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VYZKUM s.r.0.

Zatizeni pro provadéni zkouSek v plynném nebo kapalném
prostredi za zvySeného tlaku

Zatizeni slouzi k provadéni zkouSek v plynném nebo kapalném prostredi za zvySeného tlaku,
zejména vodiku, pro ziskani informaci o mechanickych vlastnostech materialu. Zarizeni,
obsahujici zkuSebni stroj, v jehoZ pracovnim prostoru je umisténa zkuSebni komora, je mozné
vyuzivat ve zkuSebnich laboratorich a védeckych pracovistich provadéjicich destruktivni
zkouSeni, pro ziskdni informaci o mechanickych, metalografickych a chemickych vlastnostech
zkouSeného materiadlu vystaveného degradacnimu ptisobeni plynného nebo kapalného média.

» Autoklav je moZné zabudovat do servohy-
draulického zkuSebniho zarizeni MTS a provadét
statické i dynamické zkousky v plynném prostiedi,
tzn. tahové zkousSky, unavové zkousSky, méreni
lomové houZevnatosti nebo rychlosti Sifeni
unavoveé trhliny,

» typické vyuziti - méreni rychlosti $ifeni trhliny u
materidlu na vyrobu tlakovych lahvi na vodik
potenciometrickou metodou,

» tlak plynu v autoklavu do 200 bar,

» soustava ventili vprivodni a odvodové vétvi
umoZziuje regulaci tlaku v autoklavu, popr. jeho
vakuovani,

» pri vyjmuti z ramu zkuSebniho stroje je pouZzitelny
jako tlakova nadoba pro expozici zkuSebniho
materialu v plynném prostiredi pii pokojové
teploté i zvySenych teplotach.

Zarizeni pro provadéni zkouSek v plynném nebo kapalném prostiedi za zvySeného tlaku je
chranéno uzitnym vzorem ¢. 30730 ze dne 6.6.2017.

Majitel uZitného vzoru: MATERIALOVY A METALURGICKY VYZKUM s.r.o.
Pohrani¢ni 693/31, 703 00 Ostrava-Vitkovice
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The Use of Data Mining for the Optimization of the Control Model of the
Reheating Furnace

Vyuziti data miningu k optimalizaci ridiciho modelu ohiivaci pece

Magr. Ing. Tomas$ Tykva'; doc. Ing. Ivo Spi¢ka, Ph.D.%; Ing. Vendula Fialové4®

! V8B - Technical University of Ostrava, Faculty of Metallurgy and Materials Engineering, Department of Automation
and Computing in Metallurgy, 17. listopadu 15/2172, 708 33 Ostrava-Poruba, Czech Republic

2 /SB - Technical University of Ostrava, Faculty of Metallurgy and Materials Engineering, Department of Economics and
Management in Metallurgy, 17. listopadu 15/2172, 708 33 Ostrava-Poruba, Czech Republic

This paper focuses on a brief overview of theoretical and methodological solutions of Data Mining that are used for the
Optimization of the Control Model of the Reheating Furnace. It is also mentioned the applicability of outputs in
practice, especially in the context of the changing requirements of data processing related with the increasing
manifestations of the vision Industry 4.0, which places great emphasis on the extraction of information and knowledge,
which often remain hidden in the operating data. The use of wealth that is often hidden in operating data (for example,
the correlation between variables, but also indications of technological inconvenience or errors in non-automated data
collection and recording) is a basic prerequisite for the implementation of Industry 4.0 principles. The usability of
modeling is also important in business practice outside the metallurgical field.

Key words: artificial intelligence; data mining; data processing; modeling

Tento prispévek se zameruje na strucny prehled teoretickych a metodologickych 7e8eni sheru dat, ktera se pouZivaji pro
optimalizaci 7idiciho modelu oh7ivaci pece. Uvadi se také pouzitelnost vystupii v praxi, zejména v kontextu ménicich se
poZadavki: na zpracovani dat souvisejicimi se stdle castéji se uplatiujicim konceptem Primyslu 4.0 zaloZzenym na
ziskavani informaci a znalosti, které casto zistavaji skryté v provoznich datech. PouZiti bohatstvi, které se pravé casto
skryva v provoznich datech (napsiklad korelace mezi promennymi, ale také naznaky technologické nekazné, nebo chyby
v neautomatizovaném shéru a zaznamenavani dat), je zakladnim predpokladem pro implementaci zasad Industry 4.0.
Pouzitelnost modelovani je také dileZitd v obchodni praxi mimo oblast metalurgie. Clanek zmisiuje problematiku
nastrojui umelé inteligence, jsou zde struché popsany praveé ty, které lze s Uspéchem vyuzit pri jednotlivych fazich
procesu zpracovani dat, zejména jde o nastroje hlubokého uceni (tzv. deep learning — specificky pak moznosti analyzy
textovych informaci, analyzy mluveného slova, analyza obrazu a simulace chytrého chovani), dale je zde popsana
moznost vyuZiti umélych neuronovych siti pri vytvareni modeli dynamickych soustav (napriklad EKF — tzv. Kalmanziv
filtr, dale DNN’s, coZ je hluboka neuronova siz pouZivana s Gspéchem pro rozpoznavani mluvené 7eci). Zajimavy pak je
priklad vyuziti umélé neuronové sité pro predikci teploty v konkrétni ohrivaci peci, ktery zachycuje, jak dokaze model,
pri jehoz vytvoreni byla vyuZita prave umeéla neuronova siz, predikovat teplotu pecniho prostiedi. S ohledem na to, ze
teplotu v peci nelze bez relativné vysokych nékladii (ty jsou dany néklady na termoclanky s omezenou Zivotnosti, ¢i jiné
mérici nastroje a ndklady na samotné mereni) spolehlive urcit, je vhodné ji predikovat a k tomu préave takto vznikly
model maze slouzit. Pribeh teploty v ohsivaci peci je napriklad u normalizacniho Zihani ve slévarnach dan
technologickym pr/edpisem a jeho nedodrzeni (p7iliS rychlé/pomalé oh7ati, nedodrzend doba vydrze apod.) mohou mit
zasadni vliv na kvalitu vysledného vyrobku. Jednd-li se o pec pro predehrivani polotovar:i pro dalsi zpracovani, mize
mit niz8i/vyssi teplota polotovaru, neZ je dano predpisem, taktéz vliv na kvalitu vyrobku a vyrazné také miiZze ovlivnit
Zivotnost nasledné technologie (naps. vySSim opot/ebenim vélcii ¢i dopravniku).

Kli¢ova slova: umela inteligence; data mining; zpracovani dat; modelovani

Data mining is a general term for various methods of data
analysis, often using artificial intelligence. The process of
data mining is based on tabulated or otherwise arranged
usually blind dates. It ends by finding of knowledge
(patterns) contained in these data, which are expressed in
a simpler and clearer form, and which can be used easily
in dealing with future situations than the original data.

Monitoring and control systems collect for the purpose of
monitoring a number of operational data. These systems
construct their databases as simply as possible; each trend
is usually stored in a separate table. Data in the tables are
stored according to two basic principles, either
periodically after a preset time interval or after a certain
event - change of a variable value. Many systems use
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their own mechanisms for storing data that combine both
periodic data storage and storage management using a
change of value. These data must be preprocessed before
deploying data mining [1].

In that connection the question arises, how to further
process the obtained data so that the knowledge hidden
there can be made usable in order to optimize individual
production processes, or the entire production process.
Just here not only the conventional methods of data
analysis, identification and modeling are applied, but use
of artificial intelligence tools is also assumed.

In business practice, a very recent connection of process
management, its models and prediction with higher levels
production management is emphasized, especially in the
field of process management, its identification,
description, hierarchy and classification, so that it is
possible to create the connection between the
technological processes at the basic level and processes at
the managerial level controls. Attention should be paid to
the interconnection of SCADA / HMI systems and ERP
systems. This connection further enables focusing on
creation of hybrid models of dynamic systems. Dynamic
systems here are understood as systems in the sense as
broad as possible, it means that they are understood by the
operational analysis. The research concept in the
framework of further research will be focused on
describing the same object from the widest possible point
of view and from various aspects. More information is
mentioned in the following chapter.

1. Artificial intelligence tools that are usable
in data processing and analysis and
modeling of behavior of dynamic systems

In recent years, the subject of big data, data mining,
artificial intelligence, deep-learning, neural networks etc.
is discussed a lot. As mentioned in the previous chapter,
this is not a completely new topic, but it is definitely the
theme that is very up to date and its further development
and massive use in practice can be expected.

1.1 Deep learning

Simply said, deep learning applications are not
programmed, but they are trained using real big data on
how to behave in different situations. But this is not easy
because they are prone to erroneous interpretations so
they need a team of experienced specialists [2]. At least 4
typical areas are existing where a duel of top scientific
workplaces is visible and significant progress can be
made almost every day. These fields are particularly the
following:

Text Information Analysis

Deep-learning moves the text analysis towards
"understanding” the significance of the document being
examined. The process that leads to this result is not quite
simple. This means creating the database (corpus) as large

as possible of text documents, for which there is
systematically described content (in the background there
is a vector description of the language indicating the most
frequent occurrence of words and allowing them to
estimate their order). A system that knows what is written
in the text can then solve the situation when the same or
similar sentence appears in a completely different context.
The problem is, of course, very complicated. Analysis
still does not function for 100% of cases. It can be
documented, for example, in a commonly used automated
translation based on a similar content classification for
different languages [3].

Spoken Word Analysis

It is still a long way from understanding the text
document to the ability to listen and to talk. China's
Internet service provider Baidu (the equivalent of Google)
probably passed the longest part of that way, saying that
his latest DeepSpeech 2 mobile application, used by
a personal assistant called Duer, understands the spoken
word even better than a human being [3]. Even under
difficult conditions, it is able to interpret correctly approx.
95% of the words.

Also here, the artificial intelligence had to learn to
understand at first, by having the chance to compare the
sound and text of the same content on large data. In
addition, the soundtrack was purposefully distorted and
masked by other sounds. Duer, except English, knows
also most of the Chinese dialects, so may become a useful
help for the communication of Chinese people between
themselves. Andrew Ng, the head of deep-learning
research in Baidu, says that the era when "we all use
voice recognition to manage things around us all the time"
is coming very fast.

Image Recognition

This discipline started with the recognition of printed text
letters. This was reached with a respectable success
before the arrival of deep learning. The analysis of the
hand-written text seemed to be a much more difficult task.
And machines can do even this with the help of neural
networks and they can proceed further. Perhaps the best-
known higher-level application we are meeting every day
is the recognition of peoples” faces. Google and Facebook
went the farthest in this field. Facebook is trying to get
face recognition in the slightest way, nevertheless, this
function is in the center of general interest.

Deep learning is taking place at several levels. Even the
current advanced technologies do not manage yet the
analyses of the entire photo in detail so it is necessary to
identify first the places we are interested in (it is similar to
the exploring of satellite photos by secret). At the highest
levels, the physiological data are detected that are
uniquely identifying every single person. The last item for
filling in is the assignment of personal information. One
photo on Facebook (or elsewhere), to which someone has
added names of people, is enough - and that’s it.
Facebook of today knows the faces of millions of people.
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It has the largest similar databases in the world. In this
case, no State Security Service can be compared [4].

Simulation of Smart Behavior

The first thing that may occur in connection with the
previous item, is how the image analysis of the self-
controlled car system must be done. Of course, it
distinguishes different objects, though not in such detail.
But it will be certainly important for how fast those
objects are moving and whether they are approaching. Car
self-control elements are becoming quite common
(parking, highway driving, etc.) and in the near future,
they can cause loss of their jobs to professional drivers.
Very probably similar systems will be found in common
cars, too. For example, Toyota plans to use in all new cars
its anti-collision system, which takes over critical driving,
in 2017, and from 2020 the sale of fully self-controlled
cars. Though the ideas about self-controlled cars are very
interesting, let’s leave them to others.

1.2 Use of neural networks and other artificial
intelligence elements in modeling

A very interesting view of the problem can be found in
the article "New approach to the application of a neural
network in a nonlinear dynamic model" [5], which deals
with the use of a radial base neural network (RBF-NN)
for emulating the expanded Kalman filter (EKF) at data
assimilation. The dynamic model studied here is primarily
used to predict weather development, but with respect to
the same principles, it would be analogously usable in
modeling, e.g. in the field of behavior if the heating
furnace in the metallurgical industry. Although this model
is simple, it represents some atmospheric movements,
such as gravitational waves. In the literature it was
demonstrated that the ability of EKF of following the
nonlinear models depends on the frequency and accuracy
of observations and model errors. Artificial neural
network (ANN) is an alternative solution to the use of
conventional methods (e.g. regression analysis, or time
series analysis).

Deep Neural Networks (DNNs) have been very successful
in various applications, such as in object recognition
1400

applications [6] and speech recognition [7]. Other works
also show that neural networks can be successfully used
in many cases of processing of human speech. They also
allow the detection of paraphrases and the detection of
inserted words [8]. In the field of statistical machine
translation, the use of deep neural networks has begun to
show promising results. Schwenk [9] also summarizes the
successful use of direct neural networks in the systems
based on statistical machine translations. Within the frame
of this research line using neural networks for statistical
machine translation, the so-called "Novel neural
networks", which can be used as a part of commonly used
translation systems, are gradually starting to establish
themselves, too.

Despite their flexibility and performance, DNNs can be
used only for the problems, the inputs and targets of
which can be reliably encoded by the fixed-length
vectors. This is a significant limitation because many
important problems are best expressed by sequences, the
lengths of which are not known at first. Speech
recognition and machine translation are, for example,
sequential problems. Thus, it is clear that a method that is
independent of the domain, and which learns to map
sequences into sequences, would be useful.

Figure 1 shows the use of an artificial neural network to
predict the temperature in a heating furnace. It captures
how a model which was created by the artificial neural
network can predict the furnace temperature [10]. The
furnace temperature cannot be reliably measured without
relatively high costs (it is limited the due lifetime of
thermocouples or other measuring instruments and the
costs of measurement itself), and that’s why it is advisable
to predict the temperature by using the model created by
ANN. The temperature curve is given by technological
instruction (for example during standardization annealing
in the foundry) and non-compliance (too fast / slow
heating, or continuous time, etc.) can cause a significant
effect on the quality of the final product. In the case of
a heating furnace (the lower / higher temperature of the
workpiece) can not only affect the quality of the product
and significantly affect the lifetime of the subsequent
technology [11].
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The example of using an artificial neural network for prediction of the temperature in the furnace. Source: our own processing
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Conclusions

In order to be used in process control of the metallurgy
production, the artificial intelligence tools must be
capable of processing and analysing a large amount of
technological data in a short time, and that’s why it is also
very important to use data mining tools, so that the data
collected in technological units are good and consistent,
and the machine learning process runs efficiently and
without unnecessary mistakes, which needs to be ensured
in the context of further learning.

