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DESIGN OF THE EDUCATIONAL WORKPLACE FOR WORKING
WITH A COLLABORATIVE ROBOT

The article deals with the issue of development, design, production and revival of a test workplace equipped with a
collaborative robot and human service. The proposed solution is based on the need to train the company's employees during
the completion of gear sets. Since it is not a large-scale production, it was necessary to design the educational equipment in
such a way that it is portable and can be placed within different workplaces and offers sufficient variability. The variability of
the device makes it possible to modify the device so that the difficulty of the training is adapted to the knowledge of a trained
worker. The developed device allows improving the manual, logical and programming competences of a worker.
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Relevance of the research. The twentieth century can be described as the century of a
robot based on its development. In this period, there were already simple often referred to as
primitive drive systems, and the first control systems also appeared. Companies' requirements
and goals for higher production reached a high level. The development in the field of robots
recorded the greatest progress in the field of electronics and control systems [1].

In the last decade, the idea of Industry 4.0 and the Smart factory, in which collaborative
robots would play a key role, dominated the sphere of the manufacturing industry. The application
of collaborative robots brought about a revolutionary change in production lines, relieving work-
ers of some activities and at the same time maintaining the continuity of the production flow. This
change concerned the transition from robots working independently to activities in which the
robot collaborates with a worker who is also its operator. Many concepts were put into practice
that ensured a safer and simpler working environment. The main goal of these steps was to create
an environment where people and collaborative robots could work together [2].

Problem statement. The mutual cooperation of a person and a robot to perform a specified
task makes it possible, especially in small-scale production, to reduce the costs necessary for
the reconstruction of the workplace. This leads to the need to create an educational robotic
workplace, enabling to improve the competence of human operators. At the same time, it places
increased demands on the operator's technical knowledge and the need for creative thinking,
which will enable the assembly process to be optimized at the robotic workplace. For this rea-
son, the need for the design and creation of such a collaborative workplace was defined, which
will enable the modification of tasks. Modifying tasks for each of the trained workers should
be based on their previous knowledge and practical experience.

Analysis of recent research and publications. The term Cobot names a collaborative ro-
bot in the field of robotics. Edward Colgate, Witaya Wanaasuphoprasit and Michael Peshkin
were the first to use this name in 1996. They defined a cobot as “a robotic device that manipu-
lates objects in collaboration with a human operator [3].
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Cobots were initially designed based on the requirement to facilitate operator movements
while performing certain activities during their work. At the same time, human contact with the
object was to be maintained. A simple example of how a cobot works is a unicycle. With this
device, the wheel can rotate independently, but the steering and thus turning is controlled by
the rider sitting on it. This means that one degree of freedom is controlled by a person, but at
the same time one degree of freedom is controlled by a means or device. In summary, it can be
said that collaborative robots were designed in the past to help people manipulate real objects.
It follows from the definition that the mechanical bond that exists between a person and an
object in a real manipulation task also exists in cobot applications. Their task is to adjust the
available degrees of freedom, for example by restricting movement. In other words, the cobot
modifies pre-existing human-object bonds, while new bonds are created using haptic devices.
In the last decade, collaborative robotics has achieved success mainly due to implementation in
small and medium-sized enterprises. The use was subject to only two conditions — security
requirements for employees and the complexity of programming and operations. However, the
use of collaborative robots in more complex situations such as patient care in hospitals, quick
intervention during surgical operations or rescue operations requires the use of artificial intel-
ligence elements for active cooperation with people in rational situations [3].

The definition of collaborative robots in this wording can be dated to 2016, when the first
international conference for interactive collaborative robots took place (Interactive Collabora-
tive Robotics. ICR 2016, Budapest). As the name implies, the new category of cobots involved
active cooperation between a person and a robot, and therefore not only assistance in perform-
ing simple operations, but a certain form of dialogue [3].

