Mechanical Engineering — Scientific Journal, Vol. 41, No. 1, pp. 15-21 (2023)

Number of article: 659
Received: January 9, 2023
Accepted: January 25, 2023

In print: ISSN 1857-5293

On line: ISSN 1857-9191

UDC: 621.791.7.658.58-027.44
https://doi.org/10.55302/MESJ23411659015k

Original scientific paper

INFLUENCE OF INDUSTRY 4.0 IN WELDING ENGINEERING
— THEORETICAL APPROACH -

Aleksandra Krstevska, Martin Petreski, Filip Zdraveski

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

Abstract: Today we are involved in the fourth industrial revolution which aims towards autonomous working
smart factories operating in smart manufacturing of smart industry. In this paper is discussed about Industry 4.0 and
the influence of this new technological revolution in welding engineering. Smart factories are aiming for smart
production using humanles and paperless technologies and accordance to that is analyzed the influence on welding
engineering. Interconnectivity among welding power sources, software, and manufacturing decision-makers makes
possible the integration of Industry 4.0 in welding environment. Working together with the “Internet of Things” and
“Industry 4.0” the possibility for implementing sensor technology to provide real-time welding process monitoring and
high-quality production has been met.
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BJINJAHUE HA NTHAYCTPUJATA 4.0 BP3 3ABAPYBAIETO
— TEOPETCKHU ITPUCTAII -

AmncTpaxT: JleHec cMe HHBOJIBUPAHHU BO YETBpTaTa MHAYCTPUCKA PEBOJIyILIHja KOja ce CTPEMHU KOH aBTOHOMHH
nameTHH (GaObpuKH Kou paboTaT BO MTAMETHO MPOM3BOJICTBO HA MaMEeTHA HHAYCTPHja. Bo 0BOj TPy € AUCKYTHUPAHO 32
Wnnycrpujara 4.0 ¥ HEj3MHOTO BIWjaHHE Bp3 3aBapyBameTo. [lamMeTHHTE (haOpUKK ce cTpeMaTr KOH IaMEeTHO MPOH3-
BOJICTBO KOPUCTEjKU TEXHOIOTHH 0e3 JTyfe U XapTHja i COOJBETHO HA TOA CE aHATM3UPA BIIMjaHUETO BP3 3aBaPyBAETO.
MeryceOHaTa MOBP3aHOCT Ha M3BOPHUTE Ha CHEPIHja 3a 3aBapyBame, COPTBEPOT M OUTYKHTE MOBP3aHU CO IPOU3-
BOJICTBOTO TO OBO3MOXH MHTETpupameTo Ha MHnycrpujata 4.0 Bo obiacta Ha 3aBapyBameTO. 3aTHHYKOTO KOPHUC-
Tewe Ha “MHTepHeT Ha HemTata” u “HHnyctpuja 4.0” ja 0TBOpa MOKHOCTA 32 IMILIEMEHTHPAE Ha CEH30pHATa TEXHO-
JIOTHja BO CIIEJICHETO Ha 3aBapYBAYKUOT IPOLIEC BO PEATHO BPEME, a CO TOA M 3a/I0BOJIyBabe Ha MOTpedaTa of1 3aBap

CO BHUCOK KBaJIUTCT.

Kayunu 36opoBu: Unnycrpuja 4.0; 3aBapyBame; MOHUTOPUHT Ha 3aBap

1. INTRODUCTION

This paper discusses about the technological
industrial revolutions especially about the fourth
industrial revolution and its emphasis on welding
engineering. All of the industrial revolutions are
defining the process of change from a handicraft
economy to one dominated by industry and machine
manufacturing. These technological changes intro-
duced new ways of working and living and funda-
mentally transformed society. Every industrial rev-
olution indicates the technical progress of industry.

Welding presents a major joining process in
modern manufacturing, primarily used for the crea-
tion of metal structures and components, as well as
maintenance and repair operations. It is playing a
significant role in manufacturing, especially in in-
dustries that use complex metal components and
structures.

Until now, little importance has been given to
Industry 4.0 and its impact on welding engineering.
Recent developments in welding engineering have
shown the need for an automated weld monitoring
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system and as result of that it brings digital connec-
tivity to the welding engineering. The role of the au-
tomated weld monitoring system is to deliver a di-
agnosis of weld guality, so needs to be able to track
welding parameters: current, voltage, gas flow rate,
wire feed speed, and take multiple measurements
every second. Using patented algorithms to analyze
the real-time welding data, modern weld monitoring
measurement systems can detect when a problem
arises [1].