In this process the data preparation is essential — it is an
important issue for data storing and data mining, as real-
world data tend to be incomplete, noisy, and inconsistent.
Data preparation includes data cleaning, data integration,
data transformation, and data reduction. Data cleaning
routines can be used to fill in the missing values, to
smooth the noisy data, to identify outliers and to correct
the data inconsistencies. Data integration combines data
from multiple sources to form a coherent data store.
Metadata, correlation analysis, data conflict detection, and
the resolution of semantic heterogeneity contribute to the
smooth data integration. Data transformation routines
adapt the data to appropriate forms for mining. For
example, data attributes can be normalized so as to fall
between a small range, such as from 0 to 1.0. Data
reduction techniques, such as data cube aggregation,
dimension reduction, data compression, numerosity
reduction, and discretization, can be used to obtain
a reduced representation of the data while minimizing the
loss of information content. Concept hierarchies organize
the values of attributes or dimensions into gradual levels
of abstraction. They are a form of discretization that is
particularly useful in multilevel mining. Automatic
generation of concept hierarchies for categorical data may
be based on the number of distinct values of the attributes
defining the hierarchy. For numeric data, such techniques
as data segmentation by partition rules, histogram
analysis, and clustering analysis can be used. Although
several methods of data preparation have been developed,
the data preparation remains an active and important area
of research.

When searching for available information and usable
tools, the commercial tools have been identified, but also
the ones, which were available and free of charge. By
evaluating the suitability of these tools the Tensor Flow is
considered as a very promising tool developed for deep
learning application.

Deep learning is used in most cases to recognize images
or textual analyses of various sources (such as the web).
Its principle is based on the cascading recognition of
certain patterns (typically facial recognition, plant or
animal recognition according to their characteristic

features). In technical practice, commonly used models of
systems are linearized. Non-linearities, or different
responses of dynamic systems to the input impulses under
different conditions (e.g., different operating points,
temperatures, pressures, etc.) lead to a very dynamic
behavior of these systems. The principles of deep learning
can categorize these different behaviors and in his way it
can create amodel of the behavior of a particular
technical system based on the learned neural networks
that will be activated when a behavioral pattern of input
data is found.
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Using of Weibull Distribution in Diagnostics of Technological Processes

Vyuziti Weibullova rozdéleni p¥i diagnostice technologickych procesi
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The contribution has been focused on issues of modelling the mechanisms of defaults in various industrial areas. The
evaluation problem of a technical condition is complicated and its solution has been significant due to the fundamental
reason: defaults mechanisms, i.e.physical, chemical or other processes leading to formation of a default, are enacted
through variable speed. The aim is to propose and examine methods for establishing of parameters shape of Weibull
distribution of probability random quantity for different malfunction mechanisms with the use of genetic algorithms and
to present the given examples from industrial practice. It will be feasible to form diagnosis about current technical
condition of objects or their prognosis on the basis of newly-emerged models of individual default mechanisms. Weibull
Distribution has been flexible and adaptable to data in a wide spectrum. Time until a default, cycles until a default,
transportation distance, mechanical strain or analogous connected parameters have to be recorded with all objects.
This concerns an effective modelling — knowledge of behavior of a default in time - decrease of costs for maintenance,
decrease of number of device diagnostics, decrease of sudden shutdowns could be achieved and thus it has been a key
information for effective technology management, maintenance with bonds to economics and effectiveness of process.

Key words: Default mechanisms, diagnostics; Weibull distribution; a model; genetic algorithm development

Prispévek je zaméien na problematiku modelovani mechanisma poruch v riznych prizmyslovych oblastech. Ve strojich
a technickych zarizenich pri jejich provozu probihaji déje, které maji za nasledek zmeny vlastnosti soucasti. Tyto zmeny
jsou prvotnimi technickymi pricinami poruch. Souhrn pisobicich vlivii a déjii se nazyva mechanismus poruch. Vznik
poSkozeni lze charakterizovat jako proces, kdy pri priblizovani povrchi se porusuje adsorpcéni i oxidova vrstva, na
material pusobi okolni prostiedi, materialy se dostavaji do primého kontaktu. Probihaji elektrochemické reakce,
vznikaji mikrospoje, které se v dusledku vzajemného pohybu rozrusuji a dochazi k oddélovani ¢astic materialu. Intenzita
techto proces: zavisi zejména na: druhu a vlastnostech prostedi a vzajemné na sebe prisobicich povrchii; p/itomnosti a
vlastnostech média mezi povrchy; charakteristikach relativniho pohybu povrchai: smér, rychlost a jejich ¢asové zmény;
zatizeni (velikost pzsobicich sil, jejich casové zmeny). Problém hodnoceni technického stavu je slozity a jeho 7eSeni je
pritom nezbytné z tohoto zakladniho diivodu: mechanismy poruch, tj. fyzikalni, chemické nebo jiné procesy vedouci ke
vzniku poruchy, probihaji promeénlivou rychlosti. Cilem je navrhnout a oveérit metodiku pro stanoveni paramentu tvaru
Weibullova rozdeéleni pravdépodobnosti ndhodné veli¢iny pro rizné mechanismy poruch s vyuZitim genetickych
algoritms a danou metodiku prezentovat na danych prikladech z primyslové praxe. Na zékladé takto vzniklych modeld
jednotlivych mechanismi poruch bude mozno vytvaret diagndzy o aktudlnim technickém stavu objektu nebo jeho
prognézu. Weibullovo rozdéleni je pruzné a prizpusobivé pro data v Sirokém rozsahu. U vSech objektii je tieba
zaznamenavat dobu do poruchy, cykly do poruchy, prepravni vzdalenost, mechanické naméhani nebo obdobné spojité
parametry. Jedna se o efektivni modelovani - znalost chovani poruchy v case — timto se dosahne snizeni nakladi: na
adrzbu, sniZeni poctu diagnostik zasizeni, snizeni poctu néhlych odstavek a tedy je klicovou informaci pro efektivni
rizeni technologie, udrzby s vazbou na ekonomiku a efektivnost procesu.

Kli¢ové slova: Mechanismy poruch; diagnostika; Weibullovo rozdéleni; model; geneticky algoritmus

The problem of evaluation of technical condition has been
complicated and nevertheless, its solution has been
essential due to the fundamental reason: default
mechanisms, i.e. physical, chemical or other processes
leading to forming of defaults, are enacted with
changeable speed. This implies that external
demonstration of the default mechanisms — defects of
functional surfaces has been changed in time
quantitatively with different speed, which stands for
various elements of the same system, for the same

elements of various systems, as well as for the same
element in different periods of its operation. There have
been a few causes. The most serious has been
construction, production and operation influences.

Variability in the speed of development of default
mechanisms causes that in a given moment it is not
possible to state the level of the technical condition without
necessary source information. Moreover, the problem is the
level (i.e. the ability of an object to perform required
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functions in a given moment), which must be evaluated
with the limited quality of gained information.

1. Damage — Reasons for Maintenance

Formation of failures and interruption of a run of
machines has been caused by a number of influences and
processes, which affect machines not only while they
work. Consequently, the influences have been responsible
for changes of functional qualities of parts of machines
and this was the primary technical cause of failures —
damages [1].

As for the form, wearing out and overload have been
distinguished.

Wearing out can be divided into mechanical wearing out
(abrasion), corrosion, fatigue, and ageing that represent the
most important types of damage. It is not possible to
prevent it even in the course of normal operation. The
cause of overload can be a wrong use of machines or
development of wearing out. The overload can lead either
straight to the damage or to an accelerated wearing out [1].

As for mechanical basic elements of machines and
devices, there have been the following default
mechanisms:

* wearing out;

* corrosion;

» material fatigue;

 material ageing;

« influence of external mechanical forces;
« thermal degradation of the material.

Electronic and electromechanical elements cover the
following default mechanisms:

* interruption

* short circuit, sparkle, flashovers

« change of parameters

« fouling.

The stated default mechanisms have their external
displays, which characterize external changes of basic
elements. The term ,,defect of machine part“ or Czech
equivalent ,,damage* has been used for a long time in
connection with mechanical elements. Functional surfaces
of basic elements cover the most serious defects:

* wearing out;

* corrosion;

* imprint;

* deformation;

* break;

o rift.

2. Algorithm  Development of Defining
Parameters of Weibull Distribution
Depending on Default Mechanisms

Different systems of maintenance can be distinguished
from the point of choice of time moment [2]. Let us assume
it is possible to gain corresponding figures of physical life
for individual elements of technical devices (based on
analysis and collecting data about reliability) [2].
Furthermore, let us assume we could observe continuously
changes in the technical condition of the stated elements
with various diagnostic signals (time of usage, operation
time, diagnostic and structural parameters), and with the
help of various diagnostic methods, appliances and
registration devices (Fig. 1). Circles in the graph represent
physical marginal states (defaults), at the same time their
coordinates are given by corresponding diagnostic signal
and their physical life, e.g. S; and t;.

Some steps for detection of point estimation for
parameters of the Weibull distribution have been followed

[3I:
a) Analysis of input statistical sample of diagnostic data,
b) Elimination of statistically extreme values

¢) Transformation of data into relative values according
to the character of the data

d) Expression of distribution function or trouble-free
function of the Weibull distribution of probability
according to the character of data

e) Establishing of complex criterion (purpose function)
for optimization of parameters

f) optimization of parameters of Weibull distribution
with the use of evolutionary methods.

Fig. 1 Illustration of structural diagnostic signals. Source: [1]
Obr.1 Ukazka strukturalnich diagnostickych signala. Zdroj: [1]

The whole algorithm development for establishing
parameters of the Weibull distribution of default
mechanisms is illustrated in Fig. 2.
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Fig. 2  Algorithm. Source: our own data
Obr. 2  Algoritmus. Zdroj: vlastni tdaje

Determination models wear is problem of optimization.
Its solution can be divided into three main parts.

The first part consists of reading the input data and
performing a statistical analysis of these data. Within this
analysis using statistical tests, eg. are eliminated extreme
data, established span and other important statistics.

The second part is the determination of the purpose
function. The purpose function is determined by the
nature of the input data. The following variants of the
purpose function are used to solve this problem

M

@

®)

Where t; — input data, B, 7 - Weibull's distribution
parameters, n - number of values, r - number of failures
until the time of monitoring, t. - time to r-th failure,
T - monitoring time.

The third part is the implementation of the optimization
process itself, which is solved by the evolutionary
algorithm. The evolutionary algorithm is a method of
artificial intelligence, which represents a robust
optimization method. The basis of the solution is the
transformation of the purpose function into the fitness
function, according to which the suitability of the
individual strings is considered as a solution to the
optimization and delineation of the searched space.

For the application of algorithm development four
processes with different types of degradation mechanisms
have been selected — atmospheric corrosion, abrasive
wearing out, creep and electrotechnical process with the
change of parameters.

3. Application of Algorithm Development on
Selected Industrial Uses

The first process consists of examinations of atmospheric
corrosion of metal materials. The process has been widely
spread since nearly all products, machines, equipment,
constructions, etc., are exposed to outer atmospheric
conditions, to the negative influence of the environment —
air pollution, rainfalls, humidity, sunshine, etc.

Within solution, three samples of data from the process
involving atmospheric corrosion were used.

The compares of the actual and model data of the process
with atmospheric corrosion is in table 2.

In the first two columns, there are sharp data, which were
analyzed and examined for extreme deflections.

The third column is a model of corrosion loss expressed
in the form of relative values due to their increasing
character. The distribution function of a two-parametric
Weibull division of probability [4] serves as a model of
Weibull distribution.
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Tab.1 Calculated parameters of atmospheric corrosion degradation model. Source: our own data
Tab.1 Vypoétené parametry modelu degradace atmosférické koroze. Zdroj: vlastni Gdaje

Parametres WR n =0.3611

B =0.885

Tab.2 Comparison of the measured and calculated model of degradation with atmospheric corrosion. Source: our own data
Tab. 2 Srovnani naméreného a vypocteného modelu degradace s atmosférickou korozi. Zdroj: vlastni Gdaje

Exposition time year Corrosion loss Model 1 Model W Deflection Model corrosion loss
1 204.9 0.35321 0.30312 0.00251 175.839
1 154.7 0.26668 0.30312 0.00133 175.839
1 206.8 0.35649 0.30312 0.00285 175.839
1 224 0.38614 0.30312 0.00689 175.839
1 153 0.26375 0.30312 0.00155 175.839
1 148 0.25513 0.30312 0.00230 175.839
2 257.2 0.44337 0.48672 0.00188 282.349
2 252.9 0.43596 0.48672 0.00258 282.349
2 334.9 0.57731 0.48672 0.00821 282.349
3 314.9 0.54284 0.61513 0.00523 356.835
3 3235 0.55766 0.61513 0.00330 356.835
3 380.3 0.65558 0.61513 0.00164 356.835
5 442.7 0.76314 0.77701 0.00019 450.741
5 471.6 0.81296 0.77701 0.00129 450.741

10 580.1 1.00000 0.93742 0.00392 543.797
criterion 0.0457

The columns ,,Model W* and ,Deflection” present
parametres of the Weibull distribution with the help of
purpose function (criterion cell and evolutionary methods
(Fig. 3), which is minimized.

The column ,,Model corrosion loss* expresses a model
with stated parametres of the Weibull distribution used for
verification of the model.

The above-stated models establish the shape parameter of
the Weibull distribution of process models, where the
default mechanism was atmospheric corrosion, reaching
the values 1.1080, 0.9253 and 0.885. The average value
was 0.9727 and average deflection was 0.0901.

The second examined process was wearing out of inserts
of crystallization tools. It has been stated that the shape
parameter of the Weibull distribution of the process

10

models, where the value of abrasive wearing out was
0.7209. The parameter was obtained from measurements
of five inserts of a crystallization tool [5].

The third process covered the field of energetics, and the
process of degradation of steam piping was analyzed. The
shape parameter of distribution of models of steam piping
degradation had the value of the speed of flow 4.0786 and
the parameter for entire deformation — the value 2.7439.

The last analyzed process was in the field of
electrotechnology specifically — degradation  of
accumulator batteries. It was established that the shape
parameter of the Weibull distribution of degradation
models of accumulator batteries while assuming default
mechanisms — change of the parameter, discharging
speed, had the value 0.5719.




Hutnické listy ¢. 2/2018, ro¢. LXXI
ISSN 0018-8069

Recenzované vyzkumné ¢lanky
Peer-reviewed Research Papers

Fig. 3  Adjustment of parameters of evolutionary methods used in the course of atmospheric corrosion. Source: our own data
Obr. 3  Prizpasobeni parametra vyvojovych metod uZitych v prabéhu atmosférické koroze. Zdroj: vlastni tdaje

Conclusions

Effective modeling of processes of default mechanisms
enables the knowledge of the behavior of time defaults
and in technical practice it should serve to reduce the
number of diagnostics of appliances, to reduce the
number of sudden shutdowns and thus it has been a key
information  for  effective technology operation,
maintenance binding economics, and effectiveness of a
process.

