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Abstract: In recent decades, many attempts have been made to automate the entire welding process, how-ever,
there remain many non-automated welding operations that present a constant hazard to workers. This article
presents an automated welding solution with collaborative robots, with this contribution, we intend to help
companies in this sector increase productivity, improve quality, effectively reduce costs, and improve working
conditions.
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1. Introduction

The use of industrial robotic systems in various arc welding applications is quite frequent [1-4].
However, these systems occupy an operational space that is generally large, in addition to the
industrial robotic system, many are mounted on mobile equipment with several axes [5,6]. In addition
to these systems, sometimes they use positioners for the structure, which allows for improvements
in the way the structure is welded [7,8]. A robotic welding system typically works suspended from
the ceiling and is very expensive, but despite the costs, these systems are highly efficient, which
allows for increased productivity in companies, the greater the number of robots installed for this
type of process, the greater the productivity, however, there are many other challenges, for example,
if the welding times between different robots are not identical, it can cause waiting times between
different robots, and for systems with multiple robots, it is necessary to study the reduction these
waiting times. Another challenge in this type of work is the deformation of the parts due to welding
for a prolonged period, for this reason, sensors are installed in robotic systems to detect the position
of the start of welding and arc sensors to correct the deviation during the welding process [9,10].

The inclusion of collaborative robotic systems (Cobot) is due to several factors, in particular the
ease of use and installation of this type of equipment, in addition to these factors, these systems have
excellent flexibility and efficiency [11-13]. In welding tasks, the possibility of using Cobots allows
more flexibility in different welding tasks, in addition to allowing specialized technicians to easily
interact with one or even several Cobots at the same time, so it is possible to change paths more
quickly, prepare the different setups of the various welding processes, significantly improving the
performance of the jobs [14-17]. The main objective of using Cobots is to combine the performance
of this system with the capabilities of a human being [18]. The integration of Cobots allows for a more
intuitive solution for the technical specialist, obtaining practically the same functionalities as an
industrial robot, but with the advantages of Cobots, even losing the main function of a collaborative
robot, but gaining a cooperation function in the process.

Human-Robot Collaboration (HRC) is a new trend in this type of application, the main objective
is to build a safe collaboration environment between humans and robotic systems. In all types of
work, there are work zones, between manual production and fully automated production, in this
zone the human worker can interact with a machine [16-18]. However, this work zone has many
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limitations due to security restrictions [22-25]. For example, when using an industrial robotic system,
the system only works if the staff is outside the manufacturing cell. In collaborative robotics, people
can share the workspace, so that it can help in non-ergonomic operations, repetitive operations, or
even uncomfortable or even dangerous operations.

It is obvious that any robot, through its installed sensors, can monitor its movements, limit its
speed at any time, or even stop performing a certain task. The possibility of using a workspace
without safety fences can improve productivity and maximize space for companies. The idea is to
extend this concept to different robotic applications, mainly those that have not yet been automated.
We can see these types of robotic systems as robotic assistants to improve the quality of human work.
[24,25].

Other researchers have developed a low-cost system for identifying shapes (contours) through
a digital camera coupled to the robot, to program industrial robots for welding but only work in 2D
[26].

In section one of this article, an introduction to welding applications is given, as well as an
introduction to Cobots. Section two is divided into three subsections; the first subsection presents the
mechanical structure with an industrial robotic welding system. Then, in subsection two, we present
the state of the art of Cobots in the industry, and in subsection three, we present the industrial
prototype developed for Collaborative Welding, and finally, we present our discussion and
conclusions.

2. Materials and Methods

2.1. The mechanical structure of an industrial welding robot system

Equipment construction can include several large welding lines, especially with the use of
multiple robots. The process is quite simple normally, there are positioners to be able to rotate the
pieces to be welded, and then this operation is repeated. The movements and positions of the
different robots are planned to avoid collisions. There are two methodologies to follow to solve this
problem. The first is a function that predicts the robots stopping and their movement stops before the
collision. The second way is to perform multi-layer welding on a single weld line with several robots.
The robot performs multi-layer welding of a weld line together with another robot, which eliminates
waiting time and significantly reduces the overall welding time. An example of a mechanical
structure of an industrial robot is composed of two main parts, as shown in Figure 1.

Figure 1. Robotics welding system.

An example of a robotic welding system tool is shown in Figure 2.
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Figure 2. Welding tool mounted on the end member of the robotic system.

In the construction of steel equipment, there are different welding processes, and the choice
between them mainly depends on efficiency. A key feature that must be considered is weldability.
Therefore, it is essential to observe the effects of welding parameters on the weldability of materials
during the arc welding process. Mild steel is the most common steel and provides acceptable material
properties for many applications. The metals used in different commercial applications, such as
aluminum, copper, stainless steel, and carbon steel, can be joined by this type of process by choosing
the appropriate electrode and shielding gas, as well as the different welding conditions [2]. Variations
in power supplies and shielding gases, as well as electrodes, can cause different variations in the
welding process, for this reason, it is necessary to choose the appropriate welding parameters [3]. The
metal to add to the parts is provided by a roller that allows a continuous electric arc [4]. The greater
the arc length, the greater the electromagnetic effects. Due to its importance, some researchers have
studied the electromagnetic effects of welding processes [4-7].

