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Abstract: This paper focuses on industrial robotics, hidttiigg it as an important part of modern manufaatyri
automation. First, the paper focuses on manufagjiautomation more generally, highlighting its imtpace, pros and
cons. This is followed by a description of fixedogrammable and flexible automation, with a linkitaustrial
robotization. Then, the connection of robotizatiath other types of automation, i.e., forced andreenically justified
automation, is highlighted, followed by large antal automation.

1 Introduction don't need refreshments, they don't waste, in sthexy are
Today, there is a growing interest in the use dhe ideal workers that every manufacturer wantsths

automated production equipment, mainly due to tree-e Pace of technology growth rapidly takes us into rial
increasing pressure to improve productivity andipmion  future, manufacturers must pause to examine theogar
quality. Another reason is, for example, to inceetise Of automation and how best to steer its directhanoss all
competitiveness of companies and keep them in tiedustries, technology is evolving at an ever-insiag
financial market. Thanks to automation, changesakiag rate, and increasingly sophisticated solutionsrblems
place in production, technological and overall &igs are needed. The speed of progress can be desbybed
processes, not only in engineering but also inrathetors. Simple comparison. At the beginning of the third
Manipulators and robots in particular are increglgin Millennium, people could not have imagined the eanfy
gaining ground in the automation of both entirecesses Programs and services such as video conferenciogd c
and individual tasks in processes in various sectostorage, virtual reality or, last but not leastasphone
Increasing the efficiency, quality and productiviywork ~ apps. In the manufacturing process, few would have
cannot be achieved without modernisation, recoottru  imagined a complete production system ranging from

and automation of production facilities. autonomous stacking systems to fully automatic rinrogy
centres and robotic assembly lines to dispatchritakes
2 Automated production and assembly do with a single code and the manufactured goodsfieir

end user flawlessly. The steep increase in automatn

be described by the worldwide number of industaabts,
which are one of the cornerstones of the automation
process. Figure 1 shows the beginning of an expmhen
year-on-year trend in the number of industrial tsbo
shipped, which fully describes the direction in @rihe
industry is heading today [1].

process

If we think about futuristic manufacturing faciés and
processes, automation in a science fiction settihgre
humans are absent and production lines are cadristhm
the other side of the Earth may come to mind. Ichsu
systems, all parts are fully autonomous, they perfasks
with incredible precision, they don't need to sletry
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3.1 Prosand cons of automated systems
The benefits of automated manufacturing systems are
substantial once implemented, but it is questiaabl

whether they are worth the large initial investmeéltie
following section describes the advantages and
disadvantages of implementing industrial process
automation [4].
Advantages:

- Security,

- Increased productivity,

Improved product quality,

.000 pieces

2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019

! . i . : - Higher yields,

Figure 1 Number of industrial robots implementedidwide - More accurate data collection.
year-on-year [2] Disadvantages:

- Cost of initial investment,

3 Automated sysiems - Replacement of spare parts,

Automated systems increase production efficiency in . Need for service.
factories and reduce the time-consuming nature of
manufacturing operations. At the same time, thgseems Not only do automated industrial systems increase

improve working conditions and increase safety.yTdso production capacity, but the quality of that protite is
form an indispensable unit in .quality control. Empies_ improved, along with greater safety for plant opens
would have to expend many times more effort to@®i Thege systems can also be configured to provides mor
in a shift what they can now achieve with automateg..rate’ data to optimize bottlenecks and sigmifiga
industrial systems. Production would be much morgqce product defects due to human error [5].

difficult and dangerous overall [3]. The biggest disadvantage for implementing automated
manufacturing systems is the initial cost. Thidudes the
cost of machinery and implementation of automated
programming, as well as training employees on how t
operate these new systems. However, the paybéticsa
investments is around a few years [5].

4 Typesof automation systems
The types of automation systems can be divided into
the following three categories:
- Fixed automation,
- Programmable automation,
- Flexible automation [6].

& \ .

