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Abstract: Industrial robots play a pivotal role in modern industrial production, with robotic welding standing
out as a crucial application. This paper analyzes the utilization of online and offline programming methods to optimize
robotic welding processes, with an application of Gas Metal Arc Welding (GMAW) techniques. GMAW offers excep-
tional versatility, including adaptability to various plate thicknesses, high productivity rates, compatibility with diverse
materials, and the ability to weld coated metals. The synchronization of robotic movements and positioners plays a
crucial role in ensuring precise welding execution. This complexity is particularly evident in scenarios involving weld-
ing complex curves, where coordinated movement between the robotic arm and positioner is essential for successful
outcomes. In this study, an experiment involving the welding of a pipe-pipe joint using a robot with 6 and positioner
with 2 degree of freedom is presented. By applying synchronized movement, seamless welding operations are achieved,
highlighting the importance of advanced programming techniques and synchronized operations in enhancing the effi-
ciency and precision of robotic welding in industrial production.
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HA/MUHYBAIBE HA ITIPEJU3BUIIUTE HA UHIAYCTPUCKATA POBOTHKA
M YJIOI'ATA HA ITIPOTPAMUPAIBETO O®JIAJH

A 1nctpak T UHnycTpuckuTe poOOTH UrpaaT KIIy4Ha yJIora BO COBPEMEHOTO HHIYCTPUCKO NPOU3BOJICTBO,
IpH IITO POOOTCKOTO 3aBapyBame Ce U3J(BOjyBa Kako KiydHa mpumeHa. OBOj TPyZ IO UCTpa)KyBa KOPHCTEHETO HA
METOJIUTE 33 OHJIAjH U 0()IajH IPOTpaMUpabe 32 ONTHUMU3UPAE Ha IIPOLIECHTE HAa pOOOTCKO 3aBapyBambe, CO IPUMEHa
Ha eJIEKTPOJIAYHO 3aBapyBakbe CO TOILIMBA EJICKTPO/Ia BO 3alITHTHA aTMoc(epa o nHepTeH/aktuBeH rac. GMAW nHym
HCKITyYUTEIHAa Pa3HOBUIHOCT, BKITydyBajKH MPUCIOCOOIMBOCT HA PA3IMIHK AeOCIMHN Ha IUIOYH, BUCOKH CTAIKH Ha
MIPOJYKTHBHOCT, KOMITATUOMIIHOCT CO PA3IMYHH MaTepHjald M CIOCOOHOCT 3a 3aBapyBame OOJOKEHH MEeTalu.
CuHXpOHU3aIMjaTa HA ABIDKEHaTa HA POOOTOT M MO3MIMOHEPOT Hrpa KIydHA yiora 3a ob6e30emyBame Mpenu3HO
M3BpIIyBamke Ha 3aBapyBameTo. OBaa KOMIUIEKCHOCT € 0COOCHO BHUIMBA Kaj MPEIMETH KOHM BKIydyBaaT CIOXKEHH
IPOCTOPHH KPHBH 32 3aBapyBambe, KaJie ITO KOOPANHUPAHOTO JBIKEH-E IIOMEry pobOTCKaTa paKa U MO3UIMOHEPOT €
0] CYIITHHCKO 3Hauyeme 3a JI00MBambe KBAINTETHH pe3yiTaTH. Bo oBaa CTyauja € MPETCTaBeH EKCIEPUMEHT KOj
BKJIy4yBa 3aBapyBam€ Ha CIIOj LIEBKA-IIeBKa CO IOMOII Ha POOOT CO 6 M MO3MIMOHEP CO 2 CTeNeHH cioboaa Ha
nBmkeme. [Ipexy ynoTpe6a Ha HMBHO CHHXPOHH3UPAHO ABMXKCH-E Ce MOCTUTHA KBAJIUTETHO 3aBapyBambe, LITO ja
HCTaKHyBa Ba)KHOCTA Ha HAIPETHUTE TEXHUKH HA IIPOTpaMUpParke U CHHXPOHU3MPAHUTE ONEPaIliH CO Il T0x00py-
Bame Ha e(hMKACHOCTA U MPEIN3HOCTA HA POOOTCKOTO 3aBapyBarme BO HHIYCTPUCKOTO IIPOU3BO/ICTBO.

