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CNC machine for cutting with plasma, oxy-fuel, and water jet, capable of direct or additional

bevel cutting, using autocalibration for self-adjustment, and the method of its adjustment by

autocalibration

(67)  The presented invention relates to the CNC ma-
chine for cutting with plasma, oxy-fuel, and water jet used
as a cutting tool, being capable of direct and additional
bevel cutting of pre-cut workpieces, using autocalibration
for self-adjustment, consisting of lateral sides (1) of the
machine, provided with X motion axes; a gantry (2) pro-
vided with drives (5), Y motion axes for motion of a sup-
port (3), and the support (3) provided with a drive (6), Z
motion axes for motion of cutting heads (15), and the
cutting head (15) being able to move rotary along A, B
motion axes by drives (8, 9) and carrying a cutting tool
(10); a cutting tool position calibration station (11); a con-
trol system (16) with interpolator; a working table (12);
wherein the support (3) is provided with the workpiece
position calibration station (4) connected with a laser line
scanner (14) provided with the drive (13) for its rotary
motion along the C motion axis, the cutting tool position
calibration station (11) is located in the intersection of
working areas of the cutting head (15) and the workpiece
position calibration station (4), and the output of the cut-
ting tool position calibration station (11) and output of the
workpiece position calibration station (4) are connected
to the inputs of the control system with interpolator (16)
coupled through its input with the drives (5), (6), (7), (13)
of X, Y, Z, C motion axes of the machine. This invention
also relates to self-adjustment of the CNC machine by
autocalibration.
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Description

Field of the invention

[0001] The present invention relates to the CNC ma-
chines for cutting with plasma, oxy-fuel, and water jet
designed for the bevel cutting of workpieces, necessary
for the following welding processes as well as for other
applications in machinery, metal industry and a wide
range of manufacturing processes, where these cutting
technologies can be applied. The invention also relates
to the method of adjustment of such machines by auto-
calibration.

Background of the invention

[0002] One of important tasks of cutting machines in
industry is to cut workpieces with complicated welding
surfaces - that means to cut workpieces with bevels that
are necessary for following welding processes. The bev-
elled edges can be of V, Y, X, and K shapes. Plasma,
oxy-fuel, and water jet cutting technologies allow to cut
workpieces only within limited thickness ranges that are
determined by effective lengths of an energy beam pro-
duced by the corresponding technology of given power.
In the bevel cutting the maximum thickness is reduced
even more depending on the bevel angle, i.e. the tilting
angle of a cutting head with respect to a vertical to a
surface of a material being cut. Another problem is that
the cutting tool cannot not perform multiple passes along
the cut edge because it could damage the edge created
by preceding cutting process. That refers particularly to
the cutting of Y, X, and K shape bevels using oxy-fuel jet
cutting.

[0003] Currently produced CNC machines using plas-
ma, oxy-fuel, and water jet cutting technologies are there-
fore used for bevel cutting of only workpieces from the
material having thickness smaller than allowed by the
corresponding technology in straight cutting. Workpieces
with material thickness exceeding permitted range for
straight cutting are consequently bevelled mechanically
or using other methods, for example using oxy-fuel jet
carried out at special bevelling machine systems manu-
ally or using different degrees of process automation.
Due to this, the manufacturing process becomes time-
consuming and not very effective.

Summary of the invention

[0004] The said shortcomings can be eliminated with
the CNC machine according to the invention that is char-
acterised by the following composition including:

- working table;

- lateral sides provided with longitudinal guideways -
X motion axes;

- gantry with a drive for its motion along X motion axis,
provided with Y motion axes intended for moving the
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support carrying Z motion axes and a drive system
providing motion of a cutting head along Z motion
axis, and carrying the cutting head equipped with a
motion system providing tilting motion of a cutting
tool in A, B directions, connected to the workpiece
position calibration station and a laser scanner piv-
otable by 360 degrees around its axis (in the attached
figures referred to as C direction);

- cutting tool end point position calibration station lo-
cated in the working area of the cutting head of the
machine, and the workpiece position calibration sta-
tion that enables to measure an actual position of
the cutting tool end point in direction of x, y, z coor-
dinate axes of the cutting machine;

- control system with interpolator, wherein the outputs
of the cutting tool end point position calibration sta-
tion and the workpiece position calibration station
are connected to the control system. Working areas
of the cutting head and the workpiece position cali-
bration station are defined by their motion ranges.

