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PROPOSAL OF HANDLING PROCESS ON ROBOTIZED
WORKPLACE WITH DUAL ARM ROBOT

Urgency of the research. Deployment of two-arm robots in different plants increases production or assembly efficiency.
By designing a robotized workstation for assembly we will improve students' competences in the field of robot programming.
By preparing students at robotic workplaces using two-arm robots, we increase their employment in the labor market.

Target setting. The aim of the solution is to design an educational workplace for assembly, equipped with a two-arm ro-
bot. The object gripper uses Schunk electric grippers to adjust the range of movement and clamping force. This will allow
students to create an optimal program according to individual requirements.

Actual scientific researches and issues analysis. The question of the use of collaborative robotics in industry is highly
relevant. If two-arm industrial robots are equipped with safety sensors, we can increase the safety of working in collabora-
tive workplaces without using a collaborative robot.

Uninvestigated parts of general matters defining. Increasing the skills of students in the programming of industrial ro-
bots, improves their possibilities of employment in practice. At the same time, it creates conditions for maintaining the
growth of the national economy in the near future.

The research objective. The aim of the research was to design a robotic workplace so that students could use a creative
approach to solve a given problem. At the same time, the use of the Faculty logo as a model for the proposed assembly prep-
aration will increase the social awareness of the whole university.

The statement of basic materials. The deployment of two-arm robots and the preparation of workers for their pro-
gramming, maintenance and operation will ensure the development of robotics and facilitate manual work. This also leads to
an increase in the share of production and deployment of products with higher added value.

Conclusions. The article describes the design, production, programming and commissioning of a robotized workplace
for educational purposes. The workplace is equipped with a two-arm Yaskawa robot and a pair of Schunk electric grippers.
The aim of the work was to design an assembly and dismantling process that would demonstrate the possibilities of working
on a two-arm robot. The robotized workstation, when completed, allows the rotary cylinder to be inserted and then removed
in a closed loop. Manipulated parts are found in the proposed fixtures, whose shape is based on the university's initial fonts,
which make up its logo. Students participating in the learning process will be able to modify the program based on the teach-
er's assignment and thus improve their robot programming skills.
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Urgency of the research. Deployment of two-arm robots in different plants increases
production or assembly efficiency. By designing a robotized workstation for assembly we will
improve students' competences in the field of robot programming.

Target setting. The aim of the solution is to design an educational workplace for assem-
bly, equipped with a two-arm robot. The object gripper uses Schunk electric grippers to adjust
the range of movement and clamping force. This will allow students to create an optimal pro-
gram according to individual requirements.

Actual scientific researches and issues analysis. An industrial robot is part of a robotic
system used to make various components. Such a robot is autonomous, programmable and
capable of moving in three or more axis. The industrial robot is used for stereotypical and re-
petitive work in which man would not be fully utilized. Typical applications of these robots
include welding, spraying, handling, assembly, etc. Industrial robots and production automa-
tion have brought many benefits to industrial production. The most important benefit of ro-
bots is their efficiency, and they can work at a higher speed than a manual working man. If
the robot is properly programmed, it can work without interruption and thus massively in-
crease production and reduce the number of failed products [1]. Although the initial invest-
ment is high, they can turn this investment into profit in a relatively short time. Thanks to
their efficiency, consistency and price reduction, they are gaining popularity with parts manu-
facturers for various industries. The market for industrial robots is large and growing, espe-
cially in less developed countries. Technology is constantly changing, so it is difficult to keep
up with the rapidly changing changes in this area [2; 3]. The largest share of the robot market
is in: China, Japan, South Korea, US and Germany.

© Cewmiion A, lemko Pacricnas, 2019

&9



Ne 3 (17), 2019 TEXHIYHI HAVKHM TA TEXHOJIOTI

TECHNICAL SCIENCES AND TECHNOLOGIES
The robot we use for assembly activities is the robot of the company Motoman Yaskawa,
with the designation SDA 10F. It is a two-arm robot that has 15 rotary joints - 7 rotary joints
for each hand and 1 axis base rotation. It has high agility and freedom of movement on a
small ground plan. Due to its dexterity and its large number of joints, it is most often used for
assembly, handling and operator of machines, packaging operations or other work that is
mostly performed by people [4].
Base parameters robot SDA 10F are shown in Table 1.

