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Abstract

Laser cutting is a non-contact thermal cutting process and an integral part of
manufacturing. In metal processing, laser cutting is at the forefront of the man-
ufacturing chain followed by joining and manufacturing processes like welding.
The future of metal manufacturing processes like laser cutting shall rely on intel-
ligent systems such as automation and robotics based on the advancement of
technology and digital transformation spearheaded by Industry 4.0. Moreover,
the digital transition where robots and automated systems are key drivers creates
a broader platform to utilize energy-efficiency materials. Such energy-efficient
materials include high-strength steels (HSS) for structural applications (e.g.
bio-energy structures, wind turbines, ice-going vessels) onshore, offshore and in
the Arctic region. The aim of this paper is to elucidate the prospects of robot la-
ser cutting systems in the framework of integrated metal manufacturing in fu-
ture factories. Previous studies on laser cutting technologies are examined based
on scientific and industrial perspectives. Robot laser cutting system is compared
with the well-known flat-bed laser cutting CNC machine in several aspects in-
cluding flexibility in manufacturing, ease for digitalization, off-line capabilities
and investment analysis. The findings shall help to determine the competitive-
ness of robot laser cutting systems with flat-bed laser cutting CNC machines,
especially when considering metal manufacturing in small and medium-sized
enterprises (SMEs). The outcome of this study is to stir up experimental and
computational research on robot laser cutting systems of metals, and help com-
panies in their decision-making process when deciding which laser cutting sys-
tem will best suit their manufacturing operations in the future.
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1. Introduction

Cutting of sheet metal parts with laser was developed in the 1960s and the tech-
nology is currently available with different power sources like CO, laser, fibre
laser and diode lasers. The laser cutting process requires precision, accuracy,
speed and stability. As an example, in the automotive industry, laser cutting is
done by sophisticated automated robots for cutting a variety of materials, mostly
stamped metal parts, formed metal parts, sheet metal blanks, etc. Although it is
prominent in the automotive industry, yet the robot laser cutting system is not
often utilized in most industries. The reasons are that ordinary robots tend to
focus on applications that require low precision. Also, ordinary robots are less
efficient due to poor axes control capabilities or overloaded axes which are not
suitable for fast-moving targets. In addition, ordinary robots are considered as
lightweight with insufficient rigidity, thus resulting in instability and trembling
problems [1]. For these reasons linear axis flat-bed laser cutting CNC machines
have been accepted and are well known for cutting sheet metals, tubes and metal
plates. It can be estimated that about 90% - 95% of laser cutting operations are
performed with flat-bed laser cutting CNC machine, which seldomly employs
3-dimensional laser cutting heads for cutting 3D shapes and patterns.
Nevertheless, the current industrial revolution driven by Industry 4.0 pro-
motes the integration of manufacturing systems with smart technologies pivoted
on automation and robotics. This means that future factories will incorporate
more automation and robotic systems, thus industries utilizing laser cutting
processes will not be an exception. Therefore, industries other than the automo-
tive may have robot laser cutting systems integrated into their manufacturing
processes. It has been estimated by the International Federation of Robotics that
by 2020 the worldwide stock of operational industrial robots will amount to over
3 million units [2], and the key industries to install robots include metal manu-
facturing. Based on these facts, the need to investigate the prospects of robot la-
ser cutting in integrated metal manufacturing factories is imperative. Figure 1
shows the various aspects investigated in this paper. Firstly, the various laser
types and their deployment, especially in integrated metal manufacturing facto-
ries were studied. Secondly, equipment setup which in this case involves flat-bed
laser cutting CNC machine and robot laser cutting systems was considered for
comparisons. Exploring robot laser cutting systems in the age of Industry 4.0,
several factors including flexibility and versatility, ease for digitalization, and of-
fline cutting capabilities were examined. Finally, investment approaches for the

two set of machines and equipment was considered necessary for discussion.

2. Laser Cutting in Integrated Manufacturing

In terms of market share, laser cutting is nowadays the most significant applica-
tion in materials processing [3]. In the metal industry, laser cutting is at the fo-
refront of the production chain where pieces of parts and patterns are cut from

sheet metals, metal plates or metal tubes for manufacturing of large volumes or
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Figure 1. Schematic framework indicating key variables in laser cutting, especially when exploring robot

laser cutting in the age of Industry 4.0.

low volumes of products to serve diverse industries. Laser cutting is a high-speed
computer numeric control (CNC) process with cutting precision and accuracy of
approximately 0, 05 mm, and it delivers very low heat effects to the cut parts.
Common metals which are laser cut include mild steel, stainless steel and alu-
minum. In laser cutting, the physical properties of metals, especially thickness
and surface reflectiveness and chemical composition, and mechanical properties
are significant characteristics that need to be considered. For mild steel and
stainless steel, the thickness range suitable for laser cutting is between 0, 5 - 20
mm while aluminum is between 0, 5 - 8 mm [3] [4].

