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DESIGN OF ASSEMBLY ROBOTIZED WORKPLACE

Urgency of the research. Replacing manual assembly with robotic workplaces increases the productivity and quality of
assembly. Operator at the robotic workplace is necessary to control of the operation processes and adding components to the
tanks and removing the finished parts from the appropriate box. This allows the operator to be used parallel for other activities
within the production line. The cost of building a robotic workplace is relatively low compared to the rising cost of human
labor. This creates a precondition for maintaining the competitiveness of the company.

Target setting. The aim was to design a functional assembly robotic workplace using an affordable SCARA robot from the
Dobot company. The designed robotic assembly workplace, after implementation made, should increase assembly productivity.

Actual scientific researches and issues analysis. Increasing productivity without the use of automated or robotic systems
is currently not possible. This leads to the spread of robotic applications even in the assembly of relatively simple parts, which
are produced in several modifications.

Uninvestigated parts of general matters defining. Improving the quality of assembly production with the using of robotic
workplaces is required not only in the company that carries out assembly, but especially from customers of manufactured parts.
1t leads to reduced in the proportion of human labor to a minimum.

The research objective. The aim was to design such a robotic workplace that would make it possible to relieve a person
from monotonous work. Another goal was to increase the quality of pressing two parts and, above all, to increase labor produc-
tivity by at least 10%. At the same time, to ensure a minimum participation of the operator at the robotic workplace, so that he
can be used for other activities within the assembly line.

The statement of basic materials. The spread of affordable industrial robots with an open architecture has an increasing
tendency in larger as well as smaller operations. This leads to the creation of small robotic cells, which can be relatively easily
rebuilt according to current needs in the workplace.The article describes the design of a robotic assembly workplace using a
SCARA robot. The workplace is designed for the as-sembly of two parts "A and B", while part "A" is the same for all three
final products. The types of connections differ only in their length in three dimensions. A vibrating hopper was used at the
workplace for feeding components "A". A special feeder was designed for the feeding of components "B", enabling the feeding
of all three lengths of component "B". An automatic pressing station was designed for the assembly of components. The oper-
ator of the facility checks the activity of the workplace at regular intervals. It is only necessary to refill the components in the
hopper twice per shift.

Conclusions. In this work shows the solution to an important technical problem. The functional of assembly robotic work-
place using an affordable SCARA robot from the Dobot company were designed. The designed workplace allows pressing 3
types of assemblies, which differ from each other only by the total length of one component. The designed robotic workplace
made it possible to increase productivity by 12% and reduce the presence of the operator to the minimum possible level.
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Problem definition. Robotic technology already affects all aspects of work and home. Ro-
botics has the potential to positively transform lives and work practices, increase efficiency and
safety, and provide increased levels of service. Even more, robotics is set to drive technology
that supports a whole new generation of autonomous devices and cognitive accessories that,
thanks to their learning abilities, work seamlessly with the world around them, thus providing
the missing connection between the digital and physical worlds. Robotics is already a key driver
of competitiveness and flexibility in large manufacturing industries. Without robotics, many
successful industries would not be able to compete with the current pace of production technol-
ogy development and the growing demand for products. Robotics is becoming increasingly
relevant for smaller industries [1].

The process of robotization is done in order to replace the manual work of man, during more
difficult physical manipulation operations. Furthermore, also due to the mental health of a person
during monotonous work. The use of industrial robots automates processes throughout the pro-
duction line to save time and money. Industrial robots reduce waste and produce higher quality
products with continuous precision. Robots can handle even the most demanding and dangerous
production processes. Every industrial robot application requires a unique tool at the end of the
arm, a specific reach, a payload and flexibility. The automotive industry has been one of the fastest
growing industries, with industrial robots being the most widely used for a long time. Robots are
used in almost all parts of automotive manufacturing and remain one of the most automated supply
chains in the world. Industrial robots can significantly improve product quality. Applications are

© SIu Cemiion, JIrooomup ['pu3, Maptin Kouan, Onexcanap Boponsko, 2020
35



Ne 4(22), 2020 TEXHIYHI HAVKU TA TEXHOJIOTI
TECHNICAL SCIENCES AND TECHNOLOGIES

performed with accuracy and excellent repeatability in every job. This level of reliability can be
difficult to achieve in other ways. The disadvantage associated with the integration of robots into
the company is the significant initial costs. Continuous maintenance requirements may be added
to the total cost. Based on the mechanical configuration, serial industrial robots can be divided into
the following main groups: Cartesian robots (TTT), cylindrical robots (RTT), polar (spherical)
robots (RRT), articulated robots (RRR) and robots of the SCARA type (RRT or TRR). In addition
to the mechanical configuration, industrial robots can also be categorized on the basis of motion
control, power supply method and other physical characteristics [1; 2].

