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PROPOSAL OF ROBOTIZED CELL WITH ROBOT KUKA KR 6
FOR EDUCATIONAL PURPOSES

Urgency of the research. The issue of using robotic workplaces for training students of technical fields is highly topical.
It makes it possible to increase the labour market participation of students not only for the needs of the present, but also for
the future. The design and implementation of an educational robotized workplace make it possible to prepare students ac-
cording to their needs and current knowledge.

Target setting. The aim of the solution is to design an educational workplace for handling, equipped with a Kuka KR6
robot and pneumatic effector. The three-finger effector from SMC allows you to hold and carry objects with a maximum
clamping force of 130 N. At the same time, the workplace allows you to place handling objects in a total of 32 positions.

Actual scientific researches and issues analysis. The deployment of angular industrial robots has also penetrated into
other areas of industry where their use was only sporadic. This creates the need for additional personnel able to program the
robot and set the technology for a specific issue of the robotized workplace.

Uninvestigated parts of general matters defining. Improvement of students' knowledge or retraining of employees cre-
ates preconditions for their better application in technical practice. The ability to realize customized programs on industrial
robots currently deployed in industry prepares students to perform their work without the need for further training, saving
costs and time for employers.

The research objective. The aim of the research was to design an educational robotized workplace in order to prepare stu-
dents according to the specific needs of employers. The workplace allows the use of other pneumatic grippers, while it is possible
to connect a total of 16 inputs and outputs for the use of other peripheral devices. The robot can also be used to create a pro-
gram in an ROS environment, which in turn creates the need to use a Kinect device to detect not oriented components.

The statement of basic materials. The use of the robot, whose control system KR C4 is one of the most modern, allows
students to prepare for the needs of practice in the nearest future. After completing the training, the student is able to pro-
gram on-line Kuka robots for industrial use.

Conclusions. The article focuses on the design and creation of a training robotized workplace for creating programs using
a pneumatic gripper. The design and use of the chessboard makes it possible to create a large number of possible combinations
for training purposes. This creates a good precondition for adapting training to the specific needs of trained groups. The use of
horizontal and inclined plane will teach students how to use the co-ordinate system of the tool or external base when program-
ming. For this reason, programming the movement of the robot along the correct trajectory is more complex and improves the
spatial perception of the students in the robot workspace.
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Problem definition. The deployment of industrial robots in various industries has an in-
creasing trend related to the need for human replacement in the production process. The in-
creasing cost of human wages, as well as the lack of a skilled workforce, force manufacturing
plants to robotized work tasks. Especially those operations that do not require human creativi-
ty. The deployment of a qualified worker moves to the position of supervisor of a possible
programmer, who keeps the operation within the required limits. This creates the need to find
enough workers in the labour market to be able to revive, operate and carry out the necessary
maintenance of industrial robots. Colleges and universities must therefore prepare students so
that they are able to accomplish these tasks when they enter the labour market [1, 2].

Continuous development in the field of technology improvement (welding, spraying, joi-
ning materials, etc.), used as end effectors on industrial robots complicates the preparation of
students for a specific application. Therefore, it is important that students have a broader view
in this area and understand the processes that lead to successful programming not only of the
robot trajectory, but also of the setting of the end effector parameters. The ability to create pro-
grams for industrial robots from various manufacturers creates good conditions for the student's
position in the labour market not only in Slovakia but also in other developed countries [3, 4].

The KR 6 R900 sixx is a compact six-axis robot designed for the highest working speeds.
Different designs, mounting positions, reaches and loads make this little robot a good tea-
ching aid. The robot is characterized by its versatility, which allows the use of in new areas of
application. Regardless of whether it is on the floor, ceiling or wall - thanks to the integrated
power supply and proven control, the KR C4 compact delivers the highest precision in the
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smallest space. The new automation concepts enable the Safe-Robot function and are availa-
ble in cleanroom, explosion-proof, hygienic design or splash-proof versions [5, 6].

Base parameters robot KUKA KR 6 are shown in Table 1.

Table 1
Kuka robot parameters [7]
Weight 52 kg
Maximum load capacity 6 kg
Rated load capacity 3 kg
Workspace radius 901 mm
Speed 300 - 615°/s
Repeatability +/- 0.03 mm
Power supply 230V, 50 Hz/ 2.5 kVA

Current status in workplace. The workplace is created especially for the needs of teaching
and training according to the requirements of the project “Starting package of investment elements
for lifelong learning at TUKE”. This is a special preparation of TUKE graduates for the needs of
companies working in the deployment of robotized lines in the automotive industry, especially for
VW and Daimler. The KUKA KR 6 industrial robot with the KR C4 Compact control system, the
work table and the pneumatic gripper SMC MHS3 40D are located at the workplace (fig. 1).

MHS3-40D

Kuka KR 6

Pendant

KR C4
compact

Fig. 1. Robotized workplace

The latest generation of C4 control systems is available in five versions. Physically the
smallest type is the C4 Compact, which has dimensions of 271 x 483 x 460 mm. It includes an
SSD for faster response, can control 6 axes and 2 additional axes as an option. The weight of
the unit is 33 kg and the ambient temperature in which it can operate is 5 to 45 °C. The inter-
face used by the unit is USB 3.0, GbE and DVI-D and Display Port.

