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SIMULATION OF PRODUCTION SYSTEMS AS THE EFFECTIVE T OOL OF
EFFICIENCY INCREASING

Peter Malegd

Abstract: Continuoudly increasing and escalating demands and threats related to the operation of production systems require from
the production companies continual concentration, fast and correct decisions in order to consolidate and improve its
market position and achieve the maximum profit. There are many resources and possibilities to increasing efficiency,
respectively maximize the utilization of the production system. For the purpose of this article we have chosen as the
optimal variant even more applied term simulation, because its application greatly contributes to the overall improvement
of the business competitiveness.

Keywords: Production systepsimulation simulation of production systendigital factory.

1 INTRODUCTION

The implementation of this transformation takes

Promote and encourage the development, ! : -
place through its various subsystems. Fig. 1 shinabt

respectively productivity growth and competitivenes

must be under conditions of maximum current turbule production system consists of these five compongnts
and difficult market environment, the primary gasl 12]:
any business. It is forced to continuously imprearel * Workplaces: they carry the added value; there
adapt to the requirements of such hard competition, are production resources, ie. machinery,
respectively meet the expectations and needs of its auxiliary equipment and assembly lines.
customers. The basis of this success lies in tbpgor e Material flow: through the material flow it is
and effective implementation of production systelnis ensured respectively is secured the proper
available many tools and possibilities of incregsin management, handling and transport of the
efficiency of the operations. In this paper wassemas semi-product between operations/workplaces, as
the best variant in practice increasingly even meed well as the material flow is related to the storage
tool that is called simulation. questions.

e Information flow: it has to be also analysed the
2 PRODUCTION SYSTEM information flow and proposed the possible

options for processing, transmission and storage

Bosenberg and Metzen define it as a "complex in a particular production system.

system related to the organizational structurerand in » Service and service provision: this is related to
the centre. The elements of this system are proesdu the ensuring of the maintenance and supply in
work principles, new organizational structuresatetgies the production system.

describing the main work tasks, scientific methadsl « Employees: in the production system this
principles (_)f industrial engineering as well asumber managing, respectively central component.
of pragmatic tools for all employees [1].” , Their decisions and management decide how

In short, the production system is a system that is efficiently the business will implement its plans

based, respectively is resulting from the transtdiom and objectives.

’
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Fig. 1 Production System and its basic subsystems|[1, 7]
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An important step to achieve respectively ensures
effective production is to find the best way tolimathe
plans. It is the production system, which implersethie
production itself. There isn't one hundred percent
accurate and guaranteed instruction to obtain the
optimum that would ensure long-term stability ance
free operation. However in practice, it is necegdar
address with the requirements for production system

that are placed on it. These are summarized andrsho
Fig 2 [4].

Each production system consists of a set of
subsystems, namely the management, technological an
handling subsystems.

Structure of production system, respectively
elements that make system are summarized in Table 1
where we talk about structural composition of the
production system [4].

Orientation on production process running

Product orientation

Quality

svstem

Flexibility

Production

Productivity

Efficiency

Fig. 2 Requirements required by the production system[7]

Table 1 Sructural composition of the production system [ prepared by 5]

1. Technological + Input an.cl output Elem-enr'; of the project.
cubsvstem s  Production machinery and technological equipment,
. +  Elements of the waste output,
+  Control system.
2.Subsystem of * Equipment for semi-operation control of products. equipment for postoperative control
techmnical of products
inspection +  Equpment for control of matenial preparation,
Equipment for control of preparation aids.
3.Subsystem of
technological *  Determination of operations on technological workplace,
process + DNManaging information for technological workplaces,
management + Information for preparation, information for technological process management.
4.Subsystem of < Transport and handling,
material and * Division of material,
production s Working of base areas,
aids »  Treatment of tools.

preparation +  DNaintenance and repair of productio
+ Filing of technical documentation.
5. Subsystem of

N equipment;

Transportation of production objects,

transport, ; . .

port. Transportation of production aids,
handling and .