2. REVIEW OF THE INDUSTRIAL
REVOLUTIONS

The historical timeline of technical progress is
presented in Table 1 [2]. All these four revolutions
significantly affected on the organization of work in
companies and influenced on the development of
civilization and the quality of peoples life.

Tablel

History of technical progress [2]

Industrial . )
ey e ey
First 1784 —mid  Water and steam — powered

19" century  mechanical manufacturing

Second Late 191 Electric — powered mass

century — production based on the division
1970s of labor (assembly line)
Third 1970s — Electronics and information

today technology drives new levels
of automation of complex tasks

Fourth Today Sensor technology,
interconnectivity and data
analysis allow mass
customization, integration
of value chains and greater

efficiency

Industry 1.0 was established in England at the
end of the 18" century and mid of the 19" century,
to 1840, and is related to the mechanization of
production and vast usage of steam power. The
revolution impacted the textile industry, mining and
agriculture marking the first major transition from
handicraft economy to one involving the use of
machines in the manufacturing processes.

The second industrial revolution (2.0) began in
the late of the 19th century, around 1870s, also known
as the “Technological Revolution Era”, involving

industrial processes that used machines powered by
electrical energy. In this second revolution Henry
Ford, known as the father of automotive mass man-
ufacturing, was the first to bring the idea of mass
production. Starting from using conveyor belts for
pigs to implementing these principles into the pro-
duction of automobiles and creating a system where
all vehicles are produced step by step on a conveyer
belt.

The third industrial revolution started in 1969
where programable logic controllers were imple-
mented on programable digital machines [3]. Start
of digital revolution that marked the history of hu-
manity. This revolution period introduced digitali-
zation of production, computing devices and the use
of new energy harvesting sources.

The fourth industrial revolution was initiated
with its official use in 2011 as a name for a digital
manufacturing project at the Hannover Messe, and
today we are witnessing this Fourth Industrial Rev-
olution. The fourth industrial revolution, also known
as Industry 4.0, indicates the present phase of tech-
nical progress as a result of progress in information
technology.

These technological revolutions and the transi-
tion from one period to another did not happen sud-
denly. In the second half of Industry 3.0 the progress
of artificial intelligence is noted which is integral
part of the following Industry 4.0 as a foundation for
entering in the next technological industrial revolu-
tion.

3. INDUSTRY 4.0

The most used technical terms in the past years
as “Internet of Things” and “Industry 4.0” are
defining the new industrial revolution. The Industry
4.0 aims towards autonomous working smart factor-
ies and this is done by equipping almost everything
with information and communications technologies
of modern PCs. The last step is to connect them to a
cyber-world, the internet. With the 10T all the manu-
facturing informations are stored in cloud. Intelli-
gent software tools manage and control manufactur-
ing processes and organize the supply chain. The
end product will be produced on demand by additive
manufacturing [4].

Production tools and manufacturing equip-
ment as physical objects need to be digitally con-
nected with the virtual world. Bauernhansl et al. [5]
identified three key areas which will raise the eco-
nomic benefit:
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— The use of 10T and the digital services within
the whole value chain.

— The change in hardware design from mecha-
tronic to cyber-physical systems to make a
comprehensive industrial-based network pos-
sible.

— Data generation, real-time “Big Data” analysis
and development of prediction models for op-
timization control systems within the value
chain.

The new fourth revolution gives the founda-
tion of “smart factory” where we are witnessing the
transformation from manufacturing industry. Not
only automation and data exchange in manufactur-
ing technologies, but beyond that, it is oriented to-
wards the chain between the end points, including
storage, logistics, recycling, energy systems, etc.
With the implementation of cyber-physical systems,
intelligent networks, intelligent logistics promote
the establishment of smart factories operating in
smart manufacturing of smart industry.

Industry 4.0 is based on nine technological pil-
lars (Figure 1) [2] and aims to creation of digital

Table 2

production companies based on humanless and pa-
perless technologies.

P

.&‘\

-
3 Ly
“—
Autonomous
' robots
-
Big data Simulation
and analytics
@
Industry 4.0
Augmented Horizontal and vertical

reality system integration

- "

Additive The Industrial
/

manufacturing )\/ SLUPH internet of Things
2 \ /
~ .
\ / & P

The cloud Cybersecurity

Industry 4.0 is the vision of the
industrial production of the future

Fig.1. Technological pillars of Industry 4.0 [2]

On Table 2 are given nine technological pillars
of Industry 4.0 and how they are implemented in
this new era of the fourth technological revolutions.

Technological pillars of Industry 4.0 [2]

Autonomous robots

Autonomous, cooperative robots, intelligent operation, standardizes interfaces

Simulation
systems

Horizontal and vertical system
integration

The Industrial Internet of Things
network members

Cyber-security
system into a network

Cloud based systems
manufacturing systems

Additive manufacturing
Augmented reality

Big data and analytics
optimization.

