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(57) Abrege(suite)/Abstract(continued):
detection device Is operative to read welding joint characteristics along a welding joint. The controller determines a corrected

trajectory based on a predetermined welding trajectory and on the welding joint characteristics read by the joint detection device.
This corrected trajectory Is transmitted with a first time delay to the first manipulator and with a second time delay to the second
manipulator. The second time delay Is a function of a distance between the joint detection device and the second welding device. A
corresponding method for welding components along a welding joint Is also disclosed.
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(534) Title: HYBRID LASER WELDING SYSTEM AND METHOD USING TWO ROBOTS

FIG. 1

(57) Abstract: A welding system comprises a two manipulators and a controller. A first manipulator has a joint detection device and
a first welding device, usually of the laser type while the second manipulator has a second welding device, usually of the arc weld
type. The joint detection device 1s operative to read welding joint characteristics along a welding joint. The controller determines a

& corrected trajectory based on a predetermined welding trajectory and on the welding joint characteristics read by the joint detection

W

device. This corrected trajectory is transmitted with a first time delay to the first manipulator and with a second time delay to the
second manipulator. The second time delay 1s a function of a distance between the joint detection device and the second welding
device. A corresponding method for welding components along a welding joint 1s also disclosed.
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TITLE OF THE INVENTION
HYBRID LASER WELDING SYSTEM AND METHOD USING TWO ROBOTS

FIELD OF THE INVENTION

[0002] The present invention generally relates to the field of welding systems and

welding methods. More specifically, the invention relates to a hybrid laser welding system

and method that uses two robots.
BACKGROUND OF THE INVENTION

[0003] Automated hybrid laser/arc welding typically uses a laser welding device in
combination with a conventional arc welding device. Both the laser welding device and the
arc welding device are mounted together on a robot. The laser is aimed at the components to
be welded and the laser basically melts surrounding a welding joint while the arc follows,

tilling the gap with new material.

[0004] There are certain drawbacks to this arrangement. Indeed, because of the size
of the assembly of both the laser welding device and the arc welding device, it is difficult to
reach internal corners of welded assemblies. Moreover, when a joint dctection device is
further added to the welding heads, the fixed installation of the joint detection device, laser
welding device and arc welding device makes it impossible to precisely follow a curve,

whether internal or external, since the three devices are fixedly aligned.

[0005] There 1s therefore a need for an improved hybrid laser welding systcm

providing an improved reachability.

SUMMARY OF THE INVENTION

[0006] [t 1s an object of the present invention to provide a hybrid laser welding system
and method that overcome or mitigate one or more disadvantages of known laser welding

systems and methods, or at least provide useful alternatives.
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[0007] In accordance with an embodiment, there is provided a welding system
comprising a first and a second manipulator, respectively having a first and a second welding
head, and a controller. The first welding head, which is connected to the first manipulator,
has a joint detection device and a first welding device. The joint detection device is operative
to read welding joint characteristics, such as a joint type or a gap between components to be
welded, along a welding joint. The second welding head, which is connected to the second
manipulator, is equipped with a second welding device. The controller is in communication
with both the first and the second manipulators as well as with the joint detection device. The
controller determines a corrected trajectory based on a predetermined welding trajectory and
on the welding joint characteristics read by the joint detection device. The controller
communicates the corrected trajectory with a first time delay to the first manipulator and
communicates the corrected trajectory with a second time delay to the second manipulator.
The second time delay is a function of a distance between the joint detection device and the
second welding device. In operation, the controller is operative to make the joint detection
device follow the predetermined trajectory and to make the first and the second welding
devices follow the corrected trajectory. Typically, the second time delay 1s longer that the

first time delay.

[0008] The controller is adapted to electronically store the predetermined welding
trajectory. Moreover, the controller determines the second time delay so that in operation the
first welding device and the second welding device each have a point of action located at a

predetermined distance from each other.

[0009] The first corrected trajectory may further be based on characteristics of the

first welding device. Similarly, the second corrected trajectory may further be based on

characteristics of the second welding device. As the first welding device 1s typically of a laser
type while the sccond welding device is typically of an electrode type, the characteristics of

the first welding device are different from the characteristics of the second welding device.

(0010] Optionally, the first welding head may comprise a pivot, the first welding
device being mounted to the pivot so that the first welding device may be pivoted with

respect to the joint detection device.