Suggested methods were verified on four different
processes in the field of metallurgy, energetics, and
electrotechnology with successful results.

Acknowledgments

The work was supported by the specific university research of
the Ministry of Education, Youth and Sports of the Czech
Republic No. SP2018/65 and SP2018/109.

11

Literature

[1] FUCHS, P. ZkuSenosti s Udrzbou zaméienou na bezporuchovost
(RCM). Ceska spolecnost pro jakost. [Online] 2005. [Citace: 3. 4
2014.] http://www.csq.cz/fileadmin/user_upload/Spolkova_cinnost
/Odborne_skupiny/Spolehlivost/Sborniky/21_Zkusenosti_RCM.pdf.

VDOLECEK, F. Technickd diagnostika v systémech udrzby.
http:/imnwww.odbornecasopisy.cz/. [Online] 5 2008. [Citace: 10.4 2014.]
http://www.odbornecasopisy.cz/index.php?id_document=37313.

GRANT, E., LEAVENWORTH, R. Statistical Quality Control.
McGraw-Hill, 1996. ISBN 0-07-844354-7.

ZUSKAC, M., HORINOVA, L., GARZINOVA, R. Interpretation
of the Degradation Mechanisms in Support Management Lifetime
of the Crystallizer. In METAL 2014. Tanger Ltd., Ostrava, 2014.
ISBN 978-80-87294-52-9.

DAVID, J., GARZINOVA, R., ZUSKAC, M., HORINOVA, L.,
KREJCAR, O. Usage of Analytical Diagnostics when Evaluating
Functional Surface Material Defects. Metalurgija, 53 (2014) 3, 44.
ISSN 0543-5846.

(2]

[3]

[4]

[5]



Recenzované vyzkumné ¢lanky Hutnické listy ¢. 2/2018, ro¢. LXXI
Peer-reviewed Research Papers ISSN 0018-8069

Support of the Operative Planning with Utilization of the Genetic Algorithms in
the Environment of MS Excel

Podpora operativniho planovani s vyuzitim genetickych algoritmi v prostiredi
MS Excel
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VSB — Technical University of Ostrava, Faculty of Metallurgy and Materials Engineering, Department of Automation
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The paper deals with model of operative scheduling of production at the plant for continuous casting of steel. The
model is compatible with the INDUSTRY 4.0 concept since it utilizes genetic algorithm for preparation of the casting
plan. The proposed model is based on the model describing the use and wear of the mold, which uses diagnostics.
Utilization of the proposed model consists in the support of planning of casting in sequences or of casting campaigns.
The proposed solution makes it possible to find a suitable combination of cumulative counts of heats in the particular
clusters after assignment of the purposeful function, limiting conditions and residual service life of the mold in the form
of change of residual mold taper. The proposed model, which is realized in MS Excel, proposes to the user possible and
effective variants of the scheduling of production in the next period according to the specified limiting conditions.

Key words: Steel, continuous casting; scheduling of production; genetic algorithms; MS Excel

V prispévku je prezentovan model operativniho rozvrhovani vyroby na zarsizeni plynulého odlévani oceli. Model je
kompatibilni s konceptem INDUSTRY 4.0, kdy vyuZiva znalostniho 7izeni pro stanoveni planu taveb. Model je zaloZen
na principu opotiebeni krystalizatoru vyuZivajicim analytickou diagnostiku. VyuZiti modelu spociva v podpore
planovani taveb v sekvencich, resp. kampanich. Navrhované reSeni umoZiuje po zadani zbytkové Zivotnosti
krystalizatoru ve forme zbytkové zmeény konicity generovat kombinace kumulativnich pocti taveb v jednotlivych
shlucich. Tyto tavby je poté mozné odlévat do zadaného mezniho stavu krystalizatoru uZivatelem bez vlivu na kvalitu
produkce z hlediska opot/ebeni krystalizatoru. Systém nabizi uZivateli mozné a efektivni varianty rozvrzeni vyroby
v dalSim obdobi, tzn. mozny pocet taveb v jednotlivych shlucich znacek oceli. Nasledné uzivatel zvoli vhodnou variantu
z generovanych 7eSeni. V ramci 7eSeni je pouzit planovaci expertni systém. Vychodiskem ke zvySovani efektivnosti
slozitych rozhodovacich procesii je prechod k rozhodovani, které je zalozeno na exaktnich, vedeckych zakladech. Zvysit
exaktnost znamena pouzivat modelovani a moderni metody 7eSeni problém:i. Modelovani je zakladnim metodologickym
vychodiskem 7eSeni slozitych problémii, aplikace modernich metod pri realizaci jednotlivych fazi modelu je pak
zakladni podminkou jeho UspéSné realizace. Prumysl a cela ekonomika prochazi zasadnimi zménami zpisobenymi
zavadenim informachich technologii, kyberneticko—fyzickych systémi a systému umélé inteligence do vyroby, sluzeb
avsech odvetvi hospodarstvi. Dopad techto zmén je tak zasadni, Ze se o nich mluvi jako o 4. primyslové revoluci
(Industry 4.0). V jadru této revoluce stoji spojeni virtualniho kybernetického svéta se svétem fyzické reality. To sebou
prinddi vyznamné interakce téchto systémai s celou spolechosti, tedy se svétem socidlnim. Z pohledu moderni teorie
systémii se v souvislosti se 4. primyslovou revoluci hovori o revoluci kyberneticko-fyzicko-socialni, kterd zpusobuje
vzajemné propojeni techto systémii. Nejde jen o zalezitost technologii a technickych prostedkii. Vyraznou zmenou je
pristup k soucasnému pojeti prizmyslové automatizace. Ocekavané p/inosy vychazeji z novych moznosti tvorby pridané
hodnoty umoznéné zejména vyuZitim dat z propojenych systémai a zvySené schopnosti automatizovanych rozhodovacich
mechanizma v priamyslové praxi. Z pohledu firem lze ocekavat nérzist produktivity a vyrobni efektivity, ale také snizeni
energeticke a surovinové narocnosti vyroby.

Kli¢ova slova: ocel; plynulé odlévani; rozvrhovani vyroby; expertni systémy; MS Excel

The starting point for the increase of efficiency of realization of particular phases of model is, therefore, the
complicated decision-making processes is the transfer to  basic condition of the successful realization.

the decision-making based on the exact, scientific
knowledge. Increasing the exactness means utilization
of modeling and modern methods for problems-solving.
Modeling is a basic methodological resource for solving
complicated problems; application of modern methods for

Production scheduling at the continuous casting of steel
belongs to a group of above-mentioned problems. High
emphasis is put on the efficiency of the processes with the
compliance of the quality of products. It is necessary to
search new innovative approaches using the methods
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of artificial intelligence and knowledge management in
this area, too [1].

1. Model of the operative scheduling
of production with the utilization of
diagnostics

The design of the algorithm of the model for operative
scheduling of the production at the continuous casting in
the period of the end of life of the mold is presented in the
further part of the paper.

The target of manufacturing planning is to assemble an
optimal schedule of the production tasks, i.e. to achieve
the conformity between the requirements of the order and
possibilities of a production plant in the given period.
Tasks that must be solved are: the transformation of
orders to the level of day or work shift, verification of
throughput of order, i.e. assignment of particular
operations to the certain interval of the time scale of the
relevant machine, etc. The required production quality
must be maintained while respecting all the limiting
conditions (capacitive, technological, etc.) [2].

A number of possible variants of the solution is very high
during the solving of practical tasks in the more complex
production systems, therefore the computer cannot
examine all variants, i.e. it cannot solve the task exactly.
It is necessary to limit the number of variants based on the
experience, analogous solutions, as well as on the
intuition (with the utilization of heuristic
nonalgorithmizable methods).

The basic requirement is that calculation of relevant
criterion functions run in the reasonable time, thus the
role of human is irreplaceable in the management of the
process of production scheduling.

The target of the proposed case is to determine the
amount and type of steel, which can still be to cast on the
particular molds with respect to the compliance of casting
parameters, which can assure the quality of casting from
the perspective of the molds”™ technical condition. It
means in the qualitative view the assurance of [3, 4]:

o stability of production during casting

required casting speed with the speed of withdrawal
unit, which serves to the withdraw the dummy bar

quality of the dummy bar related to:
internal structure;

surface structure;

— dimensional accuracy.

Utilization of planning expert system represents one of
the possible solutions for the thus defined task. List of the
proposed solutions, which are evaluated by the certain
rate of optimality, is the result of utilization of these
systems. This way of the solving requires availability of
the planning expert system or necessity to program it.

Replacement of the planning expert system by the genetic
(evolutionary) algorithm in the MS Excel is described in
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the next part. Block architecture of the genetic algorithm
is shown in Fig. 1.

The model of the mold lifetime, which was developed
with the technical diagnostics and least squares method, is
utilized as a purposeful function. [5] Operational data
about casting marks were the basis for the model.
Cumulative frequencies for particular clusters of marks
were determined in the particular periods of the mold
technical life (period means the time between two
measurements of the fatigue of the mold using the
measurement system MKL 100/420). These values then
make it possible to determine coefficients of the influence
of particular clusters on the fatigue.

I .
==

Selection of the
best

| Initialization }—>| Fimess
b

Selection of the pair of
individuals

i
" .

rus

Breeding and
mutation

!

| Add to new population

% Completed?

Fig. 1  Diagram of the planning expert system. Source: our own data
Obr.1 Schéma planovaciho expertniho systému

The linear multidimensional regression model is tested in
this phase of problematics solution:

Bi-fit+ B fot+Bs-fa+Ba-fatBs fs+ B fot+ B, fr =0k, (1)
where

f; to f; are cumulative frequencies of the cast grades in the
clusters S1 to S7,

i to B3 are coefficients of the significance of clusters S1
to S7 at the mold fatigue,

Aky is a change of the average bottom conicity of the
circular mold in particular periods.

The model, which is at the same time the purposeful
function, can be obtained after the placement of the
acquired coefficients of the clusters significance:

—0.019734 - f, + 0.010912 - £, — 0.000998 - £, +
—0.064704 -, — 0.008246 -f;+0.018815-£,+0.005276-f, =Ak,, )

where

Akgq is a change of the bottom relative conicity,
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f, to f; are cumulative numbers of the cast heats in the
clusters 1 to 7 in the specified period.

Bottom average relative conicity for a given time can be
determined according to the equation:

Akg =kq () —kq (t-1), ®)

where
kq (t) is bottom average relative conicity in the time t,
kq (t-1) is bottom average relative conicity in the time t-1,

Aky is a change of the bottom relative conicity in the time
interval (t; t-1).

2. Operative scheduling in the environment of
Microsoft Excel

The solution took place in the environment of MS Excel
as it was stated in the previous chapter. The tool called
“Solver” was utilized, which had implemented the
evolutional algorithm. The screenshot of the Solver
window is depicted in Fig. 2.

Fig.2 Window of the Solver add-in. Source: our own data
Obr. 2 Obrazovka Resitel

The target of the solution is to find a suitable combination
of cumulative frequency of cast grades in the clusters S1
to S7, which corresponds to the required change of the
bottom conicity [7] and with entered limiting conditions.

The process of the solving using the Solver add-in
consists in the addition of the cells’ addresses for the
target of variable and in the assignment of limiting
conditions, which define the searching area and they can
characterize some technological limitations in the
production.

An example of the solution is illustrated in Fig. 3. Only
the searching area was defined and no technological
restrictions [8] were used. It is evident from the results
shown in the columns J to T that the task has an infinite
number of solutions for the same input parameters.
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An example of the solution with the limiting conditions
including the technological requirements or production
requirements is shown in Fig. 4. The user can exactly
define the grade composition, which he wants to produce,
as well as the quantity.
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Fig. 3  Example of the results from the model of operative scheduling
of production. Source: our own data

Obr. 3 Ukazka vysledka modelu operativniho rozvrhovani vyroby

™
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Fig. 4 Example of the results of the operative scheduling of the
production. Source: our own data
Obr. 4  Ukazka vysledka modelu operativniho rozvrhovani vyroby

It is evident from the presented results that the tool Solver
with the evolutional method of solving makes it possible
to get the results, which can be utilized as a support for
production scheduling based on the reliability model of
the service life. [6]

Simplicity (programming and/or creation of a database of
rules are not needed) and variability of the solution, which
is given by the choice of limiting conditions, are the
advantages of the proposed method.

The disadvantage of the proposed approach is that the
Solver does not have a generator of solutions and
therefore it provides only one solution for the single run.
It is necessary that the user strictly and exactly defines the
requirements to the production in the form of limiting
conditions.

Conclusions

The model of the operative scheduling of production with
the utilization of the diagnostics in the period of the end
of service life of the mold makes it possible to fulfil the
function of support for s planning of heats in the
sequences or in the campaigns when the proposed
solution allows obtaining of cumulative numbers of heats
in particular heats, which can be cast to the limiting state
of the mold specified by the user without the influence on
the production quality and on the given limitations.
A residual service life of the mold in the form of residual
change of the conicity must be calculated. Solution using
the evolutional approach in the MS Excel gives us the
possibility of quick and simple implementation, but it is
more difficult from the perspective of limiting conditions
definition because only one solution is available during
one run of the Solver Add-in.
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EuroBLECH 2018: Vstupte do digitalni reality

25. mezinarodni veletrh technologii zpracovani plechu EuroBLECH 2018 se
kond ve dnech 23. aZz 26. fijna 2018 na vystavisti v némeckém Hannoveru.
Jiz nyni, Sest mésict pied zahajenim akce, ma prostory pro svoje stanky na
celosvétoveé vedoucim veletrhu pro pramysl zpracovani plechu zajisténo zhruba
1400 vystavovatela z 38 zemi, nejvice z Némecka, Italie, Turecka, Ciny,
Nizozemska, Spanélska, Svycarska, Rakouska a USA. V souc¢asné dobé jiz maji
vystavujici spolecnosti zajistén témer cely vystavni prostor z predchoziho
roéniku, ktery se konal pied dvéma roky. Veletrh EuroBLECH 2016 doséahl
rekordu: ¢isty vystavni prostor ¢inil 87 800 metri ¢tvere¢nich.