[0005] In addition to direct bevel cutting of workpieces
with bevels of defined angle within the thickness range
determined by effective lengths of energy beams of cor-
responding cutting technology, the CNC machine ac-
cording to the invention provides also additional cutting
of bevels of workpieces that have been straight cut in
advance within the range between their given thickness
and the maximum thickness that provided technology is
capable to cut. High accuracy of cut workpieces is
achieved by the autocalibration system of the machine
that eliminates a need of precise and time consuming
mechanical adjustment of the machine by an operator.
[0006] In the mode of direct bevel cutting of workpiec-
es, the machine works in a standard way, i.e. workpieces
are cut out from a full sheet of a material according to
the cutting program, wherein the program controls the
motion of the cutting tool along the edge being cut once,
twice, or three times depending on the required shape
of the bevelled edge. One pass is required for straight
cut and V shape cut; two passes are needed for Y and
X shape cuts; and three passes are needed for K shape
cuts. In each respective cut it is necessary to change the
angle of the cutting tool setting with respect to the surface
of the material and offset the end point of the cutting tool
relative to the contour being cut so that the final shape
of the edge of the workpiece corresponds to the required
shape.

[0007] Inthe mode of additional bevel cutting the work-
piece is first cut out using straight cutting and then an
operator places the cut workpiece into a free area of the
cutting machine and then navigates the support of the
cutting tool with the workpiece position calibration station
over such relocated workpiece. Then using the control
system of the machine the operator starts the identifica-
tion process of the workpiece position. Within this proc-
ess the calibration station measures the precise position
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ofthe cut workpiece and the control system automatically
calculates the rotation angle of the cutting program as
well as a new position of starting point of the cutting pro-
gram so that the cutting program is synchronized with
the relocated workpiece. When this operation is complet-
ed, the operator resumes the cutting process, wherein in
this phase only bevelled parts are cut on edges of the
cut workpiece. When a Y shape is cut, after cutting the
edge the process is completed. If X and K shapes are to
be created, after cutting the upper edge the workpiece
is turned upside-down by the operator so that the lower
surface of the workpiece comes upside, wherein the low-
er edge of the workpiece, that is to be bevelled, becomes
the upper edge. Consequently, the control system per-
forms transformation of the cutting program, and the
workpiece measurement as well as its cutting is repeat-
ed.

[0008] To achieve high accuracy of the cut workpiece
it is necessary to synchronize precisely the cutting tool
kinematical chain and the workpiece position measure-
ment system in the coordinate system of the cutting ma-
chine. To prevent time consuming adjustment of me-
chanical nodes, the process is carried out by autocali-
bration function. The autocalibration is performed so that
the control system of the machine based on the instruc-
tion of the operator automatically checks actual position
of the cutting tool position by means of the cutting tool
position calibration station, and by means of the work-
piece position calibration station it automatically checks
the position of the cutting tool position calibration station.
Inthe case thata deviation occurs, the system is switched
to the autocalibration mode. The autocalibration mode is
carried out in two phases. In the first phase, the cutting
tool end point position calibration station calibrates the
end position of the cutting tool, and in the second phase
the cutting tool end point position calibration station cal-
ibrates the workpiece position calibration station.
[0009] The first phase starts with identification of the
actual position of the cutting tool end point at the calibra-
tion station sequentially in directions of x, y, z motion
axes. The identification results are used for synchroni-
sation of the cutting tool coordinate system that is devi-
ated from the required position with the calibration station
coordinate system. When the coordinate systems are
synchronized, the control system launches the calibra-
tion process, in which the cutting head is gradually tilted
within the whole range of permissible tilts defined by the
working area of the machine. During this process the
control system of the machine using the calibration sta-
tion records data referring to the motion of the cutting
tool end point of the cutting head in direction of x, y, z
coordinate axes. When the calibration of the cutting head
is made precisely, the motions of the cutting tool end
point in direction of respective axes are zero. After fin-
ishing the calibration the control system evaluates devi-
ations of the cutting tool end point from the exact refer-
ence position and calculates the position errors by which
the reference positions in respective coordinate axes of
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the machine should be corrected in order to achieve the
exact position of the cutting tool in the whole range of its
tilting positions. When this process is finished, the inter-
polator of the control system automatically applies the
corrections in trajectory generation of the cutting tool end
point, whereby the first phase of calibration is completed
and the second phase starts.

