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DESIGN OF ROBOTIZED EDUCATIONAL WORKPLACE
IN OFF-LINE ENVIRONMENT WITH YASKAWA ROBOT

The article deals with the creation of 3D models of individual parts of a robotic workplace in the Creo Parametric
environment. The created models of the workplace components were subsequently imported into the MotoSim offline envi-
ronment, where three variants of the assembly process were designed and simulated at the robotic workplace with the
Yaskawa GP8 robot. The selected variant was then imported into a real workplace, where it was debugged and tested. The
goal was to create an educational workplace where it would be possible to carry out teaching and training online or offline
on a robot from Yaskawa.
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Relevance of the research. The use of an off-line environment in the design of robotic work-
places brings a lot of advantages, which make it possible to increase the efficiency in the design
of the workplace and shorten its installation and recovery time [1]. Renowned manufacturers of
industrial robots in their offline environments offer customers specialized functions and tools that
make it possible to use the potential of used industrial robots to the maximum extent [2; 3]. There
are also more universal offline environments on the market in which it is possible to use robots
from several competing manufacturers, but they have their limitations [4; 5].

Problem statement. The Yaskawa company has already installed over 600,000 robots
worldwide, which creates a need for the use of appropriate tools to design, simulate and opti-
mize robotic workplaces. In the eastern part of the Slovak Republic, new production facilities
are being established, where Yaskawa industrial robots are also being deployed. Therefore,
there was a need to ensure an educational process using online programming on Yaskawa ro-
bots, as well as a need to prepare graduates who would use the MotoSim offline environment.
For this reason, a Yaskawa GP8 robot [6] was installed on the premises of the Technical Uni-
versity in KoSice and 15 licenses for off-line programming in the MotoSim environment [7]
were delivered.

Analysis of recent research and publications. In today's industry, robotic workplaces
play a key role in increasing the efficiency and accuracy of production processes [8]. With the
development of technologies, they become even more sophisticated and integrated, which al-
lows better optimization of production procedures [9]. One of the main options that enables
testing and simulation of these robotic workplaces is software programs for creating and pro-
gramming these workplaces [10]. These programs provide the possibility of creating a virtual
model of workplaces, which enables testing and tuning of their functionality and effectiveness
before deployment in a real environment [11].
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Uninvestigated parts of a common problem. Offline programming of robots is a method
enabling programming based on the kinematic model of the robot in the CAD environment.
Such an innovation is particularly important for tasks requiring high precision of movement
and for minimizing downtime in a robotic workplace [12]. An active approach to programming
provides additional options, allowing programmers to intuitively define the trajectory of the
robot's movement and adapt it to the needs of the task at hand. The accuracy of the programming
depends on the accuracy of the model in the 3D environment. This data is necessary for the
implementation of the robot trajectory in a real environment. The use of offline programming
IS most effective for small and medium production systems, as it can provide a simpler and
more efficient way to generate a robot program even in complex systems [10].

Research objective. The goal of the research was the optimal design of a robotic training
workplace for online and offline programming of Yaskawa robots. In the first step, it was nec-
essary to create 3D models of individual parts of the workplace in the Creo Parametric envi-
ronment, which were subsequently imported into the MotoSim virtual environment. In the Mo-
toSim environment, three variants of the assembly process were designed using two conveyors,
a palletizer, a depalletizer, and an automatic tool changer. It was possible to test the designed
and simulated variants in a real workplace so that the students also gained practical experience
associated with the revival and launch of a robotic workplace.

The statement of basic materials. The robotic workplace consists of an industrial robot
from Yaskawa GP8 and a control unit labeled YRC 1000 [6]. The robotic workplace has two
conveyor belts, a workplace control cabinet, a palletizer and a depalletizer. The working space of
the robot with the range of movement of the first axis of the robot +/- 170° is shown in Fig. 1.
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Fig. 1. Dimensions of the GP8 robot [6]

The robotic workplace contains a height-adjustable stand on which the robot is attached.
The stand has a tool change system for two effectors, which is located on the side of the stand.
It is capable of vertical displacement and rotation around the displacement axis. It contains
cylindrical storage for effectors, which allows to increase the flexibility of the workplace. Two
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pneumatic grippers are located in the SMC MA310 tool changer, the Parker KURODA
GPR10A, which is used for gripping non-rotating parts, and the SMC MHS3-25D, which is
used for gripping cylindrical parts.