Kazdé dva roky se EuroBLECH stadva akci, kterou navstévuji konstrukéni
inZenyii, manazeii vyroby, manazeii kvality, nakupci, vyrobci, technicti feditelé a odbornici z asociaci ¢i vyzkumu
avyvoje, aby zde objevili nejnovéjsi trendy a strojni zatizeni v oblasti zpracovani plechu. Navstévnici letoSniho
veletrhu mohou ocekavat celé spektrum inteligentnich feSeni a novéatorskych strojnich zatizeni pro moderni vyrobu
v oblasti zpracovani plechu, které jsou ptedstaveny v podob&é mnoha Zivych predvadéni na vystavnich stancich.
V soucasné dobé¢ hraje digitalni transformace v pramyslu hlavni roli, coz zajistuje vy3si G¢innost, a tim i vySSi Uroven
automatizace a prediktivni Udrzby. Tento vyvoj se také odrazi v mottu letoSniho veletrhu EuroBLECH ,,Vstupte do
digitalni reality*, protoZe Pramysl 4.0 a souvisejici Chytra tovarna se staly hlavnimi tématy v oblasti zpracovani plechu.
Zejména malé a stiedni podniky chtéji do téchto technologii v blizké budoucnosti investovat, aby ziskaly konkurenéni
vyhodu na svych trzich.

,»,Digitalni transformace je momentalné dilezitym tématem v oboru. To vyZaduje Uzkou spolupraci v celém hodnotovém
fetézci od fizeni vyroby az po Gdrzbu“, fika Evelyn Warwickovd, feditelka vystavy EuroBLECH jménem poiadatele
Mack Brooks Exhibitions. ,,Pro spole¢nosti v odvétvi zpracovani plechu je nejvétsi vyzvou vytvoreni inteligentniho
vyrobniho prostiedi, které je zaloZeno na bezpecné vymeéné dat a sitovém propojeni stroja a procest. EuroBLECH 2018
svym navstévnikam nabizi moznost najit feSeni téchto vyzev a navazat kontakt s obchodnimi partnery, aby jim pomohli
s integraci téchto procest, strojt a systému do jejich vyroby*, pokracuje Evelyn Warwickova.

EuroBLECH je celosvétove nejvétsim veletrhem pro odvétvi zpracovani plechu, a pro navstévniky je trzistém, kde
objevi a ziskaji nejnovéjsi novatorska vyrobni fedeni. Cetna Ziva predvadéni na vystavnich stancich nabizeji obchodnim
navstévnikam prilezitost zaZit v akci stroje a systémy ze vSech oblasti zpracovani plechu.

- Z tiskové zpravy -
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Enterprises

Optimalizace logistickych nakladi v expediénich procesech hutnich spole¢nosti
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VSB - Technical University of Ostrava, Faculty of Metallurgy and Materials Engineering, Department of Economics
and Management in Metallurgy, 17. listopadu 15/2172, 708 33 Ostrava-Poruba, Czech Republic

This article discusses the optimization of logistics costs in dispatchprocesses of the metallurgical company. The aim of
the paper is to present a general methodology of mapping, improving and optimization of logistics processes and
subsequently to show the possible use of this methodology in practice on an illustrative case study. The first part of the
article presents a general methodology consisting of mapping the current state of the process, identifying deficiencies in
the process and their causes, and proposing measures to eliminate these problems and their causes. The methodology
uses process modeling tools and quality management tools. The case study in the second part of the article shows a
general example of the use of the methodology, described in the first part of the article, in optimizing the dispatch
processes of rolling mills.

Key words: optimization; dispatch; logistics; process mapping; wasting

Clanek pojednava o optimalizaci logistickych naklad: v expedicnich procesech hutnich spolecnosti. Cilem ¢lanku je
predstavit obecnou metodiku mapovani, zlepSovani a optimalizovani logistickych procesiz a nésledné na ilustrativni
pripadové studii ukazat mozné vyuziti této metodiky v praxi. Nejprve je popsana obecna metodika skladajici se
z mapovani soucasného stavu procesu, identifikace nedostatkiz v procesu a jejich pricin a z ndvrhu opat/eni k eliminaci
techto problémi: a jejich pricin. Jsou priblizeny nastroje modelovani procesii a managementu kvality. Pripadova studie
ukazuje obecny priklad vyuziti uvedené metodiky p7i optimalizaci expedicnich proces:i valcoven. V prvni césti
pripadové studie je uveden postup shéru vstupnich informaci a nasledné tvorby procesni mapy na zakladé shéru
informaci z procesu. U této casti se nachazi priklad procesni mapy ve formé procesniho diagramu. V druhé casti
pripadové studie je uveden postup pro identifikaci nedostatkiz procesu a jejich pricin a nasledna prioritizace problémai
a postup p7i hledani korenovych pricin nejzavaznéjSich nedostatkii. V této casti je priblizen postup pro vyuziti nastroju
managementu kvality p/i analyze nedostatkii procesu. Prikladem vyuziti néstrojii managementu kvality je aplikovani
Ishikawova diagramu pro rozklad problému na jednotlivé priciny. V zaveru ¢lanku jsou shrnuty vystupy ze zlepSovaciho
projektu, které jsou prezentovany formou tabulky obsahujici matici kategorizace nedostatkii dle priorit.

Kli¢ova slova: expertni systémy optimalizace; expedice; logistika; mapovani proces:; plytvani

In the field of industrial systems management of logistics is  piece flow. Implementing these concepts is a lengthy and
currently the most commonly used term. Logistics is complicated process requiring considerable investment.
currently given such importance for maintaining the
company competitiveness, globalization of the market,
growing complexity of individual customer requirements,
and above all reduction of logistics costs, because logistics
is now linked to production efficiency as never before and
the logistics costs of a manufacturing enterprises can
account for up to 70% of total costs. To achieve these
goals, it is essential for an enterprise to understand and
manage all logistics-related activities as processes [1].

It is often the case that the company wants to optimize its
logistics costs, but it does not have enough resources to
implement the logistics concepts outlined above. In such
cases, alternative approaches to optimizing logistics
processes and costs need to be sought. One of the
alternative approaches is the introduction of gradual
continuous improvement through small steps in the spirit
of Kaizen philosophy [2, 3].

Enhancement of logistics processes always begins by
observing, measuring, analyzing, and mapping the current
state of processes. Process mapping serves to identify and
standardize the whole process but, above all, to identify
problem areas within the process that leads to waste.
Waste is a concept that identifies activities that consume
resources and capacities, but do not add value. Waste is

The management of logistics processes is intended to
satisfy customer requirements while spending a minimal
amount of resources. Experts in the field of logistics are
currently engaged primarily in optimizing logistics costs.
There are different approaches to reducing logistics costs.
One possible approach is to implement new concepts of
logistics systems, such as just-in-time, leanness, or one-
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divided into three basic types of Muda (overproduction,
surplus), Mura (insufficient process integration) and Muri
(overloading workers and equipment). It is important to
identify all the shortcomings and their causes because
each shortage of process that causes waste has more than
one cause and it is, therefore, necessary to map all the
contexts in the process thoroughly. Eliminating identified
causes of waste is the goal of corporate improvement
activities. The aim of this article is to present a
methodology for mapping processes, identifying
deficiencies and subsequently improving processes [1, 4].

1. Methodology for mapping, improving and
optimizing the dispatch processes of
metallurgical enterprises

Process improvement is a continuous process of analyzing
waste and its causes and then designing and implementing
measures to eliminate waste and increase business process
efficiency. Tools for streamlining logistics processes are
optimization and management of logistics chain,
collaboration ~ with  suppliers, kaizen  approach,
standardization of logistics processes, process automation,
information systems, etc. All these tools are used to
identify and eliminate the causes of waste within logistics
processes [4, 5].

Companies often resort to non-investment-enhancing
activities. These activities include kaizen approach, which
consists of continuous gradual improvement by small
steps. These minor improvements should be initiated by
all company employees at all levels. Employees know the
business processes best and are therefore more than
adequately qualified to suggest possible improvements
[3, 6].

Methodology for process mapping

The optimization and improvement of business processes
are preceded by their analysis and mapping. An analysis
of the current state of processes is used to get acquainted
with the process and to understand it, which is necessary
for further activities [3, 5].

First, the process is observed, measured, all available

discussion with staff. Based on the obtained data and
information, a text description of all the partial activities
in the process is drawn up. Subsequently, this text
description of the process is used as input for compiling
a schematic graphical representation of the process and all
the partial activities in the process, including their mutual
sequence, continuity, and context [6, 7].

A number of processes and tools exist for process
mapping, each having its own specifics. Before you begin
mapping the process, you need to identify the purpose, for
which the process is mapped and what outcome is
expected from the mapping. Depending on the purpose of
the mapping, the appropriate procedure is chosen [7].

A process chart is best suited for graphical representation
of industrial processes. The process diagram is basically a
flowchart, but for the mapping of industrial processes,
there is a number of different sets of rules, principles,
graphic symbols, and so on, by which a standard
methodology for developing flowcharts has been
extended. In addition to sub-activities and their sequence,
the process diagram, in addition to the flowchart, includes
a number of additional information at each stage of the
process, such as activity outputs and inputs (data,
documents, reports, material, products), responsible and
collaborating persons, related sub-processes, IT systems
and databases, and much more [2, 6].

An example of a set of rules and principles for creating
process diagrams of business processes is the notation or
graphical language of BMNP — business process model and
notation, which is actually a standard for creating process
diagrams. BPMN is a unified method of plotting business
processes. It consists of predefined graphic symbols that
have aclearly defined appearance and meaning and
therefore cannot be confused or misunderstood. The great
advantage of this notation is its brevity, simplicity, clarity,
and logic, which makes the diagrams created according to
this notation easy to read for all who have some experience
with process diagrams. Significant benefits are unified
graphic symbols and a uniquely defined system of process
drawing. Thanks to this, the diagrams thus created are easy
to read for employees at all corporate levels, all centers,
and all experts, which greatly facilitates the communication
and collaboration of individual staff and business centers

historical data is collected, and other additional
information is gathered through questioning and 5, 7].
Fig.1 Example of process diagram: Process of loading products on a truck. Source: our own data

Obr. 1 Piiklad procesniho diagramu: Proces nakladky vyrobki na kamion. Zdroj: vlastni

17



Recenzované vyzkumné ¢lanky
Peer-reviewed Research Papers

Hutnické listy ¢. 2/2018, ro¢. LXXI
ISSN 0018-8069

Fig. 1 is an example of a flowchart created according to
the BPMN notation. The picture shows a simple process
of loading goods on a truck that begins with the arrival of
the truck and ends with the departure of the laden truck

Methodology for identifying causes of waste and
proposing measures to eliminate them

After the entire studied process is thoroughly mapped and
understood, it is possible to identify the process
deficiencies and their causes. This stage concentrates on
discovery of activities and segments in the process with
inefficient use of resources, capacities, workers and time.
Typical examples of inefficient logistical processes are
manifested by redundant material manipulation, excessive
staff movement, waiting, inadequate integration of
processes, insufficient information flows, and overloading
equipment and workers. It is in the interest of every
company to limit these inefficient activities to the necessary
minimum. An important indicator for logistics processes is
the process realization time, which is the time from the
receipt of the order to the receipt of payment, or the time
from the start of storage of the product to its dispatch [8, 9].

For logistical processes, the duration of all partial
activities is one of the most important data for each
activity, due to the fact that delays and waiting are the
cause of a whole series of unnecessary costs, whether in
the form of fines from customers for delays, losses
resulting from unused capacities of devices or losses
resulting from unused working time of workers [5, 9].

When identifying the causes of waste in logistic
processes, it can be said that the causes of delay and
waiting are identified. Segments in the process with
inefficient use of resources, which cause delays and
waiting, are identified by measuring the duration of each
activity and by analysis of measured data. The data
analysis focuses on the average duration of individual
activities and on deviations from this average time. The
measured data that deviate from the average time are
further investigated and the cause of their deviation from
the average is sought. Activities with the greatest
occurrence of deviations are probably inefficiently
implemented or managed and should be optimized.
Conversely, activities that deviate minimally from the
average are well-managed both in the process and
managerial terms, and there is no point in dealing with
their optimization until the problematic areas of the
process are resolved [6, 7].

For identification of the causes of waste the quality
management tools are used, such as histogram, Pareto
diagram, control diagram, Ishikawa diagram, and
flowchart. Histograms and control charts are used to
analyze the duration of each activity and they are greatly
suited for revealing deviations and remote values. The
Ishikawa diagram serves to decompose the problem to its
individual causes and to identify the root cause of the
problem. In combination with the Ishikawa diagram, the
Pareto Diagram is used to divide the causes of the
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deficiency according to their importance, impact, and
frequency of occurrence [2, 10].

After the root causes of waste, delays and waiting in the
process are identified, there is time for the phase of
proposing and implementing measures for eliminating the
root causes of process deficiencies.

At the stage of proposing and implementing measures to
eliminate the root causes of the deficiencies of the
process, the quality management methods are again used.
This work deals with the optimization of logistics
processes without significant investments, and the kaizen
managerial approach is best suited to this [3].

The essence of kaizen is simple and clear: kaizen means
improvement and perfecting. Kaizen approach is the
continuous, gradual improvement of processes and
workers, which together brings great results. Kaizen can
be considered a way of life and life philosophy. This
approach is based on corporate culture aimed at
improving by constantly searching and eliminating waste.
Ideally, this improvement takes place in both the working
and personal lives of each individual [8].

The kaizen approach aims to eliminate redundant stock
and to streamline business processes [3].

Kaizen is not a complicated managerial principle that
would only consist of meetings of executives, but, on the
contrary, a significant part of it takes place directly in
production. Workers work and solve their everyday work
problems. ldeas for possible improvements of partial
issues are recorded at the designated place and in the
forms that have been prepared. The workplace becomes a
place of observation and investigation of the occurrence
and development of problems. It often happens that the
worker comes out with an effective solution to the
problem, but he is not able to present his idea clearly and
formally in the form of an improvement proposal.
Therefore, there are regulations and procedures for
assessing, developing, evaluating and accepting employee
suggestions by a qualified person responsible for deciding
on the implementation of individual proposals and re-
designing them as an internal improvement project [2, 8].

The advantage of kaizen approach is its small demands in
terms of qualifications, technology, and investment. All
that is needed to effectively implement this approach is a
change in workers approach with the support of
executives [8].

