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AN EXPERIMENTAL WORKPLACE WITH SCARA ROBOT

Urgency of the research. Interest in this subject is aroused because, in the available sources, this kinematic structure is
the least documented, even though it is required in certain applications (fast assembly of small parts,...).

Target setting. The main goal was to design a workplace with a Scara robot. This workplace is used by the student to
verify their theoretical knowledge gained from lectures in practice. They can try programming the robot, but also work with
the camera system.

Actual scientific researches and issues analysis. In 1961, (USA) the first industrial robot Unimate was put into the in-
dustrial practise for General Motors for welding of vehicle body. Since this industrial robot deployment has gone on for
many years and many changes have been made in the field of industrial robotics in terms of mechanical properties and in-
dustrial robot control systems, taking account the requirements of applications in technical practise.

Uninvestigated parts of general matters defining. This article focuses on analysis of the proposed of workplace with
robot of kinematic structure Scara and parts of workplace.

The research objective. The aim of the research was to design and assembly workplace with robot Scara with camera
system by Omron.

The statement of basic materials. The analysis consists of basic information about kinematic structure of Scara robots.
Based on this knowledge the 3D model of workplace and parts is described.

Conclusions. The robot workplace with the Scara robot and the Omron F150 camera system is designed for students to
verify the theoretical knowledge gained from the lectures in practice. At the same time, the workplace can be used to solve
and verify the knowledge in solving various projects related to the use of CCTV systems in a robotic workplace. Due to long-
term use of the workplace in the educational process, where students were able to intervene in software and hardware
equipment, several parts of the workplace were damaged. The next step is to upgrade the entire workplace.
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Problem definition. In 1961, (USA) the first industrial robot Unimate was put into the
industrial practise for General Motors for welding of vehicle body. Since this industrial robot
deployment has gone on for many years and many changes have been made in the field of in-
dustrial robotics in terms of mechanical properties and industrial robot control systems, taking
account the requirements of applications in technical practise.

At present, the development of industrial robots accentuate emphasis on the reliability of
the robot in operation, on the quality level as well as on the dynamics (speed) of the robot, but
also on the accuracy and repeatability of the movements. Technological and handling qualifi-
cations depend on the input (load, end load, ...) and output (accuracy and repeatability, track
accuracy, ...) parameters. These parameters can be used as a requirement for robot develop-
ment, diagnosis and testing.

The current trend in the field of robotics use robots structures to construct so-called
bounded spatial mechanism built on two kinematic structures either serial or parallel. Parts of
these kinematic structures are kinematic couples either translational (R) or rotational (T).
TTT, RTT, RRT and RRR are standard robot design structures. From these kinematic struc-
tures each specifies the robot properties.

In the applications of robot technology in the production and non-production processes in
automation, the demands on the properties of industrial robots (demands for efficiency, safe-
ty, reliability, ...) in applications where they are deployed are increasing. The variety of these
systems requires new ratings of robots deployed in production and non-production applica-
tions, based on practical and theoretical interconnection of knowledge of kinematic structures,
theoretical possibilities and operational properties, identification and monitoring of robot pa-
rameters, methods of monitoring and measurement of robots.

The issue of assessing the technological and manipulative characteristics of industrial ro-
bots requires closer interest. The work deal with by a kinematic structure called Scara, which
is a variation of the RRT structure. The meaning of SCARA stands for Selective Compliance
Assembly Robot Arm.

© Marcinko P., Juru$ O., 2018
216



TEXHIYHI HAVKH TA TEXHOJIOTI Ne 4 (14), 2018

TECHNICAL SCIENCES AND TECHNOLOGIES

Type of kinematic structure Scara. Scara robots, based on an analysis of available lit-
erature on their use in practise, are mainly used as assembly robots or handling robots, but
there are also applications in other technologies, for example an application of surface coat-
ings (spraying) or for other materials (glue, adhesives etc.), palletizing and depaletisation.
Several types of these robots are shown on Fig. 1.
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Fig. 1. Scara robots

The robot was built at the University of Yamanashi, led by Professor Hiroshi Makino
(1978). Kinematics Scara belongs to RRT mechanical structures. The Scara kinematics was
first introduced in 1981 by NEC as the new concept of a mounting robot. The positioning
mechanism is categorized (as a subsystem of action mechanism) as a serial arrangement of
two rotational (R) and one translational (T) kinematic pair, Fig 2. Kinematics Scara is de-
signed for selected applications, especially in the category of assembly operations. The work-
space is a cylindrical solid.

Fig. 2. Structure and manipulation workplace

217



Ne 4 (14), 2018 TEXHIYHI HAVKHM TA TEXHOJIOTI

TECHNICAL SCIENCES AND TECHNOLOGIES

Kinematics Scara can be described and expressed in comparison with another structure in
terms of its typical features, which appear in its applicability. As a comparison of Scara kine-
matics with TTT type kinematics, speed parameters linked to one-time position repeatability
can be mentioned, Fig. 3.