[0010] The second phase of the calibration includes
measurement of the positions of the cutting tool end point
position calibration station using the workpiece position
calibration station equipped with a laser line scanner pro-
vided for different tilting angles within the whole range of
rotation of the scanner rotating around its vertical axis (in
the figures referred to as a motion direction along C mo-
tion axis). After finishing the measurement, the control
system evaluates corrections defining the offsets of the
coordination system of the workpiece position calibration
station with respect to the coordination system of the cut-
ting tool end point position, wherein the control system
applies the corrections for identification of dimensions
and position of the workpiece to be additionally bevelled
in the coordinate system of the cutting tool end point.
[0011] The procedure is a self-learning process - au-
tocalibration of the end point of the cutting tool and the
workpiece position calibration station and their mutual
positions. The autocalibration eliminates the need of time
consuming mechanical adjustment of the cutting tool end
point in the cutting head, and the mutual position of the
end point of the cutting tool and the laser line scanner of
the workpiece position calibration station, thereby signif-
icantly speeding up the calibration process of the ma-
chine and providing high accuracy of cutting.

[0012] Capability of direct as well as additional cutting
of bevels that achieves high precision of cutting signifi-
cantly increases the productivity of the CNC cutting ma-
chine and extends its field of application.

Brief description of drawings

[0013]

Fig. 1 Cutting machine with automatic adjustment of
the cutting tool end point position in the cutting head
by using autocalibration.

Fig. 2 Possible kinematic structures of the cutting
head.

Fig. 3. Typical shapes of bevel cuts.

Examples of the embodiment of the invention

[0014] As an example of an embodiment of this inven-
tion is the CNC machine illustrated in Fig. 11, provided
with a cutting head 15 that enables tilting of the cutting
tools 10 in the cutting process in order to cut workpieces
with bevels necessary for following welding processes,
wherein the alternative possibilities of implementation of
the cutting machine 10 kinematical structure are shown
in Fig. 2. Fig. 3 illustrates types of bevel cuts, wherein
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Fig. 3a illustrates a V shape cut, Fig. 3b shows an Y
shape cut, Fig. 3c displays an X shape cut, and Fig. 3d
shows a K shape cut.

[0015] The cutting machine according to the invention
consists of lateral sides 1 of the machine provided with
longitudinal X motion axes along which a gantry 2 is
moved by means of drives 5, wherein the gantry is pro-
vided with Y motion axes in the longitudinal direction,
along which the support 3 is moved by the drive 6, where-
in the supportis provided with Z motion axes, along which
a cutting head 15 is moved by the drive 7, wherein the
cutting head provides tilting of a cutting tool 10, wherein
the cutting head 15 is able to move rotary around the A,
B motion axes depending on its actual implementation,
i.e. kinematics, wherein the motions are provided with
corresponding drives 8, 9; and the workpiece position
calibration station 4 attached to the support 3, equipped
with a laser line scanner 14 rotatable around a vertical
axis, i. e. moving around the C motion axis by the drive
13, used for measuring the position of the workpiece; a
cutting tool 10 position calibration station 11; control sys-
tem with interpolator 16; and a working table 12. Fig. 2
shows the cutting head 15 kinematics alternatives that
perform the tilting of the cutting tool 10 in the cutting proc-
ess. The cutting tool 10 position calibration station 11
that carries out measurement of the cutting tool 10 end
point position in directions of each x, y, z coordinate axis
of the cutting tool is located in the working area of the
cutting head 15 and the workpiece position calibration
station 4, wherein the output of the cutting tool 10 end
point position calibration station 11 and the workpiece
position calibration station 4 is connected to the control
system with interpolator 16.