During the implementation of the improvement proposal
in the spirit of kaizen philosophy the Quality Journal
method, which consists of the following seven steps, is
used to solve problems [3, 10]:

a) ldentification of the problem - identifying the
difference between the required target and the actual
status. Facts based identification - target values / actual
values. The most fundamental problem is selected and the
priorities are set. The required target status, the term of
the resolution, and the estimated benefits are defined. At
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this stage, the histogram, the Pareto diagram, and the
control chart are used.

b) Problem observation — the selected problem is further
closely monitored. The causes of its origin and the
problem bearers are identified. It examines the frequency
of occurrence of the problem, its severity, its
discoverability and its development over time. Histogram,
line diagram, and Pareto diagram are used at this stage.

c¢) Analysis of causes of the problem — the hypothesis of
what is causing the problem is determined. For this
purpose, a cause and effect diagram, brainstorming, etc.,
are used. Subsequently, these hypotheses are tested by
planning and performing experiments or by collecting
new data. Individual causes are assigned a weight in terms
of their impact on problems. Correlation and regression
analysis, modeling, simulation, etc., are used for testing.

d) Proposal and implementation of measures to
eliminate causes of the problem — there are two types of
troubleshooters. One type is corrective measures that are
immediate and focus on eliminating the consequences of
problems. The second type of measures are preventive
measures to address the causes of problems and prevent
the problem. At this stage brainstorming and affine
diagrams are used.

e) Validation of measures efficiency — comprehensive
control of the effectiveness and magnitude of the impacts
of changes. It is ideal to present the results in financial
terms in contrast to the situation before the changes.
Measurement and visualization are used at this stage.

f) Permanent elimination of causes -this concerns
standardizing and permanenthy embedding of established
changes into processes. Workers need to be informed
about the reasons and benefits of change and to be
motivated to adhere to new standards.

g) Report on problem-solving and planning of future
activities — at last a final report is drawn up, detailing the
progress and results of the problem-solving. The results

Fig. 2

should be supported by specific data. The report should
also include a list of unresolved issues and suggestions for
further action on the issue [10, 11].

2. Case study: Optimization of the dispatching
process of final products from the
warehouse of rolling mill with the use of
road vehicles

This part of the article continues with acase study of
using the methodology described above for mapping,
improving and optimizing the logistics processes of the
metallurgical company.

The case study shows the general procedure of application
of the described methodology for the optimization of
logistics processes of rolling mills, with an emphasis on
the dispatch process with the use of road vehicles.

2.1 Analysis and mapping of the current state of
dispatch processes

Data collection for the analysis of the current state of the
dispatch processes took place in the form of structured
interviews with the personnel of the rolling mill, the staff
of the road transport dispatch department and the sales
coordination and order management staff, and observation
and measurement in the operation of the warehouse of the
rolling mill.

Based on the collected data and knowledge resulting from
the interviews and observations, a logistic process map of
the rolling mill was set up describing the sequence of
activities and related information and material flows from
the moment the order was confirmed to the customer until
the dispatch of the finished product. The logistics
processes have been described in detail within the project,
with particular attention paid to the information flows
related to the execution of the order from its receipt to the
end, i.e. to the dispatch of finished goods by road
transport.

Example of process diagram: Process of dispatch of rolled products by road transport. Source: our own data

Obr. 2 Priklad procesniho diagramu: Proces expedice véalcovanych vyrobka silniéni dopravou. Zdroj: vlastni
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Fig. 2 shows an example of a process diagram. The
diagram shows process of the dispatch of rolled products
by road transport.

2.2 ldentification of root causes of waste and
proposing measures to eliminate them

Based on the description of their logistics processes and
detailed analysis assessment processes were carried out as
described, as well as identification of weaknesses relating
to these processes, which in daily practice usually result
in unnecessary idle time due to redundant handling,
delays in loading trucks, increased risk of injury or
overload of the dispatch center. From the identified
problems, an output set of problems was compiled, which
was the input material for the analytical and design phase
of the optimization.

Within the analytical and design phases of the project,
identified problems were examined, classified into
categories by major causal factors and for each problem a
root cause was identified, by reduction or elimination of
which aproblem can be solved. For each identified
problem, the consequences and manifestations that can be
observed in the dispatch center, have been defined and
described.

It has been found that most of the time delays during the
dispatch process of rolling mill have their origins in the

activities preceding the dispatch. As a result of the poor
organization of the preparatory processes, a large number
of trucks have to wait at the parking lot before the
dispatch.

The most significant general issues in the dispatch
process are the following:

Planning and organization of loading
Storing of products

Integration of information systems
Transport infrastructure

Preparation of delivery

The capacity of dispatch center

The layout of storage areas

Quality tests

. Dispatch team capacity

10. Handling equipment

© N wDNE

Based on the analysis of the identified problems, their
root causes and consequences, the required status was
defined and possible approaches to solving the problem
and achieving the target state were suggested.

Fig. 3 shows an Ishikawa diagram illustrating the
decomposition of the problem of delays during an
dispatch to individual causes.

Fig. 3  Example of Ishikawa diagram: Causes of delays in the dispatch process. Source: our own data
Obr. 3 Priklad Ishikavowa diagramu: Pficiny prodlev v expedi¢nim procesu. Zdroj: vlastni

In the subsequent phase of the case study, the individual
problems were determined by the priorities of their
solutions, for which a subjective point scale was used
(Tab.1). The table gives a brief description of the
problem, the main causes, the most serious consequences,
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the target state and the design of the solution. The table is
complemented by an assessment of the shortcomings in
terms of priority, complexity, impact and removal costs.
The problem prioritization was discussed with the
company representatives.
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Tab.1 Matrix to determine priority issue. Source: our own data
Tab.1 Matice pro uréeni prioritniho problému. Zdroj: vlastni

# |PROBLEM AREA PROBLEM DESCRIPTION CAUSES CONSEQUENCES
Planning and Lr;e;fr:ci:;?itozlz?r:g;%;nd Scheduling the order of loading of individual | Higher average waiting time of trucks.
1 organization of res ec?ivel the order of w?a’itin trucks irrespective of the complexity of Increased fines for delays during loading.
loading P Y trucks 9 loading and the total waiting times of trucks. Unnecessary warehouse operations.
Imperfect system of products storage to Mixing of products at storage locations.
) Layout of storage | Insufficient layout and assignment designated storage locations. Unnecessary handling of the material.
areas of product storage locations. High warehouse occupancy at peak times. Frequent searching for material during
Lack of storage capacity. loading.
insufficentstafing of dipaten |0, e O s roces due 1o atendance at athr
3 diga;iﬁltsy 8; d plact)cfmr;zgaé?sexiikhci)fﬁ rﬁ;iuurclzuon Failure to accommodate the number of workplaces.
p q P erformanc?a Y workers according to the warehouse Interruption of loading due to stockpiling
P ' warehouse mode. of finished products.
# |PROBLEM AREA TARGET STATE SOLUTIONS DIFFICULTY | IMPACT
Minimize average waiting times
Planning and for trucks. Creating a dynamic system to determine the
1 organization of Elimination of fines during loading order of waiting trucks to reduce the
loading loading. total waiting time.
Optimal material flow.
Analysis of stored products and their
Layout of storage A working system of storing turnover.
2 areas products at designated locations | Creating a methodology for storing products
for efficient dispatch. with a view to reserving places for high-
speed products.
. . Revision of the number of workers in
Capacity of Eff.'C'em layout of staf_f capacities relation to the production and completion
3 . taking into account daily / weekly
dispatch squad cak hours plan.
P ' Set dynamic shifts scheduling system.

As an output of this phase, a matrix of problem-solving
priorities was created to visualize individual problems, or,
the expected impact of problem solutions on the overall
operation of the dispatch center, the complexity and
investment intensity of their solution. To identify issues
of the highest priority, a strategy has been adopted that
envisaged the prioritization of problems with a large
impact on the functioning of the whole system, which did
not require high investment costs. On the basis of
established priorities, proposals for solutions of selected
problems from the category with the highest priority were
elaborated.

Conclusions

The article presented a general methodology for mapping,
improving and optimizing dispatch processes. The general
improvement of the process starts by mapping the current
state of the process under investigation using process
diagrams. The next step is to identify deficiencies in the
process and their root causes using quality management
tools. The next step after selecting the most serious flaws
in the process and revealing their root causes is to design
and implement measures to eliminate these problems and
their causes.

In the second part of the paper, a case study was
elaborated on the application of this general methodology
for optimization of logistics processes of the rolling mill
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namely the dispatch process of the rolled products with
the use of road transport.

The case study demonstrates the suitability and utility of
using modeling tools and quality management tools to
optimize the logistics processes of the metallurgical
company. The final output of the case study was a matrix
containing a list of the most important process
deficiencies, including their prioritization in terms of
benefits and costs, and a brief outline of the recommended
solution to the problem.
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Odstavky ovlivnily vyrobu oceli v CR v roce 2017,
dovozy dosahly rekordu v CR i Evropé

V roce 2017 bylo v Cesku vyrobeno celkem 4,6 mil. tun surové oceli, coZ je 0 14 % méné, neZ v piedchozim roce.
Diavodem byly planované rekonstrukce a technické odstavky ve dvou nejvétSich hutich ArcelorMittal Ostrava
a T¥ineckych Zelezarnach. Dovozy do CR i EU byly loni rekordni. V budoucnu se ziejmé projevi i dopad
zavedeni cel na dovoz oceli do USA.

,»Je Skoda, Ze se v losiském roce tuzemskym producentizm nepodasilo plné vyuzit rostoucich cen ocelovych vyrobkii,
nicméne pro letoSek jsme optimisticti, p/edevsim diky ekonomickému ristu na nasich nejvyznamnéjsich trzich vcetné
Nemecka a Polska,” tik& Daniel Urban, feditel Ocelé¥skeé unie.

Z &isel uvadénych Ocelarskou unii jsou vidét rozevirajici se nizky mezi vyvozem a dovozem, ¢esky vyvoz poklesl o 8
% na 4,63 mil. tun, naopak dovoz vzrostl 0 9,4 % na 7,24 mil. tun. JeSté patrngjsi je narist dovozu ze zemi mimo EU,
kde meziro¢ni zména ¢inila 12 %. ,,Pozitivné naopak vnimame nérzist hodnoty ceského ocelarského exportu o 6 %, na
témer 100 mld. K¢é,* dodava Daniel Urban.

Globalni nadkapacita trva a stagnuje zahrani¢ni obchod EU

BohuZzel se stale nedaii feSit problém globalni piebyte¢né kapacity, jejiz objem Eurofer odhaduje na 600 mil. tun.
V roce 2017 se poprvé diky zavedeni antidumpingovych opatieni zastavil prudky narist dovozu do EU, a to na rekordni
hodnotu témer 40 mil. tun. Situaci na evropském trhu ale muze zhorSit presmérovani oceli z amerického trhu po
zavedeni ochranaiskych cel prezidentem Trumpem.

Pozici nejvétsiho svétového producenta oceli potvrdila Cina (831 mil. tun). Na druhém misté je EU (168 mil. tun),
nasledovana Japonskem (104 mil. tun) a USA (81 mil. tun). Cina spotiebovala v roce 2017 asi 725 mil. tun, zatimco EU
celkem 185 mil. tun.

,»Nejveétsi hrozbou pro férovy globalni trh s oceli je statni politika dotaci a dasiovych Ulev ¢i dokonce vystavby nové
kapacity od Ciny pres Iran aZ po Indii. Nova kapacita je ale to posledni, co dnes potiebujeme. Cesti vyrobci se musi
soustredit na vyrobky s vySSi pridanou hodnotou. Jinak nemohou dlouhodobé konkurovat zemim, jejichz vyrobci nemusi
platit naklady spojené s obnovitelnymi zdroji a emisnimi povolenkami,” dodava k vyvoji obchodni bilance Dmitrij
S¢uka, generalni reditel Vitkovice Steel.

- Z tiskové zpravy Ocelarské unie -
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Zpravy z Ocelarske unie a.s.

Meziroéni porovnani mési¢nich a postupnych hutnich vyrob roku 2017 a 2018

Vyroba *) Vyroba | Index [ Vyroba | Index [ Vyroba | Index
unor biezen | leden-biezen unor biezen leden-biezen
2017 2018 2018 2016 | 2017/16 | 2017 | 2017/18| 2017 |2017/18
(tis. t) (tis. t) (%) (tis. t) (%) (tis.t) | (%)
KOKS
CELKEM 260,07 | 292,08 848,26 269,08 96,65 | 30055 | 97,18 || 866,38 | 97,01
ztoho (HZ) CR 138,91 | 15445 452,75 143,57 96,75 | 160,39 | 96,30 || 462,63 | 97,86
(HZ) SR 121,16 | 137,63 395,51 125,50 96,54 | 140,16 | 9820 | 403,75 | 97,96
AGLOMERAT
CELKEM 768,17 | 863,94 2475,71 769,96 99,77 || 814,40 | 106,08 || 2398,74 | 103,21
ztoho CR 501,47 | 535,04 1567,71 467,96 | 107,16 | 497,80 | 107,48 || 144484 | 10850
SR 266,70 | 328,90 908,00 302,00 88,31 | 316,60 | 103,89 || 953,90 | 95,19
SUROVE ZELEZO
CELKEM 656,39 | 720,97 2088,10 655,87 | 100,08 | 671,61 | 107,35 | 203445 | 102,64
ztoho CR 330,59 | 35557 1049,24 326,28 | 101,32 | 347,19 | 102,41 || 102056 | 102,81
SR 32580 | 365,40 1038,86 329,59 98,85 | 32442 | 112,63 || 1013,89 | 102,46
SUROVA OCEL
CELKEM 806,60 | 875,68 2535,12 806,05 | 100,07 | 849,05 | 103,14 || 2521,24 | 100,55
ztoho CR 399,15 | 42058 1254,18 409,68 97,43 || 446,89 | 94,11 || 129362 | 96,95
SR 407,45 | 455,10 1280,94 396,37 | 102,80 | 402,15 | 113,17 | 1227,62 | 104,34
KONTISLITKY
CELKEM 782,10 | 851,80 2460,48 77350 | 101,11 | 810,31 | 105,12 || 2418,60 | 101,73
ztoho CR 37524 | 397,31 1181,34 377,73 99,34 || 40876 | 97,20 || 1192,78 | 99,04
SR 406,85 | 454,50 1279,14 395,77 | 102,80 | 401,55 | 113,19 | 122582 | 104,35
BLOKOVNY
CELKEM 47,93 52,91 146,14 51,89 92,36 56,18 | 94,19 | 167,69 | 87,15
ztoho CR 47,93 52,91 146,14 51,89 92,36 56,18 | 9419 | 167,69 | 87,15
SR 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 | 0,00
VALCOVANY MATERIAL
CELKEM 775,88 | 870,31 2471,00 788,57 98,39 | 824,67 | 10553 || 2400,97 |102,92
ztoho CR 430,87 | 474,89 1374,57 418,00 | 103,08 | 450,13 | 105,50 || 1311,84 | 104,78
SR 34501 | 39543 1096,43 370,57 93,10 || 37454 | 10558 || 1089,12 | 100,67
TRUBKY
CELKEM 59,87 62,02 186,79 52,14 | 114,82 62,67 | 98,95 | 166,77 |112,01
ztoho CR 38,87 39,55 123,13 31,86 | 122,00 4042 | 97,86 || 10518 [117,07
SR 21,00 22,47 63,66 2028 | 10354 22,26 | 100,94 61,59 | 103,36
TAZENA, LOUPANA, BROUSENA OCEL
CELKEM=(HZ)CR | 17,38 | 1999 | 5788 | 1873 9281 ] 2279 [ 8769 | 6397 [ 9047
STUDENA PASKA KLASICKA
CELKEM=HZ2)CR]| 116 | 1,26 | 380 | 138 ] 8409 148 ] 8539 | 417 | 9116