Kayuunu 360poBu: pob0TCKO 3aBapyBame; nporpamupate Ha podoru; OLP; GMAW; MIG/IMAG

1. INTRODUCTION mal and/or mechanical energy. Numerous factors,

such as carbon migration from the low alloy side,

Welding is the process of joining two or more microstructure gradient, and residual stress across
pieces, usually metallic, with or without the use of various regions of the weld metal, influence the

additional material, applying a combination of ther- properties of the welded joints and the feasibility of
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the welding processes [1]. Welding techniques are
commonly observed and analyzed from several
points of view such as: structural, metallurgical,
chemical, physical and electrical. Accordingly, this
activity overlaps with several disciplines from tech-
nology and science, which gives it a multidiscipli-
nary character. It enables and requires the engage-
ment of more profiles of experts in the research and
application of this activity. From a sustainability
standpoint, welding has not received much atten-
tion. Instead, research on welding has been more
dedicated on developing welding processes, study-
ing applications on different metals, and improving
weld performance and quality, meanwhile, society,
economy, and the environment were rarely consid-
ered [2].

The most significant advantage of welding is
undoubtedly that it provides exceptional structural
integrity, producing joints with very high efficiency
[3]. The disadvantage is that there is a lot of heating
and consequent changes in thermal-deformation
cycle. Welding as a technique is often presented as
a difficult discipline. Welders are part of a heteroge-
neous workforce employed in a variety of work-
place settings. Well-ventilated indoor and outdoor
locations, as well as small, inadequately ventilated
interiors like ship hulls, pipelines, and basements of
buildings, may be included. As a result, various ex-
posure concentrations have been measured in weld-
ing-related workplaces [4]. Experienced welders are
highly valued because they control the welding pro-
cess, and it is not easy to practice. The traditional
method of production uses labor, necessitates a
large number of welders to ensure progress, and the
welding quality varies. Additionally, labor costs
have been rising annually, and the difficulty of re-
cruiting and labor shortages in high-risk occupa-
tions like welders and grinders have grown in prom-
inence. There is an urgent need to use automated
equipment to improve quality and efficiency. Ad-
vancements in robotic automation and intelligent
welding represent significant innovations [5].

The development of welding techniques has
led to the fact that the worker is not able to perform
the welding in which a high-quality welded joint
should be obtained in a sufficiently short time and
at a sufficiently low cost. Consequently, the devel-
opment of the welding procedure is in automation
and robots. Their accuracy, speed and repeatability
of processes is beyond human ability. The bigger
problem with welding robots is to be programmed
for complex welded joints. Industrial robots are an
essential segment of today's industrial production.

The demands for high quality, low cost and flexibil-
ity simply compel the development of robots. Nev-
ertheless, the focus of the intelligent welding manu-
facturing technology is mainly related to three key
elements: sensing welding process for imitating
welder’s sense organ function, knowledge extrac-
tion and modeling of welding process for imitating
welder’s experience reasoning function, and intelli-
gent control of welding process for imitating
welder’s decision-making operation function [6].

The development of robotized welding, which
is now one of the main applications for industrial
robots, has been truly remarkable since the introduc-
tion of the first industrial robots in the early 1960s.
Robot welding is mainly concerned with the use of
mechanized programmable tools, known as robots,
which completely automate a welding process by
both performing the weld and handling the part [7].
For the reason that they are so adaptable, robots
have been used for resistance and arc welding
among other types of welding. Robotic welding has
great advantages over any other method. Precision
and reproducibility, consistent weld quality, weld-
ing at optimal speed, without delays results in a
quick return on investment, consistent product qual-
ity, reduced predictability and duration of the oper-
ation and cost. Additionally, makes the process
quite flexible and can be utilized for other modern
manufacturing processes, and also adaptation of
variation in production line with variation in pro-
duction volume [8]. Manual welding has many
sources of injury at work, it produces harmful gases
that have a harmful effect on man and his health.
Most of the time, labor costs make up the majority
of the total cost. Robotic welding is harmless and
allows to avoid injuries and other possible incon-
veniences. A single robot can perform a large num-
ber of welding operations, including welding differ-
ent elements and shapes. The integration of welding
robots brings numerous advantages to various in-
dustrial welding tasks since most of the drawbacks
attributed to the human factors are eliminated as a
result [9].