Uninvestigated parts of a common problem. One of the trends of the modern phase of
scientific and technological development is the socialization of robots into various branches of
human activities. The concept of collaborative robots was derived from this, or cobots. Accord-
ing to the international standard ISO 8373:2021-11 “Robots and robotic devices” (2021), col-
laborative robotic operations include those activities in which a person cooperates with a robot
in the same workplace [4]. A robot that has elements of artificial intelligence and a developed
information sensory system becomes such a partner of a person that performs even more so-
phisticated tasks. In view of this, a new concept was created - Interactive collaborative robots.
The application of logical elements led to a significant expansion in the field of use of collabo-
rative robots, covering all new human activities and interests [5]. Developments in the field of
remotely controlled manipulators led to the emergence of a new group of remotely controlled
systems. These were defined as remotely controlled collaborative robotic systems. An im-
portant representative of this field is the robotic surgical system Da Vinci (Fig. 1), which facil-
itates and helps the surgeon's work. This system is not directly a robot, but rather a robotic smart
tool operated by a surgeon. This area also includes, for example, systems with use in space or
underwater, with elements of artificial intelligence, which are controlled by a person at the same
time with the active support of robotic systems [3].

Research objective. The goal of the research was to design such a device that would be
intended for assembly purposes. This means that the operator of the device should demonstrate
its skills not only manually but also logically. Since the request was based on the needs of the
company, in which different types of gears are most often used in assembly activities, it was
necessary to implement them into the device. Another requirement was the portability of the
device, so that it was possible to place the device on an adjustable work table, according to the
current needs at the workplace. For this reason, a total of three variants of the workplace were
created. Next, the most optimal variant in terms of price and ease of production was selected.

The statement of basic materials. The collaborative robot Fanuc CRX — 10i1A was used
at the test site, Figure 1. With its properties, it exceeds the requirements set for the task and
enables it to be performed safely and reliably. Among its advantages there is the function of a
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quick stop by touch, which ensures the prevention of accidents in contact with the robot or work
objects. The sensor technology mounted in the robot's body enables an immediate emergency
stop when it comes into contact with an obstacle or a human body [6].

e

O
Fig. 1. Fanuc CRX-10iA

The robot offers easy-to-use additional software that allows a user to easily install inter-
faces for peripheral devices. It is also possible to program the robot using the manual guidance
function, the so-called Manual guide. This means that the operator guides the robot to the de-
sired location and saves this location in the tablet using the drag & drop function. The robot is
controlled by a compact, lightweight controller R-30iB Plus Mini [7]. The technical data of the
robot are listed in Table.

Table — Fanuc robot parameters CRX-10iA [8]

Namely the load 10 kg

Number of controlled axes 6

The range of movement of the controlled axes 360 az 570°
Movement speed of controlled axes 120 az 180 /s
Robot range 1249 mm
Repeatable positioning accuracy +/- 0.04 mm
Weight 40 kg

The main and inseparable equipment of the robot for performing the work task 1s a collab-
orative electric gripper from the company Schunk with the designation EGP-C 40-N-N-
FCRXID (Fig. 2). The gripper is size 40 with a lift of 6 mm per jaw and the greatest force per
jaw F =70 N [9]. The gripper is connected to the robot using a flange and screws with a metric
thread, signal transmission is ensured by a cable. The gripping fingers of the flange were mod-
eled with respect to the shape and dimensions of the work objects and are manufactured using
3D printing.
el

ot

Fig. 2. Schunk collaborative grip effector
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The design of the workplace was implemented in such a way that the task of the collabo-
rative robot is to assemble a system of gears on a prepared work surface. Using a gripping
effector with fingers designed for the given operation, the robot removes and places wheels on
a steel plate with pins for wheel storage. The gears are mounted serially behind each other in
the axis. The last wheel of the gear has a cylindrical turned drum attached to the side for un-
winding the connecting cable. The last, driven wheel can be changed to a wheel with a different
number of teeth and thus the gear ratio would also change. In Figure 3 shows a view of the
proposed solution.