Simulation of value networks, optimization of real-time data originated from intelligent

Complete enterprise data-integration based on data transfer standards, preconditions for
establishing a fully automated value chain (from the supplier to the customer, from
management to the workshop)

The network of machines and products, multidirectional communication between the
Operation in networks and open systems, organizing intelligent machines, products and

The management of large amount of data in open systems, real-time communication between

3D printing for producing prototypes and individual components
For maintenance, logistics, various standardized operation processes, display

The full evaluation of available data, the support of real-time decision making and

As a result of manufacturing automation, bet-
ter utilization of assets and efficient stock manage-
ment is reduced manufacturing time and is noted
growth of productivity. With the implementation of
robots is expected improvement of flexibility and
with real-time quick interference in case of errors
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with the help of advanced sensor technology and ar-
tificial intelligent is improved quality. Thanks to the
advanced simulation devices and solutions effi-
ciently fulfilling to the customers needs is reduced
the lead time between plans and their realization [6].



18 A. Krstevska, M. Petreski, F. Zdraveski

4. INDUSTRY 4.0 IN WELDING
ENGINEERING

The fourth industrial revolution impacts also
on welding engineering. One of the developments in
Industry 4.0 is the robotization of welding by imple-
menting sensor technology, application of artificial
intelligence, the development of standardized robot
interfaces, interface for open-source programming,
remote diagnosis via the Internet, maintenances, in-
telligent forecast of the need for part replacement
[7]. Industry 4.0 represents “smart factories” where
industrial welding robots are connected to a network
and exchange information to improve their work. In

Industry 4.0 are implemented cyber physical sys-
tems, systems that can connect the digital world
with the physical world and optimize results thanks
to continuous data analysis.

Welding parameters must be digitalized, and
that means that welding machine needs to be equi-
pped with hardware and software that will play the
key role of the welding machine. This will arise ul-
trahigh speed data communication within the wel-
ding machine, but also the internet and the devel-
opment of strategies for securing data and cyber-se-
curity. The influence of all four industrial revolu-
tions on welding is shown on Figure 2 [12].

Ancient
manufacturing
.
1
.
(@) +(® >
(,I) ' ? '\TJ v(.l)
Era Industry 1.0 Industry 2.0 Industry 3.0 Industry 4.0
"""""" >  Endof 18" century lo End of 16th century Started at the mid of 21t century
beginning of 19" century 19th cenlury (2014 cnwards)

Industrial
frans formation

Mechanization,
and sieam power

Welding
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-----------

* Forge welding

|

Electrical energy,
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|

Automation, compuler
eleclronics etc.

« SMAW

* Resisiance spot welding
« Flash butt weiding
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tele-monitoring and contrel

« Data aralysis for predictive
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« Plasma arc welding
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« Laser beam welding

* Friction weiding

* FSW

Fig 2. Evolution of technological revolutions and welding [12]

The developments of welding equipment influ-
enced by Industry 4.0 contributed to the improve-
ments in welding environment. Working together
with the industrial internet of things and the cloud-
based systems for data transfer, the following bene-
fits can be observed: guaranteed and increased qual-
ity, increased productivity, cost reductions, man-
agement [8].

Interconnectivity among welding power sour-
ces, software, and manufacturing decision-makers
makes possible the integration of Industry 4.0 in

welding environment. The connection between
intelligent power sources, robots, data collection,
storage systems and weld monitoring software need
to be integrated together so that can define the
whole welding process. The software needs to track
the whole welding procedure specification: wire
feed speed, amps, volts, weld duration and heat in-
put, and the monitoring software needs to record the
prescribed welding parameters. The software for
welding machines is designed to increase welding
efficiency whether is done by a robot or a human
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operator. By implementing Industry 4.0 all the hu-
man experience and the knowledge needs to be dig-
italized, between material selection, welding proce-
dures, interaction with the heat source, metallurgy
and joint properties. The welding machines need to
be equipped with powerful microprocessor where
the electronics will have to operate in a very harsh,
dirty and dusty industrial surrounding.

The control of welding parameters needs real
time response and powerful hardware. The use of
real-time monitoring allows avoiding defects and
producing high quality joints. To illustrate, the use
of arc sensors in GTAW system with automatic
voltage control system is shown on Figure 3 [9]. The
arc sensor controls the arc length with an automatic
voltage control system as it can measure the position
of the electrode over the joint groove.

