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flexible manufacturing  system; control enough for a general system analysis of the control object. For a detailed

system; machine-building industry; finite functional analysis with the definition of transfers and productions of this

automata; Petri net control object, it is necessary to use a more powerful mathematical apparatus,
such as Petri net. The study of the control algorithm was held on the basis of the
round composed flexible manufacturing module scheme of flexible manufactu-
ring system. The resulting algorithm with using the transformation of a finite
automata of Petri net allows for the creation of a more correct, efficient and
reliable control system for the production module.

INTRODUCTION

In modern times, one of the areas that ensure the economic development of the leading
Eurasian countries is considered to be industrial enterprises producing high-quality mechanical
products of mechanical engineering. In flexible manufacturing system (FMS), which combine
mechanical assembly, processing and production modules of various purposes, automation of
the process of manufacturing various electrical, automatic, mechatronic, etc. parts for
technological equipment, machine tools and production lines is carried out [1,2]. However, since
many complex mechanical technological operations are performed both by working personnel
and by control units controlled by digital programs, the design of both mechanical machines and
a special manipulator that automatically serves them in the modules of mechanical FMSs of
mechanical engineering enterprises and the creation of a control system for automating its
operations is considered a scientifically relevant issue.

APPLICATION AREA ANALYSIS

The layout of the mechanical production module of the applied FMS is based on a circular
structure (Fig. 1).
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Fig. 1 Layout diagram of the mechanical production module of the FMS

In order to reliably control the service operations of lathes, milling machines, radial drills
and bending machines located in the positions of the circular scheme, the issue of conducting a
functional analysis of the technological process and interpreting the control functions with
knowledge is posed. The analysis of this problem shows that it is more expedient to apply a
graphical representation method to more effectively describe the control process [3].

In the mechanical flexible manufacturing module of the FMS, technological operations are
planned as follows: the crane-manipulator takes the workpiece from the central plate and moves
it linearly upwards. Then, moving linearly on the crane in the left direction, it positions itself in
the working zone of the lathe, places the workpiece on the machine, fixes it and moves upwards,
waiting for the preparation of the part [4]. After the product is ready, the manipulator moves
linearly downwards and takes the finished part from the lathe and moves linearly upwards.
After linear movement in the central direction, it moves the part in the direction of the milling or
radial drilling machine and the bending machine. The sequence of these operations depends on
the type of product being prepared [5].

PROBLEM STATEMENT AND DESCRIPTION

The One of the more accurate and reliable methods for describing the planning and
functions of a complex machine-building technological process control system is considered to
be a Petri net (PN).

Modeling of complex dynamic systems (DS) can be considered at several levels, and PNs
can model each of these levels. But in practice, it is often the case that individual subtasks of a
complex system are modeled using finite automata (FA). Due to the simplicity of application at a
low level, system modules are often described with FA. The FA apparatus is intended primarily
for modeling individual processes. When modeling complex DS, it is necessary to take into
account not only individual processes, but also their interaction. In particular cases, such
problems are solved by the capabilities of the FA themselves. This is accomplished by connecting
the outputs of some machines to the inputs of others.
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At a high level, models based on PN are more convenient for providing a general system
analysis of the control object. For formal verification of the system when modeling complex
dynamic systems, it is necessary to use a sufficiently powerful formal apparatus such as PN. In
this case, there is often a need to solve the emerging problem of transforming the FA into PN.

To describe the control process using a PN, it is possible to effectively describe the operation
of the crane manipulator (CM) serving the application object (mechanical assembly flexible
manufacturing module) with production rules and, having transformed it into a PN, study the
control algorithm using computer experiments as a result of the analysis of the main properties
of the latter. This issue was considered in the previous subsection [6].

The issues of developing an algorithm for transforming the finite automata representation of
an automatic transport manipulator transporting raw materials to the working area of a crane
manipulator into a PN are considered.

Finite automata (FA) is defined by a set of six objects:
A=XUY,x9,0,vy)

Where U = (uq,uy, ..., uy,) — a finite set of input signals, called the input alphabet of the
automata; Y = (1,2, ..,¥) — a finite set of output signals, called the output alphabet of the
automata; X = (x4, X, ..., X;) — an arbitrary set, called the set of internal states of the automata; x,
— an element from the set X called the initial state of the automata; ¢: (x,u) and v: (x, u)- two
functions that define singular-valued maps of the set of pairs (x,u), where u€ U and x€ X, to the
sets X and Y. The function ¢: (x,u) is called the transition function of the automata, and the
function y: (x, u) is called the output function [7]:

e:(XxU)->X; yv:(XxXU)->Y.

FA can be represented graphically, in the form of transition and output tables, and
analytically. ¢: (x,u) and y: (x,u)the transition and output functions of the automata can be
represented in the form of a table.

A PN is formally represented as a set of the form [8]:

N = (P,T,F,H,u%
Where:

P = {p1,p02, ..., Pn}, n > 0 —a finite non-empty set of positions (otherwise states or locations);
T = {ty,ty, ..., t;}, m > 0 —a finite non-empty set of transitions (events);

F:PxT-{012,..} and H:P XT - {0,1,2,..} - the initial marking (marking of each
position) of the functions and mapping of the input and output states;

u%: P —{0,1,2, ...} - initial distribution of markers by position.

The graphical representation of a PN is a bidirectional directed graph with two types of
vertices. The vertices p € P are represented by circles, and the vertices t € T are represented by
with rectangles. The arcs correspond to the drop functions of positions and transitions .

The FA is defined for the PN as follows:
P=UUXUY,T={t,x/xeXnuuel},
I(ty,w) = {x,u},0(ty, u) = {o(x, w), y(x,u) }.
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The resulting PN is a model of a FA.