Table 1
Yaskawa robot parameters [5]
Weight 220 kg
Payload 2x10 kg
Horizontal /Vertical Reach 720/1440 mm
Speed 130 - 400°/s
Repeatability +/- 0.1 mm

Current status in workplace. At present, the SDA 10F was mainly used for demonstra-
tions for visits and the teaching process (Fig. 1). Students learned to create a program in
which it was necessary to simultaneously use two arms fitted with electric grippers in the
handling process. Used grippers are from company Schunk, the first gripper is the PG 70,
which is equipped with two fingers moving parallel [6]. The second gripper is labelled EZN
64 and uses three fingers that are 120° rotated relative to each other [7]. The two-finger grip-
per is suitable for gripping non-rotating or rotating objects beyond the outer surface. The
three-finger gripper is designed to hold objects behind the inner circular hole, where the abi-
lity to centre the object of manipulation can be used. Figure 1shows the present workstation
with the SDA 10F robot, a pair of grippers and an angled stack of parts that uses gravity to
position the pipes of dimension 50x100 mm [8].

PG 70 EZN 64 Robot SDA 10F Parts magazine

Fig. 1. Ground plan of the workplace

Most high school students, as well as domestic and foreign visits to the Institute of Automation,
Mechatronics, Robotics and Production Technology at the Technical University in Kosice
(TUKE), do not know the logo of our university. That is why we used this logo as a basis for creat-
ing two mounting fixtures for storing manipulated parts. It is about integrating the TUKE logo into
the working environment of the robot and at the same time getting the logo into the students' sub-
conscious. It will also help with excursions or demonstrations to students interested in robotics.

Proposal of robotized workplace. Since the robot has already been programmed to perform
an action where it moves the rollers on an inclined plane in an infinite loop, (Fig. 2) we will not
interfere in this program. We try to keep the created program in order to keep it working if it
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needs to be used to illustrate the work of the robot. For this reason, we have defined a new wor-
king area where the proposed manipulated process will be implemented. The new 400 x 700 mm
work surface is located on the right side of the anchored robot. This means that if we want to im-
plement programming and demonstration of the robot work it is necessary to move the robot to
the new starting position, according to fig. 2 by rotating the robot's torso 90 ° clockwise.

Old
workplace
750

1? New
o
L'] = workplace m 510

700

Fig. 2. Robot in new working position

For the new work area it was necessary to design and produce a workbench whose height
from the ground was 560 mm and the table size was 390x690 mm. The table is made with
Bosch system aluminum profiles 50x50 mm. On the top of the table there is a white 16 mm
thick laminated board in which holes are made to hold the fixtures.

The preparations are made of stainless steel sheets 1.5 mm thick and 208x253 mm in size.
When designing the preparations we used the university logos, which consist of two letters
"TU" and the following shape (Fig. 3).

ElElS

Fig. 3. Logo Technical University of Kosice/Faculty of Mechanical Engineering

Holes are provided at the edges of the plates to attach the M5 threaded rods. The first sheet
has a "T" shaped hole and the second sheet a shape "U". On individual metal sheets are subse-
quently glued two letters, made of blue self-adhesive film which also forms the letters "TU".
The blue color was chosen deliberately, as the logo of the Faculty of Mechanical Engineering of
the Technical University of Kosice, where our workplace also belongs, is also blue [9].

The resulting shape of the proposed fixture consisting of two draw-off points located on
the work table and it’s shown in (Fig. 4). To the left side mounting fixtures (T-shaped cut
out), it is possible to place a maximum of 5 cylindrical parts. Into the right side the mounting
fixture (U-shaped cut out), it is possible to place until 7 cylindrical parts. In the case of tea-
ching with the use of these fixtures, it is possible for the teacher to determine how many pie-
ces cylindrical parts will be needed to create the program. In addition to the number of parts,
the teacher can determine their location as well as the direction of collection and storage. This
leads to multiple combinations, allowing each student to enter an individual assignment.
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Fig. 4. The resulting face of the product being made

Creating a sample program on the robot. After switching on the control unit and the proper
involvement of the pendant, after a while, the main menu on the pendant will start. In the menu,
we are particularly interested in the "Job" section, where we can see existing programs, delete
programs or create your own, new programs. When selecting "Create new job" we will open a
window where we can create and name our own, new program. The display is touch-sensitive, so
it's easier to move around. This is most useful especially when writing and then pressing the
ENTER button. If we have created a program it is necessary to change the control of the robot
arms in the "Control Group" item so that we can move both arms at the same time. In our program
we have to see the designation "R1 + R2: R1". In (Fig. 5) is a sample of the program, where a red
box indicates a label that indicates that we can use both robot arms in the program [10].

