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Abstract— This article describe material flow view to Flexilte
Assembly Company. The main task is to describe matet flow at
this system and create the procedure to create a sgm
simulation model. Article contains material flow vebal
description and then material flow diagram and at he end the
draft of simulation model created in CPNTools envirament.
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. INTRODUCTION

Over the last years flexible manufacturing systeesame a
very usual way in solution of all kinds of industand
manufacturing. Growth of production caused intere$t
increase production efficiency by reason of prieduction per
produced goods and also its production time redacti
It is uneconomic to establish a complex model systa
create the required system only for the purpostesiing the
system state. The system efficiency increasing@edicting
its behaviour can be performed on an existing systeut

Fig. 1. Graphic design of the assembly line with the nureberosts.

have to analyze our requirements for the tool.fifddility to

much cheaper and to create a system model andrperfqnogeliing the parallel systems was main attribute the

debugging at this model.

This aspect opens the doors for the research iratéa of
manufacturing system modelling and simulation.

Modelling is a process that studies and analyzesititative
aspects of a real-world problem. The modelling psscresults
in a model, where mathematics is used to deschibaature
of the problem and in many cases a proposed splutio

We had focused our research to a discrete processts
systems, to its modelling and analyzing. The hesason of
this our decision was affected by the aspect deayshat we
wish to research. We look at the system in termmaterial
flow.

The fundamental principle on which the discrete cpes
model is based is the assumption that all mechbpioaesses
occur not only in discrete space but also in discténe.
Thus, a process is seen as a transition of thersybm one
state to another at every step in the discontintimes. These
transitions from one state to another during a stéjme — the
process — are controlled by transition conditiofa]s
Mathematical model is a base requirement for angat

computer interpretable model of knowledge or stahda

specifications about a kind of process and abolévaet
facilities of the system.

When we were looking for the best mathematical foolan
implementation our modelling procedure to the systave

searching. Another important option we were lookiogwas
possibility to make discrete event mathematical ehosith
the possibility of computer implementation. As folls we
have found Petri Nets with its modification: Petkets with
modification in Coloured Petri Net. Coloured Pé&tdt (CPN)
is an mathematical and graphical tool supportedwiye
simulation software base (Matlab, CPNTools,..) wald use
for our implementation.

Il. PETRINETS

Petri nets, or place-transition nets, are classivadlels of
concurrency, non-determinism, and control flow, stfir
proposed by Carl Adam Petri in 1962. Petri netsbépartite
graphs and provide an elegant and mathematicallyraus
modelling framework for discrete event dynamicalgtems.

Definition:
A Petri net is a four-tuple (P,T,IN,OUT) where:

o P={p,psps..- pn} is an set of places;

o T={t, & t3... t,} is an set of transitions;

o IN: (P xT) is an input function that defines
directed arcs from places to transitions;

o OUT : (T x P) is an output function that defines
directed arcs form transitions to places;
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Graphically places are represented by circles eagsitions
are represented by horizontal or vertical barsraatenected
by arcs represented by arrows. Places of Petri usislly
represent states or resources in the system wiaifesitions
model the activities of the system. [2]

Ill. COLOUREDPETRINETS

Place without Place with
token token
Transition [ 1 Transition

Place without
token

Place without
token

OO

Fig. 2. Left: unmarked PN. Right: marked PN.

Coloured Petri Nets (CPN) is a language for the et
and validation of systems in which
communication,
Coloured Petri Nets is a discrete-event modelliagglage

would be better to choose alternative technologfiesptimize
the reliability and simplify the assembly procebssid the
model purpose was not to optimize proposal andaesquent
programming of the model, but summarize in one elas
much possible technological elements as it possible
Students have the opportunity to become acquaintitial
multiple technologies and solutions, which are usad
practice, and all in the one place because of using
configuration. The FAP model obviously does nottagmall
the technologies used in practice, but the desigdecided to
use just those which he frequently use in the mactand
which also would graduates work with in their preetin the
future. More information about the technologies dedign of
this model are described in [3].