Based on the given topology, the definition of the structural elements of the PN is presented
- transitions and positions according to the following rules [8]: for each pair (state and input
symbol), a transition is defined; the combination of sets of input signals U = (uy,uy, ..., Up),
output signals Y = (yy,,, ..., ¥, ), internal states X = (x1, %y, ..., x;) is a set of positions of the
automata. The transitions and positions of the PN are defined as T = {ty,t;,...,tn}, , P =
{p1, P2 -, Pn}, Wheren =m+z + g.

Let's consider the model of the functioning CM of the FMS. The CM can be in one of two
states X=( x1,x,): x;— open, - x,— closed (number of internal states z=2). The transition from one
state to another U = (u4,u,) is carried out by control actions: u; - closed, u,- switching on the
PN (number of input signals m=2). The transition and output functions are given by the
following transformations [7]:

@: (x,up) = xq;

@
@: (X1, up) = Xp;
v (X2, Uy) = Y15

2)

v (x4, up) = Y,

The external states of the CM are determined by the output alphabet: Y = (y,,y,). y;is off
CM, y, is on CM (the number of output signals g=2). Therefore, to control the CM, it is necessary
to determine the internal states X based on the information U from the corresponding sensors
and generate control signals Y in accordance with the transition function.

Now, to define transitions from one state to another, we can represent the network
transitions as follows. For each pair (state and input symbol), we define a transition whose input
positions correspond to the state and input symbol, and whose output positions correspond to
the next state and output.

Thus, T = {t;, t,} the PN transitions are determined (number of transitions m=2). The PN
positions (number of positionsn =m +z + g = 2 + 2 — 2 = 6) are determined according to the
following rule [8]:

P=UUXUY = {ul,uz,xl,xZ,yl,yz}
P = {p1,P2,P3, P4, D5, Pe}-

CONSTRUCT A PN SIMULATING A FA
Creating a transition matrix:
Cmz)=C22) ={c;}i=12 k=12 j=12;
According to the (1):
c11=0,¢12=1,¢c1 =2,¢,, =0.

As aresult, obtaining matrix transitions:

0 1
C(2,2) = |2 ol
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Creating the output matrix:
B(m,z)=B(2,2)=lbji}, i = 12, k=12;j=12;
According to the (2):
b1 =0,b1,=1,by1 =2,b,,=0.
Finally, the results matrix is obtained:

0 1
B(2,2) = |2 of

Determining the input incidence matrix of the Petri net:

F(n,m) =F(6,2) = {f;;} herei =1,6;j = 1,2;

n=m+ z+ g = 6 (n-number of positions, m-number of transitions) .
Determining the output incidence matrix of the Petri net:

H(m,n) = H(2,6) = {hj;}, herei =16, =

1,

N

Petri net entrance incidence matrix elements formation:
F(6,2) ={f;,}:
Matrix all elements resetting

fij =0 herei=16;j=12;
ifcii #0,thenf;;=1land fr,;; =1,

herei=1,2;j =1,2:
Because ¢;, # 0,itturnsout f; ; = f11 =1,

f2+i,j = fo421 = f4,1 =1

Because ¢, ; # 0, itturnsout f; ; = f,, = 1,

f2+i,j = f2+1,2 = f3,2 =1
As a result, it is obtained that:

10
01
01
10
00
00

Formation of the elements of the output events matrix H(2,6) = {hj,l-}:

F(6,2) =

Resetting all matrix elements to zero h;; = 0, here j = 1,2; i = 1,6;

ifcj; # 0,then hjmyy = hjoyy = 1 herej =1,2; i = 1,2;1 = ¢;;

Because ¢;, # 0, ittumsout hj gy = hipp1 =hy3=1(1=c¢ji =c¢1,=1);

Because ¢;; # 0, itturnsout by = hpop = hyy =1, (L=¢j; =31 = 1);
Because b;; # 0, then hjmiz41 = hjpi24) = 1 herej =1,2; i =1,2;1 = b;;:

98



Development of Control Algorithm for Flexible Manufacturing System Module Using Finite Automata with Petri Net

Because by , # 0, it turns out that

hj,m+z+l = h1,2+2+1 = h1,5 =1,(l= bj,i = b1,2 =1);
Because b, ; # 0, it turns out that

hj.m+z+l = h2,2+2+2 = hz,e =1,(l= bj,i = b2,1 =2);
As a result, it is obtained that

001010
H(2,6) = |0

00101|(6)

Incident matrix elements of PN formation:
D(n,m) = D(6,2) = {dy;}:
Because D = F — H”, thend;; = f; j — hj;, here j = 1,2; i = 1,6;

10; 00
|01 |00
B T _lo1] |10
D(62)=F(62)~H"26)=|; o[ = |1/
00| |10
ool lo1

10

| o1 |

=11

DGR P

-10

0-1

Using the obtained results, a graph of a given finite automaton simulating Petri net was
created in the CPN Tools system [8] (Fig. 2).

New Page Binder 0

[ None |
Fig. 2 Graph model of a PN simulating a FA given by transition and output functions.
CONCLUSION
The structure of the equipment of the FMS has been developed and descriptions of its
control in the form of production rules and with FA have been created. The PN properties were

used for a comprehensive analysis of the control of the computer model for FMS module
described by a FA. The algorithm for transforming a FA into a PN was used for this. The model
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was studied as a result of simulation with computer experiments. The model of the control
system of the agile manufacturing module obtained using FA is analyzed using PN. This
approach can be considered important in terms of creating a more correct, effective and reliable
control system.
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