Fig. 3. 3D design of the solved robotic workplace

The gears are placed in trays on the plate in front of the robot. From this position, the robot
takes them to the pins that are on the base plate in front of the robot. Multiple wheel alignment
options are available. Even when changing the order of the gears, the functionality of the trans-
mission will be preserved and thus the teeth will engage. The resulting gear ratio can be changed
so that it is larger, smaller or equal to one.

The manipulation task is performed at a workplace with a pair of work tables. On one table
the robot performing the task is stored and screwed, on the other table the task is performed and
all the parts of the work task are stored on it. Base plates with dimensions of 160 x 400 are
placed on aluminum profiles of length [ = 530 mm. The assembled gear assembly will be pow-
ered by a Faulhauber servo motor with a Faulhauber planetary gearbox. This drive will guaran-
tee a constant torque that will be transmitted through the gear for winding the connecting cable
onto the drum, which is connected to the platform. The mechanism is constructed from alumi-
num profiles of size 40 x 40 mm, on which a system of pulleys, a drum, a connecting element
- a cable and a platform for lifting are mounted.

The design solution of the variant is composed of several units. The supporting elements
of the assembly are formed by two steel plates, which are connected to each other by fillet
welds. The bearing plate on which the pins are attached has dimensions of 160x300x10 mm,
the bottom plate on which the magazine for gears is located has dimensions of 160x400x10
mm. Holes are drilled in the plates for the pins on which the gears are mounted. The axial
distances of the holes were designed according to the values of the pitch circles of the gears and
allow the configuration of the used wheels to be changed. The holes in the plate are made with
a tolerance of H7. The resulting dimension of the system, consisting of two plates, is 400x170
mm and 160 mm high. The drive is located on the support plate, where it is connected by means
of a connecting element. The torque from the engine is transmitted by means of a flexible cou-
pling that connects the output shaft of the engine and the shaft of the drive wheel. A cable is
attached to the drum mounted on the driven wheel, which lifts the platform through a system
of pulleys. In Figure 4 shows a view of the proposed assembly.
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Fig. 4. The proposed assembly assembly:
1 — Base plates; 2 — Support structure; 3 — Gear wheels; 4 — Lifting mechanism

The procedure for working out a work task at the workplace is graphically illustrated using
the attached diagram, Figure 5. The diagram clearly presents the relationships between individ-
ual elements and parts of the work task. The signs and shapes used in the diagram have their
own special meanings and are distinguished by their purpose. Individual shapes are connected
by arrows that determine the continuity of the process.

The attached diagram graphically describes the work process at the workplace with a col-
laborative robot whose task is to create a system of gears. According to the assignment, the
robot cooperates at the workplace with an operator who assists him and at the same time checks
the work being performed. The task of the robot is to take the gears from the magazine and
place them on the prepared pins. After fitting the gears, the operator puts on the demarcation
washer and the insurance (seger) washer. After completing the assembly, he manually turns on
the voltage source for the servo drive, which causes the gear to move.

At the beginning of the work task, the collaborative robot is in its home, basic position
(HomePosition), from where it starts to perform operations. The grasping effector of the robot
is in the open state - Open. From the basic position, the robot moves above the magazine with
gears, from where it takes the first gear. The robot moves to a safe distance above the magazine
with a Jog type movement, then moves in a vertical direction up to just above the gear wheel.
In the gear grip position, the fingers of the grip effector are closed with the Close command and
the robot moves back to the home position with the gear gripped. From the basic position, the
robot moves with a Jog type movement towards the pin for fitting the gear wheel. It is very
important to maintain the predefined positions of the gears in the magazine as well as the posi-
tion of the drive gear for proper engagement and engagement of the gears. These positions are
marked with lines on the base plates. Near the pin, the robot with the manipulated wheel is
adjusted so that the axis of the pin is identical to the axis of the gear. After the correct setting,
the wheel is pushed onto the pin using a Linear movement. In the storage position, the end
gripper effector is opened with an Open instruction and the robot returns to the home position
to allow the operator to perform his task of placing the locating and locking washer on the stud.
During the execution of commands by the robot, its movement is visually checked by the op-
erator. If the robot registers resistance during any of its operations with one of its sensors, it
repeats the movement once more. After unsuccessfully performing any of the operations again,
the movement of the collaborative robot stops and it is necessary to reconfigure the work task.
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Fig. 5. Work task sequence in the workplace with a collaborative robot

