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Abstract— The main objective of this article is a basic
description of the assembly line located at the Depment of
Cybernetics and Artificial Intelligence. It is a practical
educational model designed to improve the qualityfdhe teaching
process and also for research purposes. The descign is focused
on essential division of assembly line to functiohdlocks - posts.
The assembly line has its global aim, and every pokas its well
defined role, so that the resulting aim is achieved
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|l. INTRODUCTION

In the framework of projects supported by EU Stuait
Funds are at the Technical University in KoSicdtheisearch
centers of excellence [4]. Under the leadershifpo€. Ing.

not to optimize proposal and a subsequent progragofi the
model, but summarize in one place as much possible
technological elements as it possible. At this csisglents
have the opportunity to become acquainted with iplalt
technologies and solutions, which are used in macand all
in the one place. The FAP model obviously doescoatain
all the technologies used in practice, but thegiests decided
to use just those which they themselves frequenslg in
practice, and with which would be able to meet gisaluates
of our department in practice in the future. Sanfermation
about the technologies and design of this modetaseribed
in the following parts of the article.

Il. ASSEMBLY LINE OUTPUT

The aim of the assembly process FAC is to assemble
product that is shown in Fig.2 (B). The resultambduct

Jan Jadlovsky CSc. the Department of Cybernetics aRonsists of four intermediate products (Fig.2 (A)at are

Artificial Intelligence has completed assembly limamed
Flexible Assembly Company (FAC). FAC model alsohitie
another assembly line [3] are located in laboratéiyl7 at
Vysokoskolska 4. Its location in this room is aklwown in
Fig.1.
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Fig. 1. The assembly line located in the premirfhe departmént.

FAC model will serve as support for research aadmbsis
of of industrial communication networks, the moutgl of
production lines, but the main task of this modeto improve
the quality of the teaching process. Therefore,nioglel was
specifically designed and this fact explains thé¢aite and
selected technologies, which in practice would le¢teb to
choose alternatively to optimize the reliabilitydagsimplify the
assembly process. The purpose of the model, howexss
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assembled together by the assembly line in such tivat/
product on pallette comes through the process oulsthe
intermediate products are progressively mountedthey until
a resultant product is completed. After its conipleton
output of assembly line is saved to serviser anditaw to
order allocation. The entire assembly process eaditided
into five positions — posts (Fig.3). The entire exsbly
operations are divided between these five post®titore the
finished product warehouse. Each post has a wdihate
action, and these are directly linked to each other that
each post is waiting to close on the previous pmstept the
post number 1 (Fig.4), where the entire assembBbraifpn

Fig. 2. Individual parts of the product in the erdhey are assembled)(
The resulting product (B).
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begins. In the fully operation of assembly linesltould not
happen, when would any post was in work and otekosild

be idle because the design and hardware assemélgiiables
production of multiple products simultaneously. bMatof

course is the synchronization of individual actest so that
there is a collision in the production process. s&mutive
posts have the ability to arrest the intermediatelpct on belt
conveyor until then, when the next post releaskdpagh the
previous post has already finish its activity. Aabéy line

work will be cyclically repeated, up to the fulfiemt final

product store. Products are transferred betweervaheus
posts by using a special palette (in the middl¢ paFig.1 we
can see palette with already finished productsatatli on the
belt conveyor). Palette itself is therefore nottpaf the
finished product and hence will not be placed irviser. All

pallets are situated on a belt conveyor and eithey are
waiting in the queue at the beginning of the as$gmincess,
or move product between the posts assembly line.

Fig. 3. Graphic design of the assembly line witd humbered posts.

I1l.  DESCRIBED POST FUNCTIONS OF THE FLEXIBLE ASSEMBLY

COMPANY

A. Post 0 — Belt conveyors

Belt conveyors are situated in the middle of theeably
line, as can be seen in Fig.3 (also in the Figrnd serve to

transfer the product at each assembly line postslt B

conveyors are powered by three-phase motors wifbaabox
to drive the belt conveyors at a constant speedcandtant
direction. The conveyors are triggered in softwame should

move during the whole operation without stopping th

assembly line. Stopping the pallets with produats the
required position is indicated by the presence @snand is
done by using of pneumatic up-tongues that stop#hette at
the required position on the belt conveyor, althouigstill
runs. In this way is resolved the independence sstmmbly
tasks (post) among each other, although they a@tdd on

both ends of these conveyors is therefore simpkuimatic
device, which ensures pallets movement from the anithe
first, the belt on beginning of second one.

B. Post 1 — Ejecting the blocks and camera system

Fig. 4. Graphic design of the Post 1 — Ejecting bfocks and camera
system.

