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DESIGN OF A TRAINING WORKPLACE WITH A COLLABORATIVE
AND INDUSTRIAL ROBOT

The article deals with the design of a training workplace equipped with two robots, one of which is industrial and the
other collaborative. The assembly of a gearbox model equipped with three different shafts is carried out at the training robotic
workplace. The entire assembly process requires the mutual cooperation of an industrial, collaborative robot and a human
operator. Use the assembly parts to create a large number of combinations, so that a number of individual tasks can be created
at the workplace. The safety of workers at the workplace is solved by the use of safety laser scanners, so that there is no danger
to people.
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Relevance of the research. In the 1990s, the US Occupational Safety and Health Admin-
istration began looking at how the manufacturing industry was addressing ergonomic issues in
manufacturing plants. These problems occurred to a large extent in the automotive industry,
especially in the field of final assembly. This type of work process consisted of actions such as
the transfer and installation of car batteries weighing 20 kilograms, which had a negative impact
on the health of workers during long-term performance of this work activity. General Motors,
as a leading company in the automotive industry, decided to analyze this problem and, together
with the University of California, began to work on its solution [1]. In 1999, the first definition
of a collaborative robot was registered at the US Patent Office. This was IAD, which is consid-
ered to be the forerunner of modern collaborative robots. This device could work outside the
protective cage and assist workers in the performance of assembly operations, but it did not
contain a source of motion force from the safety robots [2].

Problem statement. In 2004, KUKA, a German robot manufacturer, introduced a self-
powered collaborative robot called LBR 3. This robot was the result of a long-term collabora-
tion between KUKA and the German Aerospace Center DLR. In the following years, KUKA
further improved this technology, resulting in the collaborative robots LBR 4 introduced in
2008, LBR 4+ introduced in 2010 and LBR iiwa, introduced in 2013 [3]. In 2008, Universal
Robots, a Danish robot manufacturer, introduced a collaborative robot that could perform its
work alongside human workers without the need for a protective cage called the URS. This
robot helped usher in the era of flexible, user-friendly and affordable collaborative robots [4].
ABB, a Swedish-Swiss robot manufacturer, launched the world's first two-armed collaborative
robot called YuMi in 2015. This robot enables safe cooperation between a human worker and
a robot, for example in the assembly of small parts [5].

Analysis of recent research and publications. Collaborative robotics can be seen as a pro-
gressive stage in the development of industrial robotics. This new stage in the development of in-
dustrial robotics assumes that people will cooperate with robots and that this cooperation will be
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safe for them. For this reason, collaborative robots are equipped with a wide range of sensors and
vision systems. For example, if a person were to enter the working zone of a collaborative robot,
this robot is able to change its behavior algorithm so as not to harm this person [1,2].

Uninvestigated parts of a common problem. The concept of the development of human-
robot interaction is reflected in the concept of the fourth industrial revolution. The essence of
the Industry 4.0 concept is that an industrial robot can serve as a cooperative and working tool
in production. The main element of this concept is artificial intelligence based on the Internet
of Things. In a simplified concept, [oT is a network of physical objects that communicate with
each other via the Internet. Collaborative robotics and other innovations are modifying business
models in modern industry, while the very integration of robots contributes to the computeri-
zation and automation of production and the introduction of the concept of intelligent produc-
tion [6]. Collaborative robots perform a similar range of work activities to conventional indus-
trial robots, but are typically lighter and smaller in size. The collaborative robot has integrated
force control and sensors, thanks to which it automatically slows down or stops its activity when
a person approaches it. This allows them to work in close proximity to people with minimal or
no safety precautions. They have a multi-axis construction of the manipulator, which allows
these robots to be deployed to perform various work tasks [7]. ISO/TS 15066:2016, "Safety of
collaborative robots", provides information on how to implement a collaborative robot applica-
tion to ensure worker safety [8].

Research objective. The goal of the design of the training workplace is to create a workplace
where there would be cooperation between a person, a collaborative robot and an industrial robot.
We decided to demonstrate this collaboration by having a human and a collaborative robot partici-
pate in the assembly operation, and the industrial robot then wraps the final gearbox assembly.