Scara kinematics robots are typical of having lower stiffness compared to the TTT me-
chanical structure. This is due to the fact that all the joints of the mechanical structure are lo-
cated at the ends of the arms, i.e. the proportion of matter increases without support, which
necessarily leads to greater deflections and consequently to greater inaccuracies. Consequent-
ly, Scara robots have a worse load balance, their payload is lower than that of robots with
TTT structure. With higher load, the speed of movement decreases.
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Fig. 3. Comparison kinematics structure TTT and Scara

The construction of the Scara robot guarantees its strength in the vertical direction, while
at the same time it offers high flexibility in the horizontal plane. When applying Scara robots
in dusty or corrosive environments, it is possible to seal the joints hermetically and create
specific design solution for the “clean” environment. Fixing Scara robots affects their applica-
tion potential. Together with the size of the arms, their arrangement and range of movements,
they affect the robots handling capabilities, but also the dimensions and shape of the work-
space. In general, it can be stated that by using a suitable assembling method, it is possible to
guarantee a sufficiently compact and simple form of installation, Fig. 4.

Fig. 4. Positioning of Scara
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Characteristic and parts of Scara. Scara robots are among the fast industrial robots, per-
forming precise assembly work with high flexibility in motion. They have the most frequent
four degrees of freedom (DOF). The robotic arm of Scara functions principally as a human
arm, so it performs human-like movements (shoulder, elbow and wrist axes). Shoulders are
constructed with serial kinematics. The first and second axes of movement are usually rotat-
ing, allowing the arm to move horizontally. The third and fourth axes of motion are realized
by a screw ball. This allows translational and rotational movement. However, Scara has a
wrist motion restriction. This causes the wrist to rotate but cannot tilt. Restriction is an ad-
vantage in several types of assembly and palletizing applications. Fig. 5. shows the main
components from which the Scara industrial robot is composed.

Characteristic features:

» relatively simple design,

* high stiffness,

* very high accuracy,

* high speed,

 small dimensions,

* high service life and reliability,

* lower maintenance costs.
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Fig. 5. Main parts of robot Scara

An experimental workplace. The development of production systems equipment has shift-
ed from classic sensor components to robots with 3D camera systems. This is in particular be-
cause approaches are insufficient to meet the new requirements for manipulating, grasping or
measuring some parameters. Camera sensors are currently an important element of robot
equipment for expanding its peripheral capabilities. At present, research based on a 3D vision
and three-dimensional modelling is one of the industries that are the main directions in robotics.

Palette objects can enter a process chaotically arranged, partially oriented or precisely ori-
ented. The first and second cases require that the workplace be equipped with either an orien-
tation device using the various known principles of achieving a given information, such as the
use center of gravity, mechanical obstacles etc. or equipping robots with sensors to analyse
2D and 3D scenes.
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In general, cameras for product quality control are generally used in industry. The check is
carried out by comparing the shapes and geometric characteristics of the manufactured parts
with the standard components. These cameras are sometimes inserted during the calibration of
the cameras. Another industry application of cameras is to control the progress of technologi-
cal processes. It belongs here, for example: continuous inspection of machine welding using
special cameras. This check is carried out during welding and allows real-time correction of
the welding settings of the machine that the welding performs to achieve the optimum weld-
ing setting over the entire length. Undoubtedly the progressive trend of deploying camera sys-
tems in the industry (and laser scanners) is the ability to capture objects of various shapes and
sizes and import them into CAD systems using special software that translates a recorded ob-
ject into a compatible 3D model.

The development of production systems equipment has shifted from classic sensor com-
ponents to robots with 3D camera systems. This is in particular because classical approaches
are insufficient to meet the new requirements for manipulating, grasping or measuring some
parameters. Experimental workplace with robot Scara and camera system, Fig. 6.
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Fig. 6. An experimental workplace

This workplace is composed of several parts:

* vibration conveyor,

* camera system,

* vibration bowl tray,

* robot Scara,

* palletizer,

* de-palletizer,

* belt conveyors.