The SCARA (Selective Compliance Assembly Robot Arm) robots have a working space in
the shape of a ring and consist of two parallel rotary joints that ensure movement in one selected
plane. The swivel joints are positioned vertically, so that the end effector attached to the arm
moves horizontally. SCARA robots specialize in sideways movements and are mostly used in
the food, medical and assembly industries. It is designed primarily for small and fast tasks.
SCARA robots can move faster and integrate more easily than cylindrical and Cartesian robots.
Compared to robots with six degrees of freedom, it is not that flexible, but is much faster and
has higher repeatability accuracy. Therefore, they are mostly used for pick-and-place opera-
tions. The inverted kinematic structure (TRR) gives it further possibilities to apply itself to
specific tasks, where the vertical displacement in the Z axis is performed by the whole arm
attached to the base. The disadvantage of such an arrangement is the poorer handling ability in
the direction of the "Z" axis, if there are obstacles in the working space and it is necessary to
insert the component into a deeper cavity [3].

Current status in workplace. At present, the assembly workplace has been designed as a
manual workplace, where one operator works with a small lever press. Two components are
connected at this workplace. The first is component "A". It is a plastic rod and has three size
variants, namely 192, 140 or 90 mm in length. The other dimensions are the same. Component
types "B" is a metal roller that is pressed onto component "A". On the left side of Fig. 1 the
dimensions of component A and on the right side of component B are seen.
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Fig. 1. Dimensions of components A and B

The work procedure in the manual workplace can be divided into three basic steps. In the
first step, component A is inserted into the opening of the support of the pressing device. In the
second step, component B is inserted. It is inserted into the upper press tool. Subsequently, the
third step takes place, namely the insertion of the support under the press and the pulling of the
lever, by means of which the two components are pressed together. The last operation that the
operator must perform is to remove the moulded assembly from the support. Fig. 2 shows all
three basic steps of the process. The first figure on the left shows the process of inserting com-
ponent A. The figure in the middle shows the insertion of component B into the upper pressing
tool. The picture on the right shows an example of pressing components on a hand press.
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Fig. 2. Manual assembly process

36



TEXHIYHI HAYKU TA TEXHOJIOT T Ne 4(22), 2020
TECHNICAL SCIENCES AND TECHNOLOGIES

Proposal of robotized workplace. The proposed robotic workplace has a reserved maxi-
mum floor plan measuring of 1550%850 mm. To reduce the built-up area, the workplace will
be placed on a work table at a height of 1000 mm, so that it is possible to use the space under
the table to store the necessary equipment for the operation of the workplace. The proposed
workplace will consist of the following basic parts: a robotic arm (SCARA type robot), a vi-
brating hopper for components B, a hopper for components A and a pressing station. The prin-
ciple of operation of the workplace is based on the work procedure used in manual assembly.
The task of the deployed robot is to replace a human in the work process, so that his intervention
consists only in adding individual components to the magazines. Fig. 3 shows a design of the
arrangement of individual parts on the workplace table.
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Fig. 3. Arrangement of a robotized workplace

A robot of the SCARA Dobot M1 type was chosen for the needs of handling individual
components and the finished part. The reason for choosing a robot was mainly its relatively low
price on the market, as well as its parameters and the size of the workspace. The load capacity
of the robot is 1.5 kg and the repeatable accuracy +/- 0.02 mm. Fig. 4 shows a view of Dobot
M1 and its working space [4].
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Fig. 4. Robot Dobot M1 [4]
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A two-finger gripper from Schunk under the designation MGP 40 was chosen as the end
effector for the robot. It is a two-jaw, pneumatic, parallel gripper with flat guide surfaces of the
basic jaws. It can be used to grip and move small to medium-sized workpieces in low-contam-
inated environments, such as assembly lines, laboratories and the pharmaceutical industry. The
recommended weight of the handled part is up to 0.55 kg and the pressing force has a value of
110 N [5]. It was necessary to design fingers for the selected effector, which were then printed
on a 3D printer. The finger has a circular contact surface with a radius of 3 mm. Component B
has the same radius. Component A has a radius of 3.5 mm, which also ensured a relatively good
grip. In Fig. 5 a sketch of the proposed finger is displayed.
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Fig. 5. Basic finger dimensions

The pressing station is used to store component A, then component B. After securing the
components in position, the components are pressed. After the pressing is completed, the fin-
ished part will be tilted into the gravity trough. Fig. 6 contains a nest (1) for placing component
A by means of a robot. Furthermore, the pressing - pneumatic piston (2), which is equipped at
the end of the piston rod with a housing (3), into which the robot inserts component B. Another
pneumatic piston with locking (4) prevents component A from falling out of the nest during its
pressing. After pressing and releasing the finished product, the inclined platform (5) is raised
by means of a pneumatic piston (6) located below it. The finished piece slides on this platform
and falls through an opening in the workplace table directly into the prepared box.
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Fig. 6. Pressing station