[0016] In the case of direct cutting of workpieces with
bevels, the cutting machine works in a standard way, i.
e. the workpieces are cut from a full sheet of the material
disposed on the working table 12 according to a cutting
program, wherein the cutting program provides tracking
control of the cutting tool 10 along the cut edge once,
twice, or three times, depending on the required shape
of a bevelled edge. When a straight cut or a VV shape cut
are made, Fig. 3a - single pass; in the case of a Y shape
cut - Fig. 3b and an X shape cut - Fig. 3c, - two passes;
and a K shape cut requires three passes, Fig. 3d. In each
respective cuts, both the orientation angle of the cutting
tool with respect to the material surface and the offset of
the end point of the cutting tool towards the contour being
cut changes so that the final shape of the edge of the
workpiece corresponds to the required shape.

[0017] Inthe case of additional bevel cutting, the piece
is first cut straight, then the operator places the cut work-
piece onto the empty working table 12 of the cutting ma-
chine and navigates the support 3 with the workpiece
position calibration station 4 over the workpiece relocated
there. Then from the control system with interpolator 16
the operator launches identification of the workpiece po-
sition. In this process, the workpiece position calibration
station 4 measures the precise position of the cut work-
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piece and the control system with interpolator 16 auto-
matically calculates the rotation angle of the cutting pro-
gram as well as the new position of the cutting program
starting point so that the cutting program is synchronised
with the relocated workpiece. After this operation is com-
pleted, the operator resumes cutting, while in this phase
only bevelled parts are cut on the cut edges of the work-
piece. When a Y shape is cut, after cutting the edge the
process is completed. For cutting an X shape and a K
shape bevels, after the upper edge is cut, the operator
turns the workpiece upside-down so that the lower sur-
face of the workpiece gets on the top, wherein the lower
edge that is to be bevelled, becomes the upper edge.
Consequently, based on the instruction of the operator,
the control system with interpolator 16 flips over the cut-
ting program and the calibration and cutting processes
are repeated.

[0018] High accuracy of the cutting process in both the
direct bevel cutting mode and the additional bevel cutting
mode is ensured by the automatic calibration of the cut-
ting machine. After collision or upon instruction of the
operator the control system with interpolator 16 by means
of the cutting tool position calibration station 11 carries
out the automatic checking of the actual position of the
cutting tool. In the case that no deviation between the
actual position and the reference position has been de-
tected, the cutting process further continues. In the case
that some deviation has been detected, the system en-
ters the autocalibration mode. The autocalibration mode
starts with identification of the end point position of the
cutting tool 10 at the cutting tool position calibration sta-
tion 11 consecutively in directions of x, y, z coordinate
axes. This identification is used for synchronization of
the coordinate system of the cutting head 15 with the end
point of the cutting tool 10 deviated from the reference
position, with the coordinate system of the cutting tool
position calibration station 11. After synchronization of
the coordinate systems, the end point of the cutting tool
10 is inserted into the cutting tool position calibration sta-
tion 11 and the control system with interpolator 16 launch-
es the calibration process, wherein the cutting tool 10 is
gradually tilted within the range of its possible tilts defined
by the working area of the machine. During this process
the control system with interpolator 16 records data from
the cutting tool position calibration station 11 about the
motion of the end point of the cutting tool 10 in directions
of x, y, z coordinate axes. For ideal setting of the cutting
head, the movements of the end point of the cutting tool
10 in directions of respective axes are zero. After the
calibration is completed, the control system with interpo-
lator 16 evaluates the deviations of the end point of the
cutting tool 10 from the required precise position and cal-
culates the positional offsets used for correction of ref-
erence values of the position in respective coordinate
axes of the machine in order to achieve the required po-
sition of the end point of the cutting tool 10 within the
whole tilting range of the cutting head 15. After finishing
the process, during the following cutting the corrections
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are automatically applied in generating the cutting tool
10 end-point trajectory by the interpolator of the control
system 16.