After mounting the first gear, the work cycle is repeated and the robot grabs the second
gear in the magazine and places it on the next pin so that it engages with the previous gear. It is
important to pay attention to the precise programming of the position for gripping the gear
wheel so that the entire surface of the gripping fingers is used. After correctly grasping the
manipulated object with the Close instruction, the robot will gradually return to the position
above the magazine with a Linear movement and then to the basic position with a Jog move-
ment. From this position, the operation continues to fit the gear on the next pin. Attention during
programming must be focused on the orientation of the gripping effector to avoid unwanted
contact with other elements of the assembly. After centering the axis of the pin and the axis of
the wheel, the second gear wheel is set to its end position by a Linear movement. The robot will
gradually return using the Linear instruction to the position in front of the pivot and the Jog
instruction to the basic position to allow the operator to perform his part of the task. After
mounting the first and second gears on the base plate, there follows the operation of mounting
the driven gear, which is fitted with a drum for unwinding the connecting element between the
gear and the lifting platform. Assembling the drum gear is the last operation performed by the
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collaborative robot. The robot is moved from its home position by a jog type movement above
the magazine, where the gear wheel with the drum is located. This is followed by a Linear
movement in the direction of the z axis, bringing the robot closer to touching the drum. In this
position, the gripping effector is closed with the instruction Close, fig. 46 and the attached ob-
ject rises back above the magazine, then returns to its original position, from where it moves to
the last pin for assembly. After the correct position is set, the gear wheel is pushed into the end
position, the gripper effector is opened with the "Open" command, and the robot returns to the
home position. The operator puts on the safety washer and connects the connecting cable
through the pulley to the lifting platform located at the end of the aluminum profile structure.
After completing the system of gears and connecting the driven wheel with the drum to the
platform, it is possible to start the lift of the platform. Applying the supply voltage to the termi-
nals of the Faulhauber servo drive will cause the gears to move. When the last gear rotates, the
connecting cable is wound on the drum and thus the platform is lifted. The lift of the platform
is stopped manually by the operator upon reaching the top position.

If necessary, the whole assembly can be disassembled using reverse commands, after dis-
connecting the connecting cable from the platform and winding it on the drum, as well as re-
moving the locking and limiting washers from the pinions of the gear wheels.

Conclusions. In this article, the design of a workplace for the mutual cooperation of a
collaborative robot and a human operator is shown. At the workplace, it is possible to change
the arrangement of a maximum of four pieces of gears with direct teeth. One of the wheels is
also equipped with a drum for winding the cable, enabling the lifting of the platform. The lift
of the platform is realized using a drive consisting of a DC motor and a planetary gearbox.
Cooperation between a robot and a human can consist in two basic areas. The first and simpler
area is the combination of mounting the gears on the fixture. The teacher can tell the student
which wheels the robot places and which the student places. The second more difficult area is
the need to secure the mounted gears on the pins using seger rings and spacers. This can be
done by hand or with the help of seger pliers.

The uploaded educational workplace solution allows the teacher to enter different gear ar-
rangement configurations for individual students. At the same time, the designed workplace
allows to test the student's acquired knowledge in the field of design and calculation of gear
transmission. This is ensured by providing the student with several pieces of gears, but only
some combinations of them can set the designed mechanism in motion. This creates a complex
task for the student consisting in the design of the gear, its recalculation, the programming of
the robot, the implementation of collaborative assembly and the testing of the functionality of
the solution using a lifting platform.