The conveyors used at the workplace are of different constructions. The first conveyor is a
belt conveyor with a belt width of 300 mm and a belt length of 2000 mm. The second type of
conveyor is a belt conveyor, which is used to move pallets with a width of 150 mm, while the
length of the active surface of the belts is 2300 mm. The workplace also includes a depalletizer
that serves to store and feed pallets onto a belt conveyor. The function of the palletizer is the
opposite, i.e. it removes pallets from the belt conveyor.

All the listed components of the robotic workplace were measured and their 3D model was
created in the Creo Parametric environment with an accuracy of up to 1 mm. The developed
models created the overall workplace, shown in Fig. 2, with a floor plan area of 2380x3970 mm.

Palletizer
Belt conveyor ;

Stand with effectors

Depalletizer

Pallet conveyor

Fig. 2. Workplace model in Creo 3D environment

All created models of individual components, except for the robot, were imported into the
MotoSim EG-VRC environment. To ensure the exact positions between the individual compo-
nents of the workplace, the construction of the virtual workplace model was solved directly in
the MotoSim environment. The relative positions of particular parts of the workplace are cre-
ated using tools (connection) used by MotoSim. The reason is the possibility of modifying the
offline workplace (modularity) according to the modification implemented at the real work-
place. Components in 3D that were imported from another environment are displayed in gray,
elements that are in the library of the MotoSim environment can have any color.

To move the conveyor models, it was necessary to create external conveyors through a
function located directly in the MotoSim environment. After creating the conveyor, it is neces-
sary to adjust its size, speed, start and end of movement. Subsequently, it is necessary to insert
this model of the "block" shape into the CAD model of the conveyor in order to merge the
moving surfaces. If the "MotoSim Conveyor" is moved to a non-zero position of the world
coordinate system and subsequently, its parameters are adjusted, it will be moved back to the
zero position of this system. To start the conveyors through the program, it is necessary to con-
nect these conveyors to the robot through the settings in the virtual pendant. These settings can
be seen in fig. 3, where "MotoSim Conveyors" are shown in green.
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Fig. 3. Setting up the movement of conveyors in MotoSim

To test the workplace model, three proposals for simulations of work at this workplace
were created. All three designs used different combinations of the available parts of the work-
place, using the robot for manipulative activity with the test objects. The test objects were sim-
ple models of cylinders (cylinder size $20x50 mm) placed on a pallet. Specifically, it was three
cylinders placed diagonally on a pallet (pallet size 150%200 mm), as can be seen in Fig. 4.

Fig. 4. Pallet with rotating parts

From the three simulation proposals, a proposal was selected and subsequently imple-
mented, which included the use of a robot, both conveyors and a palletizer.

The MotoSim environment does not include the ability to create a "pick and place" func-
tion, which is necessary to develop the chosen simulation. It is also not possible to simulate the
movement of uploaded CAD models. Exchange of effectors in the MotoSim program is not
visually possible, but programmatically feasible [8]. For this reason, it was necessary to create
a simulation differently. For this, the "Model script manager" function was used, through which
it was possible to create a visual simulation of the design by hiding and displaying objects. For
this reason, extra models of workplace equipment, pallets and cylinders were created. The SEE,
HID and ACT functions were used in the created scripts. The SEE function is used to display
the models, the HID function serves to hide the models, the ACT function moves the models in
the direction of the selected axis by the selected length [9]. The RESET function is used to
create a workplace model for the start of the line start-up. Models of the palletizer with a pallet
at maximum height, an empty pallet on a belt conveyor, as well as hiding a loaded pallet on the
conveyor and an empty pallet in the end position of the belt conveyor will be displayed. For the
sake of testing the simulation, the other models of pallets and cylinders were also hidden.
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Programming was done using a virtual pendant in the MotoSim program, robot movement
points and script execution were written into it. The program was tested using a simplified version
of the pendant called "Simple pendant". With a simplified pendant, it is possible to record robot
movement points and run a program simulation. The virtual pendant, which fulfills the same func-
tions as a real pendant, includes all the properties of a simplified pendant and allows adding func-
tions, macros to the program, modifying the properties of the robot, conveyors and effectors.

