Mechanical Engineering — Scientific Journal, Vol. 41, No. 2, pp. 115-121 ( 2023)

Number of article: 671
Received: November 3, 2023
Accepted: December 4, 2023

In print: ISSN 1857-5293

On line: ISSN 1857-9191

UDC: 621.791.5.037:004.896
https://doi.org/10.55302/MESJ23412671115k

Original scientific paper

PROCEDURES OF WELDING METAL PRODUCTS
WITH MIG/MAG ROBOT WELDING

Aleksandra Krstevska, Filip Zdraveski, Zoran Bogatinoski

Faculty of Mechanical Engineering, ““Ss. Cyril and Methodius” University in Skopje,
P.0.Box 464, MK-1001 Skopje, Republic of North Macedonia
aleksandra.krstevska@mf.edu.mk

A bstract: This research paper describes robot welding programming and different approach of three appli-
cations in manufacturing processes by welding. It gives an overview of robot manipulator and its main components.
For the experimental work a 6-axis robot arm is used and three different welds are made. Detailing of programming for
every example with or without synchronization with the positioner and the trajectory is discussed. The paper presents
steps of software development for online programming of a robot arm with or without synchronization.
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HOCTANKHA HA 3ABAPYBAILE METAJIHU TPOU3BOU
CO POBOTCKOTO 3ABAPYBAIE MUI'/MAT

Amctpax Tt OBOj TPy I'o ONKIIYBa POTPAMHPAETO HA POOOTCKOTO 3aBapyBathe U PasIUYHUOT TPUCTAIT
Ha TPH AIUIMKAIMK BO MPOM3BOIHUTE MPOIIECH CO 3aBapyBatbe. JlaieH e mperie] Ha poOOT MAHHUITYJIATOP U HETOBUTE
[JIaBHU KOMITOHEHTH. BO €KCIIEpPUMEHTAIHHOT JIE)T C€ KOPUCTH POOOTCKA paKa co 6 OCKU M Ce HAIPABEHH TPH Pa3IHUHA
3aBapu. JIUCKyTHpaHH Ce JETAJINTE Ha MPOrPAMUPAETO 32 CEKOj PUMEp CO MM 0e3 CHHXPOHH3AIHja CO TIO3HIHO-
HEpOT M TpaeKTopHjaTa. Bo TpyaOT ce mpeTcTaBeHH YeKOpPHUTE Ha Pa3BOj Ha COPTBEp 3a OHJIAJH MPOrpaMHpame Ha
poboTCcKa paka co uiu 6e3 CHHXPOHU3AIH]a.

Kiyunu 360poBu: podoT; 3aBapyBame; MPOrpaMupame

1. INTRODUCTION TO ROBOTIC WELDING

Robots are very important equipment in today
modern industry. The international standard 1SO
8373:2012 defines a robot as “an actuated mecha-
nism programmable in two or more axes with a de-
gree of autonomy, moving within its environment,
to perform intended tasks” [1]. Robot refers to any
device or mechanism that performs intended tasks
and meets three conditions at the same time: sense,
think and act. Depending on the application area the
classification in 1SO 8373:2012 is accepted as in-
dustrial robots and service robots.

Welding plays a significant role in manufac-
turing, particularly in industries that use complex
metal components and structures. One of the ad-
vantages of welding is the creation of joint with high

strength but as disadvantage is the heating of the
metal up to temperature of recrystallization and
creating changes in thermos-deformation cycle [2].

To perform a quality weld requires experi-
enced personnel who can control the process of
welding. With the development of technology, cre-
ating a quality weld in short time and low cost for
manufacturer become a need. With the development
of Industry 3.0 and Industry 4.0 the automation of
physical production processes is a key component
for improving productivity and robots have played
an important role in the automation of various oper-
ations, simultaneously enhancing the quality of
manufactured products [3].

There are a huge number of products that re-
quire welding operations in their assembly pro-
cesses and that is why industrial robots are most
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popular applications of robotics worldwide [4]. The
car industry is probably the most important exam-
ple, with the Metal Inert Gas (MIG) / Metal Active
Gas (MAG) welding operations in the car body
workshops of the assembly lines [5]. Nevertheless,
there are an increasing number of smaller busi-
nesses, client oriented, manufacturing small series
or unique products designed for each client. These
users require a good and highly automated welding
process in a way to respond to client needs in time
and with high quality.

2. MIG/MAG ROBOT WELDING

Welding is the key factor in the development
of industry, of every new construction made with
metallic materials produced or used in construc-
tions. In assembly processes every product requires
welding operations with a good and highly auto-
mated welding process and to respond to client
needs in time and quality.

