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ABSTRACT

This article introduces a new approach to the digital prototyping of factories. The problem we are describing here refers to a complex
and lengthy decision-making process regarding the construction of a new factory or production. This specific area of research has been
developed through many years, which is pointed in the first part of article. The solution we have offered brings a new methodology to the
prototyping of factories. This solution helps to shorten the whole process of designing, building, operating and optimizing the production
business. The most remarkable result of methodology application is digital configurator of factories.

This configurator serves as a tool for designing and comprehensive investment assessment of the planned factories. In our view, these
results represent an initial step towards managing the whole process of building a new factory, which will minimize both time and resource

requirements.

KEYWORDS

digital prototyping of factories, modular production system, digital configurator of factories, conceptual designing.

1. The current state of designing
of production systems

Each manufacturing system goes through the phas-
es of its life cycle. Frequent changes of the production
mix or frequent rebuilding of the production systems
generate additional costs that can significantly affect
the efficiency of the production system throughout its
life cycle [3]. If the project leader looks at the design-
ing of the production systems not in a short term, but
through the whole life cycle of the production system,
he naturally looks for solutions which ensure a simple,
fast and inexpensive rebuilding of the projected pro-
duction system.

Any change to which a company must respond poses
a threat and an opportunity at the same time. Manu-
facturing companies and their production systems do
not work in an ideal environment, but they are sig-
nificantly influenced by their internal factors as well as
their surroundings. The external impact is mainly man-
ifested by the turbulence which company can react to
by changing its structure, or the method of production
planning, or by combining them both. Correct propos-
al of a new factory must combine all significant factors
(people, capital, material, energy, other factors) into an
efficient and adaptive production environment [12].

A large number of articles on factory designing or
the designing of manufacturing systems. have been pub-
lished around the world The main knowledge base for
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designing factories previously used in the native land of
the authors was published in Germany, the US and the
former Soviet Union. These were gradually extended by
articles published at ours and other departments of uni-
versities or companies in Slovakia. The most important
and best-known articles about the designing of factories
in the US were written by Mongensen [15] and Muther
[16] and they have also been included and reflected in
the author’s articles.

German publications included the description of
schools of factory designing existing in western and
eastern Germany, and they still present rare sources of
knowledge. The basics of complex designing of the fac-
tory are described in the extensive work of Aggtelek [1].

A more detailed view on the designing of modern
companies was provided by Kosturiak and Gregor [13],
who took into account the use of most modern tech-
nologies.

In their publications and work Westkaemper and
Zayn [21] focused on the designing of such factories
which could be quickly changed and adapted to chang-
ing circumstances. This kind of companies was identi-
fied as “Wandlugsfahige” — “capable of change”, and
their attributes were presented in the form of the so-
called Stuttgart business model (Das Stuttgarter Un-
ternehmensmodell). According to Brath, [2] the future
“value” of a company is created already in its designing
phase. That’s the reason why designing of factories has
such a great importance, and that’s why so much at-
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tention is paid to the preparation and implementation
of projects. Great attention is devoted to both areas,
to the designing of production systems but also to the
workplace of the authors. Furmann is focused in his
publications mainly on designing of manufacturing sys-
tems in the context of digital factory requirements and
the use of progressive information technologies and soft-
ware tools [7, 8]. Dulina in his research solves the prob-
lems of detailed designing of production and assembly
workplaces from the perspective of ergonomics of work
[5, 6]. Buckové, Grznar, Gregor, Vavrik and Pedan deal
with the application of modelling and simulation tools
for dynamic verification of proposed production and lo-
gistic systems [4, 9-11, 17, 19].

The current change in customer requirements as well
as the new requirements of Industry 4.0’s for future
factories also require a change in the methodology of
designing of production systems. That situation must
reflect the current state of knowledge and the rapid de-
velopment of advanced technologies. New technologies
of digital factory [14] — detailed digitization and com-
puter simulation - have brought revolutionary changes.

2. New environment and possibilities
for investors

Investors operating in today’s investment environ-
ment need a completely new environment for their
decision-making. However, the tools for fast and right
decision-making of investors is still missing.

An environment that will integrate individual ap-
proaches, technologies, methods, and methodologies,
and connect the data so that the decisions could be
taken more quickly, with higher quality and conducive
to the required investment efficiency [18]. Fragmenta-
tion of the production environment and its environ-
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ment increases the difficulty in obtaining the informa-
tion needed for decision making. The final quality of
investors’ decisions depends on the availability, timeli-
ness and quality of existing information.