V. FAC MATERIAL FLOW

FAC containing 4 input stores and 1 output one.

As already mentioned above we look at the systetarins of
material flow so the main goal of our researchrégihg the
flow of material in the assembling process. We kanghique
identifier to the products and intermediate produict the
simulation model by using witch we can track theveroent
and state of the goods in any time of the prodagbimcess in

concurrencythe simulation model. It's necessary to know thstey and
and Synchronization p|ay a majore_r0| examined its material flow even before the creatidnits

model. The following section lists a brief desddpt of the

combining Petri nets with the functional programgin assembly FAC process.

language Standard ML. Petri nets provide the fotiodeof

the graphical notation and the basic primitives rfaydelling

concurrency, communication, and synchronisatioandrd

ML provides the primitives for the definition of @atypes,
describing data manipulation, and for creating cachpand
parameterisable models. A CPN model of a systemanis
executable model representing the states of therayand the
events (transitions) that can cause the systerhdoge state.
The CPN language makes it possible to organisedehas a
set of modules, and it includes a time conceptdpresenting
the time taken to execute events in the modellstery.

CPN Tools is an industrial-strength computer toot f
constructing and analysing CPN models. Using CPNISdt
is possible to investigate the behaviour of the eflled system
using simulation, to verify properties by meansstafte space
methods and model checking, and to conduct sinaumdiased
performance analysis. User interaction with CPN Iog
based on direct manipulation of the graphical regméation of
the CPN model using interaction techniques, suchoa$
palettes and marking menus. A license for CPN Toals be
obtained free of charge, also for commercial usg. [

V.

Assembly line named Flexible Assembly Company (FAG}
designed and completed at the department of Cybesrend
artificial intelligence by the led of Doc. Ing. Jdadlovsky
CSc.. Model FAC is located in laboratory V147
VysokosSkolska 4, KoSice. The model and its situatib the
department laboratory are shown in Fig.1.

FLEXIBLE ASSEMBLY COMPANY

-
[4

The aim of the FAC assembly process is to makeodyut
that is shown in Fig.3 (B). The resultant produchsists of
four intermediate parts (Fig.3 (A)). These are wuded

together by the assembly process in such way liedirst part
of product is placed on pallette and proceed tHnothe

process posts and the intermediate products agrgesively
mounted together until a resultant product is ceteal. The
product is saved to the output store after assagiiihished
and there is waiting for order finalization. Theienassembly
process can be divided into five positions — p@sig.1). The
entire assembly operations are divided betweenettioe

posts till to store the finished product warehousach post
has a well defined action and these are direatkelil to each
other, i.e. that each post is waiting to close loa previous
post, except the post number 1, where the entisenasly
operation begins. The synchronization of individaativities

Fig. 3. Individual parts of the product in the erdhey are assembled)(
The resulting product (B).

The FAC model serves as support for research af@ that there are no collisions in the productiosacpss is

diagnostic of industrial
production lines modelling and analysis, but thpaniant task
of this model is to improve the quality of the thimg process.
Therefore, the model was specifically designed sl fact
explains the details and selected technologiesprhctice

communication networks, e th matter of course. Consecutive posts have the yahditarrest

the intermediate product on belt conveyor untinthehen the
next post released, although the previous postat@ady
finish its activity. Assembly line work will be ciically
repeated, up to the fulfilment whole order. Produetre
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transferred between the various posts by using exiap
palette. This palette is not part of the finishedduct and
hence will not be placed in output store. The pallare
situated on a central belt conveyor all time andytlare
waiting in the queue at the beginning of the as$gmincess
or move product between the posts assembly line.

A. Post 0 — Central belt conveyors

There are two belt conveyors situated in the middléhe
FAC. These conveyors serve the transfer of prodacesach
assembly line posts.