Acknowledgements. This article was created thanks to the KEGA project support:
020TUKE-4/2022 Development and implementation of new approaches in teaching industrial
and collaborative robotics.

References

1. Mair, G. (1989). Industrial robotics 1. vyd. Hertfordshire: Prentice Hall International (UK) Ltd,
354 s. ISBN 0-13-463217-6.

2. Zentay, P., Kutrovacz, L., Ottlakan, M. (2020). Aspects of Industrial Applications of Collabora-
tive Robots. In Modern Problems of Robotics [online]. pp.3-17. DOI:10.1007/978-3-030-88458-1 1.

3. Luciani, A., Cadoz, C. (2007). Enaction and Enactive Interfaces: A Handbook of terms. ACROE,
pp-328, Enactive Systems Books, ISBN 978-2-9530856-0-0.

4. Hajduk, M., a kol. (2015). Robotika - Roboticka technika. 1. vyd. Kosice: TU Kosice, 188 s.
ISBN 978-80-553-2500-2.

5. Lynch, K., Park, F. (2017). Modern Robotics. Cambridge University Press, 2017. 528 s. ISBN
978-1-107-15630-2.

6. Collaborative robot. https://crx.fanuc.eu, Retrieved from: 7.9.2022.

43



TEXHIYHI HAYKU TA TEXHOJIOT T Ne 3(29), 2022
TECHNICAL SCIENCES AND TECHNOLOGIES

7. Fanuc. https://www.fanuc.eu/sk/sk/robots/prislusenstvo/robot-controller-and-connectivity, Re-
trieved from: 20.9.2022.

8. Fanuc. https://www.fanuc.eu/sk/sk/robots/robot-filter-page/spolupracujuce-roboty/crx-10ia, Re-
trieved from: 20.9.2022.

9. Schunk. https://schunk.com/ca/en/gripping-systems/parallel-gripper/co-act-egp-c/co-act-egp-c-
40-n-n-fcrxid/p/000000000001441947, Retrieved from: 20.9.2022.

Otpumano 10.09.2022

UDC 621.8

Jaeuo Kosaniwk', An Cemiton?, Mapmun Cuu-Kpusans®, Mamyc Cabon*

lacnipant kadespu BApOGHUUKX CUCTEM | pOGOTOTEXHIKH
Kommupknit Texniunmii yaiBepcuret (Kommne, CroBauunna)
E-mail: david kovaluk@student.tuke.sk

2oueHT Kadeapu BUPOOHMYMX CHCTEM i POGOTOTEXHIKH
Kommupkwii TexHiunnii ynisepeutet (Kommne, CioBaqumHa)
E-mail: jan.semjon@tuke.sk. ORCID: https://orcid.org/0000-0002-9076-7808
ResearcherID: AAH-6272-2019. Scopus Author ID: 55571411200

3cTynment kadeapu BUPOOHMYMX CHCTEM 1 POOOTOTEXHIKH
Kommupkuii TexHiunmii ynisepeutet (Kommne, CioBaqumHa)
E-mail: martin.syc.krivan@student.tuke.sk

4acnipant kaeapy BUPOOHUIUX CUCTEM i POOOTOTEXHIKH
Kommupkwii TexHiunnit yniBepeutet (Kommne, CioBaqumHa)
E-mail: matus.sabol@student.tuke.sk