L . Ml o 4.1 Fixed automation
Figure 2 Automated assembly process [1]

It is a system in which the sequence of operatiens
) determined by the configuration of the device. The
Automated production systems have now become t@@erations in the sequence are usually simples thé
norm for mass producers. Maximum performance angtegration and coordination of many such operatioto
efficiency have become the gold standard for semplnd 5 single device that makes the system complex.caypi
anything less will result in lost deadlines and lpfits  characteristics of fixed automation are:

due to slow, inefficient production. The goal ot@mated - High initial investment for custom equipment,
industrial systems is to maintain peak profitapilih a - High production rates,

closed manufacturing plant. It is now also esserta - Relatively inflexible in accommodating product
properly implement automated manufacturing systems changes [6].

order to increase production and reduce costs.stridu

technology is far beyond the use of "one size dits The economic justification for fixed automation is
systems. It is important that custom solutions amynd in products with very high consumption antinee
implemented to maximize profit [3]. requirements. The high initial cost of the equiptrem be

spread over a very large number of units, makieguitit
cost attractive compared to alternative produatiethods.
Examples of fixed automation include mechanized

~ 32 ~

Copyright © Acta Mechatronica, www.actamechatronica.eu



Acta Mechatronica - International Scientific Journal about Mechatronics
Volume: 7 2022 Issue: 4 Pages: 31-36 ISSN 2453-7306

Industrial robotics as an important part of modern production automation
Miroslav Malaga, Tomas Broum, Michal Simon, Michael Fronek

assembly and machining transfer lines. Fixed automa change in product range or activities, the robatgienply

is now synonymous with mass and high-volumée reprogrammed to the new conditions without tedn
production [6]. to interfere with its mechanisms or electrical ngri[8].

An example of fixed automation is screw

manufacturing. It is characterized by the fact thatentire
cycle is accompanied by single-purpose machindsatikea
strictly designed for one activity and are not dapeof

operating another activity without major interventin the

machine design. This production is capable of pcody
thousands or more pieces per day. In Figure 3 easebn
screws leaving the production system on a convbgtir

[6].

(9]

s

- i - . \ b H 1
Figure 3 Automated screw production [7] 43_ Fledble automation

This is an extension of programmable automation. A
42  Programmable automation flexible automated system is one that can produmgje
range of products and wastes virtually no timehianging

In this case, the production equipment is desigoed . .
allow the sequence of operations to be changediito Sfrom one product to another. There is no loss ofipction

different product configurations. The operatiorej@ence time when reprogramming the system and changing the

is controlled by a program that contains a setstfuctions phyjlcal 3?‘”'0 of the rtr;_ach_me. AS; rers],u:;, ;[hmgsan
coded so that the system can read and interpret tew produce different combinations and schedules afymts

programs can be prepared and inserted into theelesi instead of requiring the production of separatehms of

produce new products. Some features that charm:terind'v'dual products. The features of flexible ausdion

programmable automation are: il kI)—|ei Srl:ri]r11r\]/1easr'clrs11€edn?1?ofro'[|rliwtzstzjstomer system
- High investment in general-purpose equipment, C(?ntinuous roduction of variable yroduc,t mixes
- Low production rate in relation to fixed automation P P ’

S ) X : - Medium production rates
- Flexibility in dealing with changes in product S ! ’ .
configuration, - Flexibility to deal with product design changes [6]

- Most suitable for batch production [6]. The basic features that distinguish flexible autiboma

Automated production systems that are programmabfé) m programmable automation are:

are used in low and medium volume production. Rarts Thed ab'."ty to change sub-programs without loss of

roducts are usually produced in batches. To p®dach production time, . L
P ; ) - Ability to switch physical setups, again withous$o
new batch of a different product, the system muest b o

. L . of production time [6].

reprogrammed with a set of machine instructiong tha
correspond to the new product. The physical sefuheo
machine must also be changed: tooling informatiarstm
be read, fixtures must be attached to the machbie,tand
the machine setup must also be changed. This cbhesge
procedure takes longer. As a result, a typicalecyot a
given product includes a period during which sesmpl
reprogramming takes place, followed by a periodfiich
a batch is produced. Examples of programmed auiomat

include numerically controlled machine tools an )
dvances in computer system technology are largely

industrial robots [8]. responsible for this programming capability in flde
An example of programmable automation is the P prog g cap Y

assembly of internal combustion engines, which lsan automati_on. Changing th.e physical Iay_out betyveartspha
seen in Figure 4, where the robot is able to perfeeveral acco_mpllshed. by swn_c_hmg them off-_Ime while thext
operations with unparalleled speed. In the event of part is moved into position for processing. Theafgeallet