By combining offline programming with an 8
degree of freedom (DOF) system, manufacturers
can address various challenges in industrial robotics
effectively. The virtual simulation environment pro-
vided by offline programming helps in optimizing
robot programs and ensuring seamless integration
into the production line. Meanwhile, the enhanced
capabilities of an 8 DOF system enable robots to
handle intricate tasks and navigate challenging
workspaces more effectively, leading to improved
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productivity and quality in manufacturing opera-
tions. In the following, Section 2 introduces Gas
Metal Arc Welding, considering its advantages and
disadvantages. Section 3 examines the program-
ming methods essential for optimizing efficiency
and precision in manufacturing. Within this section,
we explore both online and offline programming
approaches for robotic welding. Welding robot
characteristics and workspace considerations, as
crucial factors in optimizing performance within
manufacturing environments are mentioned in Sec-
tion 4. Furthermore, Section 5 delves into the ro-
botic welding process and the conducted experiment
of welding a pipe-pipe joint via the utilization of a 6
DOF robot and a 2 DOF positioner. Finally, Section
6 is dedicated to the conclusion that synthesizes the
insights gathered from our exploration, emphasiz-
ing the significance of the presented robot-based
welding system for advancing modern manufactur-
ing practices.

2. GAS METAL ARC WELDING

Gas Metal Arc Welding (GMAW) is one of the
most widely used welding techniques and is also
known as MIG/MAG welding. GMAW s valued
for its versatility, making it a widely used welding
process in industries ranging from automotive man-
ufacturing to construction. Belongs to the fusion
welding processes that utilizes a consumable wire
electrode and a shielding gas to create an arc be-
tween the electrode and the workpiece. The wire
electrode is fed continuously from a spool, and the
arc created melts the wire and the base metals, form-
ing a weld pool that solidifies to create the weld
joint. The shielding gas protects the weld from at-
mospheric contamination. Figure 1 depicts this pro-
cess, providing a visual representation of the
GMAW [10]. The density of the shielding gas used
in welding is critical for ensuring proper protection
of the welding area from atmospheric contamina-
tion. Gases like argon and carbon dioxide, due to
their high density, provide excellent shielding,
while gases like hydrogen and helium, with lower
densities, are less efficient in shielding and can lead
to turbulent flow issues. The presence of metal
vapors in the gas plasma, combined with the charac-
teristics of the shielding gas, affects the stability and
ignitability of the welding arc in MIG/MAG weld-
ing. Argon typically forms a soft and stable arc,
while helium forms a less stable arc that is also
harder to ignite [11].
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Fig. 1. Gas metal arc welding process

During welding, harmful gases are emitted, af-
fecting human health. Greater consumption of
shielding gas correlates with higher impacts on hu-
man health indicators. However, these harmful
gases can be controlled and removed, minimizing
their impact on workers. Measures such as manda-
tory gas filter masks and designated welding areas
with extractors help mitigate health risks in welding
workshops [12].

MIG and MAG welding methods are highly
flexible and widely applicable, offering benefits
such as suitability for various plate thicknesses, high
productivity, compatibility with a wide range of ma-
terials, capability to weld coated metals, and versa-
tility in welding positions. While MIG/MAG weld-
ing offers numerous advantages, it also has limita-
tions compared to Manual Metal Arc (MMA) weld-
ing, including more complex equipment and a more
restricted application outdoors due to the need to
protect the shielding gas from draughts [13]. In con-
ventional MIG/MAG welding, the productive ca-
pacity is constrained by the maximum current that
can be used. This limitation arises because when the
current reaches a certain level, the metal transfer
process shifts to a mode known as rotating-spray
transfer. Despite its advantages in terms of produc-
tive capacity, high strength and ductility with low
hydrogen and nitrogen contents [14], submerged-
arc welding is not always a suitable replacement for
MIG/MAG welding in various applications. This is
because submerged-arc welding may lack the versa-
tility or practicality needed for certain welding
tasks. Double-wire MIG/MAG welding offers a so-
lution to enhance the productivity of the welding
process while preserving its versatility. By utilizing
two wires and maintaining operational flexibility,
this method overcomes the limitations of conven-
tional MIG/MAG welding, resulting in higher dep-
osition rates, increased travel speeds, and stable
metal transfer [15].
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3. PROGRAMMING METHODS

The robotic welding process to be of high qual-
ity which is essential, and the robot can adapt to cer-
tain changes in the welding conditions or environ-
ment through making an appropriate response to the
movement correction or other process parameters,
can be achieved by adaptive process control. The
structure of adaptive control is made up of modules
that have specific tasks and that interact with each
other. Industrial robots can be programmed in dif-
ferent ways, i.e., offline, online, and hybrid pro-
gramming [16].