As it is clear from the previous section, there have
been many publications that are devoted to proposal
and designing of the manufacturing systems. Most of
them, however, are oriented towards to the general de-
signing principles for the areas of classical mechanical
and electrotechnical production. There is not a method-
ology for making investment decisions about construc-
tion and operations of the factories which would inte-
grate the latest knowledge on innovative approaches.
Such as:

e reconfigurable manufacturing systems,

e modular production systems,

e latest methods (optimization, simulation),

e technologies (digital enterprise, artificial intelli-
gence).

The analysis of the current state has further shown
that the main problem is in the input data used in the
investment assessment. From this perspective, it can be
stated that between quality of input data and output
quality of data there is a direct correlation. Low quality,
superficially determined inputs cause total inaccuracy
in the evaluation of investment proposals.

3. Digital Configurator of Factories

The entire decision-making process and the activ-
ities related to the decision, localization, design, con-
struction and operation of a new factory can be viewed
as a sequence of steps (Fig. 1). This process group is
also called the lifecycle of the factory [12]. In Fig. 1 it is
possible to see the overall process of planning, design-
ing, building and operating of a new factory.

Operation of factory

A I

Construction

Proposal of factory

+
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Operation ﬁ I

A .
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Fig. 1. Defined boundaries of solving problem from the point of view of lifecycle of the factory.

Volume 21 ¢ Number 3 e September 2018

27



Zarzqdzanie Przedsiebiorstwem. Enterprise Management

N T === ="== A |
Expectations and : Variant : : Static : : Economic : | Dynamic | : Vlsuallgatlon 1
requirements of the | proposals | | capacity | | evaluation 1 : evaluation of : | ofvariants |
. I I I statement 1 | | | investments | | !
investor : : : : : 1 i :

|
v _|’ Vv, i1l cvy || Evy [ | DL 1| FMU, :

1 i H]
Parameterization : X X I ; : :
Parameters of the future 1 11 11 : : : | :

I 11 11

Sactory i V. iy cvi || EV, 1l | DI 1 L FMU;, 1
¥ B T TP H ] !
/N T B I :
Analyses ! X | | : | :

11 11 |
. I Il I I
Macroanalysis % | I ] ! | N ! ! I
I I i I '
11 I I

ARE I I [
Microanalysis t_" Va b CVi S EVi [ 1] DI | FMUL |

11
I I I I |
I I I | I I
[ | |
11

I I I I ' I

Selecting the

optimal <
variant

Printing of
Y documents

Fig. 2. Structure of Digital Configurator of Factories.

The digital configurator of the factory solves the
conceptual design phase and activities related to
macro-analysis, micro-analysis and designing (Fig. 1 —
points 1, 2, 3). Data quality must meet the requirements
of this decision-making level.

Digital Configurator of Factories (DCF) is designed
for systematical capturing of steps of a digital proto-
typing of factories.

The structure of the DCF system consists from these
two levels:

e process (ensures the processing of required ana-
lyzes),

e support (which forms the toolbox of methods and
models).

Approach of an analyst to the DCF system is real-
ized through appropriate interfaces (HMIs) and a mod-
ule for visualizing and interpreting results. The software
environment uses the database of configurator, process
modules created in Excel and in the C 4+ program-
ming language. Designed is as a modular system. This
system is adapted to the design of its own data base.
Draft solution is created as a simple, user-friendly tool.
The coarse structure of DCF is shown in Fig. 2.

4. The main algorithm of the digital
prototyping methodology
of the factory

The main algorithm of digital prototyping of facto-
ries (Fig. 3) describes the processes that must precede
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before the building of production factory. Priority focus
is on the phase of evaluation of investment. This solu-
tion serves to quickly and comprehensively evaluate the
proposed project variant, or to compare and evaluate
several possible variants of project. The algorithm con-
tains 9 threads or sub-algorithms A1-A9. Description
of algorithms:

e processes Al and A2 represent input and pre-
processing processes for Digital Configurator of Fac-
tories,

e processes A3—A7 form the Digital Configurator of
Factories core,

e processes A8 and A9 are processable linked to
Digital Configurator of Factories outputs,

e A8 process representing detailed designing can in
practice take over the outputs of the Digital Config-
urator of Factories and further refine and refine their
form into the final detailed project of the plant.
The whole process of prototyping a factory is pre-

ceded by one key step — identifying and addressing an
investor planning to implement such a project.
Therefore, the main algorithm begins with the
preparation of the initial investment plan and the in-
vestor’s mnegotiation on the implementation of the
project (step Al). The outcome of this process is the ac-
quisition of an investor with an interest in the re-
alization of the project, in the decision to carry on
with the preparation of the project and, last but not
least, the writing of investor comments and preferences
for project realization, in other words the definition of
frameworks and the directions of the project.
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Fig. 3. The main algorithm of digital prototyping of factories.