These features allow the automated production isyste
to continue production without the breaks betwesclies
that are characteristic of programmable automation.
Changing sub-programs is generally done by pregarin
programs off-line in a computer system and eleatedly
transferring the programs to the automated producti
system. Therefore, the time required to programtfier

ext job does not interrupt production on the aurieb.

~ 33 ~

Copyright © Acta Mechatronica, www.actamechatronica.eu



2

‘o

Acta Mechatronica - International Scientific Journal about Mechatronics

2,

L Volume: 7 2022 Issue: 4 Pages: 31-36 ISSN 2453-7306
9 Industrial robotics as an important part of modern production automation
Q*&] Miroslav Malaga, Tomas Broum, Michal Simon, Michael Fronek

oy

jigs that hold parts and transfer to the workstat®one 5.2 Economically justified automation

way to implement this approach. For flexible auttora From the perspective of market economics, the
to be successful, it is usually necessary to peo@ignore following reasons can be considered:

limited variety of parts than in a system contlley - The use of an automated machine represents a
programmable automation [6]. reduction in unit and overhead costs compared to
non-automated production. In particular, labour
costs and material savings (the machine works more
accurately and therefore produces less waste),

The use of the automated production concept allows
an increase in labour productivity and production

5 Automation options

When thinking about automation, it is important to
consider whether automation will have the desired -
outcome. At the same time, it is essential to cauy

feasibility studies from an economic point of viellvis
necessary to define which benefits we want to aehizy
automation and which negative features of the atimen-

volume, so we are able to produce more in less time
compared to non-automated production,
The use of automation equipment allows us to

reduce the cost of production areas, storage space,
machine wear and tear, administrative work and
energy consumption,

Automation promotes reduced production and
development lead times. Through automation, it is
possible to gain a competitive advantage over
others,

Automation can be more flexible to meet customer's
wishes and win them over to buy more products.
Automated machines can be used to provide
products with certain functional features welcomed

automated production system we want to get rid rof o
minimize. These negative factors may include hajolr
costs, lack of skilled workers, lack of work safeltygh
overheads, etc. The reasons that lead to the dedisi -
automate can be divided into several groups [10].

5.1 Forced automation

In cases where human labour is replaced by an-
automaton due to certain facts. Such reasons [itacieg
human participation in processes by automata magsbe -
follows:

- Immediate presence poses a danger (often fatal) to

humans, e.g. work in great depths, handling highly

radioactive materials, work involving explosion -
hazards, work at extremely high temperatures,

The direct presence of a person causes physical
fatigue or the process has other adverse effedigon -
(heat, dust, moisture, shocks, noise) with possible

health consequences - e.g. work in blast furnaces,
mines, cement works, chemical plants, etc,

Human activity is the cause of errors, the

by the customer, so that the product can be sad to
wider range of customers,

It is possible to achieve superior quality through
automation, which can be reflected in an increased
price of the product,

Automated in-house information systems can give
a certain competitive advantage. These are faster
access to information, about customer needs or
faster problem correction [10].

consequences of which lead to significant losses Br3  Other cases of automation
are significantly adverse. E.g. automatic navigatio Apart from forced and economically justified
of aircraft in fog during landing, automation, the following reasons can be described:

Man is incapable of performing the required action -
terms of accuracy, speed, scale or other causés. Th
is the case for controlling rockets, manufacturing
chips or operating steam and combustion turbines, -
We have to use automated equipment because, for
various reasons, a human being cannot be present to
perform the activities in question. Examples inelud -
a heart simulator, automatic signal buoys in tlzecse
space probes,

Automated machines perform the required tasks with -
a higher quality than a human. Examples include
welding or painting industrial robots. These areab

to guide movement more evenly and precisely,
producing a higher quality final product,

It is not possible to afford to tie up so much hama -
labour, for example, automatic ticketing, automatic
counters for the number of cars in a car park hod t

the number of available spaces, or vending machines
with snack machines that are able to serve customer
at any time [10].