3.1. Online programming

The online programming method is performed
at the robot's workplace and therefore they should
be excluded from production. Conventional online
programming is a completely manual process [17].
Direct and indirect teach-in programming are the
two primary types of online programming. Direct
teach-in takes place in a way that the operator
guides the robot manually along the path. Physically
along the path, where key points or positions are
stored in memory, allowing the robot to repeat the
movement later. As lead-through programming [18]
is the simplest of all robot teaching methods. This
programming method is outdated and therefore
rarely used in welding programming.

The indirect way of programming as pendant
programming [19] is when the operator, with the
help of the control panel, follows the desired path
by saving the positions in the memory as well as
other process parameters such as voltage, current,
welding speed, and so on. After the teach-in, the
program is tested, in order to see if the robot will
interpret well and whether it will execute the assig-
ned program. The advantage of this programming
method is that it does not require additional pur-
chases of hardware and software. Moreover, the
teaching can be done by an operator who has no
competencies in robotics easily and intuitively [20].
The robot cannot perform a production function
during programming, which is one of its disad-
vantages.

3.2. Offline programing

Programming according to offline method is
performed on a computer and does not require phys-
ical movement of the robot, therefore it is not ex-
cluded in the production process, which is econom-
ically feasible and is the main advantage over teach-

in programming. Offline programming may be
considered as the process by which robot programs
are developed, partially or completely, without re-
quiring the use of the robot itself [21]. Due to devi-
ations in machining tolerances in the robot linkages,
robot arm compliance and elasticity, encoder reso-
lution, and the lack of repeatability during calibra-
tion, significant errors can occur in an offline gen-
erated tool path. The meaning of offline program-
ming is to project as many technological processes
as possible at a separate workplace, independently
of the robot and in the shortest possible time. In
some instances, the programming time during
which the facility is ineffective may last for days or
even weeks. Therefore, reducing set-up time is the
primary benefit of using an offline programming
system [22]. The programming time in which the fa-
cility cannot be used productively may in some
cases last days or even weeks. Hence, the primary
motivation for utilizing an offline programming
system is to minimize the set-up time. Offline pro-
gramming method systematically combining CAD-
based, vision-based, and vision & CAD interactive
activities can overcome the limitations of current
automatic program generation methods for robotic
welding systems [23]. Through programmatic use
of CAD, i.e., knowledge-based engineering system
(KBE) as a phase in the evolution of CAD leads to
possibility of automating the engineering task of
marking a weld path, by logically defining weld lo-
cations in code. The paths may be extracted and ex-
ported for generating robot code for a welding robot
[24].

The high cost of the offline programming
package and the programming overhead required
for software customization for specific applications
make it uneconomical to justify offline program-
ming implementation, especially for smaller prod-
uct values. Furthermore, the development of cus-
tomized software for offline programming is a time-
consuming process that demands high-level pro-
gramming skills that are often not available from
process engineers and operators who typically per-
form robot programming [25]. Additionally, the hy-
brid programming method offers efficiency in ro-
botic welding by combining online and offline pro-
cesses. During the online phase, the method controls
the welding path in real-time, memorizing key posi-
tion points. In the subsequent offline stage, a weld-
ing program is generated based on these memorized
points, incorporating parameters like welding cur-
rent and other necessary characteristics. This dual-
phase approach significantly reduces programming
time and minimizes production losses.
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Synchronized programming in robotic welding
involves the meticulous coordination of the welding
process through the integration of positioners. A
typical welding positioner consists of a rotating
platform or fixture on which the workpiece is se-
curely mounted. This platform can be rotated, tilted,
or both, allowing for precise control over the orien-
tation of the workpiece during welding. In this
method, the programming ensures a harmonized
movement of both the robotic arm and the posi-
tioner, optimizing the welding position for effi-
ciency and quality. Non-synchronized program-
ming, on the other hand, deviates from the use of
positioners and relies solely on the robotic arm to
execute the welding motion along a predetermined
trajectory. The programming involves defining a set
path for the robotic arm without the added coordi-
nation with a positioner. While non-synchronized
programming may be simpler in setup, it may not
optimize the welding position to the same extent as
synchronized programming.