Assuming the project has been approved, step A2
follows — the specification of project scenarios. Here, the
analyst and coordinator who jointly define project sce-
narios (variants) are joining the game. These are further
compared and evaluated in DCF environment. The sce-
narios are parameterized through their own DCF elec-
tronic forms.

As soon as the parameters for individual scenarios
of the project are defined, configurator initialization be-
gins (step A3). In this step, data from the input elec-
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tronic forms are loaded into the configurator database
and new projects could be created for each design vari-
ant.

Subsequently, automatic analytical processes A4
— macro-configurator, A5 — micro-configurator, and
A6 — production configurator is triggered. Macro-
configurator ensures the realization of selected macro-
analysis steps and data preparation for decision-making
on selected external environment issues. Output is the
choice of a landscape for the project implementation.
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The micro-configurator provides the selection of the
site on the micro-level. The output is a comprehensive
report, which compares the evaluated sites and provides
a recommendation for the optimal selection of a suit-
able micro-site (county/district or specific location) for
the building of the factory. The production configura-
tor includes complex parametric capacities calculations,
a basis for economic indicators, and a dynamic evalua-
tion of the investment realized in Step AT7.

Integrating these three tools provides an environ-
ment that allows investors to create and evaluate sce-
narios of variants of factory building, and quickly ob-
tains the necessary information for investor decision-
making.

In step A7, the algorithm then evaluates and sum-
marizes the selected variants and suggests choosing
the optimal variant for the project implementation,
based on the predefined criteria. After the approval of
the selection, another investment meeting should be
held, regarding the decision about continuing in the
project. That decision starts the detailed design phase
(step A8), draws data from DCF and further refines
the proposed plan. After the completion of the A8
phase and the final approval of the project implemen-
tation, the construction and start-up of the construc-
tion commences (step A9 — Implementation phase of
the project).

5. Experimental verification
of the methodology

The proposed methodology was applied in a com-
plex assessment of variant solutions of manufacture for
the production of sapphire monocrystals. The intention
of the investor was to build a manufacture for the pro-
duction of sapphire monocrystals for a specific area of
production of bulletproof glasses (BPG — Bullet Proof
Glass) designed for the heavy armament industry. The
lifetime of the project will be 10 years based on the
investor’s knowledge. The investor plans a five percent
annual growth in earnings.

The basis of the product mix is given and unchange-
able in all evaluated variants. The main product will
be product P1 — a rectangular block of sapphire bullet-
proof glass. In this production also a by-product will be
created, which will have a triangular shape (P2). This

by-product will be further sold as a semi-finished prod-
uct of lower added value. An important intermediate
product is a high-quality corundum semi-product (K1),
whose production is essential especially for their own
use. This semi-finished product will serve as input ma-
terial for their own production of sapphire monocrys-
tals.

The investor defined the requirement to review two
different variants of annual production capacity: 500
pieces of BPG glasses and 800 pieces of BPG glasses.
At the same time, due to limited investment resources,
it will be considered in all variants to rent the produc-
tion areas also. The investor also decides to use the sec-
ond and third-generation HDC (Horizontally Directed
Crystallization) devices. Summarizing of the basic pa-
rameters of each variant is shown in Table 1.

From the point of view of selecting macro and micro-
locations, the investor has identified a set of rating cri-
teria in the rated economic, political and technological
categories. The selection of the criteria as well as the re-
sults of the analysis can be seen in Table 2. Index values
shown in the tables were obtained from multi-criteria
analysis.

The result of the macro-analytical part is the selec-
tion of the country, for realization of the given invest-
ment. With index level of 0.92 it is Slovak Republic.
The investor defined the requirement of micro-location
selection by himself. This zone will be the area of East-
ern Slovakia. The zone was selected for a good location
in terms of state aid eligibility to support the construc-
tion and operation of the manufacture.

The evaluation and selection phase of the optimal
variant is an important part of the solution that of-
fers the analyst a summary view of the evaluated vari-
ants. The most important information are strengths
and weaknesses from economic and financial sphere.
The economic impact for each variant was assessed in
the following steps:

e calculation of the necessary investment costs to
build a manufacturing,

e calculating the annual operating costs of each vari-
ant,

e calculation of annual returns generated by business
activities of the company,

e summarizing partial economic data in the form of
profit calculation and return on investment by se-
lected valuation methods.