Considering either flat-bed laser cutting CNC machine or robot laser cutting
system, several parameters related to the laser system, materials and the process
need to be examined. For the laser system, parameters such as the wavelength of
the laser radiation, maximum output laser power, and laser beam quality are es-
sential although they cannot be modified by an operator. Materials and processing
parameters are those that can be adjusted by an operator. The material parame-
ters include thickness and type of the material, while the processing parameters
constitute the laser power, cutting speed, focal length of the focusing lens, focal
point position relative to workpiece top surface, type and pressure of assist gas,
gas nozzle diameter, and gas nozzle stand-off distance. However, as the laser
system is delicate in materials processing, the different laser types are worth
mentioning. The various laser types commonly deployed in the processing of
metals include CO, laser, Fibre laser, disc laser and the diode laser. The types of

lasers and their operational distinctiveness and similarities are explained.

2.1. Laser Types

CO, Laser: The carbon dioxide laser (CO, laser) is the most commonly used
laser type. In a CO, laser, laser light is formed due to gas mixture with a compo-

sition of 78% helium, 12% nitrogen and 10% carbon dioxide. The wavelength of
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the CO, laser is typically 10.6 um and requires moderate power levels to about
100 kW [4]. The CO, laser is suitable for cutting steels due to the high absorp-
tion rate of the laser beam [5] and good beam quality at high output powers suf-
ficient for cutting thick-metal sections. Nowadays, CO, laser is particularly used
in cutting steel plates > 5 mm thickness. The cutting quality of CO, is better than
fibre laser and operationally faster when cutting thicker plates. Although it is
deployed for cutting steels, stainless steel or aluminum, the CO, laser is well
suitable for cutting non-metallic materials such as multiple plastics, glass, fabric,
paper and wood [6] [7] [8]. CO, lasers cannot use optical fibres because the wa-
velength is absorbed by the fiber, so it is not possible to transfer the laser beam
by fibre technology.

Fiber Laser: The laser beam is formed directly into the optical fiber and
transmitted via the same medium to the machine cutting head. Diode laser is
used as a light source while the fibre itself acts as a resonator and the medium.
The fiber laser consists of several smaller modules and high power is achieved by
combining the laser beam produced within the fibre. Fiber lasers are significant-
ly smaller than CO, lasers and generate twice as much power. The efficiency dif-
ference between CO, and fiber laser is up to 6 - 7-fold. The wavelength of the fi-
ber laser is typically 1070 nm and is suitable for cutting reflective materials such
as aluminum or copper. The absolute advantage of a fiber laser is its good beam
quality, since the beam itself is produced in a fiber resonator and need not to be
separately transmitted to the fiber [6].

Diode Laser: Diode laser is not very common in laser cutting applications of
metals, especially due to its lower laser beam quality compared to fiber and CO,
lasers. The diode laser beam is formed as a result of a low-power diode laser that
is bundled together. The wavelength of the diode laser is approximately 970 nm,
which is also shorter than that of the fiber laser. Moreover, the laser beam is de-
livered to the target using optical fiber like the fiber laser. The diode laser is bet-
ter absorbed by reflective materials such as aluminum as compared to a fiber la-
ser, however, its usage is rare in the metal industry [6] [9]. The most significant
weakness of the diode laser is the beam quality due to the challenges of combin-
ing several laser beams produced by low-power diode modules. In order to com-
bine the beams, they must have different wavelengths. The diode laser has po-
tential, and, in the future, it is believed to be a fully comparable alternative to fi-
bre and CO, lasers.

Other laser types like the solid-state neodymium-doped yttrium aluminum
garnet (Nd: YAG) laser with a wavelength around 1000 nm is less reflective and
its absorption is high in most materials [10]. Nd:YAG laser delivers laser light
through a fiber-optic cable, and the technology is prominent in thin-section high
precision metal cutting [11]. A schematic diagram of a laser cutting front and
possible effects are shown in Figure 2. The dynamic behavior of the laser cutting
process affects the shape of the cutting front and the melt flow mechanism re-
sulting in cut edge surface roughness observed as striations on the cut edge [12]

(see Figure 2(b)). Another occurrence is the dross attachment (see Figure 2(c))
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Figure 2. Illustrations of: (a) laser cutting front; (b) striations on mild steel cut edge; (c) dross attachment. Modified fig-

ures [3].

which describes the phenomenon where part of the molten metal which is not
completely blown-off from the laser cut kerf re-solidifies and adheres firmly to
the lower cut edge [13]. Metals with high surface tension and viscosity values are

more prone to dross attachment.

2.2. Integrated Manufacturing

Laser cutting can be done in-house or as a sub-contracted service. Some large
companies and SMEs manufacture their own parts using their own cutting sys-
tems in-house. Others also prefer to focus on their core manufacturing compe-
tence, for example, welding, and rather sub-contract the laser cutting as a service
to SMEs who are specialized in such field. Those SME’s that provide only laser
cutting as a sub-contracted service do encounter high-mix low-volume laser cut-
ting production because of the diverse customer segment they serve. Similarly,
some SMEs that manufacture their own products and do laser cutting by them-
selves are exposed to high-mix low-volume production. These situations depict
the concept of integrated manufacturing.