[0011] In accordance with another embodiment, there is provided a method for
welding components along a welding joint. The method comprises independently controlling

with the two independent manipulators the first welding device and the second welding
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device by moving the first welding device along the corrected trajectory and by moving the
second welding device along the corrected trajectory after a time delay. This corrected
trajectory is based on a predetermined welding trajectory and on welding joint characteristics
detected by the joint detection device. The time delay is a function of the distance between

the joint detection device and the second welding device.

[0012] In accordance with yet another embodiment, there is provided a method for

welding components along a welding joint. The method comprises:

a. manipulating the joint detection device along the predetermined welding

trajectory;
b. detecting the welding joint characteristics using the joint detection device;

c. determining the corrected trajectory based on the predetermined trajectory and on

the detected welding joint characteristics;

d. manipulating the first welding device along the corrected trajectory using the first
manipulator. The manipulating of the first welding device occurs after the first
time delay, which is a function of the distance between the joint detection device

and the first welding device; and

e. manipulating the second welding device along the corrected trajectory using the
second manipulator. The manipulating of the second welding device occurs after
the second time delay which is a function of the distance between the joint

detection device and the second welding device.

[0013] In the method, the second time delay is longer than the first time delay so that

the second welding device is made to follow the first welding device.

[0014] The method may further comprise assessing the distance between the first
welding device and the second welding device. This assessing may be done at either regular

ttime intervals or regular distance intervals travelled by the first welding device.

[0015] The manipulating of the first welding device may be based on characteristics
of the first welding device whereas the manipulating of the second welding device 1s based
on characteristics of the second welding device. The characteristics of the first welding
device may be different from those of the second welding device since typically, the first

welding device is a laser and the second welding device is an arc welding device.
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[0016] Optionally, the method may further comprise pivoting the first welding device

with respect to the joint detection device.
BRIEF DESCRIPTION OF DRAWINGS

[0017] These and other features of the present invention will become more apparent

from the following description in which reference is made to the appended drawings wherein:

[0018] Figure 1 is an isometric view of a welding system in accordance with an
embodiment;
[0019] Figure 2 is an isometric view of a detail of a first welding head of the welding

system of Figure 1;

[0020] Figure 3 is a schematic view of a communication system between different

elements of the welding system of Figure 1;

[0021] Figure 4 is a schematic view of the first and second welding heads as they are

positioned at a start of a welding joint in accordance with an embodiment;

[0022] Figure 5 is a schematic view of the first and second welding heads as they are

positioned along the welding joint of Figure 4,

[0023] Figure 6 is a schematic view of trajectories sent to manipulators of the welding

system of Figure 1.

[0024] Figure 7 is a flowchart of the process followed by a controller to control the

manipulators of the welding system of Figure 1.

DETAILED DESCRIPTION OF THE INVENTION

[0025] The present invention relates to an adaptive hybrid laser/arc welding system
and method that uses two robots to which are mounted two separate welding heads. A joint
detection device 1s mounted to one of the welding head so as to read characteristics of a

welding joint. A controller uses the readings of the welding joint characteristics to correct a
predetermined welding trajectory and sends the information to at least one of the two robots.
This hybrid laser/arc welding system allows reaching welding areas which are usually
difficult to reach and following welding paths that are usually impossible to follow with a

system where both welding heads are mounted on a single robot while maintaining the real-

time adaptability of the welding system.
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[0026] Figure 1 depicts a welding system 10. The welding system 10 comprises a first
manipulator 12 and a second manipulator 14. Each one of the first and the second
manipulators 12, 14 are respectively equipped with a first welding head 16 and a second
welding head 18. A controller 20 is in communication with both the first manipulator 12 and

the second manipulator 14.

[0027] The first and second manipulators 12, 14 are typically industrial robots such as

the ones manufactured by companies like Kuka or Fanuc and are well known 1n the art.

[0028] The first welding head 16, which is mounted to the first manipulator 12, is
equipped with a first welding device 22 of the high energy welding type, such as laser,
plasma or electron beam types. The role of the first welding device 22 is to melt a matenal of

components to be welded 30 along a welding joint 26.