The statement of basic materials. The assembly operation consists of assembling a sim-
plified model of the gearbox, which consists of shaft 1 (A), shaft 2 (B), shaft 3 (C), the lower
part of the gearbox (E) and the upper part of the gearbox (F). The packing operation consists of
transferring the finished model to the box (D). In fig. 1 shows shaft 1 (A), the largest diameter
of which is 80 mm. Shaft 2 (B) has a largest diameter of 70 mm and shaft 3 (C) has a largest
diameter of 60 mm. The other dimensions of the shafts are identical. The individual shafts in
the starting position are located on pedestals with an opening for storing the shaft, which are
attached to the work table. The components that make up the gearbox model, as well as the
pedestals for storing the shafts, are made of PLA plastic, so it would be possible to use 3D
printing for their physical realization.
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Fig. 2 Shaft dimensions (A)
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The dimensions and face of the lower and upper part (body) of the gearbox are shown in
fig. 2. The mentioned parts contain a system of three storage places with a diameter of 40 mm,
in which it is possible to store any of the mentioned shafts (A, B, C) in any place.

& E F

R
& ‘ ‘ | A\O
" e Z

1 1 I - i 20 ‘

o olol| | g Q 3 150

~ T -1 =2 o I = | &
N FTRT T o || s e
1 : &, i ’_—i '_\| 9) 300 150

)
o

130

150

300
360

6x (40

Fig. 2 Dimensions of the lower (E) and upper (F) part of the gearbox

The components that make up the gearbox model, as well as the box, are placed on the
tables, while their positions relative to the tables are precisely given. In fig. 3 shows a view of
the floor plan of the workplace with the corresponding dimensions of the location of the ma-
nipulated objects.

700

Fig. 3 The dimensions of the tables and the location of the manipulated parts
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The industrial robot IRB 1200 and the collaborative robot GoFa CRB 15000 [9, 10] were chosen
to perform selected operations. Both robots are manufactured by ABB, thanks to which it would be
possible to simulate the workplace in the ABB Robot Studio program. To handle the components,
both robots are equipped with an RG6 gripper from OnRobot, which has a finger span of 160 mm
and a load capacity of 10 kg. The robots are installed on tables with the dimensions length: 1500 mm,
width: 700 mm and height: 780 mm, these tables are also used to perform work operations. The vi-
sualization of the proposed educational workplace in a 3D environment is shown in fig. 4.

Fig. 4 A 3D view of the proposed educational workplace

The individual steps of the sequence of work operations are as follows, fig. 5:

* In the first step, one places the individual components in their starting positions.

* In the second to fourth steps, individual shafts are grasped, moved and placed in the holes
in the lower part of the gearbox by a collaborative robot.

* In the fifth step, the collaborative robot grabs, moves and places the upper part of the
gearbox on the lower part of the gearbox.

* In the sixth step, a person creates bolted connections between the upper and lower parts
of the gearbox using bolts and nuts.

* In the seventh step, the resulting assembly is grabbed, moved and stored in the box by an
industrial robot.
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Fig. 5. Sequence of work operations

We ensured the safety of the robotic educational workplace with the help of three laser
scanners [11]. These scanners are placed under the table and create protective zones around the
workplace, fig. 6. The surroundings of the workplace are also visually delimited by safety tape.

After a person enters protective zone 1, the activity of the collaborative robot slows down
and the activity of the industrial robot stops, in this zone there is interaction between the person
and the collaborative robot. After a person enters protective zone 2, the activity of the industrial
and collaborative robot will stop, in this zone interaction between the person and the robot is
not possible.

Fig. 6. Protection zones of the training workplace
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The workplace is designed in such a way that each student can be assigned a unique
assignment. This is ensured by the fact that the individual shafts can be stored in the holes in
the lower part of the gearbox in six different combinations, and at the same time there are two
different storage positions for each shaft, creating a total of forty-eight variations in the way the
task is performed. Variations of shaft placement based on possible mutual orientations are
shown in fig. 7.
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Fig. 7. Variation of shaft placement based on orientation

The program for the collaborative robot can be made to grasp shafts of any diameter, but
only grasping the @50, @60 diameter (shaft 3) and the face of the largest diameter (shaft 1 and
2) guarantees collision-free storage.