[0019] The process then continues by the calibration
of the workpiece position calibration station 4. Upon in-
struction of the control system with interpolator 16, the
workpiece position calibration station 4 is positioned over
the cutting tool 10 position calibration station 11, while
the control system with interpolator 16 provides its pre-
cise measurement using the workpiece position calibra-
tion station 4 for all rotation angles of the laser line scan-
ner 14. Based on the measured data the control system
with interpolator 16 evaluates offsets of the coordinate
system of the workpiece position calibration station 4 with
respect to the coordinate system of the cutting tool 10
for all directions of rotation of the laser line scanner 14.
Then the control system with interpolator 16 uses the
data for precise identification of the position of the work-
piece in the coordinate system of the cutting tool 10.
When the calibration of the workpiece position calibration
station is finished, the autocalibration process is also
completed.

[0020] The CNC machine according to the invention
does not need any mechanical adjustment of the cutting
tool 10 position in the cutting head 15 or mechanical ad-
justment of the workpiece position calibration station 4,
wherein this is a self-learning process - adjustment of the
machine by using the autocalibration.

The list of reference signs:

[0021]

1 lateral sides of the machine

X motion axis for motion of the gantry in x axis direc-
tion

Y motion axis for motion of the support in y axis di-

rection

motion axis for motion of the cutting head in z axis

direction

motion axis for tilting the cutting head

motion axis for tilting the cutting head

motion axis for rotary motion of laser line scanner

gantry

cutting tool support

workpiece position calibration station

gantry drive along X motion axis

support drive along Y motion axis

cutting head drive along Z motion axis

drive of part of the cutting head along B motion axis

drive of part of the cutting head along A motion axis

N

Wo~NoOOOAWNO DT>

10  cutting tool

11 cutting tool position calibration station

12 working table

13  drive of the laser line scanner along C motion axis
14  laser line scanner

15  cutting head

16  control system with interpolator
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Claims

1. The CNC machine for cutting with plasma, oxy-fuel,
and water jet, capable of direct and additional bevel
cutting using autocalibration for self-adjustment,
consisting of

« lateral sides (1) of the machine provided with
X motion axes;

* gantry (2) provided with drives (5), Y motion
axes for motion of a support (3) provided with
the drive (6), Z motion axes for motion of a cut-
ting head (15) being able to move rotary along
A, B axes by drives (8, 9) and carrying a cutting
tool (10);

« cutting tool position calibration station (11);

« control system with interpolator (16);

» working table (12);

characterised in that the support (3) is equipped
with the workpiece position calibration station (4)
connected with a laser line scanner (14) having the
drive (13) for its rotary motion along the C motion
axis, and that the workpiece position calibration sta-
tion (11) is located in overlapping of working areas
of the cutting head (15) and the workpiece position
calibration station (4), wherein the output of the cut-
ting tool position calibration station (11) and the out-
put of the workpiece position calibration station (4)
are connected to the inputs of the control system
(16) with interpolator being coupled through its out-
puts with drives (5), (6), (7), (13) of X, Y, Z, C motion
axes of the machine.

2. The method of automatic calibration of the precise
position of the cutting tool in the cutting head (15) of
the CNC machine and automatic determination of
the precise position of the workpiece position cali-
bration station in the coordinate system of the ma-
chine, characterised in that the control system with
interpolator (16), using the cutting tool (10) position
calibration station (11), carries out the measurement
of the actual position of the cutting tool (10) end point
in the whole range of its possible tilting and rotating,
wherein comparing the measured values with the
reference ones and calculating the correction val-
ues, by which in the following cutting process of the
machine, it corrects the reference trajectory gener-
ated via its output for drives (5, 6, 7) for respective
X, Y, Z motion axes, and then using the workpiece
position calibration station (4) itcalibrates the precise
position of the cutting tool (10) position calibration
station (11) in the whole range of rotation of laser
line scanner (14) along the C motion axis by the drive
(13), wherein based on measured values the control
system with interpolator (16) calculates values of the
offset of the cutting head (15) coordinate system with
respect to the workpiece position calibration station
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(4) coordinate system and these values are used for
correction of the data received from the workpiece
position calibration station (4) in evaluation of the
actual position of the workpiece in the coordinate
system of the machine.
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