The pneumatic three-finger gripper MHS3 - 40D from SMC is characterized by the used
cylinder of size series 40, fig. 2. The stroke of the double-action gripper is 8 mm. The clam-
ping force is 118 N for gripping the outer surface of the object and 130 N for gripping the in-
ner surface of the handling object. The weight of the fingerless gripper is 351 g. The repeata-
bility of the gripper can be up to £0.01 mm. The gripper is fitted with a pair of end magnetic
sensors to monitor the opening and closing of the fingers. The SY5120-5Y0-01F-0 valve from
SMC is used to control the gripper [8, 9].
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Fig. 2. Pneumatic gripper SMC

The proposed work scenario focuses on the handling process. The task of the students at
the workplace will be to translate metal pipes of ¥26x2 - 25 mm (fig. 3) from designated po-
sitions to positions given by the teacher.
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Fig. 3. Object of manipulation

Proposal of robotized workplace. The removal or storage location is located in the robot's
workspace at the base of the robot or on an inclined plane. The usable working area on the table
where the robot is located is 600 x 600 mm. The inclined plane is 300 x 300 mm and allows you
to adjust the tilt angle from 0 to 90 °. The inclined plane includes a layer where four 60 mm
magnetic strips are placed. The tapes are located below the chessboard area where students store
the manipulation objects to ensure they are retained when the gripper opens.

In the work area is placed "checkerboard" External dimension of 300 x 300 mm in (fig. 4).
The chessboard contains 16 (4x4) positions where manipulation objects can be stored. It is
marked on the horizontal axis with numbers 1 to 4 and on the vertical axis with letters A to D.
The diameter of the marked area is 27 mm, which allows to store the manipulation object with
a tolerance of + 0.5 mm.
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Fig. 4. Chessboard no. 1
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When entering individual assignments by students, it is possible to choose different com-
binations. Most often, students are required to remove and transship 4 pieces of handling ob-
jects. If students have minimal experience in robot programming, a configuration is used
where they remove and translate manipulation objects only on a horizontally placed chess-
board. In (fig.5) is a view of the workplace where from the chessboard No. 1 (positions Al
and C4) it is necessary to move the manipulation objects to the chessboard No. 2. Location to
store is (C1 and A3). The other two manipulation objects need to be moved from the chess-
board no. 2 (D1 and B4) on chessboard no. 1 (A4 and D1).

740
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Fig. 5. Horizontal placement of two chessboards

Students with more experience in robot programming remove and store manipulation ob-
jects from a horizontal chessboard to an inclined chessboard. That is, they remove two ma-
nipulation objects from a chessboard located on an inclined plane to a chessboard mounted on
a horizontal plane. At the same time, the other two manipulation objects translate from the
horizontal chessboard to a chessboard mounted on an inclined plane, FIG. 6. An example of
an assignment for a student can be as follows: translate manipulation objects from chessboard
no. 1 (CI and B3) to chessboard no. 2 (D2 and B4). Then translate the manipulation objects
from chessboard no. 2 (B1 and D4) to chessboard no. 1 (A2 and C2).
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Fig. 6. Chessboard placed horizontally and on an inclined plane
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Since we have 32 (2x16) possible positions for taking and storing manipulation objects, there
are a large number of possible combinations. This allows the teacher to customize the number of
objects and the location of manipulation objects according to the individual needs of a particular
student. The student's task is not only to program the robot trajectory, but also to be able to work
with digital inputs and outputs. Using them, the student can control the closing and opening of the
gripper in positions where individual objects of manipulation are taken and stored.

Conclusions. Creating a robotized workplace enabling students to improve their competences
will ensure their better employment in the labor market. The possibility to create various configu-
rations from the used chessboards allows the teacher to customize the assignment according to the
needs or knowledge of a particular student. Placing the chessboard on an inclined plane improves
the student's imagination for programming. To create a trajectory of movement, they use a shift in
three perpendicular axes. However, to store or remove the manipulation object from an inclined
plane, it is also necessary to use rotation about the respective axis. The use of pneumatic gripper
puts demands on students to use inputs and outputs of the robot or logical variables.
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search and development of kinematic redundant mechanisms.
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An Cemuion, Mapmin Kouan

MPOIO3ULIA POBOTU30BAHOI'O POBOYOI'O MICIA 3 POBOTOM KUKA
KR 6 JIJISI HABUAJIbHUX IIIEHA

Axmyansnicme memu oocnioycenna. Ilumanns euxopucmanis pooOmMuU308aHux pobouux Micyv O HAGUAHHA CHIY-
O0enmie mexuiuHux eanysell € Hao38uualino akmyanvhum. Lle oae 3mo2y 30invuwiumu 3aiHAmMicMs CMyO0eHmie Ha puHKy npayi He
auwe 0ns nompeb cbo2o0eHHs, ane i ona maubymnvozo. Po3pobka ma peanizayis HAGUANLHO20 POOOMOMEXHIUHO20 pOOOH020
Micys 0aiomb MOJICTUBICTIL 20MYBAMU CIYOEHMIE 8iON0BIOHO 00 iX nompeb ma CyHacHUX 3HAHb.