A vibrating feeder from Hensle, type EMSE 40, was selected for the transport of small
components B, which is characterized by a fill weight of up to 20 kg [6]. A pull-out hopper has
been designed to supply the workplace with A components. The V-shaped hopper was made of
polyurethane and the middle catcher was made of sheet steel. The hopper is provided on both
sides with three grooves into which the separating screen is inserted, Fig. 7.
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Fig. 7. V-shaped hopper

The separating shield is placed in the appropriate groove, according to the length of the
currently pressed component A. The principle of operation is based on the use of gravity and
pneumatic extension of the catcher. When the catcher is in the lower position, the components
A are stored in the container fitted with the separating shield in an oriented manner. Subse-
quently, the robot picks up component A and moves it to the pressing station. In Fig. 8 is a view
of a container for components A.

Gripper Hopper Separating shield

!

Fig. 8. Magazine for components A

The frame of the designed workplace is made of welded steel closed profiles measuring
50x50%3 mm. The worktop is made of aluminium plate 20 mm thick to maintain sufficient
rigidity. Then it is screwed to the workplace frame.

The view of the designed workplace in 3D view is shown in Fig. 9. The height of the work-
place is 1608 mm. The workplace shown will be additionally equipped with a protective cover
made of clear polycarbonate. The construction of the protective cover will be realized from the
use of system aluminium profiles of 30x30 mm. There will be two doors in the front to allow
operator and maintenance access. It will be possible to place a box under the workplace table
into which the finished parts will fall out.
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Fig. 9. View of the workplace in 3D view
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The design of the workflow and its debugging was implemented in the off-line environment
RoboDK [7]. The used SCARA robot was selected from the environment database and then 3D
models of other workplace components were added. In addition to checking the mutual overlap
of the robot's workspace and individual components of the workplace, a complete program de-
sign and its connection with the Simatic S7-1200 control PLC was implemented. In Fig. 10 is
a view of a workplace in a RoboDK environment.
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Fig. 10. Workplace in RoboDK environment

The workplace was then equipped with a camera, which also made it possible to monitor
the success of the pressing of parts.

Conclusions. This article describes how to replace the monotonous human assembly activity
with a SCARA robot. The designed workplace allows pressing 3 types of assemblies, which differ
from each other only by the total length of one component. When changing the component type,
operator intervention is required to select the correct component length on the HMI panels. In
addition, it empties the container for components A and then moves the partition screen to the
desired groove. Of course, it is also necessary to empty the box of finished products.

The engineering design of the robotic workplace reduced the time required for the assembly
of components by 12%. The operator of the equipment fills the magazine and inspects the work-
place every 4 hours, while the rest of the working time is devoted to work at another workplace
of the production line.
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Au Cemtion, Jlrooomup I'puz, Mapmin Kouan, Onexcanop Boponwvko
MPOEKTYBAHHSA POBOTU30BAHOI'O CKJIAJJAJIBHOI'O POBOY0OI'O MICI A

Axmyansuicmes memu 00cnioyncenna. 3amina pyuHo2o CKIA0aHH pOOOMUZ0BAHUMU POOOYUMU MICYAMU NIOBUWLYE NPO-
OyKmueHicms ma sAxicms ckaadauns. Onepamop Ha pooOmMu308aHoMy pobouomy micyi HeoOXiOHuil 0Nl KOHMPONIO POOOUUX
npoyecie, 000asanHs KOMHOHEHMI8 00 pe3epayapie ma UIMAHHA 20mosux demarell i3 8i0n0gioHo2o konmeinepa. Lle 003go-
JISIE NAPANeNbHO UKOPUCTNOBY8AMU ONEpamopa 05 iHuuX 6udig dianbHocmi Ha eupobHuyill ninii. Bapmicms cmeopenus po-
b6omu3z068ar020 po604020 Micyst BIOHOCHO HEGUCOKA NOPIGHSIHO 3 3POCMAHHIM 8apmocmi 100cukoi npayi. Lle cmeopioe nepe-
0yMO8U 0711 30EepedCeH s KOHKYDEHMOCNPOMOICHOCME KOMNAHIL.

Ilocmanoexa npoonemu. 3a60anms nonseac 8 po3pooyi pobouoeo micys 0Nl CKIA0AIbHO20 poOOMA 3 UKOPUCTHAHHAM
docmynnozo poboma SCARA 6i0 komnanii Dobot. Cnpoexmosane pobomuzosane cknaoaivhe poboue micye nicis 6npoea-
O2ICeHHS MA€E NIOBUUMU NPOOYKIMUBHICTIb CKAAOAHHS.

