatus for conveying a product is not
held, when cutting the product from the sheet metal by moving the
relative position of the processing head using the moving mechanism
and irradiating the sheet metal with the laser beam, the non-holding
region being at least a part of a periphery of a protrusion portion of the
product, or at least a part of a periphery of a recess forming region in
which a recess portion of the product is formed.

The laser processing machine according to claim 1, wherein

the control device is configured to control the beam oscillation
mechanism so as to oscillate the beam spot with an oscillation pattern
including only an oscillation component in the direction orthogonal to
the cutting direction without including an oscillation component in a
direction parallel to the cutting direction.

The laser processing machine according to claim 1 or 2, wherein

a position at which the beam spot is oscillated with the oscillation
pattern including the oscillation component in the direction orthogonal
to the cutting direction of the sheet metal is designated by a processing
program for cutting the product from the sheet metal, and

the control device is configured to control the beam oscillation
mechanism so as to oscillate the beam spot at the position designated

by the processing program.
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[Claim 4] A laser processing method comprising:
irradiating a sheet metal on a surface of a sheet metal from an
opening of a nozzle with a focused laser beam;
moving a beam spot formed on the surface of the sheet metal
along an end of a product so as to cut the product from the sheet metal;
and
oscillating the beam spot in a non-holding region, in which a
holding unit of a conveyance apparatus for conveying the product is not
held, with an oscillation pattern including an oscillation component in a
direction orthogonal to a cutting direction of the sheet metal when
cutting a periphery of a protrusion portion of the product, or a periphery
of a recess forming portion, the non-holding region being at least a part
of a periphery of the protrusion portion or the recess portion, whereby a
kerf width formed on the sheet metal is widened.
[Claim 5] The laser processing method according to claim 4, further
comprising:
oscillating the beam spot with an oscillation pattern including only
an oscillation component in the direction orthogonal to the cutting
direction without including an oscillation component in a direction
parallel to the cutting direction.
[Claim 6] The laser processing method according to claim 4 or 5, further
comprising:
designating a position at which the beam spot is oscillated with the
oscillation pattern including the oscillation component in the direction
orthogonal to the cutting direction of the sheet metal by a processing
program for cutting the product from the sheet metal; and
oscillating the beam spot at the position designated by the

processing program.
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[Fig. 8B]
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[Fig. 8F]
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