[0029] The first welding head 16 also comprises a joint detection device 24.
Optionally, the first welding head 16 may also comprise a pivot 28 to which is mounted the
first welding device 22 so that it may be independently pivoted with respect to the joint
detection device 24. This allows to better reach a material of the components to be welded 30

along the welding joint 26. A detail of this arrangement 1s also shown in Figure 2.

[0030] The second welding head 18, connected to the second manipulator 14, i1s
equipped with a second welding device 32. The second welding device 32 is typically of an
electrode type such as GMAW, GTAW, PAW, SMAW or any other electrode type well
known in the art. The role of the second welding device 32 is to add filler material 33 to a

weld pool created between the components to be welded 30.

[0031] Figure 3 is now concurrently referred to. Different communication

connections between elements will now be described. It is envisioned that these connections
may be wired or wireless, but are nevertheless schematically represented in the attached

figures by lines between elements.

10032] The controller 20 1s connected to the first manipulator 12 to control its
movements, and thereby the movements of the first welding head 16, the first welding device
22 and the joint detection device 24. The controller 20 is also connected to the joint detection
device 24 and to the first welding device 22 so as to control and obtain feedback and

information from them such as welding joint characteristics.
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[0033] The controller 20 has a predetermined representation of the welding joint
trajectory that is electronically stored in its memory. Optionally, this predetermined welding
trajectory 34 may be remotely stored and be accessible by the controller 20 through any other

access such as USB, remote, Wi-F1 or cloud access.

[0034] Based on the predetermined welding trajectory 34, on welding joint
characteristics and on a distance between the joint detection device 24 and the first welding

device 22, the controller 20 is operative to determine a first corrected trajectory.

10035] Similarly, the controller 20 is connected to the second manipulator 14 and
controls its movement, and thereby the movements of the second welding head 18 and that of
the second welding device 32. The controller 20 may also be connected to the second welding
device 32 so as to adjust its parameters. The controller 20 is operative to determine a second
corrected trajectory based on the predetermined welding trajectory 34, on the welding joint
characteristics and on a distance between the first welding device 22 and the second welding
device 32. This distance may be predetermined or continuously adapted during the welding

process.

[0036] The controller 20 also requires access to the predetermined welding trajectory.
Similarly to the controlier 20, the controller 20 may access the predetermined welding
trajectory by either having it electronically stored in its memory, or by remotely accessing it
through USB, remote, Wi-Fi or cloud access or even by being in communication with the

controller 20 and receiving it from it.

[0037] The joint detection device 24 1s typically a camera combined with recognition

software. The joint detection device 24 1s used to detect welding joint characteristics and feed

this information back to the controller 20. Optionally, the joint detection device 24 may also

be connected to the controller 20 to feed the same information.

[0038] Figure 4 and Figure 7 are now concurrently referred to. In preparation for a
welding operation, the components to be welded 30 are first positioned on a welding fixture
36 so that the welding joint 26 is always located in a repeatable location with respect to the
first and second manipulators 12, 14. At a find seam approach phase 100, the controller 20
directs the first manipulator 12 so that the joint detection device 24 is directed to a welding
joint start 38 according to the predetermined welding trajectory 34 and may read the real
position of the start of the welding joint 26 at 102. As the controller 20 then directs the first

manipulator 12 so that the first welding device 22 is placed at the welding joint start 38 at
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106, the joint detection device 24 keeps on reading the real position of the weld joint 26. The
controller 20 starts calculating a corrected welding trajectory 44 at 104, as will be described
in more details below. The controller 20 then directs the second manipulator 14 to place the
second welding device 32 behind the first welding device 22 at a first distance 40 at 108. This
first distance 40 is initially set at a predetermined value. Typically, the first distance 40 i1s

initially set at a value 1n the order of 5 to 50 mm.

[0039] Figure 5, now concurrently referred to, represents the first and the second
welding devices 22, 32 as they are in the process of welding the components to be welded 30
along the welding joint 26. The first welding device 22 and the second welding device 32 are
separated by the first distance 40. This distance is dependent on the physical space available
between the first and the second welding devices 22, 32, of the desired welding speed and on
the desired characteristics of the weld to be performed between the components to be welded
30. Depending on the desired result, the first distance 40 may be calculated so that the point
of actions of both the first and the second welding devices 22, 32 are within a common
welding pool. The first distance 40 may vary as a function of many parameters, such as

welding speed, weld joint characteristics, welding joint topology, welding parameters, etc.