Table 1
Comparison specification of the main variants.
Parameter Variant V1 Variant V2 Variant V3
Product mix K1 + P1 + P2 K1 + P1 + P2 K1 + P1 + P2

Semi-finished material

Al203 (Aluminum Oxide)

Al»03 (Aluminum Oxide)

AlyO3 (Aluminum Oxide)

Dimensions of the semi-finished [mm]

420 x 240 x 40

420 x 240 x 60

420 x 240 x 60

Production volume [pcs] 500 500 800
Price of one HDC machine [€] 550000 625000 625 000
Maintenance of HDC machine [€/ cycle] 1250 1350 1350
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Table 2
Multi-criteria assessment of macro-locality.
Weights of criteria Evaluation of locality selection Switzerland Germany Poland Slovakia
12% | Index of potential tax benefits 0.50 0.60 0.90 1.00
15% Index of State aid potential 0.10 0.10 0.50 1.00
1% Index of labour productivity 0.90 0.85 0.70 1.00
Economical 64% 4% Index of the impact of the local currency risk 0.95 1.00 0.75 1.00
17% Index of energy price 0.53 0.58 1.00 0.77
5% Index of rental price areas 0.61 0.64 0.87 1.00
10% Index of labour cost 0.39 0.51 0.91 1.00
5% Index of political stability of the country 1.00 0.69 0.54 0.69
Political 18% 2% Index of state regulation 1.00 0.90 0.92 0.88
2% Index of influence of environmental legislation 0.85 0.90 0.98 1.00
9% Index of influence of export regulations 0.72 0.70 0.65 1.00
3% Index of technological level of country 0.98 1.00 0.82 0.78
Technological 18% 2% Index of amount investment to the innovations 0.94 1.00 0.70 0.64
8% Index of infrastructure level in the country 1.00 1.00 0.94 0.91
5% Index of technological base in given area 0.60 1.00 0.85 0.98
100% Resultant index of country 0.59 0.63 0.80 0.92

The evaluation results are shown in Table 3. The
analysis showed that variant V1 has an unacceptable re-
turn on investment of more than seven and a half years,
which would have meant an appreciable increase in risk
for the investment. The return of investment for vari-
ants V2 and V3 is on the contrary at an acceptable level.

For the final evaluation of the proposed variants,
a more-critical assessment was carried out. The se-

lected evaluation criteria, their individual weights and
the results of the evaluation are presented in Ta-
ble 4.

From the results of the multi-criteria evaluation it
can be stated that the optimal variant is variant V3
with the best score of 0.96. This analysis also showed
that for a given product mix, it is clearly better to use
the second generation of HDC devices.

Table 3
Evaluation of investment variants.
Return on investment Unit Variant V1 Variant V2 Variant V3
Initial investment € —7285950 —4792 200 —4792200
Annual operating costs € —2396 610 —1753175 —2196 952
Annual sales revenue € 3366 889 3364925 4361837
Annual company profit € 970279 1611750 2164 886
Tax (Or Tax License) € —203759 —338468 —454 626
Annual depreciation of assets € 200879 167727 167727
Net annual profit of the enterprise € 967 399 1441010 1877987
Return on investment Years 7.53 3.33 2.55
Net Present Value Unit Variant V1 Variant V2 Variant V3
The required annual evaluation %/ Year 8% 8% 8%
Discounted Lifetime Profit € 6686 685 9960297 12980693
Initial investment € —7285950 —4792200 —4792200
Net Present Value € —599 265 5168097 8188493
Table 4
Final multi-criteria evaluation of variants.
Weight Multi-criteria evaluation of variants V1 V2 V3

23% Net present value index 0.06 0.68 1.00

12% Index return on investment 0.34 0.77 1.00

15% The risk index from the initial height investment amount 0.66 1.00 1.00

10% Risk Index from the size of the volume of production 1.00 1.00 0.63

20% Index of efficiency of machine capacity utilization 0.63 0.63 1.00

15% Index of the semi-finished material use efficiency 0.78 1.00 1.00

5% Index of country selection 0.93 0.93 0.93
100% Result index of the variant 0.54 | 0.82 | 0.96
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6. Conclusion

The described solution of Digital Factory configura-
tor (DCF) has since its inception targeted companies
that offer a unique, specific and difficult to implement
manufacturing technologies, such as technology for the
production of single crystal sapphire.

For these processes, the DCF should be a base stone
of the sale of these unique technologies, because this
tool can show the potential customer a detailed image
of the future factory and help to evaluate the invest-
ment. At the same time, this solution can also work
well for companies that offer key solutions and need
to get a quick design concept for the client to open
the gateway to large complex projects for detailed de-
signing of factories. Last but not least, this tool can be
used directly for entrepreneurs (investors) who consider
building a new factory and need facts to make decisions.

This work was supported by the Slovak Research and
Development Agency under the contract No. APVV-16-
0488.
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