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Nowadays the production process with as few as possible deadlocks is the most important goal of management in every company. An optimized
production process can be reached with well-trained personnel and especially with well-trained schedule planners. In this contribution, a new strategy on
how to train production planners for different types of production by using virtual factory is presented. Also, two specially developed parametric
simulation models for typical make-to-order and large-scale types of production are presented. Every model describes the real production process in detail
so that it enables the observation of responses to the different input data. In the first step, the strategy covers the training of personnel so that they learn
how varied input data reflect in the output results. The second strategy step is supporting schedule planning by using virtual factory where variants of
schedule plans are tested much earlier than the real production process is performed.
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Inovativna obuka za planere proizvodnje kroz odvijanje virtualne proizvodnje

Izvorni znanstveni ¢lanak
Danas je proces proizvodnje s najmanje zastoja najvazniji cilj upravljanja u svakom poduzecu. Optimizirani proces proizvodnje moze se posti¢i s dobro
obucenim osobljem i osobito s dobro obucenim planerima proizvodnje. U ovom ¢lanku predstavljena je nova strategija treniranja planera proizvodnje za
vise tipova proizvodnje uz koristenje virtualne tvornice. Takoder su prikazana dva posebno razvijena parametarska simulacijska modela za tipi¢ne vrste
pojedinacne i velikoserijske proizvodnje. Svaki model opisuje stvarni proizvodni proces u detalje i tako omoguéuje promatranje odgovora na razlicite
ulazne podatke. U prvom koraku ova strategija obuhvaca obuku osoblja, da nauce kako se razliciti ulazni podaci odrazavaju u izlaznim rezultatima. Drugi
korak ove strategije je podupiranje planiranja proizvodnje uz pomo¢ virtualne tvornice, u kojoj se varijante proizvodnog plana testiraju mnogo ranije nego

§to se realni proizvodni proces odvije.

Kljucne rijeci: modeliranje,; obuka, optimizacija, plan proizvodnje; simulacija; virtualna tvornica

1 Introduction

Nowadays, modern manufacturing environment
requires trained personnel who must respond actively to
different disturbances in the production process. For this
reason, companies need modern and innovative tools to
educate and train employees and prepare them as much as
possible for situations where circumstances change and
disturbances occur in the manufacturing process. Training
should be performed in a dynamic production
environment by using computers to build production
process models and then performing different simulations.
Traditional learning approaches do not enable that sort of
training. Also, such tools are useful for education of
students, so that after graduating, they are ready for
effective and autonomous planning of production
processes.

In the existing research, a number of useful examples
are presented [1+14] which are usable for training in
specialized areas. Furthermore, a number of studies have
been made and different models developed in other areas
with the aim to optimize the existing processes, and these
solutions can also be used for training or education
purposes [15+31].

Our research work has proven that virtual factory
(VF) [32+37] is a very useful tool for the training of the
planners of production processes. A major advantage of
the concept is that the VF does not consume any material,
resources or energy - we operate only with data. During
the training process, the real production process is not
interrupted and consequently the equipment is not
occupied and cannot be damaged. The use of the VF is

suitable for the designing of new production systems or to
improve the existing ones.

Based on the findings and our own research, we
developed two concepts and models that are useful for the
training for different levels of production.

2 The basics of virtual factory

A virtual production in a VF is defined as the
integration of different models, simulations and
presentation techniques in an integrated system in a
computer. It allows the execution of the production or
schedule plan in a virtual environment or, in other words,
the performing of the production process in a VF [35, 37].
Just like for a real factory, it is considered that one of the
most important parts in the VF is the resource
management.

In the field of the production processes, research is
generally oriented in a few specialized directions. The
first direction is the scheduling of the production
operations in time scale [1, 22, 27, 38, 39], and that is the
most frequently addressed issue in practice. The second
area is focused on the improvement of the production
process at the level of the performing of operations [3, 16,
17, 21, 32]. To the third area belong some special
principles to improve the efficiency of the production
process [4, 6+8, 12+14, 18+20, 23+30, 40+42]. The
fourth area is oriented towards savings and better
economical acceptance. In this area, there can be found
several studies about reducing the costs and reducing
power consumption [9, 15, 28, 29, 39, 43].