~34 ~

The prestige of individual companies or institugon
wishing to document their design, technical or
financial capabilities and capacities

The desire to provide human convenience, for
example, any remote control of appliances or
electronic devices that can be used by a non-expert
A desire to provide a superior flow of information
on the status of production equipment, production
conditions, errors, etc.

Ensuring an environmental standard that can be
achieved without any limitations through
automation. This includes various monitoring
systems, control of optimum combustion to achieve
minimum emission values, etc.

Automation can also be a source and subject of
entertainment, e.g. automatic draw devices, slot
machines, sports simulators, etc. [10].
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6 Largeautomation 7 Small automation

Automation considered to be large relies on the In contrast to large automation, small automatien i
installation of classic industrial robots. Thesebais characterised by the simple, unpretentious natéirthen
usually have a weight of more than 50 kg. They angeroduction or assembly process. It is based on
installed in combination with a sophisticated safsistem, collaborative or cooperating robots and has itdieqjion
which consists mainly of safety fences, but alsticap in mixed production, where small batches of highly
barriers, sensors and elements that control afiasjpf the individualised products are produced. They areliftea
production or assembly process. These include attom automating sub-processes where a human is alsenpres
of handling, welding, surface treatment, palletigior The main characteristics of collaborative roboessower
cutting processes. Due to the necessity to ensifieeydy speeds and the ability to stop on human contacé Th
means of fences, larger groups of robots are paffier principle behind this ability to stop lies in comipg the
installed closely connected to conveyor systemsalculated load on the robot arm with the valuesiobd
production machines, cleaning machines, etc. lasiahs by a sensor that is part of the base. These feadlireinate
fitting into the group of large automations areriast cases the need for safety fences and other featuresakmitive
a matter of investment in the order of millions@ZK, robots simulate a standing or seated human iresideare
therefore they are exclusively chosen in largeescabn affordable way to automate frequently repeatagle
production where it is possible to achieve a retam to trivial tasks. As the whole field of collaboragirobots
investment within a few years or earlier. For these still relatively in its infancy, collaborativeolot
installations, only minimal modifications to thelegislation is largely incomplete and no one re&lpws
manufactured products are possible, primarily duéhe how to deal with, for example, pinched fingers besw a
mechanical capabilities of the entire system. Diwdts are robot's gripper and a part of the product. The jerobis
installed according to the required load capacitesl that the robot stops, but only after it detectsomerload
reaches, therefore it is not possible to change tlaad by then it may be too late [11].
production in terms of weight or size of the pradifcthe
physical properties are maintained despite the gdan
modifications to gripping elements, fixtures in maes,
on conveyors, etc. are usually unavoidable. Anyngba
automatically generates costs associated with tl
modification of mechanical elements, electronicgd an
pneumatics, where appropriate [11].

3 susifi i L
Figure 6 Universal Robots collaborative robot [13]

The main advantages of collaborative robots are:
- Easier handling,
- Flexibility,
- Lower acquisition costs,
- Easier programming,

I

Figure 5 Robot with a load capacity of 2300kg [12] - Minimization of safety features.

Classical industrial robots have unrivalled perfanme 8  Conclusions
that cannot be achieved by workers. These parasneder This paper provided an overview of industrial

be described with a few examples: automation in Industry 4.0. The paper can be diViidto
- Maximum speed: 6 m/s, two parts. The first part described the automated
- Maximum load capacity: 2300 kg, manufacturing and assembly process, automatednsy,ste
- Maximum reach: a circle around the base with eheir types, advantages and disadvantages. Inettend
radius of 4683 mm, part, automation options and reasons leading toéeel
- Ability to work underwater, for automation were described. Furthermore, thesyqf

- Ability to operate in life-threatening conditions. automation by size and their suitability accordingthe
nature of the production system were described.
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