The concept of integrated manufacturing in this context represents a situation
where several manufacturing processes are carried out in sequence and at dif-
ferent times in small batches in a factory. As illustrated in Figure 3, the sequence
in manufacturing starts with materials handling. Materials to be cut are con-
veyed for laser cutting and either handled for bending and rolling or for welding,
whichever comes first. The parts or components are afterwards handled for
sandblasting where the cut components are cleaned. The sandblasted components
proceed to be painted and conveyed for handling at the section for the finished
product. The solid line means a direct sequence of operation from one manu-
facturing process to another. The broken line means an indirect sequence of op-
eration. So, when a part is laser cut and it is moved to sand blasting and after-

wards moved to bending and rolling, the part can either be moved for polishing

DOI: 10.4236/wjet.2022.103042

643 World Journal of Engineering and Technology


https://doi.org/10.4236/wjet.2022.103042

E. A. Gyasi et al.

Materia]g handling

Polishing li)ini(sihed
Toduct

—

s

Laser Welding Sand

cutting Blasting

Sand Blasting/
polishing

Coating/
Painting

Figure 3. An illustration of integrated manufacturing in a factory which produces metal products.

and as a final product or moved from bending and rolling to be welded, sand
blasted or coated before the finishing phase.

By considering the various manufacturing processes, not less than ten ma-
chines and equipment are required to perform such tasks with some level of as-
sistance from humans. Time spent in materials handling may affect efficiency
and productivity taking into consideration the manufacturing cycle in the facto-
ry. However, by deploying automation, few robots could be installed to perform
such fragmented manufacturing processes with little human collaboration to
drive efficiency, productivity and consistent material flow in the factory, hence
reducing the number of machines in the factory to create more working space
ergonomically.

The adoption of robot laser cutting and automated systems may be cost-effective
in an integrated manufacturing factory thereby augmenting the high cost in
purchasing flat-bed laser cutting CNC machines. Also, benefiting from digitali-
zation in the age of internet of things (IoT) and devising new business models
which are economically viable and befitting by laser cutting companies are pro-
found. Investment strategies need to be examined in both scenarios. Neverthe-
less, selecting laser equipment, either flat-bed laser cutting CNC machine or ro-
bot laser cutting for cutting of wide range of materials must be carefully eva-
luated, taking into consideration the laser types, assist gases, day-to-day manu-
facturing processes in the factory, business model and investment.

3. Equipment Set-Up
3.1. Flat-Bed Laser Cutting CNC Machine

A typical flat-bed laser cutting CNC machine is illustrated in Figure 4. Due to its
bulky nature, these types of laser machines occupy a large workspace. The di-
mensions of the entire machine considering the length, width and height could
be in the range of 13,050 x 7050 x 2450 mm. The cutting area for nominal sheet
sizes of 4000 x 2000 mm is typically 4064 x 2032 x 70 mm. The CNC mechanism
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of the machine allows positioning accuracy of +0.1 mm, repeatability of +£0.05
mm and high precision due to its rigidity and X, Y, Z coordinates. There are
possibilities to adopt 3D laser cutting heads to such machines to aid in the cut-
ting of sophisticated patterns and parts. Normally, the laser power of such ma-
chines range between 4.4 - 10.0 kW and the laser technology is normally CO, or
fibre laser [14]. The flat-bed laser cutting CNC machine seems to be the market
choice and holds about 90% - 95% presence in large companies and SME’s
workshops globally. The common laser cutting machine manufacturers in the
global market include Trumpf, Bystronic, Amada, Prima Power, Mazak, Bodor,

Salvagnini, Han’s laser, Tanaka, Koike, etc.

3.2. Robot Laser Cutting Systems

A robot laser cutting system is simply an automated laser technology with a cut-
ting head that relies on the kinematics of the robot manipulator and dexterity of
the robot end effector. A robot laser cutting system comprises a servo-controlled
mechanism, a multi-axis mechanical manipulator that has a laser cutting head
mounted to the robot's end effector. Table 1 shows a summary of the characte-

ristics of robot manipulators [15]. The cutting head has focusing optics for the

I [

q.
<>
450 mm

N
00 g 1 4
O
- . E
L =
wv
=
o~
v
13,050 mm
Figure 4. Pictorial and dimensional illustration of a flat-bed laser cutting CNC machine (BySprint Pro 4020) [14].
Table 1. Robot manipulator characteristics.
Characteristics Description
Repeatability Up to 0.03 mm (0.1 mm is common)
Velocity Up to 5 m/s
Acceleration Up to 25 m/s
Payload From around 2 - 3 kg up to =750 kg
Weight/Payload Around 30 - 40
Axis 6 degree of freedom (3 translational and 3 rotational)
L Profibus, Canbus, Devicent, Ethernet and serial
Communication
channels (RS232 and RS485)
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laser beam and is often an integral height control mechanism. Depending on the
laser technology deployed, an assist gas delivery package distributes a cutting
gas, either oxygen or nitrogen, to the cutting head cable [16].

Robot manipulators used for laser cutting operations can be mounted in dif-
ferent forms. For example, the robot manipulator can be mounted on the factory
floor, on the wall or in a gantry position. Figure 5(a) shows a typical example of
a robot laser cutting system mounted on the factory floor. With this type of
set-up, the robot laser cutting system can be stationary or movable on tracks.
When stationary, a movable cutting bed with an automated mechanism may be
deployed. On the other hand, when the robot laser cutting system is movable on
tracks, a stationary or movable cutting bed with an automated machine could be
deployed. The other forms are the gantry or overhead positions where the robot
manipulator is mounted on crane-like structures above the factory floor as
shown in Figures 5(b)-(d). Gantry robot systems operate like Cartesian or li-
near robots where movement occurs in the horizontal plane (Ze. from left to
right or front and back) and in the Y and Z plane due to the reachability of the
manipulator and rotary motion of the end effector. These features of the gantry
robot enhance the maneuverability of the laser cutting head for complex tasks in
terms of reach, speed and accuracy.