| |

) 0B CONTENT: MASTER
‘HORNY DP
w CONTROL GROUP: R1+R2:R1

0001 0001 M

+MOVL V=11.0
004 0004 MOVJ YJ=0.78 PL=(

+MOVL V=11.0
1005 0005 MOVJ) VJ=0.78

+HMOVL V=11.0
0006 0006 MOVJ VJ=0.78 PL=0

FL=0

MOVJ VJ=0.78 PL=0
+HHOVL V=11.0

Fig. 5. Demonstration of the program on pendant by robot

The row with the numeric labels at the top represents the robot's status bar. First (1) the
currently used robot arm is shown. Switching between robot arms, using the "ROBOT" but-
ton. The second (2) is the currently used coordinate system, which is the axis coordinate sys-
tem. To switch between coordinate systems, press the "COORD" button. Next (3) we can see
the speed of the robot, currently set to "High". Another icon (4) symbolizes the user level.
Whether it is an operator, programmer or service worker. At each level we can adjust some-
thing else, we have other privileges.

The number 5 icon is the play mode: step cycle or continuous mode. We use them to see
how the program works.

The penultimate icon shows what the manipulator is doing. It also shows an alarm or an
emergency stop. The last icon tells us which mode we use [11]. Either it is manual or automatic.
In manual mode, we can control the robot with a pendant. In automatic mode, the program
works separately. One line of the program is shown in green. This line contains code for both

92



TEXHIYHI HAVKH TA TEXHOJIOTI Ne 3 (17), 2019

TECHNICAL SCIENCES AND TECHNOLOGIES

arms marked orange and yellow. “MOVJ” represents the rotational movement of the individual
joints, “MOVL” is a linear motion along a line, “VJ” is a motion speed that ranges from 0-
100%. Currently, the speed is set to 0.78% for one arm and 11% for the other arm. The basic
position at the beginning of the program as well as the overall view of the workplace can be
seen in (Fig. 6). It is the position that the robot always takes when starting the program.

Fig. 6. The starting position of the robot

Then the robot turns 90 degrees and begins to take the rollers out of the cut-out "U" with a
3-point grip. Subsequently, he folds the roller into the second gripper and places it in the logo
with the letter "T" cut out, (Fig. 7).

B
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Fig. 7. Removing and inserting parts

Conclusions. The design and implementation of a new part of the robotized workplace
was intended to improve and optimize the learning process with the SDA 10F double-arm ro-
bot. The proposed solution created the prerequisite for assigning individual tasks to students
during the semester. The role of the teacher has turned into a consultant who leads students to
create a program on the robot. The result is increased student competence and self-esteem,
which can be used in practice. The financial intensity of the solution was around € 50, as most
of components were from by the Department of Robotics, which is also a teaching workplace.
The secondary benefit is the possibility of using the proposed workplace for presentation
tasks. Over the course of the academic year, over 200 students and school staff attend various
field trips at the Industrial Robotics Laboratory, leading to faculty and university visibility.

Acknowledgement. This article was created thanks to the VEGA project support:
1/0389/18 Research and development of cinematically redundant mechanisms.
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VIIK621.8
An Cemiion, Pacmicnas Jlemko

IMPOEKTYBAHHS POBOTU30BAHOI POBOUYOI CTAHIIII HA BA3I POBOTA
3 IBOMA MEXAHIYHUMHU PYKAMHU

Axmyanvnicme memu docniodycenns. Bukopucmanns pobomie 3 080Ma MeXaHi308aHUMU PYKAMU HA PI3HUX 3A800aX
niosuwye eghekmusnicme upobnuymea abo cxradanna. Po3pobka pobomuzosanoi poboyoi cmanyii nioguwgye komnemenm-
Hicmb cmyoenmig y 2anysi npoepamyearnts pobomis. [Iposedents 3aHamo Ol CMYOEHmI8 HA POOOUUX MICYSX, OCHAUWEHUX
0gopyKumu pobomamu, 36inbuLye ix 3auUHAMICMb HA PUHKY NPAYI.