Conclusions. This article shows the design of an educational robotic workplace, where a
collaborative and industrial robot is used. The workplace is designed so that it is possible to
assign individual assignments to individual students. The student who implements the program-
ming of the workplace is also part of the programmed assembly process. In addition to pro-
gramming two robots, it is necessary for the student to solve the issue of workplace safety. For
this reason, three safety laser scanners are part of the workplace. The parts that the students
manipulate are made by 3D printing to reduce production costs. This creates the possibility of
manufacturing additional components allowing to implement a change in the handling process.

Acknowledgements
This research was supported by project KEGA: 020TUKE-4/2022 Development and im-
plementation of new approaches in teaching industrial and collaborative robotics and project
VEGA: 1/0215/23 Research and development of robotic workplaces equipped with industrial
and collaborative robots.

References

1. Tolli, A. (2018). Possibilities of Collaborative Robotics. Thesis for Bachelor’s degree in Auto-
mation engineering. Seindjoki University of Applied Sciences. https://www.theseus.fi/bitstream/han-
dle/10024/166472/T%C3%B6lli_Arttu.pdf?sequen

2. Hand, S. (2020). A Brief History of Collaborative Robots. https://www.mhlnews.com/technol-
ogy-automation/article/21124077/a-brief-history-of-collaborative-robots

3. DLR. Institute of Robotics and Mechatronics. (n.d.). History of the DLR LWR.
https://www.dlr.de/rm/en/desktopdefault.aspx/tabid-12464/21732 read-44586/

81


https://www.dlr.de/rm/en/desktopdefault.aspx/tabid-12464/21732_read-44586/

TEXHIYHI HAYKU TA TEXHOJIOT T Ne 3(33),2023
TECHNICAL SCIENCES AND TECHNOLOGIES

4. Universal Robots. (2017). History of the Cobots - The Cobots from Universal Robot.
https://www.universal-robots.com/about-universal-robots/news-centre/the-history-behind-collabora-
tive-robots-cobots/

5. ABB. (2020). ABB’s ground-breaking YuMi® robot has set new standards for collaborative
robotics for five years. https://new.abb.com/news/detail/63763/yumi-five-years

6. Galin, R. a Meshcheryakov, R. (2019). Automation and robotics in the context of Industry 4.0:
the shift to collaborative robots. Moscow (Russia): V. A. Trapeznikov Institute of Control Sciences of
the Russian Academy of Sciences, 2019.

7. Roehl, C. (2022). Know Your Machine: Traditional Industrial Robots vs. Cobots.
https://www.universal-robots.com/blog/know-your-machine-traditional-industrial-robots-vs-cobots/

8. OSHA (n.d.). OSHA Technical Manual. Industrial Robot System and Industrial Robot System
Safety. https://www.osha.gov/otm/section-4-safety-hazards/chapter-4

9. ABB. (n.d.). IRB 1200. https://new.abb.com/products/robotics/robots/articulated-robots/irb-
1200

10. ABB. (n.d.). GoFa™ CRB 15000. https://new.abb.com/products/robotics/robots/collaborative-
robots/crb-15000

11. PILZ. (2022). Pilz has put together a solution package comprising safety and security, for com-
prehensive safeguarding of automated guided vehicle systems — mobile safety — and security!
https://www.pilz.com/en-CA/company/press/messages/articles/235087

Otpumano 28.07.2023

UDC 621.865.8
Haeuo Kosaniok', In Cemiton?, Mamyc Cabon’, [lapiyc Pycinpar?