For the development of the concepts and models for
training, the researchers have been focused on the
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improvement of the production process at the level of the
performing of operations.

INPUTS

Schedule (production) plan
Machining part or parts
Resources

Energy

OUTPUTS

Real
production
system

Product(s)

Schedule (production) plan
Data about machining part or parts
Data about resources
Data about energy
Figure 1 The basic principle of the virtual factory

Data about product(s)

For both concepts and models of the production
processes, logical models were designed in the first step,
and they were created based on the fundamental principle
of the VF (Fig. 1), the theoretical assumptions [10, 11,
34+37] and the recent results of our research work [32].
VF consists of two basic parts: a virtual physical
subsystem (VPS) and a real information subsystem (RIS).
The virtual physical subsystem describes the logical
dependencies between processes, material flow and the
flow of resources in the production system [32]. For the
real information subsystem, the existing information
system of the production system is taken into account
where the data flow is controlled by the integral
information system. So the RIS covers the appropriate
data structure that is needed to control the physical part of
the VF. Relevant connections are established between the
VPS and RIS to ensure the correct functioning of the VF.

Then, computer simulation models were designed on
the basis of the logical models of the production process,
and also the appropriate input and output data structures
were created. The basic and main objective of the
research was the creation of the virtual factory which
enables and ensures the execution of a schedule plan in
the same way as it is carried out in the real production
process (Fig. 1).This means that all logical dependencies,
which are characteristic of a real production system, are
described in detail in the developed model, i.e. virtual
factory.

In order to make the models easy for use, both
simulation models of the production process were built in
the standard programming tool Tecnomatix Plant
Simulation [44] for several important reasons and
advantages [45]:

- the simulation tool is standard and generally
applicable,

- the tool is based on discrete events execution,

- the program is object-oriented,

- complex logical dependencies from the production
system can be modelled through programming in the
programming language SimTalk [46],

- data exchanges between the simulation model and
databases are relatively easy to establish,

- the tool enables an easy way to create different
graphical or numerical presentations about the progress
of the production process in the virtual factory.

In VF, it is assumed that the energy for the operating
of the production system is always available. Otherwise,
the manufacturing process cannot be carried out.

3 Simulation models for training

For the purposes of educating and training employees
or students, two models of the VF were developed for
different types of production, based on the rules of the
real production systems:

- the model for a make-to-order production (MOP) and
- the model for a large-scale type of production
(LSTP).

3.1 Model for a make-to-order production

The concept for the model of a make-to-order
production treats the operation as the elementary unit of
the production process. The concept includes a logical
rule that states that the performing of an operation can be
started only when all the required resources, the data sets
and the materials are available and present at the place
where the planned operation will be performed. And the
sequence of operations represents the production process
(Fig. 2).

In the production process model for a MOP, first the
data for the production process and then the presence of
resources has been taken into account because due to the
unavailability of resources deadlocks frequently occur.
Among the most important resources are the
transportation equipment, clamping equipment, cutting
tools, measuring devices, machining centres, special tools
and equipment, and human resources.

Based on the logical model (Fig. 2), a simulation
model of the production process for a MOP was
constructed in the computer environment Tecnomatix
Plant Simulation (Fig. 3).

(semi- (semi- (semi-
data flow data flow finished) data flow

finished) finished)
\L T‘ product \L T‘ product product ¢ T‘
material and and and product
—>p > —>p» —>P —
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operation 1 | Parts | operation2 | parts parls | operationn
—>
energy T ¢ energy ? L energy ? L
resources resources resources
—»» material flow

— flowof resources
—> data flow

—> energy flow

Figure 2 The logical scheme of the simulation model for a make-to-
order production

The model is parametric so that the user inserts into
the model the input data that is intended for the real
production process for the observed period. Among the
input data is the schedule plan, the list of available
resources, work calendar and the number of available
workers (Tab. 1). After the initial setup, the user performs
a simulation for the desired observation period or for the
production of the desired number of pieces. During the
execution of the simulation, the speed of the simulation
execution can be set to stepless, the simulation can be
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carried out step by step or it can be stopped at any time.
The start date and time of every individual simulation run
can be set to an arbitrary time. It is also possible to
configure the production parameters for each production
process.