The real workplace is fitted with the Scara Yamaha YK600X with QRCX control system
and the Omron F150-3 camera system. Full control of the workplace is provided by two Om-
ron PLC system CP1H and CP1E. The connection of the camera system to the PLC CP1H
controls the PLC CP1L via the RS232C system. The control unit is realized by a touch panel,
where it is possible to select from two modes - manual and automatic. The pallet loading is
solved using an output conveyor with a palletizing and depalletizing unit.
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Fig. 7. An experimental workplace

Conclusions. The robot workplace with the Scara robot and the Omron F150 camera sys-
tem 1s designed for students to verify the theoretical knowledge gained from the lectures in
practice. At the same time, the workplace can be used to solve and verify the knowledge in
solving various projects related to the use of CCTV systems in a robotic workplace. Due to
long-term use of the workplace in the educational process, where students were able to inter-
vene in software and hardware equipment, several parts of the workplace were damaged. The
next step is to upgrade the entire workplace.
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Ilemep Mapyunro, Onopeui FOpyw
EKCIIEPUMEHTAJIBHE POBOYE MICILE 3 POBOTOM SCARA

Axkmyanvuicms memu 0ocnioxycenns. lnmepec 00 yici memu SUKTUKAHUT MUM, WO 8 OOCHIYNHUX 0JICEPENax ys KineMamuina
CMPYKMypa € HatiMeHw OOKYMEeHMOBAHOI0, X04a BOHA NOMPIOHA 8 NEGHUX NPOSPAMax (WUOKe 30Upants OpibHux Oemarnetl mowjo).

Ilocmanogxa npoénemu. Ocnognoio memoro O6yno cnpoekmysamu poboue micye 3 pobomom Scara. Lle poboue micye
BUKOPUCIIOBYEMBCS CIYOEHMOM Oisi NEPEBIPKU CEOIX MeoPemUiHUX 3HAHb, OMPUMAHUX HA JeKYIAX HA npakmuyi. Bonu mo-
2ACYMb CNPOBYBAMU NPOSPAMYBAMU POOOMA, A MAKONC NPAYIOBAMU 3 CUCIEMOIO TEXHIYHO20 30DY.

Ananiz ocmannix oocnioxncens i nyonixayiit. Y 1961 poyi (CLLIA) nepuiuii npomucnosuti pooom Unimate 6y esedenuil
6 npomuciogy npakmuxy ons General Motors Ons 36apioeants Ky3068a asmomooina. Ilicis GUKOPUCMAHHSA NPOMUCTOBO20
poboma npomszom bazamvox pokig 6y10 3pobieno bazamo 3MiH y 2any3i NPOMUCIOB0I pOOOMOMEXHIKU 3 NO2A0Y MEXAHIUHUX
61ACMUBOCMEN | CUCIEM YNPABTTHHS NPOMUCTOBUM POOOMOM 3 YPAXYBAHHAM 8UMO2 3ACMOCYBAHHS 8 MEXHIYHIT NPAKMUYI.

Buoinenns nedocniorcenux yacmun 3azanvioi npoénemu. Lls cmamms npuceésaiena ananisy nponoHo8aHo2o0 poboyo-
20 Micys 3 poO6OMOM KIHeMAmuyHoi cmpykmypu Scara i okpemux 4acmun pobo4o20 Micysi.

Ilocmanogka 3agdanns. Memoio docniodcennss 6Y10 nNPoeKmy8ants ma cKiadanHs pobouozo micys 3 pobomom Scara
i3 cucmemoio mexniuno2o 30py na 6asi kamep 6io Omron.

Buknao ocnosnozo mamepiany. Auaniz cknaoaemocs 3 0CHOGHOI iHghopmayii npo KineMamuuHy cmpykmypy pobomis
Scara. Ha niocmasi yux 3uans onucana mpusumipHa mooens pobouo2o Micys ma 1io2o 4acmuH.

Bucnoexku 6ionogiono oo cmammi. Poboue micye poboma 3 pobomom Scara i cucmemoio mexHiuHo20 30py ea OCHOGI Ka-
mep Omron F150 npusuauene ons cmyoenmis, ujob nepesipumu meopemuyni 3HaHHs, OMPUMAHT HA NPAKMUYHUX 3AHAMMAX.
Boowouac poboue micye Modice BUKOPUCMOBYBAMUCS ONist BUPTULEHHS Tl NEPEGIPKU 3HAHb NPU BUKOHAHHI PI3HUX NPOEKMis, No6's-
3AHUX 13 GUKOPUCTNAHHAM CUCIEM BI0EOCNOCMEPENCEHHS. HA POOOMUZ08AHOMY POOOHOMY MICYL. V 383Ky 3 008620CMpoK0o8uM
BUKOPUCHIAHHAM POOOH020 MICYs 8 HABYAILHOMY NPOYECi, KON YYHI MOSIU GMPYUAMUCS 8 NPOSPAMHE U anapamue 001AOHAHHS,
O€sIKI 4acmuHu pobo1oco Micys Oy nOwKoOx ceHi. Hacnyntum KpoKom € OHOBNIEHHS 8Cb020 POOOY020 MICYA.

Kniouosi cnosa: xinemamuxa ckapa; cucmema kamep, poboue micye.
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