2.2. Collaborative robots

Cobots can work without the need for peripheral protection, and their workspace can be more
easily monetized. They can also be easily reprogrammed, even by workers without robotics
programming knowledge [15,22]. In 2008, the company Universal Robotics or Cobot called UR5 [16],
and large robotics companies began to invest in the development of Cobots, in addition, there is
already a very demanding set of security measures, namely ISO 10218 1, 10218 2 [24]. It is guaranteed
that if the operator’s safety distance is less than the Cobot distance, it will not work, in addition, the
equipment will monitor the distance and reduce speed until it stops. The ISO/TS 15066:2016 standard
defines good practices in collaborative environments. According to Muller et al. [19], Cobots and
operators can coexist, that is, when both work in the same environment but tend not to interact, or at
different times of cooperation between them when both simultaneously perform tasks in the same
space or different tasks. These systems allow for an increase in the quality of the products, and an
improvement in the working conditions of the operators [18,19]. In this context, it is worth
mentioning SMEs, due to the difficulty they have in automating their production processes using
traditional industrial robots, in terms of space availability and investment [23], as well as companies
in sectors characterized by mass production [20].

2.3. A prototype developed for the industrial environment

The developed prototype serves to implement an automated arc welding solution using Cobots.
The prototype corresponds to the development of a cell composed of a Cobot. The main motivation
for the company to develop this solution was the shortage of specialized labor, among other factors,
repetitive tasks, and a high level of precision and concentration, which is sometimes inappropriate
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from an ergonomic point of view, presents high repeatability and movements that are quite complex
and difficult for human beings to perform.

The preparation of the work in the positioning of the parts and the execution of the weld is a
collaborative process between the operator and the Cobot, thus, cooperation becomes the key to a
solution with much higher added value, allowing very low space occupation and high flexibility in
the workplace.

The prototype developed is a workstation that can be easily moved from one workstation to
another. The industrial prototype involves the development of a collaborative robotic solution that
includes a Doosan M0617 collaborative robot due to its large workspace and reach of 1700mm. As it
is a welding solution for handling a welding torch with a load capacity of up to 6 kg, it is sufficient
for the requirements of this work. The Cobot and the welding machine are mounted on a structure
with wheels, and the parts to be produced are placed next to the Cobot on a table as shown in Figure
3.

Figure 3. Cobot system and Machine Structure.

3. Results

On the production line, the customer has several equivalent workstations, each with a
specialized technician, in addition to having a more common portfolio of parts and having many
different references and many small runs, this means that there are repetitions of tasks, and there are
equivalent parts for production, which allows frequent setups, as shown in Figure 4.

In the tested examples, two types of shielding gases were used: a mixture of 80% Argon + 20%
CO2 and another of 92% Argon + 8% CO2 to provide a protective atmosphere, so that contamination
between oxygen and nitrogen is avoided. The gas flow rate used was 12 I/min, and the electrical
energy provided by the generator for fusion between the wire and the piece to be welded was
controlled to reach a point chosen by the welder. stability of the electric arc, so that the length of the
electric arc and the distance between the electrode and the workpiece were as short as possible to
allow the best control. In this application, an electric arc of 5 mm in length was used. To maintain a
continuous and regular melting zone, a welding speed close to 30 and 35 cm/min was considered,
which is chosen according to the current intensity (A) and the welding voltage (V). The average heat
input used was approximately 25 kJ/mm, for a wire diameter of 1.4 mm, and the wire feed speed was
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10 m/min. Finally, we control the distance of 10 mm between the nozzle and the surface of the
workpiece.

Figure 4. Example of parts to be welded.

The manual procedure of the welding process presupposes the study of the manufacturing
dossier of each piece. In manual manufacturing, the number of parts is indicated in the production
order, and there are hundreds of different types of parts, all made of steel and usually of large
dimensions. Due to their size, parts need large profile/section weld seams. Depending on the
requirements, this type of weld bead is obtained using various multi-pass types of overlaps for each
type of process, as shown in Table 1.

Table 1. Type of weld bead.

Process tasks  Type of task

Main Carry out weld beads following the manufacturing file

Complementary Positioning and indexing of sub-parts

Adjustment of the welding machine parameters according to the manufacturing
dossier.

Auxiliary

The project requirements are based on the production dossiers and the customer’s welding
technical sheets so that the welding operation is carried out automatically, that is, to automate the
main process, knowing that based on the system requirements, it must be able to register complete
welding programs, that is, programs concerning parts and with welding paths and parameters to be
used in the welding process, as shown in Table 2.

Table 2. Welding possible paths.