Different robot manufacturers use different
programming languages for their controllers. This
lack of standardization means that there is no uni-
versal language that all robots use for programming.
Due to the diversity in programming languages,
achieving standardization across the robotics indus-
try becomes challenging. Many robot programming
languages are in use across the industry, making it
complex for operators and programmers who need
to work with different robots. A procedure that uti-
lizes forward and inverse kinematics, applies to dif-
ferent types of robots and is STEP-NC-compliant,
can significantly cut down the time needed for set-
ting up and integrating robots in manufacturing op-
erations [26]. The focus is on improving the effi-
ciency and standardization of the programming and
control processes for robotic systems.

4. ROBOTIC WELDING SYSTEM

Since there are many parameters and a limited
knowledge of how the process works, today's weld-
ing techniques are sophisticated. Users and custom-
ers have specific weldment requirements and dy-
namic work environments. Therefore, welding is
moving towards more customized production by
leveraging next-generation welding systems capa-
ble of intelligently adapting to evolving welding re-
guirements while maintaining high quality [27]. The
robotic welding system integrates several key com-
ponents essential for efficient welding operations.
The welding torch serves as the primary tool for
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generating the welding arc and directing the flow of
shielding gas. Supported by a wire feeding mecha-
nism and tray, it ensures a continuous supply of
welding wire for seamless operation. Fixtures and
positioners provide stability and adjustability to se-
cure and orient the workpiece for precise welding
from various angles. The gas cylinder contains
shielding gas, crucial for protecting the weld from
atmospheric contamination. A water chiller system
maintains optimal temperatures, particularly for the
welding torch, to prevent overheating during pro-
longed usage. The power supply provides the nec-
essary electrical energy to sustain the welding arc,
while the control unit manages parameters such as
arc voltage, wire feed speed, and travel speed to en-
sure consistent weld quality. Additionally, the teach
pendant offers a handheld interface for operators to
program and control the robotic welding system
with desired accuracy. These components, shown in
Figure 2, collectively contribute to the functionality
and effectiveness of the robotic welding system.

4.1. Welding robot characteristics

In this study 6 DOF industrial robot Panasonic
YA-1 TA-1400 was utilized for performing welds.
With a repeatable precision of 0.1 mm, the robotic
arm ensures accurate and consistent weld place-
ments. Its payload capacity of 6.0 kg and an arm
reach of 1374 mm highlight its versatility in han-
dling various welding requirements. The main con-
trol unit serves as the system's core, processing data
for seamless coordination of the positioner and ro-
botic manipulator. A 2 DOF positioner supports the
robotic arm, with a maximum load capacity of 500
kg, along with torque specifications of 1470 Nm and
a rotation speed of 16 r/min. The welding torch at-
tached to the end of the robotic arm serves as both a
wire transmitter and gas conductor, ensuring stable
arcs for producing high-quality welding joints. Fur-
thermore, it is equipped with water cooling to avoid
overheating during operation. In Figure 3 detailed
dimensions of the 6 DOF manipulator are shown,
outlining its physical extents including height,
width, and depth, crucial for spatial planning and in-
tegration within a given welding station. Addition-
ally, it delineates the manipulator's range of move-
ment, showing its DOF, essential for task feasibility
assessment and workspace design. Points P and O
within the work envelope denote critical locations
where the manipulator can effectively execute tasks
important for trajectory planning and operational
analysis.
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4.2. Robot workspace

The workspace is determined by the geometry
of the manipulator and the limits of the joint mo-
tions. It is more specific to define the reachable
workspace as the total locus of points at which the
end-effector can be placed and the dexterous work-
space as the subset of those points at which the end-
effector can be placed while having an arbitrary ori-
entation. Dexterous workspaces exist only for cer-
tain idealized geometries, so real industrial manipu-
lators with joint motion limit almost never possess
dexterous workspaces [28]. As well as reaching the
weld, the robot must be able to achieve the torch
postures necessary for a quality weld, which means
that the sets of joint angles determined by inverse
kinematics must be within the robot’s range [29].