POZNAMKA:;

*) Za posledni mésic jsou Gdaje predb&zné.
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Meziro¢ni porovnani m

v

ésiénich a postupnych hutnich vyrob roku 2017 a 2018

Vyroba *) Vyroba | Index Vyroba | Index || Vyroba | Index
brezen duben leden- duben brezen duben leden- duben
2017 2018 2018 2016 2017/16 2017 | 2017/18| 2017 |2017/18
(tis. t) (tis. t) (%) (tis. t) (%) (tis. 1) (%)
KOKS
CELKEM 292,08 | 279,88 1128,14 300,55 97,18 282,54 99,06 | 1148,92| 98,19
ztoho (HZ) CR 154,45 | 14858 601,33 160,39 96,30 150,92 9845 61355| 98,01
(HZ) SR 137,63 | 131,30 526,81 140,16 98,20 | 131,62 99,76 | 535,36 | 98,40
AGLOMERAT
CELKEM 863,94 | 833,45 3309,15 814,40 | 106,08 794,49 | 104,90 | 319323 | 103,63
ztoho CR 535,04 | 514,45 2082,15 497,80 | 107,48 463,09 | 111,09| 1907,93 | 109,13
SR 328,90 | 319,00 1227,00 316,60 | 103,89 331,40 96,26 | 128530 | 95,46
SUROVE ZELEZO
CELKEM 720,97 | 689,79 2777,89 671,61 | 107,35| 656,39 | 105,09 | 2690,84 | 103,23
ztoho CR 355,57 | 341,83 1391,06 347,19 | 10241 309,42 | 110,47 | 1329,98 | 104,59
SR 365,40 | 347,97 1386,83 324,42 | 112,63| 346,97 | 100,29 | 1360,86 | 101,91
SUROVA OCEL
CELKEM 875,68 | 831,70 3366,81 849,05 | 103,14| 796,59 | 104,41 3317,84 | 101,48
ztoho CR 420,58 | 409,24 1663,41 446,89 9411 396,49 | 103,21 1690,12 | 98,42
SR 45510 | 422,46 1703,40 402,15 | 113,17| 400,10 | 10559 | 1627,72| 104,65
KONTISLITKY
CELKEM 851,80 | 802,16 3262,64 810,31 | 10512 766,15 | 104,70 | 3184,75| 102,45
ztoho CR 397,31 | 380,30 1561,64 408,76 97,20 366,65 | 103,72 1559,43 | 100,14
SR 45450 | 421,86 1701,00 401,55 | 113,19| 399,50 | 105,60 | 162532 | 104,66
BLOKOVNY
CELKEM 52,91 51,29 197,42 56,18 94,19 56,02 91,55 22371| 88,25
ztoho CR 52,91 51,29 197,42 56,18 94,19 56,02 91,55 22371| 88,25
SR 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00
VALCOVANY MATERIAL
CELKEM 870,31 | 791,86 3262,86 824,67 | 10553| 78581 | 100,77 | 3186,78 | 102,39
ztoho CR 474,89 | 401,34 1775,91 450,13 | 10550 | 412,48 97,30 | 1724,32 | 102,99
SR 39543 | 390,52 1486,96 37454 | 10558 373,33 | 104,60 | 146246 | 101,68
TRUBKY
CELKEM 62,02 62,11 248,91 62,67 98,95 60,19 | 103,19 226,96 | 109,67
ztoho CR 39,55 39,81 162,94 40,42 97,86 38,96 | 102,17 144,14 | 113,04
SR 22,47 22,31 85,97 22,26 | 100,94 21,23 | 105,08 82,82 | 103,80
TAZENA, LOUPANA, BROUSENA OCEL
CELKEM=(HZ)CR || 19,99| 20,21 | 7809 | 2279] 87,69] 1860 | 108,66 82,57 | 94,57
STUDENA PASKA KLASICKA
CELKEM = (HZ) CR]| 1,26 | 1,13 | 4,92 | 1,48| 8539 126 | 8964] 542| 9081

POZNAMKA:

*) Za posledni mésic jsou Udaje predb&zné.

Zpracoval: Ocelaiska unie a.s. Praha - Ondiej Stec
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Ze spolkoveho zivota a

odbornych akci

Konference ,,Teorie a praxe vyroby oceli*

Ve dnech 5. az 6. dubna 2018 se konala v Roznové pod Radho$tém tradi¢ni, jiz 34. ocelaiska konference
s mezinarodni G¢asti pod ndzvem ,, Teorie a praxe vyroby a zpracovani oceli“.

Konferenci zahgjil ivodnim slovem prof. Ing. Jifi Bazan, CSc., garant konference. Poté vystoupil prof. Ing. Ivo
Schindler, CSc., prodékan Fakulty metalurgie a materidlového inZenyrstvi VSB — Technické univerzity Ostrava,
ktery pozdravil Gcastniky konference jménem vedeni fakulty. Uvodni prednaska doc. Ing. Vaclava Kafky, CSc. byla
vénovana vzpomince na prof. Ing. Karla Stranského, DrSc. Jako zvany feénik vystoupil RNDr. Jaroslav Raab se
svou piednaskou "Bariéry ristu globalni vyroby a spotieby oceli”. Prvni den byl tradi¢né zakoncéen spolec¢enskym

RNDr. Jaroslav Raab pri prednesu svého Gvodniho prispéevku.

Pohled mezi Gcastniky konference.
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veéerem ve stylové kolibé Kordulka.

Konference se zG¢astnilo celkem 76 odbornika
z vyrobnich podniki, organizaci, vysokych
Skol a vyzkumnych Ustavti — 59 Ucastnika
z Ceské republiky, 13 ze Slovenska, 3 z Polska
a 1 z Rakouska, ktefi prednesli 23 prispévki.
Mezi hlavni témata odbornych referatd patrila
mimo jiné technologie primarni vyroby oceli,
plynulé odlévani oceli, sekundarni metalurgie
aodlévani ingotd. K dalSim tématam U(zce
navazujicim na primarni vyrobu a zpracovani
oceli byl pramysl 4.0, vnitini ¢istota a kvalita
oceli, fyzikadlni a numerické modelovani
procest, vyuZziti Zarovzdornych materidla
a optimalizace vyrobnich procesi. Mnohé
z piednaSek prezentovaly vysledky projekta
podporovanych z operaénich programi védy
a vyzkumu Ministerstva pramyslu a obchodu
CR a MSMT CR. Prezentaci doprovazela
bohata diskuze, ktera neformalné pokracovala
i v ramci spolecenského setkani.

Ke sponzoram konference, ktefi prispéli ke
zdarnému odbornému i spolec¢enskému prabéhu
setkdni  specialista, pattily tyto firmy:
ZDAS, as., Zdar nad Sazavou; RMS, as.
KoSice; OLYMPUS CZECH GROUP, s.r.0.,
¢len koncernu, Praha 6 - Vojkovice; HOBRA -
Skolnik s.r.0., Broumov.

- Organizacni vybor konference -
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Historie hutnictvi

Historie vyroby kovi a jeji obraz v bibli

10. ¢éast: Spolecenska tloha kovia
Ing. Ladislav Jilek, CSc.; Ing. Jan Poéta, CSc.

Ostrava, Ceska republika

S vyrobou kovi se zacalo jiz v prehistorické dobé, tedy
v obdobi, ze kterého neexistuji pisemné zpravy. Nemame
proto ptimé informace o postoji spolec¢nosti k vyrobé
kovu v této dobé. Dochovaly se nam v3ak myty a podle
nich mizZzeme usuzovat, Ze byl aZz nadmiru kladny, jindy
nekriticky z&porny. Snad v kazdé mytologii se vyskytuje
buih-kovai: ve starém Recku to byl Héfaistos, u Rimani
Vulkén, u Slovant Svarog, o nichZ se zpravidla uvadélo,
Zze naucili prvé kovare zpracovdvat kovy. Néco
podobného maji i vJaponsku. Podle Sintoistické
mytologie naucila prvého kovéie kovat samurajské mece
nejvyssi bohyné Amaterasu. Vyroba kovi se povaZovala
za jakousi boZskou zaleZitost.

Po tomto obdobi, kdy byla vyroba kovi nepravem
vynasSena do nebes, musel nutné ptijit opac¢ny postoj, kdy
byla zatracovana. Toto obdobi nastalo v dobé& antické
a mame ho uz celkem dobte doloZeno. Je zachovéna fada
dokladt o tom, Ze mnozi vzdélani lidé kovy oznacovali za
pricinu nejvetSiho zla — valky. Ovidius ve svém dile
Promény (Metamorfézy) [1] piSe o zlatém veku lidstva,
kdy na svété nebylo Zadné zlo a lidé ani nemuseli
pracovat. Po ném nastal stéibrny veék, kdy se uz lidé
museli starat o obZivu a bydleni, byli vSak prosti zlo¢inu.
Pak ptiSel bronzovy vék, o némz Ovidius piSe:
...bronzové pléme, krutejSi povahou svou a k straSnym
nachylné zbranim, prece vSak zlocinu prosté. A o dobé
Zelezné piSe: ...vek, jenZz znejhorSi rudy byl stvoren,
veSkeren hiich a stud a pravda i poctivost prchla, na
jejich misto pak nastoupil klam a podvod i Salba, nésili,
Uklady lest a zloc¢inna laska k majetku. A vSe dovrsil
vyndlez oceli: Ocel jiZ zlo¢inna vzesla a zloc¢innéjsi nez
ocel zlato, vzesla i vélka, je bojuje obojim kovem: Zije se
z loupeze ted'...Ovidius neptisuzoval kladné privlastky
apiidomky oceli ve svych dilech. Spojoval ji vidy
s negativnimi  pojmy. Svédéi o tom dale v jeho
Proménach, kap. Meleagros dryvek, kde se v jednom
misté dramaticky li¢i zapas lovce s kancem a po jeho
vitézném ukonceni dochazi mezi honci k hadce o zasluhy
kongici vrazdou: Bezboznou ocel ponoril Pléxippu v hrud’.

Ani jini autofi ve svych dilech nebrali ocel zpracovanou
ve zbraf, ale i nastroje, na milost. Ve stejném duchu se
vyjadiovala vétSina tehdejSich autord. Uved’me alespoi
nekteré:
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— Potom Zelezny me¢ se znendhla v popredi dostal,
piiSel v potupu srp, jenz ukut byl z poddajné médi.
(Titus Lucretius Carus: De rerum natura)

— Ocel pak pavodce ran. (Publius Vergilius Maro)

— Kbniha Jébova obsahuje metaforickou pasaz: Kdyz bylo
stvoreno Zelezo, zaSelestily smutné vSechny stromy
avolaly: ,,Béda nam, ted” vznikl nam kruty,
bezohledny nepritel, ktery nas viechny vyhubi.“ Je to
stiznost na exploataci prirodniho bohatstvi pii vyrobé
kovi,, jmenovité Zeleza. Kniha Jébova vSak dava
stromam — ptirodg, tedy i lidem v jejich dovednostech
v metalurgické technologii, nadgji prostiednictvim
proslovu Zeleza: Jsem vam nebezpecné, a prece se
mne nemusite lekati. Va$ osud je Uplné v rukou vasich;
dokud budete svorny a nespojite se se mnou, dokud se
mi nepropiijcite za topiirko, nic zIého se vdm nestane.

— Sv. Izidor ze Sevilly se ve své Etymologii snazil témto
namitkam ponékud otupit hrot: Zelezo (ferrum) ma
jméno podle toho, Ze se sjeho pomoci zasévaji do
zemée zrna (farra), tj. seminka plodin...Uzivani Zeleza
bylo objeveno aZ po jinych kovech. Postupem casu se
jeho uZiti zvrhlo; nebor to, co se zpocatku pouZivalo
k obdelavani zemé, proléva nyni krev.

Dluzno podotknout, Ze tato mirna obhajoba neni UGplné
presnd. Latinsky nazev Zeleza ferrum mél ve starsi lating
tvar ferzom a podle nazoru dneSnich jazykozpytct byl
pievzat ziejmé ze Stiedniho Vychodu. Napriklad
akkadsky se Zelezu fikalo parzillu. Nelze jednozna¢né
odmitnout ani diivejsi vyklad, podle kterého je nazev
odvozen od latinského slova ferire, coz znamena tlouci.
Velmi vyraznou ¢innosti  pti  vyrobé Zeleza bylo
vytloukani strusky, jak bylo uvedeno v ¢asti vénované
historickym technologiim vyroby Zeleza (3. a 6. dil
serialu). Germanské jazyky ztéto cinnosti schlagen
odvodily nazev pro strusku Schlack. Poukaz na dobré
sluzby Zeleznych néstroja v zemédélstvi je vSak treba
povazovat za relevantni. Georgius Agricola v 16. stol ve
své knize De re metallica libri XII [2], popisujici vyrobu
kovu, vénoval celou prvou kapitolu jejich obhajobg, coz
svédei o tom, Ze se jeSté vté dobé setkaval s odporem
vaci jejich existenci. Nékteri anticti autori se dokonce
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obraceli i dosti rozsahlymi spisy piimo na fimského cisare
s Z&dostmi, aby vyrobu kovi zakézal.

V historii vznaSené namitky Ize shrnout do nasledujicich
bodi:

1) Kovy se pouzivaji pro vyrobu zbrani.

2) Nici se lesy, ponévad? k vyrobé kovu je tieba dievéné
uhli.

Kout vznikajici pfi vyrobé a zpracovani kovi Skodi
zdravi. Ekologické namitky plati po celou dobu
femesIné a primyslové vyroby. Lidé byli vZdy citlivi
na své Zivotni prostiedi. Svéd¢i o tom napi. pocatky
provozovani koksovny Karolina v Moravské Ostrave:
Mestska rada na zakladé vyjadieni l1ékart vypocitala,
Ze exhalacemi nové koksovny by bylo ohrozeno
zdravi 4000 obyvatel mésta. Po vyhodnoceni
zkuSebniho provozu starosta mésta Kremer napsal
toto memorandum [3]: Ty zkuSebni pece kousi tak, Ze
lidé jdouci po Risské ulici museji si nosy ucpat, aby
se sirovymi vypary neudusili. Zkouska nas poucila, Ze
takto fungujici pece maji na okoli zdravi Skodlivy vliv,
jehoZ nasledky se teprve po letech — Zel pozde —
objevi a jejich pisobenim se i Umrtnost zvetsi. Mely-li
by byt naSe namitky proti stavbe dalSich peci
neuznédny, pak budeme opravneni toto zarizeni
odmitnouti, nebot lidsky zivot, jakoz i majetky jsou
ohroZzeny, a proto neni radno takovd zasizeni
rozmnoZovat.