Table 1 Important logical elements in the simulation model for a MOP

Icon on Fig. 3 Description
table type objects:
TT _Istr: the table with input data — schedule
data

' TabSredst: the table with data about

Hotetr resources

TabTermin IZHODNA: the table with output
data — the results of the simulation

a0y EventController is the object for controlling
Eventcontrolie the simulation process

= process type object:
F_OC 244 ... 282: objects that represent
Kok machining centres

@- objects of the chart type are used to display
205 DC1 the efficiency of a production unit

ﬂ : the object of the ShiftCalendar type is used to
Shftcaendsr manage the working calendar and shifts
ﬁ the object of the WorkerPool type is used to
WorkerPool manage workers

m the object of the Method type contains

programs for the logical actions execution

In the presented model, there are pre-designed
indicators for real-time tracking of the number of the

finished parts, the consumed production time and the
occupancy analysis of individual resources. The
indicators can be displayed in text format on the screen or
structured in table form. With simple additions, any
indicator can be installed or any calculation and analysis
can be performed online.

A set of input data contains information about the
sequence of operations in the production process and a list
of required resources that are necessary to perform every
individual operation.

The output or acquired data from the simulation for
every individual operation cover the start time of the
operation execution, the end time of the operation
execution and the anticipated duration of the operation
execution.

In the execution of the simulation, the user can either
choose the starting date or observe the output of the
production process after a specified number of calendar
days.

The MOP model has been tested and verified using
known data from a company for an already performed
production process, so that the input data and results of
the production process were well known. To prove the
adequacy of the model several testing simulation runs
were carried out, and the acquired data showed that the
developed model satisfactorily describes the real
production process.
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Figure 3 An example of the virtual factory for a MOP in Plant Simﬁlation

3.2 Model for a large-scale type of production

In the concept for a large-scale type of production,
the assembly or production cell is treated as the
elementary unit of the production process, and in the
model, the unit is treated as a submodel (Fig. 4). The
model is developed as parametric in a way that it allows

the setting of the production process parameters which
depend on the product type.

In the production process model for a LSTP, the
efficiency of production units plays an important role.
This means that the amount of produced units per
production time is significant. Inefficiency of production
units occurs as a consequence of scheduled maintenance,
parameters setting, calibrating, insufficient quantities of
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materials, full intermediate storages and unscheduled
stoppages or failures.

The second purpose of the development of the model
is real-time monitoring of stock in intermediate storages.
Stock should not exceed the maximum capacity of the
storages so that the production process does not stop.

Input data Simulation model Output data
I- """"""" A
1 Properly connected submodels !
Schedule {production) Result of simulation
plan

Submodel 1

Actual stocks in storages

Initial stocks in storages Submodel 2

Schedule (production)
plan for submodels [}

I S

Submodel n

Comparison between
4y planned and simulated
schedule plan

Figure 4 The logical scheme of the simulation model for a large-scale
type of production

Based on the logical model (Fig. 4), a simulation
model of the production process for a LSTP was
constructed in the computer environment Tecnomatix
Plant Simulation (Fig. 5).
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In the model, the limitations are the same as in the
real system: the number of workstations, the dimensions
of the transport equipment between workstations and the
capacity of intermediate storages. Just like in the real
system, the sequence of working operations, schedule
plan, work calendar, initial stocks and times for the
rearrangement of work processes can be changed in the
model, while the processing time of work processes
adjusts automatically depending on the type of the
product. This is performed through the use of advanced
algorithms.