MIG/MAG weldings, according to 1SO 4063,
proceses number 131 and 135 [6], respectively are
widely used welding processes in industrial sector
[7]. Uses heat created from an electric arc between
a consumable metal electrode and a workpiece, cre-
ating a weld pool and fusing them together, forming
ajoint. The weld pool and the arc are protected from
the environment and contaminants by a shielding
gas, inert or active, depending on the chosen weld-
ing process.

Robotic welding is far from being a solved au-
tomatic technological process and this is due to the
complexity of the process, difficult to parameterize
and to effectively monitor and control. When weld-
ing with MIG/MAG, the process imposes extremely
high temperatures concentrated in small zones,
which makes the material experiencing extremely
high and localized thermal expansion and contrac-
tion cycles, which introduce changes in the materi-
als that may affect its mechanical behaviour along
with plastic deformation [8].

3. COMPONENTS OF ROBOT WELDING
STATION

A basic robotic arc welding station is com-
posed of two subsystems: the welding equipment
delivering the energy from the welding power sour-
ce to the workpiece and the robot providing relative
positioning of the heat source and the workpiece [9].
A typical robotic arc welding station includes

moving mechanisms: welding tool manipulator
aimed at moving the weld torch with required speed
and orientation relative to the weld joint and
positioning table for manipulation of the work piece
(Figure 1). In this paper six-axis industrial welding
robot is analyzed which is composed of a three-axis
lower arm and a three-axis wrist, and they enable
the welding torch mounted at the wrist to achieve all
positions necessary for welding.

One of the integral parts of robotic welding sta-
tion is the sensor technology. Sensing technologies
designed for robotic welding are the essential ele-
ments for creating the desired level of control auto-
mation and monitoring. The sensors observe and
measure process parameters, they are the input to
the control system. With this input information the
control system adapts output with the defined weld-
ing procedure specifications.

Another essential part of the robotic welding
system is the robotic positioner whose role in the
system is to hold, to rotate and reposition the part
for the welding robot so that can reach the entire
piece. It is obtained higher productivity and help au-
tomate tasks that would be impossible without rota-
tional capabilities.

Fig. 1. Robotic arc welding station

4. EXPERIMENTAL WORK

For the experimental work a robot arm is used
that has 6-axis movement. It is used in industry for
advanced systems for adding filler material. The
maximum range of the robot arm is 1374 mm and
maximum payload is 6 kg (Figure 2).
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Fig. 2. Robotic manipulator

Fig. 3. Mobile management unit AUR 010558

5. AN APPROACH TO WELDING ROBOT
PROGRAMMING

Programming of the robot remains the most
costly and time-consuming task which demands a
high degree of precision and reliability and basic
knowledge of programming and robotics of the op-
erator [10, 11].

Robot programming methods of industrial ro-
bots which play vital roles in welding are divided
into online and offline programming [12]. With off-
line programming the method does not requires the
robot and a virtual representation of the robot and
its workspace is constructed. With online program-
ming the method requires the presence of the robot
and consists of recording the path with a manage-
ment unit.
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The mobile unit has the function of managing
the robot, including manipulation of all the pro-
cesses required for welding. All functions such as
programming are performed through the mobile
unit for management and communication with the
robot controller which is shown on Figure 3. The
robot welding torch (Figure 4) is the element which
stands on the arm of the robot, it has the function of
a wire transmitter and conductor of the protective
gas. With the help of the torch, a stable arc is created
and thus a good weld joint.

Fig. 4. Robot welding torch

5.1. Synchronized programming of chair

The programming is done online with the mo-
bile management unit. The trajectory of program-
ming is shown in Table 1 and discussed below.

The next step is testing the program without
welding, with good visual trajectory, approaching
the future weld. The weld is performed with syn-
chronization, the positioner rotates, moves, and the
weld is performed in the best possible welding po-
sition. The welding program has 16 positions, the
whole chair requires about 457 welding positions.
There is a total of 10 complete or 20 individual
welds. The welding process of the chair is 5 minutes
(Figure 5) and on Figure 6 is shown one completed
weld of the chair.
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Table 1

Trajectory of the programming

Position

name

Task description

PO
P1
P2
P3
P4
P5
P6
P7
® P5,P6,P7, Pg
P9
P10+11

P12+16

P17
P18

Reset the sensor from the previous program (0 position).

Deleting the previously saved points.

Turn on the sensor before start.