In this modern era of industry 4.0, the advantages of applying robots in laser

(c) (@

Figure 5. Different robot set ups for laser cutting operations: (a) A floor mounted robot laser cutting
system; (b) A gantry mounted robot laser cutting system which operates in the X-Y-Z plane; (c) A
gantry mounted Cartesian robot laser cutting system which operates in the X-Y-Z plane; (d) A gan-
try mounted linear robot laser cutting system which operates in the X-Y-Z plane.
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cutting operations are convincing. Basically, Industry 4.0, with its focus on au-
tomation, robotics, big data acquisition, big data fusion and big data analytics,
envisions the transformation of traditional industrial manufacturing into smart
manufacturing where the manufacturing systems are able to: 1) digitally monitor
physical processes and make adaptive intelligent decisions through real-time
connectivity, collaboration and communication with humans, machines and sen-
sors [17]; and 2) adjust their behavior in response to diverse situations and re-
quirements based on past experience and learning capabilities [18]. Therefore,
the use of robot automated systems complements the trends and direction
forming the basis of the Industry 4.0 concept. Thus, robot laser cutting systems
are worth exploring, especially as regards to flexibility and versatility, ease for

digitalization, and off-line laser cutting operations.

3.2.1. Flexibility and Versatility

Robot laser cutting systems possess enough flexibility and versatility when com-
pared to flat-bed laser cutting CNC machines. Test results about robot laser cut-
ting as reported corroborates with the aspect of flexibility and versatility, espe-
cially as a technology that could potentially revolutionize the laser cutting in-
dustry [19]. On the positioning, robot laser cutting system could be installed in a
gantry position or on the factory floor for an exceptionally large working space.
Due to its flexibility, robot laser cutting is increasingly popular in the automotive
industry. However, robot laser cutting systems could be harnessed in other ap-
plications such as in the manufacturing of pressure vessels. Cutting circular
shapes and patterns on sheet metals for the manufacturing of pressure vessels
can be made by first bending the metal and afterward cutting the patterns or cir-
cles from the top, or bottom or from the sides. The usual norm in the manufac-
turing of pressure vessels is that circular shapes are cut on sheet metals and af-
terward bent. The challenge here is that the circular shapes become elliptical af-
ter bending, which then require further manual cutting and grinding processes,
thus affecting the accuracy of the shapes, productivity of the work and economy
of scale.

Additionally, the ability to cut 3D shapes and complex geometries from sheet
metals and stamped-metal blanks, formed metal parts, tubes and metal plates are
attributes of the robot laser cutting system. Robot laser cutting system can adapt
to variations and changes in manufacturing requirements and can handle cus-
tomized products in either high-mix low-volume or low-mix high-volume man-
ufacturing settings. Based on its versatility and integratability, robot laser cutt-
ing system can perform other manufacturing tasks when the laser system is
de-coupled. A typical illustration is the framework of integrated manufacturing
(Figure 3), where at least one robot can be reused interchangeably to perform
most of the manufacturing processing. The low cost of robot laser cutting sys-
tems as creating new businesses in the automotive industry has been reported.
The report states that 3D laser-cutting robotic solutions are emerging as the

most preferred choice for many laser-cutting applications such as for automotive
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spare parts, engineering machinery industry, passenger car bodies, farm vehicles,
and electric cars [1]. In the same vein, it has been reported that the return on
investment of robot laser cutting is less than 2 years, and when a robot laser cut-
ting system is implemented, the possibility of eliminating multiple workstation
machines and equipment is feasible, thus creating avenues for the same robot to
be used in other manufacturing tasks [16]. Some success stories have been told
about robot laser cutting, especially from robot manufacturers including KUKA,
ABB, FANUC, YASKAWA, STAUBLI, and KAWASAKI. These success stories
define robot laser cutting systems as having these advantages: less energy con-
sumption, lower maintenance demand, small batch processing, fast cutting speeds,
shortened production cycle, small kerf, smooth cutting edge at 3D surface, less
pollution in production, enhanced human collaboration, no tool wearing, long
service life, high reliability and stability for mass production and processing re-

quirements.

3.2.2. Ease for Digitalization

Robot laser cutting systems provide enough flexibility for devices to be attached
to the robot manipulator, end effector or the laser cutting head for sensing and
monitoring purposes. Laser cutting operations could be monitored and pre-
dicted through on-line process monitoring techniques (pre-process, In Situ, and
post-process monitoring) and furthermore by modelling and control through
artificial intelligence (AI) methods. Among the AI methods: artificial neural
networks (ANN), fuzzy logic, neural-fuzzy networks, adaptive neuro-fuzzy infe-
rence systems (ANFIS), genetic algorithm (GA), and particle swarm optimiza-
tion (PSO) algorithm, the ANN is often deployed for modeling and control of
rare events in the field of robotic welding and could be applied in the field of
robot laser cutting. Detailed scientific information about the introduction to
neural networks methods for modeling and control of rear events is given by
[20].