In fig. 5 shows a view of the robotic workplace in the MotoSim environment, where the location of
the robot, effector, belt conveyor and depalletizer is visible. At the same time, a simplified version
of the pendant with the created program is shown on the left side of the picture.
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Fig. 5. A robotic workplace in the MotoSim environment

A view of a real robotic workplace equipped with a Yaskawa GP8 industrial robot, where
the created program was verified in the MotoSim environment, is shown in Fig. 6.
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Fig. 6. A view of a real robotlc workplace

105



TEXHIYHI HAYKU TA TEXHOJIOT T Ne 3(37), 2024
TECHNICAL SCIENCES AND TECHNOLOGIES

Conclusions. The problem solved was focused on creating a virtual robotic workplace in
the MotoSim environment according to a real model. The goal of the work was to analyze the
current state of the workplace, create its 3D model and then create a program for simulating the
functionality of this environment. Due to the limitations of the MotoSim program in the area of
creating 3D models, the workplace model was created in the CAD program Creo PTC. Off-line
programming in the MotoSim environment is not the same as programming on a real robot.
Manipulation functions cannot be simulated with the same program that would be created for
real robot operations. Therefore, the created simulation could not be used for a real application,
but it was necessary to modify the program so it could be imported into a real robot. After
modifying the program, the proposed simulation was verified at a real workplace.

The proposed robotic workplace solution met the basic goal of a functional educational
workplace for working with the Yaskawa robot, where it is possible to carry out teaching (train-
ing) online at the workplace, or offline from a computer room equipped with licenses for the
MotoSim environment.

Acknowledgements

This article was created thanks to the KEGA project support: 020TUKE-4/2022 Develop-
ment and implementation 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. Bedaka, A.K., Vidal, J. & Lin, C.Y. (2019). Automatic robot path integration using three-dimen-
sional vision and offline programming. Int J Adv Manuf Technol 102, 1935-1950.
https://doi.org/10.1007/s00170-018-03282-w.

2. KUKA. Smart simulation software KUKA.Sim. https://www.kuka.com/en-de/products/robot-
systems/software/planning-project-engineering-service-safety/kuka_sim.

3. ABB. Offline programming tool for robotics Robot Studio. https://new.abb.com/products/
robotics/robotstudio/robotstudio-desktop

4. RoboDK. Simulate Robot Applications. https://robodk.com.

5. Siemens. Robotics programming and simulation TECNOMATIX. https://plm.sw.siemens.com/
en-US/tecnomatix/robotics-programming-simulation/

6. YASKAWA. Industrial robot GP8. https://www.motoman.com/en-us/products/robots/
industrial/assembly-handling/gp-series/gp8.

7. YASKAWA. Robot programming simulator MotoSim. https://www.motoman.com/en-us/prod-
ucts/software/simulation.

8. Holubek, R., Delgado Sobrino, D.R., Kostal, P., Ruzarovsky, R. (2014). Offline Programming
of an ABB Robot Using Imported CAD Models in the RobotStudio Software Environment. AMM 693,
62-67. https://doi.org/10.4028/www.scientific.net/amm.693.62.

9. Kaczmarek, W., Lotys, B., Borys, S., Laskowski, D., Lubkowski, P. (2021). Controlling an
Industrial Robot Using a Graphic Tablet in Offline and Online Mode. Sensors, 21, 24-39.
https://doi.org/10.3390/s21072439.

10. Guhl, J., Nikoleizig, S., Heimann, O., Hiigle, J., Kriiger, J. (2019). Combining the Advantages
of On- and Offline Industrial Robot Programming, 24th IEEE International Conference on Emerging
Technologies and Factory Automation (ETFA), Zaragoza, Spain, pp. 1567-1570, doi:
10.1109/ETFA.2019.8869495.

11. Marcinko, P., Koval'uk, D. (2022). The use of SmartComponents in the design of complex
robotic workplaces. Technical Sciences and Technologies, (2(29)), 52-58. https://doi.org/10.25140/
2411-5363-2023-3(33)-76-82.

12. Robotmaster. https://www.robotmaster.com/en/newsroom/offline-robot-programming-software.

Otpumano 18.09.2024

106



TEXHIYHI HAYKU TA TEXHOJIOT T Ne 3(37), 2024
TECHNICAL SCIENCES AND TECHNOLOGIES
VIAK 621.8

Maeuo Kosanox!, An Cemiion?, Mamyc Caodon’, Mamyc Ipaouar?

lacnipanT kaerpy BAPOOHUUKX CHCTEM i POOOTOTEXHIKH
Kommpkuii Texuiyauit yHiBepeureT (Kommune, CoBaudnHa)
E-mail: david.kovaluk@student.tuke.sk

2[IOLIEHT, JOLEHT KaQeapu BUPOOHUYKMX CUCTEM 1 pOGOTOTEXHIKH
Kommpknii Texuiyauit yHiBepeureT (Komune, CioBaudnHa)
E-mail: jan.semjon@tuke.sk. ORCID: https://orcid.org/0000-0002-9076-7808
ResearcherID: AAH-6272-2019. Scopus Author ID: 55571411200