! Acnipant kadespy BApOOHHUMX CHCTEM i poGoToTexHiku Kommipkoro Texuiunoro ynisepeurery (Kommue, CoBauunna)
E-mail: david.kovaluk@student.tuke.sk

2JlouenT Kadeapu BUPOOHUYMX cUCTEM 1 poboToTexHiku Kommuubkoro texuiunoro ynisepeurery (Komuue, Ciiosauunna)
E-mail: jan.semjon@tuke.sk. ORCID: https://orcid.org/0000-0002-9076-7808
ResearcherID: AAH-6272-2019. Scopus Author ID: 55571411200

3zAC][i aHT Ka()€aApH BU OOHHUYMX CHCTEM 1 pOOOTOTEXHIKH Kommipkoro TEXHIYHOTO YHIBEPCHUTET, Komme, CrioBauunaa
5
E-mail: matus.sabol(a)student.tuke.sk

Tk, cTyaeHT Kad)epu MPOMUCIIOBOT aBTOMATUKH Ta MEXaTpOHikM KONHIIBKOTO TEXHIYHOTO YHIBEPCHTETY
(Kommme, CnoBau4rHa)
E-mail: darius.rusinak@student.tuke.sk

ITPOEKTYBAHHSA HABYAJIBHOI'O POBOY0I'O MICLIA 3
KOJABOPATUBHHUM I IPOMUCJIOBUM POBOTOM

Y emammi posensdaemvca KOHCmMpPYKYis MOHMANCHO20 HABYATILHO2O pOOOH020 Micys, 06IAOHAH020 080MA PObOMAMU,
00UH 3 AKUX € NPOMUCTOBUM, a THWUL — KoanabopamusHum. Lle pobomu 6i0 komnanii ABB, a npomucnosuti pooom — IRB 1200,
a konabopamusHnuti — GoFa CRB 15000. Buxopucmanns pobomie 6i0 komnanii ABB 0b6ymosneno mum, wjo y Hac € amoHomue
cepedosuuye Robot Studio. na poboyomy micyi. Lle dae 3mozy cmeopiosamu cumyaayii, nepemiujarouu 060x pobomis, euagisamu
cman 3imKHeHHs: ma onmumizyeamu mpaeckmopii pyxy. Kinyesi mexanizmu pobomis 6io xomnanii OnRobot, 30kpema ye 060-
xkyaaunutl 3axeam RG6 eanmadgiconiotiomuicmio 10 xe. [Ipononosarne poboue micye mae posmipu 2000 x 2500 mm i ochawgene
naporo pobouux cmoiis. 36ipka modeni KOpooKu nepeday npuHaveHa auule 0 HA8UAHHS, GOHA He OA3YEMbCA HA PAKMUYHO
sueomognenux oemansax. Mooenv Kopobxu nepeday ocHawieHa MpboMa PISHUMU 8ANAMYU, 0€ iX 00BXHCUHA 0OHAKOB8A, 4 PI3HUYS
nonazae auwe 8 Halubibuwomy diamempi eanis. Becv npoyec ckiadanna sumazae 63a€MHoi cnienpayi nPpOMUCIO8020 Konabo-
Ppamuerozo poboma ma N0OUHU-ONEPAMopa. 3a OONOMO2010 CKIAOANbHUX Oemaiell MOJNCHA CIMEOPIo8ami 8elUKy KilbKicmb
KOMOiHayitl, max wjo Ha podouoMy micyi Modice GUHUKAMU Oa2amo oKpemux 3a60ans. Lle nog’a3ano 3 mum, wo mu MOHCemo
30epieamu KodiceH I3 8anie y MpboX MICYsAX KOPHYCy KOpoOKu nepeday, a ix ModicHa 36epicamu y 080X noaodcenHsx. Komoiny-
10uU 3a3HayeHl eapianmu 30epicanHs 6anie, MoOdCHA docsemu 00 48 eapiayit. Besnexka npayieHuxie Ha podooyomy micyi
BUPIULYEMbCS BUKOPUCTAHHAM Oe3NeYHUX 1a3epHUX cKaHnepis. Bonu 36epicatombcs 6 30Hax, 0e MONCIUSUL O0CMYN TH0OUHU 00
Pob0u020 Micys. 3aXucHi 30HU HABYATLHO20 PODOUO20 MICYs 00380AI0Mb YHOGIILHUMU AO0 3YRUHUMU PYX NPOMUCIOB020
poboma.
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