B. Post 1 - Ejecting the blocks and camera system

On the Post 1 (Fig.4) starts the assembly prodéss. post
contains a input serviser for black plastic bloak® which
will be inserted other parts of the product (begriplastic
shaft and metal cap). Blocks are pneumatically rexddrom
the serviser to sloping surface. Subsequently,aahdrotated
block gets on a wide white belt conveyor locatedime the
sloping surface. There is also an industrial canadérave the
belt conveyor.

plastic blocks
serviser

Post 1
Post 2 < Pallets <
‘ ‘ accumulator
Post 3 - Bearings
‘ ‘ serviser
Metal hats g Post4 - Plastic shafts
serviser serviser
Post 5
Outpust
store

Fig. 4. FAC material flow diagram

C. Post 2 — Robotic arm

The block is displaced from the first post (frone thelt
conveyor) to the central belt conveyor by the ratsoarm
Mitsubishi RV-2SDB. The robot uses the informatioom the
camera system about the block position.

D. Post 3 — Inserting bearings

After the previous activities is the block transéel by the
palette and central belt conveyor to the next pobis post
performs inserting a bearing to the product. Begrmowever,
must be the correct dimensions. So bearings akegiftom a
serviser, measured and then inserted into the bluott these
activities are carried out in the post 3 (Fig.4).

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

Final assembly work is carried out at the post i§.45. A
plastic shafts and metal caps have to be insertd the
imbedded bearings in the plastic block.

This post consists of sensors, servisers and pri&uma
handlers, whose job is to choose caps and shdfisth right
parameters and then use those to complete thepioduct.
After the inserting components in the correct ortterthe
block with bearing is the assembling process fimistand
proceed to the final post 5.

F. Post5 — Warehouse

Product stops at the last post and triaxial maaipulmoves
product from the pallet to its position in the waoase.
Warehouse is implemented as a metal table, wheledmi
positions for products are marked with letterstef alphabet
from A to Y. Together there are 24 positions. Fipakition
for each product will be stored in the informatisystem of
the FAC.

Exporting the finished products from warehouse qrens
operator by hand.

VI. PROCEDURE FOR MODELLING

A. Preparation of model creating

At the beginning of the modelling process it is essary to
know examined system in terms of material flow.sFiwe
have to define system inputs and outputs with iitperties.
Input and output properties are useful for conseeut
declaration of inputs and outputs in the simulatioodel. The
properties will be implemented in the model as pai@rs of
item that will represent input or output.

Next step is to define others system elements whiatbe
used for the material flow model. It's necessargneate a list
of system events and states. After that we canemiron each
other according to rule: state-event-state. Detaslearch and
correct describe relations among them ensure ssigqt@sodel
creation and in its informative capability.
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Fig. 5. CPNTools system model — configuration before theugtion starts.

B. Procedure for creating a FAC model

In this section we are going to describe a procediow to
create a simulation model of surveyed system ugiagPetri
Nets. This model is created in the simulation emvinent
CPNTools. We chose this environment for its widagea
possibilities for coloured Petri nets modelling gruksibility
to implement the time variable in the model.

Another reason for our choice was the fact that aipiplication
is free downloadable and does not require purchasiitense
and therefore whoever could easily download it arse.
CPNTools beginner user has to acquaint him withatbek at
this new environment. There is a possibility todstuhe
manual for work with this environment directly as bfficial
website [4]. And so after a short time, the user azate, save
and run modelled system by him and also debug fubging
the simulation and its stepping.

We created a simulation CPN FAC model where we sz
input and output stores (green ellipses), everstdngles),
system states (grey ellipses) and additive st&tesattached
figures; first one with system initial conditionsi¢).5] and the
state of system at the end of simulation [Fig.6].

sim  Create

<« Who|H

»

;]

4 141

the block in the
robat gripper

Fig. 6. CPNTools system model — state at the éstmulation.

VII. CONCLUSION

There is ability to use the mentioned procedurgeneral
design for simulate a material flow for much disere
processes of assembly or manufacturing systems. The
advantage of this procedure is that there’s noirement to
build a system physically, but we can simulatelibbaviour
of the system, its initial and final state of matkr
The CPNTools provides to run the simulation andehe
also very useful option: to step the simulationywsoare able
to examine the behavior of the system step by Steere is
also possibility to add a time element to the motheit
provides another option for material flow analysis.
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