[0040] At 110, the controller 20 sends to the first welding device 22 and to the first
manipulator 12 the command to weld along the first corrected trajectory 46. As the welding
operation takes place and the joint detection device 24 is guided along the predetermined
welding trajectory 34, the joint detection device 24 keeps on reading the real position of the
welding joint 26 as well as its characteristics. These readings are taken at constant time

intervals (for example, every 0.075 sec) and continuously sent to the controller 20 and stored
in its memory at 114. This information 1s communicated to the controller 20 as joint readings
42. The joint readings 42 comprise information about the real position of the welding joint
26, information about a gap or a mismatch between the components to be welded 30, as well
as information about characteristics of the weld joint 26. These charactenstics may include
information such as the type of welding joint (filet, end-to-end, comner, overlap, butt, bevel, J,
etc). Based on predetermined information stored in the controller 20, such as the
predetermined welding trajectory, and on the joint readings 42, the controller 20 calculates a
series of corresponding corrected points used to determine the corrected welding trajectory 44
at 104. These corrected points are also stored in the controller’s 20 memory at 105 as the
corrected welding trajectory 44. The corrected welding trajectory 44 has a profile which is

followed by the first and the second welding devices 22, 32, albeit determined differently for
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both welding devices as i1s detailed below. The predetermined welding trajectory 34 and the

corrected welding trajectory 44 are depicted in Figure 6, now concurrently referred to.

[0041] Since the first welding head 16 carries both the joint detection device 24 and
the tirst welding head 22 which are located at a second distance 45 from each other, the first
welding head 16 must be controlled in such a way that the joint detecting device 24 keeps on
following the predetermined welding trajectory 34 while the first welding device 22 follows
a first corrected trajectory 46. This 1s usually performed with native softwares from
manipulators manufacturers. As shown in Figure 6, the first corrected trajectory 46 is in fact
the corrected welding trajectory 44 which is transmitted to the first manipulator 12 with a first
time delay 48. Determination of the first corrected trajectory 46 1s done at 109 and continues
as long as the joint detection device 24 detects the welding joint 26. This first time delay 48
compensates for the fact that the joint detection device 24 and the first welding device 22 are
not located at the same place in time due to the second distance 45 between them. The first
corrected trajectory 46 1s sent by the controller 20 to the first manipulator 12 in the form of a
tirst corrected trajectory signal 50 so that the first manipulator 12 may correctly position the
first welding device 22 over the welding joint 26. Optionally, the controller 20 may also send
a first welding parameters signal 52 to adjust the welding parameters of the first welding
device 22. The welding parameters of the first welding device 22 may include information

such as power, position, angle, etc.

[0042] Similarly, because of the first distance 40 between the first welding device 22
and the second welding device 32, a second time delay 54 must be added to the corrected
trajectory 44 when a second corrected trajectory 56 is communicated by the controller 20 to
the second manipulator 14 at 114. This second time delay 54 is determined using the speed of
the first and second welding devices 22, 32 and the total distance 57 between the joint
detection device 24 and the second welding device 32, where this total distance 57 i1s the sum

of the second distance 45 and the first distance 40. The second corrected trajectory 56 1s sent

in the form of a second corrected trajectory signal 58 to the second manipulator 14. At 1135,

the controller 20 sends to the second welding device 32 and to the second manipulator 14 the
command to weld along the second corrected trajectory 56. Optionally, the controller 20 may
also send a second welding parameters signal 60 to adjust the welding parameters of the
second welding device 32. The wélding parameters of the second welding device 32 may

include information such as welding current, welding voltage, material feeding rate, etc.
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[0043] Alternatively, the second corrected trajectory 56 could be determined using
the first corrected trajectory 46 and adding to it a delay corresponding to the first distance 40,

[0044] It is preferable that a point of action of each of the first welding device 22 and
the second welding device 32 be kept at a predetermined distance from each other. Hence,
since the first distance 40 may be affected by the precision in speed and trajectory of the first
and the second manipulators 12 and 14, it may be preferable to continuously assess the first
distance 40, for example at regular time intervals, and adjust it depending on welding
conditions (for example welding joint type or gap size between the components to be welded
30), characteristics of the first and second welding devices 22, 32, or characteristics of the
welding joint 26, etc. Consequently, the second time delay 54 may be continuously adjusted
dnd varied 50 as to ensure that the point of action of both the first and the second welding

devices 22, 32 is within the same fusion bath.