Practically, the ANN relies on input and output information such as experi-
mental data and this information provides the basis on which the structure and
parameters of the model is identified. Retrieving and gathering data for model-
ing and simulation purposes is assured when ANN is deployed. Considering la-
ser cutting and the parameters involved, a simple ANN architecture to model
and control the input and output data can be developed as represented in Figure
6. The ANN architectural configuration is to assist in decision-making, optimize
prediction and control of the robot laser cutting operation where quality, accu-
racy and precision cuts are required. The ANN architecture relies on learning
algorithms such as the back propagation (BP), resilient propagation (RPROP),
Levenberg-Marquardt, genetic algorithm (GA) and particle swarm optimization
(PSO) algorithm [20]. Generally, input data are weighted through sum biasing
and are then processed through an activation function to produce the output. Af-
ter each process, the output is matched to the output that is desired, and the dif-

ference between them gives an error signal. The weight is adjusted by presenting
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Figure 6. An illustration of a possible ANN architecture for modelling and control of parameters in robot

laser cutting.

the error back to the neural network system in a manner that will decrease the
error for every iteration. This process aims to reduce the error value and makes
the neural network system model approach the desired target. The adopted
learning algorithm adjusts the weights as the iteration increases, thereby reduc-
ing the error and getting closer to the desired target [20] [21] [22].

The possibilities of digitally monitoring the physical process in real-time are
advantages that could be achieved using robot laser cutting systems. In addition,
nesting and predicting optimal cutting sequences to avoid distortion of the ma-
terial, visualizing the entire process and eliminating severe heat-affected zones
(HAZ) that could affect material’s properties before and after cutting can be me-

rited to robot laser cutting systems.

3.2.3. Off-line Robot Laser Cutting

3D simulation software has been developed to augment robot laser cutting of
sheet metals, tubes, stamped-metal plates, etc. This development adds significant
value to metal cutting in the sphere of digitally transforming the laser cutting
industry towards Industry 4.0. Considering offline technology, a simulation
model (virtual twin/digital twin) of the real robot laser cutting system is devel-
oped to facilitate operations both in virtual and real-time modes. Simulating the
robot laser cutting process means that the effects of cutting do not always need
to be experimented in real-time, thus resulting in productivity savings, econom-
ical use of materials and efficient use of energy, reducing online programming
time while alleviating the risk of possible breakdowns or workplace accidents.
Robot laser cutting programs are, therefore, made offline and ready for opera-
tions in real-time. The entire setup involves measurements, calibration, verifica-
tion and validation of the cut points and targets. Research shows that off-line la-

ser cutting software helps in simulating the impact and transfer of heat in metal
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cutting, which therefore reveals how the heat is distributed in the material and
the possible effect of temperature on material properties. The software tools also
allow to select optimal patterns and cutting order while anticipating and detect-
ing potential unforeseen anomalies during the layout phase. Correcting the cut-
ting path and trajectory of the laser cutting operation in order to maintain high
quality, accuracy, consistency and precision is feasible [23]. Commercially
available software solutions for robot laser cutting operations include ALMA
CAM software, and BeroSIM offered by Vicomtech and Lantek.

4. Investment Analysis

In laser cutting, investing in smart technologies is crucial where automation and
robots remain the leading key drivers of modern-day manufacturing and pro-
duction. Providing enhanced technical solutions certainly require new invest-
ments. To invest in flat-bed laser cutting CNC machines with sophisticated fea-
tures which mostly are costly (>500,000 €), or automated robot laser cutting sys-
tems with adaptive features which are comparatively less costly (<200,000 €) or a
combination of both is a choice to make. Paying close attention to automation
and robots, it is an arguable fact to provide response to a question like what is
the profitability of the investment? From the financial viewpoint, several calcula-
tions are used for evaluating the profitability of investments when dealing with
automation and robots. Holamo recommended utilizing net present value
(NPV) formula, as expressed as follows [24]:

NVP(i)= 3, R, (1)

(1+i)  (1+i)

where NPV (3) is discounted value of the investment, t is time periods (years), N
is total number of periods = depreciation time, 7is company set target for inter-
nal rate of return, R, is cash flow during period t, RV is residual value at the end
of depreciation time, and G is the total initial investment cost. If, with given re-
strictions for N and j the output NPV (2) > 0 the investment is generally profita-
ble, and NPV calculations are useful when comparing different kinds of invest-
ments with each other. The NPV will indicate which investment will be the most
profitable, shown by the highest NPV value [24]. This formula could, however, be
used to compare the profitability between procuring flat-bed laser cutting CNC
machine and robot laser cutting systems for cutting variety of materials, shapes
and thicknesses, especially when considering an SME factory with high-mix
low-volume manufacturing. Investments in automation and robots should be
considered from a strategic point of view, also when planning new business
models, considering new target markets, and implementing other future factory

concepts.