Traffic circle of waste.

storage
6.Subsystem of
production * Detailed operational planning - operation schedules, capacity balancing,
process *  Darect management of the production process.
management
7.Subsystem of * DMaintenance and repair of mechamcal knots, technological workplaces. technical
techmnical inspection, transport and handling equipment,
services +  DNaintenance and repair of electrical equipment.

production
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3 SIMULATION
SYSTEMS

OF PRODUCTION

Centre of the success of any company is to build
high-class and maximum efficiency reporting prodarct
system that would be the result of the number ofexd
decisions. The computer simulation is one of thg ke
tools/techniques for their successful achievemsmtthe
simulation is, "experimental production business"tioe
computer. We assign it to the so-called statistieat
methods. The application possibilities of this supp
instrument replace the real system with simulation
model. It allows us, as its users, pre-verified egftects
behaviour of real, possibly even only planned pobidn
system, than look into the future and capture any
deficiencies in advance, respectively prior to the
implementation of the project in order to thus avan
increase in expenses associated with solution of
problems during operation [8].

Dahl understood simulation as "a research
technique that consists in studying of dynamic esyst
which is replaced by a simulator, with which welima
experiments with the goal to gain information abting
original system [8]."Graphical illustration of the
simulation principle is shown in Fig. 3.

Each model of production system consists of a set
of objects and we distinguish three specific typEse
first of these are stationary elements of the systdso

called static, that still exist and carry on its
activities/functions. These elements are such as
machinery, equipment etc. Another group called

dynamic elements places the various transporteds an
tools, that the production aids, which are useq éoi a
specific time. This means that these elements sy
enter into the system, then are machined, resgdgtiv
moving between workplaces and then leave the system
The last group consists of objects that are linkéH the
environment; they are, for example, customers, l&nsp
and so on. [3].

Purpose, respectively the importance of
simulation arises from the [14]:
- effort to ensure and achieve optimal

organizational structure,

e changes in various technological and business
processes,

 recovery of the production program,
respectively its restructuring,
e Optimization requirements of the entire

production system.

What is the aim

Real system

of simulation”,

Simulation

Modelling,
abstraction

Implementation

model

What will be

Experiments examined

A
Results

How can be Using
the results
Application
used for real P
on the real

system?

svsten

What does it mean?

Fig. 3 The principle of using computer simulation [ 13]

Table 2 Types of smulation [7, 12]

Type of

. : Characteristics
simulation

Graphical representation

Discrete simulation

It is also called event-oriented simulation. Weetakto account only thos
time points, respectively events, where there ¢hange of state variable
of the system.

The values of state variables are changed contsiyon a given time

gm};gﬁgﬁs period and are determined by the solution of difféial equations
describing the behaviour of the simulated systemery short time steps.

Combined . L . . i~

S lEie T It is a combination of discrete and continuous $ation.
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simulations, which are categorized according to the
principles applied by the compilation of actual
simulation model [12].

One of the basic assumptions of creating a
successful simulation is to ensure that the achieve
results represent respectively bring a higher vahas
the inputs that have been expended on realizafidheo
actual creation of simulation. The simulation is
purposeful only in the event, if the benefits of it
application are higher than its costs [8, 12].

[7, 9].Utilization of simulation is summarized imhet
Table 3 [3].

{ 1. Recognition ofthe
problem and
objectives
establishment

8.Implementation

7. Model
(1 ocuimentation

6. Experumentation
with the model and

analysis ofresults

2. Creation ofthe
conceptual model

3. Data collection

4 Creation of
simulation model

-

.
5. Verification and

validation of the

\

model

Fig. 4 Sages of simulation study [ 9]

The sequence of steps, respectively stages of the
simulation study is illustrated on the Fig 4 [9].

If we want to begin with the creation of a specific
simulation model of the production system and then
performing experiments with this simulation modeis
important to determine the purpose and prioritiethe
simulation itself, that is exactly what we wantaichieve
with the application and under what conditionss lalso
necessary to pay attention to the data and infoomat
collection that will serve as inputs for modelling/e
mean the facts that monitor, respectively evaluhte
status and work and also activity of production
equipment together with their characteristics (cépa
spatial distribution, etc.) that help us, respesdivallow
specifying all details within solved project. After
creation of the model, the next step is verificateind
validation. These two terms are characterized atrao
processes through which we can ascertain whether it
fulfils all the requirements for the process, while
verification focuses on verification the suitalyiliof the
product due to the specified needs. On the otlag si
validation is the correctness verification due talr
requirements.