IMPOEKTYBAHHSA HABYAJIBHOI'O POBOY0I'O MICIIA
IS POBOTHU 3 KOJIABOPATUBHUM POBOTOM

Y ecmammi posenamymo numanna pospobxu, npoeKmy8ants, sUPOOHUYMEA Ma 3anycKy unpoby8aIbHO20 poOO1020 Mi-
CYs, OCHAWEHO20 KONaOOpamusHUM pooomom i T0OUHOI0-cepeicoM. 3anpononosare piuieHHs: 6A3YEMbCa HA HEOOXIOHOCMI
HABYAHHS NPAYIEHUKIE NIONpUEMCcmEa nio yac komnaiekmayii 3youacmux nap. OCKitbKu ye He 8eIuKOMAcumabHe supooHuY-
meo, HeoOXIOHO OYI0 CRPOEKMYBAMuU HABYANIbHE 0ONAOHANHS MAKUM YUHOM, W00 60HO 6YI10 NOPMAMUSHUM, 11020 MOJUCHA OY1I0
PO3MIWy8amu Ha PI3HUX pobOYUX MICYSX I MATI0 OOCMAmMHIO eapiamusHicmy. Bapiamuenicms ycmamkysants 00380/15€ 1020
MOOuGhixysamu maxum yuHom, w06 cKAaoHicms Haguanus Oyna a0anmosana 00 3HaHb NPayieHUKa, wjo Haguaemuvcs. Po3po6-
JleHe YCMAamKy8aHHs 00360/14€ NIOSUWUMU MAHYATbHI, TO2ITYHI MA NPOSPAMHI HABUYKU NPAYiéHUKa. Pyuni naguuku 600ckoHa-
JI0I0OMbCA 30 PAXYHOK HEOOXIOHOCTI 8UKOPUCTIAHHS PYYHUX THCMPYMEHMI8 ni0 4ac CKAAOAHHA, AKUMU NPAYIGHUK NOGUHEH
eéMimu Kepysamu 3a 6CaHosieHuti yac. JIo2iuny KomMnemeHmHicms npayieHuUKa MOXCHA NOKpaAwumu, 000aguu 000amro8i
wiecmepHi 3 pi3HOIO KiIbKICMIO 3y0i6, W0 3MYULYE NPAYIBHUKA BUKOHAMU 6A308ULl PO3PAXYHOK NepeddsaibHO20 YUCIA O CKId-
oanns gysna. Komnemenmuicmo npayienuxis y npocpamyeanti NOKpawgyemvcs 3a605Ku HeoOXiOHOCMI nPOSPaMy6aHHsl Koid-
bopamugnozo poboma, wjob sin mic bezneyrno nepecysamucs 6 obmedcenomy npocmopi. Pospaxynxosi 3azopu 6 onopax ma
MIDIC WeCMEPHAMU BUMAAIOMb HeOOXIOHOCME MOYHO20 NPOSPAMY8alHs ma onmumizayii pyxy. Pospobnene nasuanvue poboue
Micye nioxooums 0Jisk B00CKOHAIEHHS. 3HAHb NPAYIEHUKIS, SIKL 62ice MAIOMb 00C8i0 NOOIOHOT JisIbHOCMI ma nompebyioms nio-
BUUEHHSA NPOOYKMUBHOCII, ONMUMIZaYii npoyecie abo CKOPOUEHHS Yacy nPpoCcmor. 3anponoHo8anul KoaabopamugHuil pobom
Xapaxmepusyemuvcsi 00CMAmMHb010 8AHMANCONIOUOMHICIIO ma padiycom Oii. [na npospamysanus poboma, a maxoxic Kepy-
BAHHA POOOMOM MEMOOOM 8i0MBOPEHHS BUKOPUCTIOBYEMbCA NAAHUMEN 13 CEHCOPHUM KepyeanHam. Lle 0o3eonse npuckopumu
npoyec cmeopenHs I0N0GIOHUX MPAEKMOpIU | onmumizysamu 1o2iuni QyHryii poboma.

Kntouoegi cnosa: xonabopamugnuii pobom, KonabopamusHuil eghekmop, cucmema 3yo4acmux nepeoay, cniepooimHuymeo.

Puc.: 5. Tabn.: 1. Bién.: 9.
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