5. Discussion

Manufacturing has become highly integrated, especially in the metal industry

where several processes need to be performed seamlessly to get the final product
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through. The need to consider machines and equipment which are flexible, ver-

satile and easily adaptable with smart technologies in this era of intelligent man-

ufacturing remain vital, especially when considering SMEs that operate on high-

mix low-volume manufacturing. In laser cutting, the flat-bed CNC machine has

had prominence till date. It can be estimated that about 90% - 95% of laser cut-

ting operations on 2D sheet metal blanks are performed with the flat-bed laser

cutting CNC machine. Occasionally, 3D laser cutting heads are fitted to flat-bed

CNC machines for cutting parts that are three-dimensional. However, robot la-

ser cutting has proven to be effective and efficient in cutting materials that are

stamped, drawn or even flat shaped. For this reason, robot laser cutting is mostly

utilized in the automotive industry without reservations. Some advantages of

robot laser cutting systems over flat-bed CNC laser cutting machines include:

o Flexibility and versatility;

o Ease for digitalization;

e Offline laser cutting;

¢ Low investment cost;

e Highly suitable for integrated manufacturing;

e Workshop space utilization is very high;

e Easily deployable in emerging markets and operations can be monitored with
Al and IoT capabilities.

From an industrial point of view, some companies in other industrial sectors
still hold on to the old belief that robot laser cutting systems cannot function
productively like that of the flat-bed laser cutting CNC machines. Some of the
reasons why robot laser cutting systems have not been widely accepted dwells on
the fact that ordinary robots tend to focus on applications that require low pre-
cision. Cutting a 5 mm diameter circle is complicated, and if cut the end shape
looks elliptical. Secondly, such ordinary robots are less efficient due to poor axes
control capabilities or overloaded axes which are not suitable for fast-moving
targets. Also, ordinary robots are considered lightweight with insufficient rigidi-
ty, thus resulting in instability and trembling problems [1]. It is also identified
that the limitation of ordinary robot regarding cutting speed is, however, not
due to the intensity of the laser, but due the mechanical set-up deployed to move
the workpiece and the laser [25]. Without holding any biases, such reasons are
clearly things of the past. Although it could be considered that most robot laser
cutting system integrators do not have sufficient experience with laser cutting
process and have done little research in robot motion control, as pointed out by
[1], it is still arguable that modern-day robots are equipped with efficient axes
control systems for accurate, efficient and precise positioning and trajectory
movement. Nevertheless, with modelling and simulation capabilities, robot laser
cutting systems can be trained and controlled to overcome such limitations pre-
viously encountered with ordinary robots.

Robot laser cutting systems today, therefore, seem to be stable due to the wide
range of deployable automated configurations, an example being the gantry po-

sition. Moreover, the usability of robots is gaining value in future factories where
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automation and digitalization remain global tools for manufacturing. Gerrit
Gerritsen pointed out that automation has not yet progressed well in the sheet
metal industry, with 20% automated systems as compared to the automotive in-
dustry with 90% record [26]. Gerritsen further emphasized that using robots was
not worthwhile until now. This is because a sheet metal processing company us-
ing a robot may produce 1000 equipment brackets and other small series of
products in different time schedules during the day and achieve productivity and
efficiency. It is then possible to cater for high-mix low-volume production in the
case of sheet metal processing as well as low-mix high-volume production in the
case of a car manufacturer producing the same chassis one hundred thousand
times.

The choice of equipment rely on investment, and investment analysis in every
business is crucial, especially when planning to purchase new machines to re-
place old technology which has a track record in the industry. Nevertheless,
evolving trends in industries must be adhered to and this comes with several
considerations for new technology, expansion of factory operations to new or
emerging markets like Africa, energy efficiency and sustainability factors, etc.
Finally, on energy efficiency and sustainability factors, a clear comparison can be
made between robot laser cutting systems and flat-bed laser cutting CNC ma-
chines. The act of changing power sources to match laser cutting systems in or-
der to measure and monitor their environmental footprints and powering them
by renewable energy sources (e.g. wind or solar power) are interesting prospects
of robot laser cutting systems. Further investigations need to be carried out in

this regard.

6. Conclusion

The prospects of a robot laser cutting system have been examined in this work.
Comparisons and several considerations were made, not only on equipment set
up with flat-bed laser cutting CNC machines but on factors relating to intelligent
integrated manufacturing and investment. The main considerations which shift
the focus from flat-bed laser cutting CNC machines to robot laser cutting sys-
tems for the sheet metal industry and other potential metal work industries
where energy-efficient materials are used are the aspects of automation and di-
gitalization. By far, it can be said that robot laser cutting systems seem to be
more flexible and versatile in terms of operations, easily adaptable with intelli-
gent sensing and monitoring devices for modelling and simulation, and thus can
deliver offline laser cutting functionalities which brings leverage to productivity
and profitability. Although the position of flat-bed laser cutting CNC machines
in the global market remains strong, despite huge investments needed, its coun-
terpart robot laser cutting system shows resilience in future factories. Also, sys-
tem integration and operational outlook of robot laser cutting system seems to
be cost-effective and provides sustainable solutions, especially for SMEs that are

known to operate high-mix low-volume system of manufacturing and produc-
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tion. Finally, the robot laser cutting systems remain a potential source of equip-
ment for future laser cutting operations in diverse industries, being the sheet
metal industry, automotive industry and other sectors. Hence, its potential to
spearhead digitalization and automation in laser operations cannot be underes-
timated. Experimental and computational research, as well as further literature
works, need to be conducted to advance the research in robot laser cutting of

metals.