Depicted as a point cloud, the robot’s opera-
tional workspace utilized in our study is shown in
Figure 4. The method for determining the reachable
workspace of a robot includes four steps. It starts by

randomly selecting combinations of joint angles for
the robot within specified limits, considering physi-
cal constraints from welding cell. Each joint angle
determines a unique configuration of the robot's
arm. Once the joint angles are chosen, forward kin-
ematics is used to calculate the position and orien-
tation of the robot's end-effector in space for each
configuration. In the third step, the positions and
orientations of the end-effector obtained from for-
ward kinematics are extracted and recorded. These
positions represent points in space that the end-ef-
fector can reach. Lastly, by repeating this process
for a large number of randomly sampled joint an-
gles, the entire reachable workspace of the robot can
be comprehensively delineated. To facilitate better
visualization, i.e., to clearly observe the robot and
positioner with the workpiece, the number of points
in this specific view is not maximized. The limita-
tions that arise from both the physical characteris-
tics of the robot itself and the constraints imposed
by the fencing in the work cell are noticeable.
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5. ROBOTIC WELDING PROCESS

The robotic welding process can be divided
into a few procedures. It begins with preparation
which involves determining the welding parameters
such as voltage, current, wire feed speed, and
shielding gas. Additionally, to program the robotic
welding system with the appropriate welding path
and parameters. This involves defining the weld
joint geometry, specifying the welding sequence,
and setting the sensors for vision-based seam track-
ing. The setup follows, involving the positioning of
the workpiece and calibration of the robotic arm for
ensuring accurate positioning and alignment with
the clamped workpiece. Touch sensing and seam
tracking play a crucial role in ensuring accurate
alignment of the welding torch before the actual
welding process begins. Initiation marks the start of

Since this joint is a complex curve, within the
frame of the constructive concept of the chair as a
workpiece, a synchronized movement of the robotic
arm and the positioner was applied. By applying
synchronized movement, successful welding was
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welding as the robotic arm moves to the starting po-
sition. During execution, the arm follows the pro-
grammed path, depositing filler material and apply-
ing heat. Monitoring occurs throughout, ensuring
key parameters are maintained and the weld quality
is high. Upon completion, the arm returns to its
home position, and the finished workpiece can be
removed. Post-welding operations may be per-
formed, and maintenance is crucial for optimal sys-
tem performance. Throughout this process, safety
measures are paramount to protect both the robot
operator and the equipment. The welding task in our
case was welding pipe-pipe joint, and the time key
frames are presented in Figure 5. The welding pa-
rameters consist of a welding current of 80-85 A, a
welding voltage of 14.5-14.8 V, and a welding
speed of 10 m/min.

t=3s
Fig. 5. Welding task key frames

achieved. In Figure 6 the touch sensing and seam
tracking, as part of the procedure related to the prep-
aration step, as well as a display of the finished
weld, are presented.
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6. CONCLUSION

The innovation of robot welding has been im-
pressive since the introduction of the first industrial
robots, making it a major application for industrial
robots. Creating an automated robotic welding sys-
tem is difficult because of its adaptable nature and
requires preparation, welding, and assessment. De-
veloping such a system requires a combination of
mechanical and software engineering expertise to
ensure the reliable production of high-quality welds
in a variety of situations.

The robot must move along the programmed
path precisely, maintain proper torch angles, and ad-
just welding parameters as needed to achieve the de-
sired results. To increase productivity, offline pro-
gramming is essential as it combines programming
and regular robot operation and reducing the setup
time for the robotics system. Offline programming
allows for better production anticipation, estima-
tion, and minimization of robot cycle times, result-
ing in more repeatable and compliant welding pro-
cedure qualification records. Offline programming
also enhances safety by taking place in a comforta-
ble environment away from hazardous workshop
conditions.

The presented approach and simulation model
are based on a real case of industrial welding pro-
cess. To complete welding tasks along a space-
curved path, a robot and a positioner as an 8-DOF
system were used and analyzed. The virtual experi-
ments were used to analyze the robot welding path
planning, collision analysis, and reachability of the
industrial robot before welding. The simulation en-
vironment offered by offline programming aids in
refining robot programs and ensuring smooth inte-
gration into the production line. Our approach offers

to save time and to increase productivity in the
welding process, leading to a quick return on invest-
ment. Additionally, allows for rapid reconfiguration
of robotic welding systems to adapt to changing pro-
duction requirements, further increasing flexibility
and competitiveness.
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