The model is parametric, so that the user inserts into
the model the input data which is aimed for the real
production process for the observed period. Among the
input data is the main schedule plan, the schedule plan for
all submodels, the value of the initial stock in
intermediate storages, and the work calendar (Table 2). A
simulation for the desired observation period or for the
production of the desired number of pieces can be
performed after the initial setup of the model. The user
has the option to set the speed of the simulation execution
to stepless; but the simulation can also be executed step
by step or stopped at any time. He also has the option to
configure the production parameters for each production
process in the model.
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Figure 5 An example of a virtual factory for a LSTP in Plant Simulation

In the described model, the indicators are pre-
designed which enables real-time tracking of the number
of finished parts in intermediate storages, the consumed
production time and the occupancy analysis of the
individual production place. The indicators can be
displayed directly on the screen in text format or in charts
or can be structured in table form. With simple additions,

any indicator can be installed in the model or any
calculation and analysis can be performed online.

Input data comprise the data about the sequence of
batches of production on the production line. In this case,
every batch represents the number of identical pieces in
the series.

The output or acquired data from the simulation for
each batch cover the start time of the production
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execution, the completion time of the production
execution, the expected duration of the production
execution and the time spent to produce one piece in a
batch.

As with the MOP model, the user can either choose
the starting date for performing the simulations or observe
the production process for a specified number of calendar
days.

Table 2 Important logical elements in the simulation model for a LSTP
Icon on Fig. 5 Description

table type objects:

ProizvPlan: the table with input data —

schedule data

e PP _Predm, PP_Vrata: the table with input
EE data for submodels — schedule data
FrOERlan ZacZal Predm: the table with data about

initial stock

TabRS: the table with output data — the
results of the simulation

5 EventController is the object for controlling
= the simulation process

process type object:

EventController

—
= LAK 1 ... 3: objects that represent working
L processes

@ objects of the chart type are used to display
Chrt the value of stock in storages

._;' the object of the ShiftCalendar type is used
SHFtCalendsr to manage the working calendar and shifts
m the object of the Method type contains

programs for the logical actions executing

In the simulation model, a special chart is designed
(Fig. 6) in which the actual state of the stock in
intermediate storages is plotted. This allows the user to
continuously monitor stock movements and compare the
values with the maximum capacity of intermediate
storages.

% .Models.Frame.Chart

o B B 5 8 8 2

Figure 6 An example of the chart used for monitoring the values of
stock in intermediate storages

The LSTP model has been tested and verified using
known data from a company for an already performed
production process. That way the input data and results of
the production process were well known. To prove the
adequacy of the model several testing simulation runs
were carried out. The acquired data proved that the
developed model satisfactorily describes the real
production process.

4 Conclusion

The use of both models of the virtual factory for the
purposes of training or education brings a number of
advantages. The first advantage is obtaining the
simulation results about the estimated execution of the
schedule plan quickly. Testing has proven that the
execution of a production process in the virtual factory for
an entire work shift takes only a few minutes.
Furthermore, with the testing of production plans in a
virtual factory we do not intervene in the real production
system and thereby we do not cause any disturbances.
Because of this, we have practically unlimited
possibilities of testing different schedule plans where we
observe the behaviour of the production system as a
function of time for an individual plan, or only observe
the outputs of the production system. The models of
production processes are designed parametrically, so for
the purposes of training, we can easily test different
production plans as input data. The developed models are
user-friendly so that the user inserts into the model the
input data, sets the process parameters, performs the
simulation and evaluates the results of the simulation.

Users can perform a simulation for an existing or
known production system where they can observe the
outputs of the model according to different
rearrangements in the virtual factory. By using the
simulation, they can also study a planned production
system where they test various configurations of the
production system, or test the response of the planned
system to different settings, among which we included the
working calendar, number of shifts, different break times,
number of employees, number of machines, variants of
parallel processes, different process times, transport
times, different transport routes and manners and
transport strategy for components. Based on the different
settings and acquired responses the users can determine
the optimum production parameters.

The presented models have proven to be very useful
for the training of employees who are dealing with the
planning of the production process, as well as for the
training of production engineering students at technical
universities. Additionally, the virtual factories for a MOP
and a LSTP have proven to be a useful tool with the help
of which students obtain the experience of how the
production system responds to different input data and
settings.

Our plan for future research is oriented in two
directions. In the first direction, we want to develop
individual models to the level where all process
parameters will be entered into a table, and on the basis of
these data and via the advanced adaptive algorithms the
parameters in the model will be set automatically. In the
second direction, we want to develop advanced simulation
models for other types of production.
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