Acknowledgements

This work received financial support from Post Docs in Companies (PoDoCo)
grant funded by the Foundation for Economic Education (Liikesivistysrahasto),
Finland.

Conflicts of Interest

The authors declare no conflicts of interest regarding the publication of this pa-

per.

References

[1] Zeng,]. (2014) 3D laser Cutting Robot: A View from China.
https://www.laserfocusworld.com/industrial-laser-solutions/article/14215786/3d-las

er-cutting-robot-a-view-from-china

[2] International Federation of Robotics (2017) Executive Summary World Robotics
2017 Industrial Robots.
https://ifr.org/downloads/press/Executive_Summary_WR_2017_Industrial_Robots.
pdf

[3] Wandera, C. (2010) Performance of High-Power Fibre Laser Cutting of Thick-Section
Steel and Medium-Section Vol. 398, Lappeenranta University of Technology, Lap-

peenranta, 15.

[4] Steen, W.M. (2003) Laser Material Processing. 3rd Edition, Springer-Verlag, Lon-
don. https://doi.org/10.1007/978-1-4471-3752-8

[5] RP Photonics Encyclopedia (n.d.) CO, Lasers.
https://www.rp-photonics.com/co2_lasers.html

[6] Steen, W. and Mazunder, J. (2010) Laser Material Processing. 4th Edition, Sprin-
ger-Verlag, London, 46-47. https://doi.org/10.1007/978-1-84996-062-5

[7] Larcombe, D. (2013) Fiber versus CO, Laser Cutting. Industrial Laser Solutions.
https://www.laserfocusworld.com/industrial-laser-solutions/article/14217552/fiber-

versus-co2-laser-cutting

[8] Kellens, K., Rodrigues, G., Dewulf, W. and Duflou, J. (2014) Energy and Resource
Efficiency of Laser Cutting Processes. Physics Procedia, 56, 854-864.
https://doi.org/10.1016/j.phpro.2014.08.104

[9] Saucedo, F.V., Chann, B., Samson, B. and Tayebati, P. (2016) Direct Diode vs. Other
Laser Systems Used in Laser Cutting. Industrial Laser Solutions.
https://www.laserfocusworld.com/industrial-laser-solutions/article/14216486/direct

-diode-vs-other-laser-systems-used-in-laser-cutting

[10] Mahamood, R.M. and Akinlabi, E.T. (2018) Advanced Noncontact Cutting and

DOI: 10.4236/wjet.2022.103042

653 World Journal of Engineering and Technology


https://doi.org/10.4236/wjet.2022.103042
https://www.laserfocusworld.com/industrial-laser-solutions/article/14215786/3d-laser-cutting-robot-a-view-from-china
https://www.laserfocusworld.com/industrial-laser-solutions/article/14215786/3d-laser-cutting-robot-a-view-from-china
https://ifr.org/downloads/press/Executive_Summary_WR_2017_Industrial_Robots.pdf
https://ifr.org/downloads/press/Executive_Summary_WR_2017_Industrial_Robots.pdf
https://doi.org/10.1007/978-1-4471-3752-8
https://www.rp-photonics.com/co2_lasers.html
https://doi.org/10.1007/978-1-84996-062-5
https://www.laserfocusworld.com/industrial-laser-solutions/article/14217552/fiber-versus-co2-laser-cutting
https://www.laserfocusworld.com/industrial-laser-solutions/article/14217552/fiber-versus-co2-laser-cutting
https://doi.org/10.1016/j.phpro.2014.08.104
https://www.laserfocusworld.com/industrial-laser-solutions/article/14216486/direct-diode-vs-other-laser-systems-used-in-laser-cutting
https://www.laserfocusworld.com/industrial-laser-solutions/article/14216486/direct-diode-vs-other-laser-systems-used-in-laser-cutting

E. A. Gyasi et al.

(11]

(12]

(13]

(14]

(15]

(16]

(17]

(18]

(19]

(20]

(21]

(22]

(23]

(24]

Joining Technologies. Springer, Cham, 47.
https://doi.org/10.1007/978-3-319-75118-4

Ready, J.F. and Farson, D.F (Eds.) (2001) LIA Handbook of Laser Materials
Processing. Laser Institute of America, Orlando.