Ilocmanogxa npobnemu. Mema piwennsa - po3podoumu Haguanivhe podoue micye 01 06podKu, obnaduane pobomom
Kuka KR6 ma nnesmamuunum epexmopom. Epexmop 3 mpvoma nanvysamu SMC 0osgonae ympumysamu ma nepeHocumu
npeomemu 3 maxcumanvhum 3ycunasam samucky 130 H. B moii oce wac poboue micye 00380ns€ poamiugysamu 0opooniosami
00'exmu 6 3aeanvuill Kinbkocmi na 32 no3uyisx.

Ananiz oocnioycens i nyonikayii. Buxopucmanus Kymogux npoMUciogux pooomie nowupunocs i 8 inuti 2any3si npomucio-
socmi, Oe ix guxopucmogysanu 1uuie vac 6io uacy. Lle cmeopioec nompebdy 8 000amKo8oMy nepcoHani, 30amHoMy NPOPamyeamu
poboma i Hanawmysamu mexHonoz2iio 0l KOHKpemHoi npodiemu pobomu308aHo20 pobo4020 Micys.

Buoinenns mnedocnioycenux uwacmun 3azanvhoi npoénemu. I[lokpawenna 3uanv cmyoenmie abo nepeniocomogxa
npayieHuKie cmeopioc nepedymosu Ons iX Kpaujoeo 3acmocy8anns 8 mexuiumit npaxmuyi. Moociugicms peanizysamu
cneyianizogami npoepamu Ha pobomax NPOMUCIOB020 PiGHs 20MY€E CMYOeHMI8 8UKOHYBAMU C8010 pobomy be3 HeoOXiOHoCcmi
000amK0B020 HABYAHHS, eKOHOMAAYYU GUMPAMU MA H4ac 0151 PO6OMOOAsYI8.
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Ilocmanogka 3agdannsn. Memoio docniodxcenns 6yn0 po3pobumu HaguanvHe pobomomexuiune poboue micye 3 Memoio
nio2omosKu cmyoenmia 8iono8iono 00 KOHKpemuux nomped pobomooasyis. Poboue micye 0038015€ gukopucmogysamu iHuti
NHeBMAMUYHI 3aXONI08AYI, MAKONIC MONCIUGO NIOKTIOUUMU 3a2anom 00 16 6x0016 i 6ux00i6 01 3 €OHAHMA 3 THUUMU NepU-
Gepitinumu npucmposmu. Pobom maxodic modice sukopucmogysamucs ons cmeopenus npozpamu 6 cepedoguwyi ROS, wo,
CB010 Yepey, cmeoproe HeobXioHicme sukopucmarnisa npucmpoio Kinect 015 6usasnenHs HeopicHmMo8aHux KOMRHOHEHMIG.

Buknao ocnosenozo mamepiany. Buxopucmannus poboma, wus cucmema ynpaeninna KR C4 ¢ oouicto 3 naiicyvachiuiux,
0036018€ CMyOeHmam nioeomyeamucs 00 Hompeb npakmuku 8 Harbaudicuomy maudoymmuvomy. Ilicisa saxinuenns naguamHs
cmyOenm modice npozpamysamu on-iaiin pobomu Kuka 0ns npomuciosoeo uKopucmamms.

Bucnogxu 6ionogiono oo cmammi. Cmamms 8uceimaio€ po3pooKy ma cmeopeHHs HABYANbHO20 POOOMU308AHO20 PO-
604020 Micys Onsi CMBOPEHHS NPOSPAM 3 BUKOPUCTNAHHAM NHeBMAmuiHo2o 3axeamy. Koncmpyxkyia ma euxopucmanus waxo-
601" QOWIKU 0AE MOACTUBICTNG CIMBOPUMU BENUK) KITLKICIb MOACIUBUX KOMOIHayill Ona Hasuanvhux yineil. Lle cmeopioe xo-
pouty nepedymosy Oas adanmayii HABYaHHA OO0 KOHKpemHUx nomped epynn, wo Hagyaiomvcs. Bukopucmanna
20pU3OHMANLHOT MaA NOXUNOI NAOWUHU HABYUMb VUHIE GUKOPUCMOBY8AMU CUCMEMY KOOPOUHAM [HCMpYyMenmy abo
306HiWHBOI 6a3u npu npozpamyanti. 3 yiei npuuUHU NPOSPAMYBAHHA PYXY POOOMA NO NPpAGUIbLHIL Mpackmopii € Oinbut
CKAAOHUM § NOKPAWYE NPOCOPO8e CRPULIHAMMA YUHAMU poboUoi obracmi poboma.

Kniouosi cnosa: pobom; npocpamysanisl; HAGUAHHSA, 1020MUN.
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