Ilocmanogxa npoonemu. Heobxiono pospobumu naguanvhe poboye micye 01 cKi1aoanis, oonaouane pobomom 3 08o-
Ma mexanizoeanumu pykamu. 3axonnennsa 06'ckma 30iticHioembes enekmpuyHumu 3axeamamu Schunk, moocnuse pezyniogan-
HA CUTU 3amuckants. Lle 003601unmo HAGUUMUCH CMYOEHMAM CIMEOPISAMY ONMUMATLHY NPOSpaMy pobomu poboma 6iono-
8i0HO 00 THOUBIOYANLHUX BUMOR.

Ananiz ocmannix oocnioxcens i nyonikayiii. [Tumanns npo euxopucmanis pobOMoOmMexHiKy y RPOMUCIOB0CHI € dyice
axmyanvhum. OchawenHs RPOMUCIOBUX PODOMIE 3 080MA MEXAHI308AHUMU PYKAMU CNeYianbHUMU 0amyuKamuy, niosuyye
be3nexy pobomu Ha poboUUX MicYysaxX, 0e 0OHOUACHO NPAYIOE OeKintbKka pooomia.

Buoinenns neoocnioyncenux wacmun 3azansnoi npoonemu. Iliosuwenns xeanighixayii cmyoenmie 3 npocpamysanHsl
NPOMUCTIOBUX pOOOMIB, NOKPAWYE IX MOACTUBOCII Npayesnaumysants. Boonouac ye cmeopioc ymosu 0 niOmpumKu 3poc-
MAanHs HAYIOHANLHOT eKOHOMIKU Y HAUOUINCHOMY MAUOYMHLOMY.

Ilocmanogka 3asdannsa. Memoio docniodicenns € po3pobka poboma, wobd cmyOeHmu Maau MOACIUGICMb GUKOPUCMOBY-
8amu meopuull nioxio Oa eupiuenHs 3a0anoi npobnemu. Y moii dice yac 6UKOPUCMAHHA 1020MUny (axyibmenty y aKOCmi
MoOeni 01151 CKNaodanHs 30i161UUms coyianbhy 00i3HAHICIb YCb020 YHIBEpCUmenty.

Buknao ocnosenozo mamepiany. Po3noscioddicentss 060pyKux pobomis ma nio2omoeka npayienuxie 00 ix npozpamy-
6aHHs, 0OCNIY208Y8AHHA MA eKCAIyamayii 3a06e3neuams po3gumox pobomoOmexHiKu ma noie2uiums pyuny pooomy. Lle ma-
KOJiC cnpusmume 30i1buieHHI0 YacmKy 6UpoOHUYMea ma po3miugeHHIo npooyKyii 3 6inbut UCOKOI0 000AHOI0 8apmicmio.

Bucnoeku 6ionosiono 0o cmammi, Y cmammi onucano npoexmyeaHHs, GUpOOHUYMEO, NPOSPAMYBAHHS MA 86e0EHHsL 8 eKCHITY-
amayito pobomu3zo8ano2o pobouozo micys 0ns ocsimuix yineil. Poboue micye ocnawene ogopykum pobomom Yaskawa ma napoio
enekmpuyHux 3axeamig Schunk. Memoto pobomu € po3podka npoyecy ckiadants ma 0eMOHMAdACy, AKUL 6U OeMOHCIPYBA8 MOICTU-
6ocmi pobomu 0sopykux pobomis. Pobomuzoseana poboua cmanyia 003601s€ 30MiCHIOBamMU RPOSPAMYBAHHS. POOOMIE HA GUKOHANHS
nOCi008HUX Oitl, HANPUKIAO, 6CMABUMU NOBOPOMHULL YWITHOP § NOMIM GUIHAMU 1020 8 3aKPUMOMY Yukii. Y axocmi po6ouozo npo-
CMopy 080pYKO20 pobomy 6UKOPUCHIOBYIOMbCSL CREYiaNbHI WAOTOHY, (YPOPMA AKUX 3ACHOBAHA HA NOYAMKOBUX WpUGmMax yHieepcu-
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memy, AKi cknaoaromy tioeo aocomun. Cmyoenmu, AKi 6epyms y4achb y HABUANLHOMY NPOYEC, 3MOUCYMb MOOUDIKY8aAmU npoepamy
HA 0CHOBI 380AHHS 84UMeIIs A MAKUM YUHOM 800CKOHAIUMU C80i HABUYKU POOOMU 3 POOOMUZ08AHUMU CIAHYIAMU.

Kniouosi cnosa: pobom,; npocpamysanis; oceima, 1020mun.
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