If the model is verified and validated, the next
step is the experimentation, documentation and
implementation of achievements, respectively sohsi
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Table 3 Utilization of simulation [ 3]

Simulation doesn’t

Simulation allows
allow

» solve analytically
unsolvable tasks

. . * replace human in
e examine the dynamics ¢ P

decision-making

the system .
. . » complete production
e time and spatial
) management
comparison

correct data with an

* detection of new facts )
incorrect parameters

» decision support at

. automatic
CELOUS SET[E e optimization of the
decision-making
e improvement of the system
Svstem result without goal
y definition

e cost saving in various
areas of the business

Areas of simulation application are summarized
in Table 4.



Table 4 Areas of simulation application [ 11]

e implementation of modern
managerial methods
* capacity planning

» identification of bottlenecks in

Production production
*  optimization of production
batches,
» verification of production
techniques
» verification of layout proposals
e analysis of material handling
Logistics analysis of resource utilization
e distribution chains modelling
e analysis of production costs
» analysis of change impact
» design and verification of logic of
Technology material and information flows
e integration of new elements into
the system
e analysis of the service times
» optimization of the manpower
utilization
Services * layout of service departments
e analysis of information and
documents flow
» rationalization of the branch

network

Simulation is helpful in solving the problems such
as [9, 10, 16]:

e What type and quantity of production
equipment must be ensured, i.e. machinery,
auxiliary equipment, tools, etc. for operation of
the particular production?

e How to organize the workplace, respectively
how to solve zonal and spatial relationships?

« How to effectively solve the problems of
material and information flows?

* Where are the bottlenecks in production, and
which are the main risks of the project?

e What duration, respectively how much time is
necessary to ensure the realization of the
production?

* How will the system react in the case of
unpredictable changes, respectively faults?

It is very important to decide for the right
simulation software, because there are a lot ofiptes
solutions. How? The answer is found in Table 5,clvhi
shows a procedure of simulation software selection
three steps [13].
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Table 5 Procedure of simulation software selection

[7,15]
" obege zosen = % GRS
. short .
selectio . selecti
list
n on
Characteristics
Application Simulation (Modelling
areas concent elements,
(production, cep random
} (Petri nets, .
material flows, simulation functions,
distribution, language, etc.) statistics,
organization) guage, €tc. animations,
etc.)
Users Service Subport
(computer (Model creation, (HoFt)Iri)ne
specialist, statistical maintenaﬁce
designer, analysis, documentatior’1
planner, presentation etc.) '

sporadic user)  options, etc.)

Market position

Fmanm_a_l (Number of Environment
opportunities . - L
installations, (Interactivity,
(hardware, L :
application error detection,
software,
S areas, branches etc.)
training)
etc.)

4 DIGITAL FACTORY

The future is associated with continuous progress
and development of industrial markets, where the
complexity and turbulence of this environment is
affected by the unexpected and hardly predictable
changes. In this time "Digital Factory" (Digitaléfik, E
- Plant, E - Factory, etc.), is increasingly usedmt’,
while the most visible development, respectively
progress was recorded in Germany (Siemens). It
provides a strong competitive advantage and salsitio
for the design and management of production systems
Digital Factory is therefore compared with the ceptoof
the future (4th industrial revolution).

We can easily say that this concept is a digital
view on the real business, with which is providexivh
the real system will react and how it can adagthi@nges
on the basis of realized experiments. The most&stlyy
is used in the phase of production system desigdritas
possible to observe the operation on the computfend
the implementation phase. It is suitable in theesas
where is important to increase production, minintize
costs and maximize the utilization respectively
production efficiency [13, 14].

Summarization o the results in Table 6 agencies
CIMdata survey we can see the conditions of the
introduction of digital production along with the
percentage.



Table 6 Results of survey of digital production
introduction [ 7]

Expectations from the digital

production introduction Percentage
cost savings through better resour: 30%
utilization
cost savings achieved through
L . 35%
optimization of the material flows
reduction the number of machines, to
40%
and workplaces
total growth of production outputs 15%
time reduction of introduction ne\
30%
products on the market
5 CONCLUSION
Today, constantly changing customer
requirements are forcing companies to control

increasingly complex production processes. This is
reflected in the mounting number of product funesio
and variants required by end-users as well assingi
demands concerning quality, flexibility, servicené and
the desired level of service.

To optimize these systems, simulation studies are
often conducted. Simulation can be used to improve
processes as well as to identify problems at aty ear
stage. Simulation of production systems is the maer-
based modelling of a real production system. Sitrara
allows organizations in the production industry to
analyse and experiment with their processes irrtaali
setting, reducing the time and cost requirements
associated with physical testing.
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