3)

4) Pti prani rudy se kali vody potokt a fek. Zde by se
dala najit rada podobnych namitek jako v piipadé
znecisténi  ovzduSi. Kromé mnohdy neSetrnych
Upravenskych technologii dochézelo navic pri
exploataci vychozich rudnych loZisek, nachazejicich
se v nanosech v blizkosti vodnich tokd nebo ptimo
vjeho biezich, aZz kbezohlednému drancovéni
takovych mist s naslednou erozi. Doklady o tom Ize
nalézt i v naturalistickych ilustracich v [2]. Obr. 1
ukazuje vyiez zilustrace k Agricolové popisu
jednoho ztehdy zndmych osmi zpasobd UGpravy
cinové rudy. Ruda se zde téZi ptimo v biehu potoka.
K Gpravé rudy se kolem vodniho toku vytvéiela
ramena anebo se k Upravé vyuZzival ptimo vodni tok,
na némz se budovaly hraze pro separaci zeminy vétvi
a korent, které se pii kopani biehti do vody dostavaly
spolu s rudninou. Vodni toky se tak podstatné menily,
a to ¢asto v neprospéch piirody.

5) Bez kovi se Ize obejit. S tim sice Ize do jisté miry
souhlasit, ale naskyta se pak filozofickd otazka, do

jaké miry lIze vyvoj zastavit — nelze.

VSechny tyto ndmitky jsou vice nebo méné opravnéné,
véetné posledni. V té dob¢ se jeSte urcitd cast lidstva
obesla bez kovia. Anti¢ti panovnici ovSem na vyzvy proti
vyrobé Zeleza nereagovali. Ani nemohli, vSichni totiZ od
nich ocekavali dveé véci: bude zajistén dostatek zboZi,
piedevSim potravin, a budou vitézit ve valkach. Oboji
nebylo moZné bez uZiti kovu.
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Obr.1 Vyrez z ilustrace v [2] znazortiujici téZbu cinové rudy

Pokud jde o lesy, pak je treba fici, Ze na jejich niceni se
v okoli Stiedozemniho mote nejvice podilelo nevhodné
zemédglstvi. Na skalnatych ubocich se pasly kozy, které
svymi kopytky naruSovaly pidu a ta se pak rychle
splavovala. Ve svété je znamo vice staroveékych civilizaci,
které svym vlastnim nevhodnym zpuasobem obdélavani
pudy zni¢ily samy sebe, napi. splavovanim (rodné
povrchové sprade z kaskadovitych poli¢ek na prudkych
svazich do dolnich tek a do mote. Déle byly lesy ni¢eny
na palivo, na stavby budov a lodi. Teprve pak néasleduje
spotieba pro vyrobu kovid. Stromy v jiznich oblastech
rostou pomaleji a jsou mensi. Tento problém lidé tesili
tak, Ze postupné presunovali vyrobu Zeleza vice na sever,
kde je vice lest. V bibli to Ize doloZit verSem: D& se
prerazit Zelezo, zelezo ze severu, ¢i bronz? (Jer. 15,20).
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Problém snemirnou t&Zbou dieva pretrvidval aZ do
novoveéku. Z historicky nedavné doby si Ize ptipomenout
patent cisafovny Marie Terezie z r. 1754, ktery zakazuje
zakladani sklarskych a jinych podniki s velkou spotiebou
dieva. Z dtivodu ochrany lesti dokonce statni regulacni
akty zr. 1763 namiiené vuci ¢eskym sklarndm vybizely
k pouZivani uhli pro vytapéni sklarskych peci. Cesti sklafi
v8ak z technologickych duavodi k pouzivani uhli nikdy
nepristoupili a dievo pouZzivali déle.

V 5. stol. pi. Kr. se hlavnim dodavatelem Zeleza stali
Skythové, kteti sidlili vjizni c¢asti dneSni Ukrajiny
a Moldavé. Dulezitym stiediskem vyroby Zeleza byla
Keré (v jazyce Skythi ker¢ = kovas). Na tzemi Rimské
fiSe bylo odkryto hlavni stfedisko vyroby Zeleza v Linci
v Rakousku. Zda se viak, ze Rimané vétinu Zeleza
dovazeli ze stredni Evropy, kterou tehdy obyvali Keltove.
Napriklad v oblasti Podbrezové na Slovensku podle
dnesnich odhadi sidlilo asi 30 000 obyvatel, cozZ je na
podminky starovéku velmi vysoké &islo. Rimsti letopisci
nam zachovali i jméno tohoto kmene: Kotinové. Hlavnim
predmétem jejich obZivy byla vyroba kovi. Podminky
ktomu byly velmi piihodné: na jihu lezi Slovenské
Rudohorie se zasobami rud, na severu Nizké Tatry
s nevycerpatelnymi zasobami dieva, Gdolim protéka ieka
Hron, ktera byla vhodnou dopravni spojnici na jih a svou
vodu poskytovala Upravenskym technologiim a energe-
tice. JeSté snad vétSi oblast vyroby Zeleza byla v okoli
dnesniho mésta Nowa Slupia na vychodé Polska.

V Cing metalurgové problém surovinovych a energe-
tickych zdroja feSili tak, Ze pro vyrobu Zeleza pouzivali
cerné uhli. Zpravu o tom jiz ve 13. stoleti podal Marco
Polo (1254 — 1324). Nikdo vSak tuto informaci nevzal
vazngé, aby ji wyuZil vevropskych technologiich.
O ndhradu dreva cernym uhlim  kvyrob& Zeleza
v provoznich podminkach se poprvé pokouseli anglicti
hutnici az vr. 1582. V habsburské monarchii to bylo
vr. 1625 [4].

Je ziejmé, Ze navzdory vSem protestim vyroba Zeleza
stile vzrustala, i kdyZ spolehlivé Udaje o vyrobeném
mnozstvi samoziejmé nejsou k dispozici. Prvy odhad,
ktery Ize nalézt, se vztahuje az ke konci 15. stol. po Kr.
Podle ného se v té dobé v Evropé vyrabélo 60 tis. t. Zeleza
ro¢né. Takovéto mnozstvi Zeleza vyrobi dnes jedina bézna
hut' za tyden. Vyroba Zeleza v antickém svété byla jisté
o rad nizsi.

Odrazi se obdobi zbozstovani a nasledné obdobi
zatracovani kovi na strankéch bible? Na prvni pohled to
vypada, Ze nikoliv. Pfi pozorngjsim ¢&teni se ukazuje, Ze
i ktomu se bible vyjadiuje. Jiz na jejim zacatku ¢teme:
Také Sila porodila, a to Tubal-Kaina, mistra vSech
7emesiniki obrébejicich med” a zelezo (Gn 4,22). Kazdy
verS bible mize mit vice vykladd. Jednim z moZznych
vykladi tohoto verse je, Ze vyroba kovii je ¢isté lidskeé dilo.

Jestlize dnedni biblisté tikaji, Ze svatopisci pii psani
Genese pouZivali motivy ze sumerské a babylonské
mythologie (misto mnoha boha v3ak zésadné mluvili
0 jednom Bohu) a pfitom namisto toho, aby dilo stvoieni
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oznacovali za Spatné, nazyvaji ho dobrym. Vers
o narozeni Kaina jasné ukazuje, ze zadny bih nenaugil
prvého kovéie zpracovavat kovy, ale Ze na to lidé piisli
sami. Urc¢itou spolecenskou rehabilitaci kovd lze snad
nalézt ve verSi: VSechno stfibro a zlato i bronzové
azelezné predmety  budou zasveceny  Hospodinu
(Joz 6,19). | zde je vSak kov chépan jako dilo lidské,
pouze pro svou vzacnost je uréen k ozdobé domu Boziho.

Pti zatracovani kovi v naslednych obdobich, neni mozné
si nepovSimnout paralely mezi Ovidiovymi Promé&nami
a biblickymi versi: Hlava té sochy byla z ryziho zlata, jeji
hrud’ a paze ze stribra, bricho a boky z medi, stehna ze
Zeleza.... Ty jsi ta zlatd hlava. Po tobé povstane dalsi
kralovstvi, nizSi nez tvé a pak dalsi, treti kralovstvi,
médené...ctvrté kralovstvi bude tvrdé jak Zelezo (Dan.
2. kap.). Tim vSak podobnost kon¢i, protoZe svatopisec
nevidi pii¢inu Upadku v Zeleze nebo kovérich. Jak kovy,
tak hutnici ¢i kovéafi totiz nejsou v bibli vSeobecng
povazovani za néco Spatného. | zde se sice mnohokréat
mluvi o probodnuti nékoho kopim ¢i mecem, zlo je v8ak
vzdy vsrdci cloveka, ktery tuto zbran drZi v ruce.
Népravu tohoto stavu nevidi ve vydani néjakého vynosu,
zakona ¢i natizeni omezujiciho vyrobu kovd, ale pouze ve
zmeéné lidského srdce, jak o tom svédéi znamé verSe:
Vystupme na horu Hospodinovu, bude nas ucit svym
cestam a my po jeho stezkdch budeme chodit...l prekuji
své mece na radlice, sva kopi na vinasské noze (1z 2,3n).

Kovy byly inspiraci nejen pro drav¢i zvyky lidstva,
k ovladani jedné skupiny populace druhou skupinou nebo
obchodnim ¢i sménnym artiklem, ale slouzily také
k uSlechtilym projevam lidskych duSevnich vyplodi.
Hudba a zpév byly soucasti nadstavby zakladnich
lidskych ¢innosti. K jejich produkci slouzily hudebni
nastroje, které se v neéetnych piipadech zhotovovaly
z kovi. Hudba, stejné jako zpév, mély také zpocatku
ritudIni vyznam. Pozdgji se hudebni néastroje staly
prostiedkem pro kulturni rozvoj spole¢nosti. Jestlize
Mojzi§ dostal piikaz: Zhotov si dvé stiibrné trubky.
Ud¢las je ztepaného stiibra (Nu 10,2), pak to byla
vyjimka. Archeologové nasli jedinou stiibrnou trubku
o délce skoro 1 m v jedné egyptské pyramide. Jinak se
bézné troubilo na berani ¢i volské rohy nanejvys mély
tyto néastroje bronzovy natrubek. Pistaly se délaly
z rdkosu nebo ze dreva, strunné nastroje mély struny ze
zvitecich stiev. Tazeni dratu z médi, stifbra, ptip. jinych
kova sice tehdy bylo jiz zndmé, na struny v3ak jsou treba
ocelové dratky. Snad nejzndméjSimi  starovekymi
strunnymi nastroji jsou lyry. Jejich razna vyobrazeni jsou
dostateéné znama z recké keramiky. K jejich vyrobé se
pouzivaly prirodni materialy, piedevSim tvrdé a pevné
soucasti zvitecich tél (krunyie, rohy) a stieva, pozdéji
i taZzeny drat z mékkych kovia. Tény se vyluzovaly
brnkédnim nebo UGdery na struny. Jsou zndmy smyccové
i brnkaci hudebni néstroje jinych kultur. Obr. 2 ktomu
doklada strunovy — brnkaci nastroj gusle a gudky [5].
Kovoveé hudebni nastroje, pouZivané v biblickych dobéach,
vyjmenovava sv. Pavel: Lasku kdybych nemel, jsem jenom
dunici kov a zvucici zvon (1K 13,1).



Hutnické listy ¢. 2/2018, ro¢. LXXI
ISSN 0018-8069

Informa¢ni ¢lanky
Informative Articles

Obr. 2 Slovanskeé strunové hudebni nastroje; Novgorod, 11. a 12. stol.
[5]; 1, 2 - gusle, 3 - gudky

V biblickych dobach se pozivaly pouze malé zvonky,
dnes bychom tekli rolni¢ky. Mél je napiiklad veleknéz na
okraji roucha, coZ tenkrat zduraziiovalo jeho vzneSenost,
ponévadz kazdy kov byl vzacny. Velké zvony se objevily
az ve stredovéku. ,,Zvugicim kovem* je nejspis minén
piedchadce gongu.

Ve vykopavkach se vzacné naléza jeSté jeden kovovy
néstroj, ktery ma ocelové desticky razné délky, podobné
jako zvonkohra. Ziejmé vSak mél ozvuénou desku,
podobné jako cimbal. Patrné tento nastroj mél na mysli
Zalmista, kdyz napsal: Chvalte ho zvucnymi cimbaly,
chvalte ho cimbaly dunivymi (Z 150,5). Zvuk kovovych
hudebnich nastroju je vyraznéjsi, nez néstrojt vyrobenych
z jinych materiali, coZ zde svatopisec asi chtél zachytit
piivlastkem ,,zvuény* ¢i ,,dunivy“. U jinych nastroja,
kterych je v Zalmech jmenovano nékolik, se podobné
piivlastky neuZivaji.

Lidstvo si osvojilo i praktickou strdnku kovi. Vyroba
kovi vedla k rozsiteni obchodu, a to dvéma zpusoby.
Zaprvé se kovové predméty zahy staly Zadanym
obchodnim artiklem. V jednom muzeu v Syrii je
napriklad uchovdvadna desticka, na které klinovym
pismem kral Samsi-Adad objednava 10 000 bronzovych
jehel. To dokazuje, Ze se vyrobky z kovu prevazely i na
vzdalenosti vétSi nez 100 km. Jako jednotka se tehdy
bézné pouzival Sekel, ktery ovsem v riznych dobach a na
raznych mistech nebyl jednotny; mél 7-11g.
V pocétcich vyroby kovt, kdy se prechdzelo od meédi
abronzu na Zelezo, bylo toto Zelezo dosti drahé. Ceny
tehdy zndmych kova byly tyto: Za éry vladare
Chammurapiho (1810 — 1750 pi. Kr.) ve starobabylonské
¥iSi mél 1 Sekel zlata hodnotu 6 Sekeld stiibra (1 Sekel
vtomto obdobi odpovidal 8,418g). Za éry
novobabylonské fiSe (doklady z roku 639 — 625 pi. Kr.)
cena zlata vzrostla a méla hodnotu 10 — 13 Sekeld sttibra;
pritom 1 Sekel sttibra mél hodnotu 120 — 140 Sekelt médi.
Zatimco v pribéhu 2. tis. pt. Kr. mél 1 Sekel Zeleza
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hodnotu 8 Sekeli stiibra, v 6. stoleti pi. Kr. jiz cena Zeleza
vyrazné klesla a pomér cen obou kova se obrétil na vztah
1 Sekelu stiibra za 125 Sekelu Zeleza. Preneseni vyroby
Zeleza do oblasti bohatych na lesy v pozdéjsi dobé vedlo
nakonec k dalSimu snizeni jeho ceny. V dobé¢ Kristové uz
bylo Zelezo levnéjsi nez bronz.