On the Post 1 (Fig.4) starts the assembly proddss. post
contains a serviser for black plastic blocks intuok will be
inserted other parts of the product (bearing, @astaft and
metal cap). Blocks are pneumatically removed frospecial
serviser on sloping surface that contains pins,clvhias
randomly rotated the blocks. Subsequently, randawigted
block gets on a wide white belt conveyor locatedhif
mentioned sloping surface. Above the belt convegarolor
industrial camera with artificial lighting, whick connected to
desktop computers, whose task is to process damm fhe
camera and on the basis of these data to calcthlatexact
position and rotation of the block on a belt cororeyData
from the camera system are forwarded to the centmafrol
computer PLC (Programmable Logic Controller), whiges
the data for coordinate movements of industriabtaym. To
facilitate the image recognition has the belt cgovea white
color and it is powered by three-phase motor wiglargox,
whose speed is controlled from a PLC via a frequenc
converter.

C. Post 2 — Robotic arm

Fig. 5. Graphic design of the Post 2 — Industaélotic arm Mitsubishi RV-
2SDB with the rack for placing of its control syste

From the first post and from the belt conveyorhis block
grabbed by the the arm of robot (Fig.5) and thattkshe
information from the camera system about the posiéind the
rotation of blocks is the arm able to grab a bldokm

the same Delt conveyor (on the belt conveyor carvemoanywhere on the conveyor and move it to an emplgtiga
independently at the same time multiple palletsxhére is placed on a belt conveyor (Post 0). It is a dimemaiy small
palette with products at the end of belt convegonécessary industrial robot Mitsubishi RV-2SDB that has on thed of

to move it to another belt conveyor. And because liblt
conveyors are moving against each other, so tha lighe
second belt conveyor is now near the end of tle @ine. At

the arm positioned pneumatic suction, by usingctviis able
to manipulate with the blocks. The arm design givesvery
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good movement abilities, by using which it can atsove in a
limited workspace. [2] Kinematic structure of thebot arm
has six degrees of freedom powered by six servammoidich
give it very good dynamics and precision of movemé@ie
arm is attached on a special control computer seghfily the
manufacturer, which is an essential part of ansirial robot
and directly manages and monitors the activitiearaf. This
control computer is physically located below theavorktop
and directly supplies the arm actuators. Mitsubisitiot by
using its control computer can communicate witteottontrol
systems or devices the surrounding
communication network. Even in the FAC applicatismobot
connected to the control PLC by technological MPuai
network, via which it receives control
information about the location and rotation of greduct on a
belt conveyor (Post 1) from the master PLC, whiel It
operates.

D. Post 3 — Inserting bearings and PanelView

technologice

commands anc

the picture.

This post consists of 6-position rotary table +tarp
conveyor, which is the central facility of the po&t each of
its six positions can either insert plastic shaftnoetal cap.
Rotary conveyor thus serves the fast and accuratsfer of
hats and shafts between the devices, which ar¢ekbda this
post. Under the title devices, it is necessaryrtdeustand the
sensors, servisers and pneumatic handlers, whdsés joo
choose caps and shafts with the right parametetsrem use
those to complete the final product.

Fig. 7. Graphic design of the Post 4 — Insertitagtic shaft and metal
hats.

Caps and shafts have its own serviser above ttagyro
table, and at each one there are two types ofdsior@ducts.
Operator must manually fills the serviser. Fromdkeviser to
the rotary table positions are these semi-proditcated by
pneumatic devices. Plastic shaft dimensions aresdhnee, but
are distinguished by the colour to green and bllke

Fig. 6. Graphic design of the Post 3 — Insertiagrings rack (A). Panelview @Pplication is operator fault-tolerant, becausecbeld insert

Plus 600 (B).
After the previous activities of the posts the llixloaded

shaft into the reservoir rotated incorrectly. Mataps are also
dimensionally identical and also are together i game

on a pallet belt conveyor and in it is necessaryngert the serviser, but they Qiﬁer in material .from whiclethare made
bearing. Bearing, however, must have the corredghhe (Metal and aluminium). Each tray is located abdweedne of
Maximum outer dimension of the bearing is limiteg p the positions of the rotary conveyor, what makeggtioer two

serviser size. So bearing is necessary to pick fioserviser,
to measure and insert it into the block. And thedérities are
carried out in the post 3 (Fig.6). Bearings araatéd in the
serviser similar to that on the Post 1, but thim ithe shape of
a hollow circular cylinder. At the bottom part adrgiser are
by the pneumatic piston removed new bearings.drs#iviser
of our application are bearing of two dimensionkerefore,
after ejecting the bearing from the serviser isagsvmeasured
his height. If the dimension of the bearing is utale then it
is discarded and from the serviser is ejected #wve lpearing.
This operation is repeated until from the serviseobtained
bearing with the correct dimensions and then bgguairotary
pneumatic manipulator is inserted into a preparéstkh
which is already waiting on the conveyor. When toerect
bearing is embedded into the block, then the palsith the
product proceeds by the conveyor to the next post.

Post 3 include also a small touch screen Panel\R&g
600, which is connected to the controller PLC.