Schulz, W., Kostrykin, V., Nieflen, M., Michel, J., Petring, D., Kreutz, E.W. and Po-
prawe, R. (1999) Dynamics of Ripple Formation and Melt Flow in Laser Beam Cut-
ting. Journal of Physics D: Applied Physics, 32, 1219-1228.
https://doi.org/10.1088/0022-3727/32/11/307

Ion, J.C. (2005) Laser Processing of Engineering Materials: Principles, Procedure
and Industrial Application. Butterworth-Heinemann, Oxford.
https://doi.org/10.1016/B978-075066079-2/50009-X

Bystronic, Technical Data BySprint Pro.
https://portalimages.blob.core.windows.net/products/pdfs/Oulvvh2t_BySprintProBr

oshure.pdf

Chen, S.B. and W, J. (2009) Intelligentized Methodology for Arc Welding Dynam-
ical Processes: Visual Information Acquiring, Knowledge Modelling and Intelligent

Control. Vol. 29, Springer, Berlin, Heidelberg, 14.
https://doi.org/10.1007/978-3-540-85642-9

Erickson, M. (2003) Will a Robotic Laser System Cut It?
https://www.thefabricator.com/article/lasercutting/will-a-robotic-laser-system-cut-itr

Wang, S., Wan, J., Zhang, D., Li, D. and Zhang, C. (2016) Towards Smart Factory
for Industry 4.0: A Self-Organized Multi-Agent System with Big Databased Feed-
back and Coordination. Computer Networks, 101, 158-168.
https://doi.org/10.1016/j.comnet.2015.12.017

McFarlane, D., Sarma, S., Chirn, J.L., Wong, C.Y. and Ashton, K. (2003) Auto ID
Systems and Intelligent Manufacturing Control. Engineering Applications of Artifi-
cial Intelligence, 16, 365-376. https://doi.org/10.1016/S0952-1976(03)00077-0

Villumsen, S., Joergensen, S.N. and Kristiansen, K. (2014) Proceedings of the 7th
World Conference on Mass Customization, Personalization, and Co-Creation
(MCPC 2014), Aalborg, Denmark, February 4th-7th, 2014. Springer, Cham.

Yadav, N., Yadav, A. and Kumar, M. (2015) An Introduction to Neural Network
Methods for Different Equations. Springer, Dordrecht.
https://doi.org/10.1007/978-94-017-9816-7_4

Juang, S.C., Tarng, Y.S. and Lii, H.R. (1998) A Comparison between the Back-
Propagation and Counter-Propagation Networks in the Modelling of TIG Welding
Process. Journal of Materials Processing Technology, 75, 54-62.
https://doi.org/10.1016/50924-0136(97)00292-6

Al-Faruk, A., Hasib, Md.A., Ahmed, N. and Kumar, U.D. (2010) Prediction of Weld
Bead Geometry and Penetration in Electric Arc Welding Using Artificial Neural

Networks. International Journal of Mechanical & Mechatronics Engineering, 10,
23-28.

Mejia, D., Moreno, A., Arbelaiz, A., Posada, J., Ruiz-Salguero, O. and Chopitea, R.
(2018) Accelerated Thermal Simulation for Three-Dimensional Interactive Optimi-
zation of Computer Numeric Control Sheet Metal Laser Cutting. Journal of Manu-
facturing Science and Engineering, 140, Article ID: 031006.
https://doi.org/10.1115/1.4038207

Holamo, O.P. (2018) Investment Calculations and Production Automation In weld-
ing. Kemppi, Lahti.

DOI: 10.4236/wjet.2022.103042

654 World Journal of Engineering and Technology


https://doi.org/10.4236/wjet.2022.103042
https://doi.org/10.1007/978-3-319-75118-4
https://doi.org/10.1088/0022-3727/32/11/307
https://doi.org/10.1016/B978-075066079-2/50009-X
https://portalimages.blob.core.windows.net/products/pdfs/0ulvvh2t_BySprintProBroshure.pdf
https://portalimages.blob.core.windows.net/products/pdfs/0ulvvh2t_BySprintProBroshure.pdf
https://doi.org/10.1007/978-3-540-85642-9
https://www.thefabricator.com/article/lasercutting/will-a-robotic-laser-system-cut-itr
https://doi.org/10.1016/j.comnet.2015.12.017
https://doi.org/10.1016/S0952-1976(03)00077-0
https://doi.org/10.1007/978-94-017-9816-7_4
https://doi.org/10.1016/S0924-0136(97)00292-6
https://doi.org/10.1115/1.4038207

E. A. Gyasi et al.

(25]

(26]

Mahrle, A, Liitke, M. and Beyer, E. (2010) Fibre Laser Cutting: Beam Absorption
Characteristics and Gas-Free Remote Cutting. Proceedings of the Institution of
Mechanical Engineers, Part C Journal of Mechanical Engineering Science, 224,
1007-1018. https://doi.org/10.1243/09544062JMES1747

Gerritsen, G. (2018) The Sheet Metal Industry Gets Ready for the Future, Bystronic
World Magazine for Cutting, Bending and Automation.

DOI: 10.4236/wjet.2022.103042

655 World Journal of Engineering and Technology


https://doi.org/10.4236/wjet.2022.103042
https://doi.org/10.1243/09544062JMES1747

	Prospects of Robot Laser Cutting in the Era of Industry 4.0
	Abstract
	Keywords
	1. Introduction
	2. Laser Cutting in Integrated Manufacturing
	2.1. Laser Types
	2.2. Integrated Manufacturing

	3. Equipment Set-Up
	3.1. Flat-Bed Laser Cutting CNC Machine
	3.2. Robot Laser Cutting Systems
	3.2.1. Flexibility and Versatility
	3.2.2. Ease for Digitalization
	3.2.3. Off-line Robot Laser Cutting


	4. Investment Analysis
	5. Discussion
	6. Conclusion
	Acknowledgements
	Conflicts of Interest
	References