[0045] When the joint detection device 24 detects the end of the welding joint 26 at
112, the controller 20 adds a flag to the corrected welding trajectory 44 at 116. When this flag
is either ndded to the first welding joint 26 detected by the controller 20, either in the first
corrected trajectory 46 or in the second corrected trajectory 56 at 117, it respectively stops the
welding operation of the first welding device 22 at 118 or of the second welding device at
120.

10046) The present invention has been described with regard to preferred
embodiments. The description as much as the drawings were intended to help the
understanding of the invention, rather than to limit its scope. It will be apparent to one
skilled in the art that vartous modifications may be made to the invention without departing
from the scope of the invention as described herein, and such modifications are intended
to be covered by the present description. The invention 1s defined by the claims that

follow:.

CA 2941153 2018-01-17



Claims:

l. A method of welding using a hybrid welding system (or welding components along a
welding joint, the method comprising:

(a) using a controller, controlling movements and positions of a first manipulator to
manipulate a joint detection device along a predetermined welding trajectory, the joint detection
device being operably attached to the first manipulator and being controlled by the controller:

(b) using the joint detection device, optically detecting characteristics of the welding joint;

(c) using the optically detected characteristics and the predetermined welding trajectory, the
controller determining a first corrected trajectory for a high energy welding device operably
connected to the first manipulator, the high energy welding device being at a first distance from
the joint detection device;

(d) using the first corrected trajectory, the controller causes the first manipulator to
manipulate movements and positions of the high energy welding device along the first corrected
trajectory different than the predetermined welding trajectory followed by the joint detection
device;

(€) using the high energy welding device controlled by the controller, performing a first
welding operation along the first corrected trajectory, the first welding operation comprising
melting a material ol the components being welded;

() using the optically detected characteristics and the predetermined welding trajectory, the
controller determining a second corrected trajectory for an electrode type welding device
operably connected to a second manipulator which is distant from the first manipulator, the
second corrected trajectory being different than the tirst corrected trajectory;

() following steps (e) and (1), the controller using the second corrected trajectory to causc
the second manipulator to manipulate movements and positions of the electrode type welding

device along the second corrected trajectory, the electrode type welding device having difterent
characteristics than the high energy welding device; and

(h) using the electrode type welding device controlled by the controller, performing a sccond
welding operation along the second corrected trajectory, the second welding operation occurring
after the first welding operation and comprising adding a filler material between the components
being welded.

2. The method of claim 1, furthcr comprising:

- using a second distance between the optical joint detection device and the
clectrode type welding device, and the optically detected characteristics of thc welding joint,
determining the second corrected trajectory for the electrode type welding device.

10
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3. The method of claim 2, further comprising:

- . using a pivot mechanism at the first manipulator to pivot the high energy welding
device along the first corrected trajectory which is different than the predetermined welding
trajectory followed by the optical joint detection device attached to the first manipulator.

4. The method of claim 2 or 3, further comprising:

- communicating the first corrected trajectory to the first manipulator after a first
time delay, the first time delay being a function of the first distance betwcen the optical joint
detection device and the high energy welding device; and

- using the first time delay when determining the first corrected trajectory tor the
high energy welding device.

5. The method of any one of claims 2 to 4, further comprising:

- communicating the second corrected trajectory to the second manipulator after a
second time delay, the second time delay being a function of the second distance between the
optical joint detection device and the electrode type welding device; and

- using the second time delay when determining the second corrected trajectory for
the electrode type welding device.

0. The method of claim 5, further comprising:

- causing the second time delay to be longer than the first time delay to make the
electrode type welding device follow the high energy welding device.

1. The method of any one of claims 1 to 6, further comprising:

- using a camera as the optical joint detection device.

8. The method of any on¢ of claims 1 to 7, further comprising:

- using a laser type welding device, or plasma type welding device, or an electron
beam welding device as the high energy welding device.

11
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9. The method of any one of claims | to 8, wherein the optically detected characteristics
comprise information about a real position of the welding joint.

10.  The method of any onc of claims | to 9, whercin the optically detected characteristics
comprise information about a gap or a mismatch between the components being welded.

12
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