Approaching to tube with speed of 0.3 m/min

Tube check with the weld torch, where there is a closed-circuit sensor
Is saved as point GDI

After each saving of the point the sensor is reset for a new point

The sensor turns off

Command to read the points, recall from memory

Referring to sensed position

Moves according to sensing, the starting point is synchronized with the
previous points

Setting the weld trajectory with 5 — points and speed S = 0,3 m/min, A =90,
V=147.

Position 17 — turn off the sensor
Resetting the sensor and erasing the previous points, returning to position 1
Return to zero position.

Fig. 5. Online programming of welding chair

Fig. 6. Completed weld with 16 positions
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5.2. Non-synchronized programming welds
on "Plate 1"

Welding programming is performed by online
method, indirectly, where the welding program for
the "Plate 1" is programmed with the mobile control
unit. In non-synchronized welding the positioner
does not rotate. The welding movement is per-
formed by the robotic arm that moves along a given
programmed trajectory. In such non-synchronized
welding, welding in vertical or overhead position is
not applied (Table 2).

Table 2.

Welding parameters are following:
* Welding current: 80-85 A
» Welding voltage: 14.5 -14.8 V
» Welding speed: 10m/min

To perform all three welds, 20 positions were
programmed, run the program without welding
which is required for visual inspection and then per-
form the welding itself.

Trajectory of programming of Plate 1

Position
name

Task description

PO
P1
P2
P3
P4
P5
P6

P7+11
P12
P13

P14+18

P19
P20

Resetting the sensor from previous programs

Deleting previous saved points

Before starting linear movement, the sensor is turned off
Starting point for the weld trajectory

End point of the trajectory for the first weld

Switch off the sensor

After each point saving, the sensor is reset for new points
Moving along the weld trajectory and saving points

Turn off the sensor

After each point saving, the sensor is reset for new points
Turns on circular motion and moves along the trajectory of the circle
Turn off the sensor

Resetting the sensor and erasing the previous points

Return to zero position

5.3. Non-synchronized programming of "Plate 2"
example with set amplitudes of welding gun
movement

In the third experiment, it is performed non-
synchronized programming of example "Plate 2"
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with set amplitudes of movement of the welding
gun. The welding parameters are the same as exam-
ple no. 2, plate 1. To perform all three welds, 25 po-
sitions needs to be programmed. The program runs
without welding, which is necessary for a visual in-
spection and then performing the welding. Non-syn-
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chronized welding with set amplitudes produces a
wider weld and is used in thicker materials where a
larger deposit of filler material is required (Table 3).

Welding parameters are following:
» Welding current: 80 — 85 A

» Welding voltage: 14.5 -14.8 V
» Welding speed: 10 m/min.

Table 3

To perform all three welds, 25 positions were
programmed. Then run the program without weld-
ing, which is necessary for a visual inspection and
then to perform the welding itself. Non-synchro-
nized welding with set amplitudes produces a wider
weld and is used in thicker materials where a larger
deposit of filler material is required.

Trajectory of programming of plate 2

Position
name

Task description

PO Resetting the sensor from previous programs

P1 Deleting previous saved points

P2 Before starting linear movement, the sensor is turned off

P3 Starting point for the weld trajectory

P4 End point of the trajectory for the first weld

P5 Switch off the sensor

P6 After each point saving, the sensor is reset for new points
P7+11 Moving along the weld trajectory and saving points

P12 Turn off the sensor

P13  After each point saving, the sensor is reset for new points
P14+18 Turns on circular motion and moves along the trajectory of the circle

P19  Turn off the sensor

P20  Resetting the sensor and erasing the previous points

Return to zero position

6. CONCLUSIONS

One of the important advantages of automated
welding is precision and productivity. Robotic
welding has an advantage over manual welding, the
program is written only once, and will always pro-
duce precise and identical welds on parts with the
same dimensions and specifications.

Automated gun movements reduce potential
error, which plays a major role in production, waste

management and repairs. With robotic welding, the
risk of injury is minimized, and the impact of harm-
ful fumes is minimized by distancing the worker
from the work area.

The first example is performed with synchro-
nization, the positioner rotates so that the welds are
performed with positions that does not requires
overhead and vertical welding. The second example
is performed without synchronization, the posi-
tioner does not rotate and welding is performed in a

Mech. Eng. —Sci. J., 41, 2, 115-121 (2023)



Procedures of welding metal products with MIG/MAG robot welding 121

plane. The second and the third example are per-
formed without synchronization, but the third exam-
ple is with set amplitudes of welding gun move-
ment. Thus, the third example gives a wider weld
than the second. This type of welding is used for
thicker materials where it is necessary larger deposit
of filler material.
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