Ananiz ocmannix 0ocniddcens i nyonixayii. Iliosuwenna npooykmusHocmi 6e3 BUKOPUCMAHHS A8MOMATU308AHUX AO0
POOOMU308AHUX cucheM HA OaHUll Yac Hemoxcauso. Lle npuzeooums 00 nowupents pobomu308anux 000amKie Hagims npu
CKIA0AHHI NOPIBHAHO NPOCTUX Oemainel, AKi BUNYCKAIOMbCA 8 0eKiIbKOX MOOUDIKaAYiaxX.

Buoinenna nedocniosycenux wacmun 3azanvnoi npoonemu. Ilioguuenns AKocmi cKIaoaIbHO20 8UPOOHUYMEA 3 BUKOPU-
CMAHHAM POOOMU3Z08AHUX POOOUUX MICYb ROMPIOHO He MINbKU 8 KOMNAHIL, W0 30ILICHIOE CKIAOAHH, alle 0COONUBO 3AMOGHU-
Kamu 8y3/is, wjo 6ueomogiaomscs. Lle npuzgooums 00 CKOPOUeHHs: HacmKu IH0OCbKOL npayi 00 MiHIMyMY.

Ilocmanogka 3ae0anns. 3a60anns nonsean0 y CMeOPeHHi maKozo pobomu308ano2o pobouo2o micys, sxke 003601uU10 6
nozbasumu 100Uy 810 MOHOMOHHOT npayi. [Hwow memor O6Y10 NidsUWeH s SKOCMI Npecysants 080X demarell i, nepul 3a
6ce, nidguwerHst NPoOyKmueHocmi npayi He merwie Hixe Ha 10 %. Boonouac HeobXioHo 3abe3neuumu MIHIMAIbHY Y4ACMb
onepamopa Ha pobomu308aHomy pobouomy micyi poboma, wjob 6in Mie BUKOHY8aAmMU iHWL Ofi HA CKAAOANbHIL JIIHI.

Buknao ocnosnozo mamepiany. Iowupenns 00CmynHux npoMuciosux pobomie 3 iOKpUmoio apXimeKmypoio Mae meH-
OeHYilo 3pOCMAanHs K 8 8eUKUX, MAK I 6 OpiOHux onepayisx. Lle npuz6o00ums 00 cmeopenHs HeseauKux po6omu308anux eie-
MeHmi8, AKI MOJNCHA BIOHOCHO J1e2Ko nepebydysamu 8i0n08iOHO 00 NOMOYHUX nompeb Ha poboyomy micyi. Y cmammi onucaua
KOHCMPYKYIs poOOMU308aH020 CK1a0aIbHo20 pobo1oeo micys 3 sukopucmanusam poboma SCARA. Poboue micye npusnauene
071 ckaadawnms 060x uacmun «A i By, a vacmuna «A» o0naxosa 0ns 6cix mpvox Kinyesux eupo6ie. Tunu 3’ €OHanb po3pizHs-
J0MbCsL MIMLKU 00BAHCUHOIO MPbOX po3mipie. Ha pobouomy micyi 3acmocosysascs siopayitinutl 6yHKep 0151 no0ayi KOMHOHEH-
mie «Ay. /[na nooaui komnonenmie « By 6y10 po3pobneno cneyianvhuli npucmpiil no0ayi, wo 00380JI€ 3a6aHMANCYEAMU KOM-
nonenmu «By» 6cix mpwvox Ooedcun. i cxiadanHs KomMnonenmie OGynia po3pobienHa aemomMamuynd npecoéd CMAaHYisl.
Onepamop ycmanosKu pezyiapHo nepesipsae akmusHicms po6ouoeo micys. Heobxiono ecvoeo nuwe 06iui 3a 3miny 0ooagamu
KOMNOHeHmu 6 OyHKep.

Bucnoeku 6ionosiono 00 cmammi. Y oaniii po6omi noka3aro eupiuileHHs 8axcaueoi mexuiunoi npooiemu. Pospoobnero
PYHKYIOHAN POOOMU308AHO20 CKIAVATILHO20 POOOUO20 Micys 3 UKOpucmanuam oocmynnozo poooma SCARA 6i0 komnanii
Dobot. Cnpoexmosane poboue micye 00360a5€ npecysamu 3 munu 6y3nie, K IOPI3HAIOMbC 00UH 8I0 0OHO20 UE 342aTb-
HOI0 008ICUHOI0 00HO20 KomMnonenma. Pospobnene pobomusosane poboue micye 003801uUN0 30inbUUUMU NPOOYKMUBHICTD HA
12 % i ckopomumu npucymuicmes onepamopa 00 MiHIMAAbHO MONCTUBO20 PIGHSL.

Knruoei cnosa: pooom SCARA; npocpamyeants; cKiaoauts, pobomusosane poboye micye.
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