Geometries Possible formats Different types of joints

Straight lines Trapezoidal 90° joints

Circles Zig-zag 90° joints with 30° chamfer

Arcs Waves 90° joints with 45° chamfer
Sinusoidal 60° butt joints.

The complementary and auxiliary processes continue to be performed manually, but the ease of
programming the paths, and learning from the welding geometry of the parts, is due to the high
number of references. Each part reference and associated manufacturing requirements include the
following characteristics, as shown in Table 3.

Table 3. Principal characteristics of each reference.

References

Part of Geometry.

Type of joint.

Coordinates shapes.
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Profile of the weld bead (number of weld beads).
Characteristics of multi-pass levels (of each pass).

The program that performs the welding is integrated with the Doosan controller (firmware v2.9)
and contains the following features for welding relevant to the case, settings, and communication of
variables with the welding machine, such as at the beginning of the welding process as well as the
selection of the welding program. The possibility of previously configured bead formats: such as
linear, straight, circular, arcs, trapezoidal, zig-zag, waves, and sinusoidal. Also, to meet the need for
alarge section of beads, it is necessary to perform multi-pass welding, that is, overlapping weld beads
in the same joint to increase the total section. For this, a database is needed with the information of
each passage, allowing automatic navigation between passages during production, as shown in Table
4.

Table 4. Individual coordinates of the multi-pass and different types of welding programs.

Variables Welding machine program
Linear speed (mm/s) Wire-speed

Z offset (mm) Current

Y offset (mm) Voltage

Displacement in Theta and Gamma (°) Angle

The complementary process will continue to be executed by the operator while the main
processes and auxiliary processes will be executed by the robot, and the system assumes two different
user profiles, operator, and specialized welding technician. Due to the welding know-how, specific
requirements for each part, and the many parts, a tight system is not suitable for this purpose. Thus,
the customer must be able to program or configure the system according to his needs, as shown in
Figure 5.

Figure 5. Editing of weld recipes for the specific requirements of each part.

For the multiple pass revenues, the specialized welding technician develops the specific
programming and configuration for each type of welding joint, and in each recipe, a set of data is
stored that can be used by any program. The main objective of multiple-pass recipes is to explore the
repeatability potential; that is, each type of joint with certain characteristics, namely the type of
material, normally has the same welding parameters and depends on the multiple passes. Thus, this
automated multi-pass allows removing tasks without added value during the production process.

In free actuation and automatic stitch adjustment, the operator, in the first instance, must
develop the programs referring to each part reference, as shown in Figure 6. For this, it uses a very
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friendly and intuitive programming environment, Task Builder and Free Drive (Cockpit), both native
to Doosan equipment.

The presented solution also includes an automatic correction of points about the two important
angles for the multi-pass: theta (0) and gamma (y).

In this solution, it is enough to “teach” the points referring to the first pass of the piece.

Table 5. Tasks for the multi-pass receipts.

Task Multi-pass

1 The specialized welding technician develops the specific programming/configuration
for each type of welding joint.

2 Each recipe is stored in a database and can be used by any part program.
Explore the potential of repeatability, that is, each type of joint with certain

3 characteristics, namely the type of material, normally has the same welding
parameters.

4 Removing tasks without added value during production.

For free-drive and automatic stitch adjustment, the operator, in the first instance, will have to
develop the programs referring to each part reference as shown in Figure 6. For this, it uses the user-
friendly and intuitive programming environment, the Task Builder, and the Free drive (Cockpit),
both native to Doosan. The solution also includes an automatic correction of points concerning the
two important angles for the multi-pass: theta (0) and gamma (y). In this solution, it is only necessary
to “teach” the points referring to the first pass of the part.

Figure 6. Method of learning positions.

Finally, the production of the series of parts is carried out collaboratively with the system, that
is, it is necessary to position the parts of the operator and execute the weld beads according to the
programs and recipes, to be carried out by Cobot, as shown in Figure 7.
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Figure 7. HMISs for interaction with the Operator.

4. Discussion

The development of the proposed solution allows for easy interaction with technicians in
addition to reducing quality defects and production costs. Comparing the operating speeds of
industrial robots and collaborative robots, in which industrial robots have a great advantage in
operating speed, but as this type of equipment requires interaction with specialized technicians, it
appears that it is advantageous to use more intuitive and easy-to-use systems, especially for small
and medium-sized companies, in which the operator can easily create in detail all the dimensions
and movements to be carried out, as well as simply change the welding parameters. In this way, it
allows to increase productivity and improve the quality of their work, in addition, the worker is not
replaced by the equipment, as well as he intends to continuously improve the work he is performing.

5. Conclusions

The use of technology can help companies achieve greater productivity, competitiveness, and
quality, as well as reduce costs and time in their manufacturing process, but before adding new
equipment, it is necessary to know how to maximize the return on investment. In our understanding,
the path to innovation lies in the development of dedicated software, which allows for interesting
solutions because, on the one hand, it simplifies the use of the resources of the acquired technologies,
hides the more complex details, and allows the system to be more flexible to increase the profitability
of the purchased equipment.
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