Seno Welding
motor torch Shielding
v /-\ gas
ref —p
| |
|
Varc i l | |
TTT Tungsten + T
Shielding _f. ) electrode | I |o
B Constant
.| [ I
gas vl / Jb—g current
| Water power
______ coolant 9 souree
L
ZE____ A

Workpiece

Work
clamp

Fig. 3. GTAW system with automatic voltage control system

9]

When discussed about weld monitoring sys-
tem, optical sensing systems have been developed
to monitor and sense welding processes. One system
that uses optical sensors is the stroboscopic video

Angled probe Ultrasonic
\ sensor
A\ S P
\ Weld pool | ¥ ¢ > %
. \' y f \ . . 3
\ . ’
L 3
‘\\ ,/1
\ p
N /
N\ 7 NS 5
N |

camera system (Figure 4) who can capture a video
image from the process and it is designed for high
temperature conditions such as welding processes.
The stroboscopic video camera system consists of a
laser unit, camera unit, and system controller [10].
The system can measure a two-dimensional weld
pool boundary. Figure 4 shows the designed mea-
surement system diagram, where the camera obser-
ves the weld pool at an angle to the direction of the
weld and the laser is projected in the opposite
direction [10].

il
[ PC ] l Interface ] Frame grabber
3-pole Laser |Power supply e —
positioning ; g ~
system \O’pncal Current _— Y Monitor
.\lber _~" Video signal
\, Torch 4 ~<
Trajectory  \ [/ /camera
ol < L. f /)
e TS T £ /
/' Travel direction b & X ///
y, .7\. A ’/'
f— AP IS
v F = 77
/ ¥y by g
pA Weld pool (/,,’/

Fig. 4. Stroboscopic video camera system [10]

Another method is the ultrasonic technigue in
online weld monitoring for monitoring the welding
process in real time and determining the weld joint
penetration and joint tracking. On Figure 5 is shown
the weld pool depth measurement using two shear
wave probes asymmetrically disposed around the
electrode center line. On Figure 5 is also given sche-
matic diagram of the signals generated due to ultra-
sonic beam spread, where A is the penetration con-
trol signal, B is joint tracking signal, and C is the
possible quality indication signal [11].

Ultrasonic
angle
probe

Welding
direction

Fig. 5. Ultrasonic method for online weld monitoring [11]
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With the ultrasonic method can be detected all
existing welding defects in real time by a multifunc-
tional ultrasonic sensor at real welding speed. The
technology provides a real non-contact and remote
access approach for real-time welding monitoring
which plays an important role in development the
next-generation intelligent welding machine [1].

In Industry 4.0 a step forward is done with au-
tomation of friction stir welding processes by utility
of data in online process monitoring and control.

Meghamala

Cloud
computing Database
L
4

¥ -
Data transmission A A
(Tele-welding) . - .
f

Control panel -
for FSW | ,,,‘ FSW
machine machine

No change in parameters

Data processing script for
\ computation of D1 coefficients

Real-time feedback to welding
machine for weld quality control

The data from the welding process is used for online
prediction of weld quality and control of the weld,
presented on Figure 6 [12]. With implementation of
the pillars of 14.0 to friction stir welding a weld
quality can be predicted: tensile strength of the weld
in real time and control of quality. For all the quality
measuring parameters are used different signals so
the utilization of sensors and proper signal pro-
cessing techniques is the foundation of implement-
ing Industry 4.0 in welding processes.

Reference tensile
strength

Y
» ML(1): predicts the /M,’:n\)M
N\ /

tensile strength
N/

Yes, deviation

Compares the
reference and
predicted values

v
ML(2) : predicts the
new parameters

uonemep oN

>

Fig. 6. FSW schematic diagram for real-time weld quality prediction and control [12]

5. CONCLUSION

The fourth industrial revolution has influenced
welding engineering. It has become important to
achieve efficiency in production, transparent plan-
ning, quality management, final costing, and effec-
tiveness of the company. By intelligent weld moni-
toring the factory will provide documentation of the
welding parameters, real-time parameter monitor-
ing on the welding machine, and precise specifica-
tions from component management. With the weld
management a consumption values for power, shiel-
ding gas, welding consumables and welding time
are recorded to recognize potential savings and can
influence on cost reductions.

The impact of Industry 4.0 in welding engi-
neering is resulting in advanced welding technology
helping factories to improve their efficiency and
productivity. Advanced welding technology plays
an essential role in creating lean manufacturing pro-
cesses. It is important not only to achieve efficiency

in production but also to obtain appropriate effec-
tiveness of the factory. With the right type of tech-
nology, it can be eliminated workflow delays and
duplications and accelerate entire processes through
the automation of individual tasks.
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