Sacnipant kadenpyu BAPOOHUYUX CUCTEM i pOGOTOTEXHIKH
Kommupknit Texniunmii yaiBepcuret (Kommne, CroBauunna)
E-mail: matus.sabol@student.tuke.sk

“imkenep kadenpyu BAPOGHUUUX CUCTEM i POGOTOTEXHIKH,
Kommupkwii TexHiunnit ynisepeutet (Kommne, CrioBaqumHa)
E-mail: matus.hrabcak@student.tuke.sk

JIA3AH POBOTHU30BAHOI'O HABYAJIBHOT'O POBOYOI'O MICLA
B O®JAUH-CEPEJOBHIII 3 YASKAWA ROBOT

Y ecmammi tioemwvca npo cmeopenns 3D mooeneii okpemux wacmun pobomu3o8ano2o pobouozo micys 6 cepedosuuyi Creo
Parametric. Pobomusogane po6oue micye cKIaoaniocs 3 080X pegepCUsHUX KOHGEEPIS, NALemu3amopd, 0enaiemu3amopa ma
cucmemu asMOMAMUyYHOi 3MiHU THCmpymenmy. Y 10mKy 0ns iHcmpymenmie 6yio 0ea nuesmamuunux 3axeamu 6io0 SMC i
Parker Kuroda, 30amui 3axonnosamu sx 06epmogi, max i Henogopomui YacmuHu 3a OONOMO2010 NAALYLE, CMEOPeHux Ha 3D-
npunmepi 3 mamepiaiom PLA. Cucmema asmomamuunoi 3aminu incmpymenmie 6io komnanii SMC 3abesneuysana nuegmamu-
4HO KeposaHe 8i0 €OHAHH anyie OKPeMUx 3axeamis, a MAKONIC nepedaiy CUCHANIE HA OAMYUKU KIHYEBUX NOJONCEHb OKPEMUX
epexmopie. CmeopeHi MoOeni KOMnoHeHmie pooo1o2o Micys 6yIu 32000M iIMnOpmMosari ¢ ognaiin-cepedosuwye MotoSim, de
60HU 6y 3I6pani y momy 6uisoi, 8 IKOMY 80HU 3HAXOOAMbCI HA PeanbHoMy pobouomy micyi. ¥ nodansuiomy 6yno peanizo-
6AHO NPOEKMYBAHHSL MPLOX 6APIAHMIE MEXHONIOSIUHO20 PIUeHHs MOHMAJICY 3 BUKOPUCMAHHAM 0/8 nieemosaxeamis. Tlpu eu-
KOHAHHI MOOenioganHs 6 cepedosuwyi MotoSim 6 ocHO8HOMY BUKOPUCHOBYBANUCSA 00 €KMuU pomayitiHoi opmu posmipom
$20x50 mm, wo 36epicanucs na mexnono2iunux niodonax. Ockinexku cepedosuue MotoSim ne micmumo GyHkyii «eubepu ma
posmicmuy, HeoOXIOHO 6Y10 CTMEOpUmMU CUMYTIAYIIO 34 00noMo20t0 GyHKYiT «Menedocep cyenapiie modeniy. B axocmi poboma
BUKOPUCIOBYBABCS NPOMUCLO8UL pobom kKomnarii Yaskawa nio nazeoro GPS, ocnawenuii cucmemoro ynpasninna YRC 1000,
30aMHULL NEPEHOCUTNU 8AHMANC HA 8I0CManb 727 MM 3 MaKCuManibHoto eazot 8 ke. Obparuil éapianm 3 GUKOPUCTAHHAM
nanematizepa 05 WMabeno8ants MexHONOSIUHUX NIOOOHIE 32000M OY8 IMROPMOBAHUL HA pealble poboue Micye, oe Y8 Ha-
nazo0cenuli ma npomecmosanuti. Mema nponozuyii noiseana 6 momy, w06 cmeopumu 0ceimue poboue micye, 0e MOACHA
6y10 6 nPo8oOUMU GUKIAOAHHS OO HABYAHHS OHILAUH 0E3N0CePeOHbO 3a 00NOMO20t0 nidgicku Ha pobomi Yaskawa GPS8 abo
ognatin 6 ocgimuvomy cepedosuuyi MotoSim EG-VRC.

Knrwouosi cnosa: ognaiin cepeoosuwe; Yaskawa GPS; MotoSim,; naguanvhe poboue micye; Creo PTC.
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