E. Post 4 — Inserting plastic shaft and metal hats.

Final assembly work is carried out at the Postig.{. Into
the imbedded bearings in the plastic block is stiperative to
insert a plastic shafts, on which is ultimately puttal cap.
On Fig. 2 (A) are both parts are displayed in thpar part of

used positions. Over the other two positions of th&ary
conveyor are situated special sensors, videliaetaecolour
and sensor for measuring the height of productndgJshe
colour sensor, we find the colour of shafts anddtieer one
sensor is used to determine whether the shaftésea in the
correctly position, i.e. whether the operator itsgishafts into
the serviser correctly. In the case of incorrecodpict
embedding to the rotary conveyor, the product salided
from the used positions using a pneumatic manipylathich
is located above another position of the rotaryegor. The
last available position uses a simple pneumaticipodator
with pneumatic suction providing moving shaft aratshfrom
form the rotary conveyor to the waiting pallet onbalt
conveyor (post 0). After the inserting of both caments in
the correct order on the block with bearing thedpid is
finished and proceed to the final post 5.

F. Post5 — Warehouse

Palette with the finished products stops at the past and
triaxial manipulator moves product from the paltet its
position in the warehouse (post 5 in the Fig.8)e Thaxial
manipulator is powered in two axes by stepper nsoamd the
third axis is controlled pneumatically. The mangial
handles the products using suction cups. This néatipr was
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selected after the positive experience in its usa isimilar
project before [3]. Warehouse is implemented agthtable,
where milled positions for products are marked ettters of
the alphabet from A to Y. Together there are 24itjpos.

Final position for each product will be stored ihet
information system of the FAC.

Fig. 8.
products.
Delivering finished product from warehouse carties
operator by hands, despite the fact that triaxehipulator

can moved it too, but only on to the belt convelyost 0.

Graphic design of the Post 5 — Warehous¢he resulting

IV. NETWORK CONTROL SYSTEM
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Fig. 9. FAC network control system.

The FAC is controlled by PLC which is equipped with
network adapters. The most sensors, actuatorsleciieal
devices of FAC control system are connected tatimgrol
unit via the technological networks. All technologji posts
except the posts two and one use remote inputsapdts.
There are together four types of technological nete/ used
in this technological system (Fig.9): AS-i, Ethearrerofibus,
DeviceNet. This special system configuration of thee
various types of technological networks is not cammway of
control system design, because is not easy toattyrre
configure the industrial network to work correctyhat more
difficult task for a programmer is to configure foqur
networks in one control system. It is more easilywork only
with direct PLC I/O. But it is caused by the usdlo$ system.
This system is mainly designed especially for indusetwork

research and also for learning at scholar prodesshalastic
environment.

V. CONCLUSION

The FAC model is now already a second assemblaline
our department that was built by the EU financigdport.

This model was to school supplied completely as$euinb
but without the control programs, that are beingeltgped at
this time and there are also resolved basic mddetreal and
the construction problems and its debugging. Iralperare
also developed other applications, namely: an egi}in to
image recognition, the control program of the indakrobot
Mitsubishi, the visualization applications, the amhation
system application and course it is solved comnatiun and
synchronization of all these applications.

Another important objective is to support reseaattour
department and especially in the field of modelliagd
diagnosis of discrete systems. The authors of thieleaare
also dealing with this issue in its doctoral dissgéon [1].

For the FAC model design was used standard automati
software and hardware technologies. Control syssamsors
and actuators were also selected from the standaed
industrial elements. Some of the technical and rexaging
solutions should be designed easier in practice,this is
special application.

All these and other solutions related to the faet ft is a
educational model where a student has the oppoyttmitry
out several technology equipment on a small model.
mentioned in the article introduction, the maineaiive is to
improve the educational process and improve thejusy
skills and competencies of graduates of our demartm
Furthermore, solution is complicated so that athtelogies
have to be interconnected to one system and it haee
synchronized to work together to do the definedtstatlsing
the more types of technologies in one system is tfar
programmer more complicated than using only onertelogy
type. But if a student handles this task, thereaftgractice it
will be more easily to him manage the complex tasbiat it
will be given to him. Based on the gained experehe will
not be narrowly focused and so he will be more astitipe at
the labour market. And that's also an importank tat the
University.

ACKNOWLEDGMENT

This work is the result of the project implemerdati
Development of the Center of Information and
Communication Technologies for Knowledge Systerm$A®
project code: 26220120030) supported by the Relseérc
Development Operational Program funded by the ERDF-.

REFERENCES

1] J. llkovig, “Modeling and diagnosis of handling and robotic eyst”,
The written part of dissertation examination, Ke$i2010 (in Slovak).
[2] Mitsubishi Elektronic — Mitsubishi industrial robotanual: RV-
2SDB_2SQB_E.pdf: MELFA RV-2SDB/RV-2SQB Series, M2/10.
[38] COPIK, Matej: Design and implementation of flexible manufacturing
system management. Diploma work. Technical Univeini KoSice,
Faculty of Electrical Engineering and Informati2z,10 (in Slovak).
[4] J.Jadlovsky,S. Laték, J. Chovaak, J. llkovE, “Proposal for
Distributed Control System of Flexible Productiané.“,Journal of
Cybernetics and Informatics, Volume 11 publishe®lyvak Society
for Cybernetics and Informatics, pp. 8 — 13,
http://www.sski.sk/casopis/index.php, ISSN: 13364, 2010.