Druhym podnétem pro rozvoj obchodu bylo, Ze se kovy
staly velmi vhodnym platidlem. Nejcastéji se pouZivalo
stiibro. Zprvu se v8ak odmeétovalo vazenim. llustruje to
i verS: Abraham...odvazil Efronovi stribro (Gn 23,16).
Pozdgji se z kusu stiibra vykoval pasek, ktery se rozdélil
na ¢&tverecky ¢i obdélnicky, které mély hmotnost 1 Sekel.
Prvni kovova platidla méla tedy tvar étverecku a neméla
vyrazeny reliéf. Kdyz Josefa prodavali jeho bratti
otrokdiftim za 20 Sekelt (Gn 37,28), pak budto tento
obnos odvazovali nebo mohlo jit o penize ve tvaru
¢tverecka. Prvé mince se totiz zacaly razit az v 7. stol. pr.
Kr. Podle Hérodota (484 — 425 pi. Kr.) se tak stalo
v Lydii, situované v zapadni poloviné poloostrova
Anatolie — Malé Asie. Tyto mince uz mély kruhovy tvar,
obcas byly i ovalné, reliéf viak byl vyrazen jen na jedné
plose. Od 5. stol. pt. Kr. se razily mince s reliéfem na
obou strandch. Krazeni se nejdiive pouzivaly matrice
vyrobené zzuly, takze vyrazeny reliéf nebyl pfilis
kvalitni. Teprve pozdégji se zacaly pouzZivat kovové
raznice.

Mince vSak dlouho nemély tvarovany obvod.
S vroubkovanim okrajti se zacalo az v 17. stol po Kr. Prvé
mince razili zlatnici a objevovalo se na nich zobrazeni
zvifat, rostlin a boht. Podle nekterych badateli vSak
pavodné neslo o mince, ale o amulety ¢i obétni dary, které
se postupné zacaly uplatiovat jako platidlo. Tento nazor
asi odpovida skute¢nosti. Podobn¢ totiZz vznikly mince
i ve staré Cing. Tam se jako platidlo nejdiive uplatiiovaly
sekery. Jelikoz jejich hodnota byla velkd, zacali kovafi
vyrabét i malé sekery, které slouzily pouze k placeni.
Kupujici ¢i prodavajici si je navlékli na provazek, a tak je
piendeli. Pak se v Cing zacaly vyrabét stiibrné plisky,
které podle své velikosti, resp. hmotnosti piedstavovaly
hodnotu jedné velké nebo malé sekery. Tyto plisky mély
uprostied otvor, aby je bylo moZzné opét navléknout na
provazek.

Pozdéji postupné piebrali razeni minci panovnici a pak na
nich prevazily portréty a znaky panovnika. Kdyz Jezis
diskutoval s farizeji o placeni dani, uz byl na penézich
portrét cisafe: ,,Ukazte mi peniz dané!* Podali mu
denar. On jim 7ekl: ,,Ci je tento obraz a napis?*
Odpovedeli: ,,Cisariv* (Mat 22,19-21).

Panovnici se snazili pfivlastnit si prdvo na razeni
minci. Dlouho vSak vedle panovnika razili penize i jiné
osoby ¢i instituce. Napt. v JeziSové dobé se v lzraeli
kromé ftimskych minci pouZivaly i chrdmové penize.
Vime, Ze i v nové dobé u nas razil po vzoru nékterych
¢eskych velmoZzi v 16. stoleti svou vlastni ménu Albrecht
z Valdstejna [6, 7]. Dopomohla mu k tomu téZba sttibra,
zlata, médi, olova, cinu, Zeleza (ktomu i ledku
arumélky), a to piedevSim ve Vrchlabském reviru.
Vytézek drahych kova nebyl wvelky, ale spolu
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s ValdStejnovou  osobni  ctiZddosti po  maximalni
reprezentaci jeho frydlantského dominia a odhledu od
Spatné ekonomiky tézby mu dovolil razit vlastni mince
(obr. 3). Mincovni dvar ValdStejn zalozil r. 1628 v Jiging,

ale mincovani rozsitil i do slezské Zahané. Posledni
osobou v naSi zemi, kterd s panovnikovym souhlasem
nechavala razit mince, byl olomoucky arcibiskup Rudolf
Jan Habsburg, ktery razil dukaty kolem r. 1830.

Obr. 3 Desetidukat Albrechta z VValdstejna z r. 1933; avers s ValdStejnovym portrétem a revers s ValdStejnovym velkym znakem [6]
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MiloS Mat¢j, Irena Korbelaiova, Ludvik Tejzr

Kulturni dédictvi Vitkovickych zelezaren

(Recenze prof. RNDr. lvo Kraus, DrSc., FEng.)

Cilem publikace je predstavit a ve vzajemnych souvis-
lostech vysvétlit vyvoj Vitkovickych Zelezaren. Témito
slovy v Uvodu dila charakterizuje sviij zamér tiiclenny
kolektiv renomovanych autorti: PhDr. Ing. arch. Milo$
Matéj, Ph.D. et Ph.D., docent na Katedie dé&jin umeéni a
kulturniho dédictvi Filozofické fakulty Ostravské univer-
zity a vedouci Metodického centra pramyslového dédictvi
NPU v Ostravé; prof. PhDr. Irena Korbelarova, Dr.,
jejimz oborem na Filozoficko-piirodovédecké fakulte
Slezské univerzity v Opavé jsou déjiny raného novovéku
a pomocné védy historické; Ing. Ludvik Tejzr, ktery cely
svij pracovni Zivot vénoval vysokopecnimu zavodu ve
Vitkovickych Zelezarnach, dlouhodobé se vénuje historii

31

Vitkovickych Zelezaren a je autorem fady praci z dé&jin
hutnictvi a Zelezatskych technologii.

Bohat¢ ilustrovany text ma (kromé& Uvodu a obsahlého
seznamu literatury) 5 ¢asti: Historické souvislosti (77 str.,
70 ilustraci — ¢ernobilych i barevnych fotografii, schémat,
mapek), Technologicky a typologicky vyvoj hutnictvi
Zeleza (43 str., 40 ilustraci), Katalog podnikateliz, spolec-
nosti a vyznamnych osobnosti (10 str., 10 ilustraci),
Katalog kulturnich paméatek a paméatkové ochrany
(65 str., 110 ilustraci), Registry koksoven, vysokych peci,
ocelérskych a pudlovacich peci a valcovacich trati
(17 str.) vyhotovené v tabulkové formé.

Kapitolu Historické souvislosti tvoii tfi ¢asti: Historicky
vyvoj Vitkovickych Zelezaren, Obecné historické a kul-
turné-spolecenské aspekty historie Vitkovic a Pamatkova
ochrana a hledani nového vyuZiti.

V prvnim odstavci Historického vyvoje jsou uvedeny
okolnosti (nalezisté Zelezné rudy — bohuZel nevalné
jakosti, dostatek dieva, vodnaté feky zarucujici celoro¢ni
provoz vodnich kol), diky nimZz m& vyroba Zeleza na
Ostravsku své pocatky uZ v poloving 18. stoleti. Duvo-
dem, pro¢ hutni provoz vznikl pozdégji (1828) v malé
zemédélské obci Vitkovice, byla jeji poloha spliujici
zakladni pozadavky budovani hutniho podniku: blizkost
ostravského kamenného uhli, dostupnost frydlantskych
Zelezaren a vodni sila feky Ostravice. Letopodet zaloZeni
huti souvisel s predpokladanou realizaci projektu zelez-
nice z Vidné pies nalezisté ostravského uhli k solnym
dolam v Hali¢i, pro niz mél novy podnik vyrabét kolej-
nice. | kdyZ jejich vyroba zacala teprve na podzim roku
1837, o prvenstvi v tomto druhu vyroby Vitkovické Zele-
zarny v rakouské monarchii nepfisly. Pozdéji (od roku
1840) se kromé kolejnic zde vyrabéla také Zelezni¢ni kola
a hridele.

DalSi etapa rozvoje zelezaren nastala po roce 1843, kdy je
od olomouckého arcibiskupstvi, které bylo jejich zakla-
datelem, ziskal Salomon Mayer Rothschild. Nejenze byly
hloubeny nové uhelné doly, ale diky Zeleznici, jejiz stavba
dospéla do Ostravy v roce 1847, podstatné vzrostly
odbytové moznosti. Ve druhé poloving 19. stoleti se
v historii Vitkovickych Zelezaren objevuji stejné jevy jako
u jinych tehdejSich hutnich a strojirenskych podnikd,
napi. Skoda Werke v Plzni: splyvani bankovniho
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a hospodaiského kapitélu, pokles vyroby v dusledku
krachu na videnské burze, nezbytnd modernizace vyroby,
akcionizace podniki, orientace na zbrojni vyrobu.

Stru¢né jsou charakterizovany také priciny a duasledky
stagnace po prvni svétové valce (1921 — 1922), nasledna
konjunktura, krize na pocatku tricatych let a s ni souvise-
jici zmény vlastnickych poméra. Lapidarné (podle mého
nazoru az prilis) jsou popsany udalosti let 1939 — 1945,
podiizenost koncernu Reichswerke Hermann Goring i
konec vélky, kdy ustupujicim némeckym vojskem ani
béhem osvobozovaci operace Rudé armady vitkovické
provozy, na rozdil od devastujiciho naletu na plzefiskou
Skodovku koncem dubna 1945, nebyly zniceny. Svou
neblahou véle¢nou dan si vSak Vitkovické Zelezarny
vybraly v podobé valeénych reparaci, spogcivajicich
v odvozu fady strojnich zaiizeni osvobozeneckou arma-
dou. Povéle¢nou historii Vitkovickych Zelezéren rozéle-
nili autofi do nékolika obdobi: 1945 — 1948 (znarodnéni a
reorganizace podnikt), 1948 — 1989 (prestavba vysoko-
pecniho zavodu a stavba velkokapacitnich vysokych peci,
atomovy program — Siroky soubor vyzkumnych, vyvojo-
vych ainovacnich programii vzdjemné provéazanych
s vyrobou, zkuSebnictvim, fizenim jakosti, kompletaci
dodavek aj. pro bloky jadernych elektraren 440 a
1000 MW, modernizace valcoven, rozvoj dodavek inves-
ticnich celki), 1989 — dosud (zfizeni akciové spole¢nosti
Vitkovice, jeji privatizace, ukon&eni vyroby vysokych
peci, modernizace a zmény v ocelarndch a valcovnach
v novych hospodéarskych pomérech).

Druhd cast I. kapitoly pojednava o obecné historickych
a kulturne-spolecenskych aspektech historie Vitkovic,
které se zaloZenim Zelezaren proménily z vesnice ve vy-
znamné narodnostné smiSené ocelarské centrum. Ve treti
¢ésti vénované pamétkové ochrane a hledani nového vyu-
Ziti autofi prezentuji vyvoj ndzord na ochranu Vitkovic-
kych Zelezaren jako kulturniho dédictvi. Podrobné se
zabyvaji aktivitami sméfujicimi  k ochrané vybraného
technického zaiizeni v muzejnich shirkach, moZznostmi
nového vyuZiti pramyslovych objektd, informuji o syste-
matickych prizkumech provadénych Néarodnim pamatko-
vym Ustavem, o pamatkové ochrané vybranych objektd a
technického zatizeni, o piipravé seznamu pro zapsani
statka Ceské republiky do seznamu svétového kulturniho
dédictvi, ktery by zahrnoval nejvyznamngjsi reprezen-
tanty klicovych pramyslovych obori ostravsko-karvinské
aglomerace aj.

Kapitolu Technologicky a typologicky vyvoj hutnictvi
Zeleza oceni predevSim zajemci o vyvoj vyrobnich
postupit pouzivanych ve Vitkovickych Zelezarnach. Na
¢tytech desitkach stranek se stejnym podétem ilustraci je
popsana tézba a Uprava rud, vyroba koksu a koksovani,
vyroba a zkujiiovani surového Zeleza, ocelarstvi a tvareni.

Za velmi efektivni zptisob podrobného vykladu nejriznéj-
Sich pojmi povazuji jejich abecedni sefazeni do Kata-
logi; toto teSeni je mnohem piehlednéjsi neZ napt.
poznamky pod ¢arou.
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Katalog podnikateliz a spolecnosti obsahuje biograficka
hesla osobnosti (bankéta, hutnich odbornika a podnika-
teld), ktefi méli rozhodujici podil na rozvoji ostravské
aglomerace, i utvareni charakteristiky vitkovickych pod-
nikt poc¢inaje Rudolfovou huti (1828) az do sougasnosti.
Neméné zajimava jsou bohaté ilustrovana hesla Katalogu
kulturnich paméatek a paméatkové ochrany. Mnohy ¢&tenéi
bude piekvapen, Ze Vitkovické Zelezarny budovaly uZ
koncem 19. stoleti pro své zaméstnance p¥imo v podniku
nebo v jeho blizkosti zavodni jidelny, kantyny a trznice,
kde bylo mozné za nizsi ceny zakoupit vedle potravin i
domaci potieby. Navstévnici Vitkovic méli od roku 1887
k dispozici zavodni hotel se sdlem pro kulturni akce a se
stavebné propojenou télocvicénou. V textu Katalogu ne-
chybi ani prehled vitkovickych Skolnich zafizeni. Roku
1857 byly pro déti do tii let z délnickych rodin zalozeny
jesle, pozdéji (1894) ceskd obecnd Skola s opatrovnou
(matei'skou Skolou), ceska divéi pokracovaci a hospodyi-
ska Skola (1900), némecké obecné a méstanské Skoly
divei i chlapecké (konec 19. a zacétek 20. stoleti), domov
pro ubytovani zavodnich ué¢nn (1913) aj. Vitkovice mély i
svou plovarnu (1898), zavodni lazné (1874), meéstské
lazné (1921), sportovni stadion (1938), méstsky chudobi-
nec (1915), zdvodni nemocnici (1890) a socialni zafizeni
poskytujici péci sirotkim (chlapctim a divkam od 6 do 14
let) po zaméstnancich Zelezaren (1898).

Zavéreené stranky publikace obsahuji Registry koksoven,
vysokych peci, ocelaiskych a pudlovacich peci a valcova-
cich trati, vypracované v piehledné tabulkové, casoveé
¢lenéné formé.

Monografie vznikla v ramci vyzkumného cile Prizkum,
dokumentace a hodnoceni industrialniho dédictvi finan-
covaného z institucionalni podpory Ministerstva kultury
CR a vydal ji Narodni pamatkovy Ustav, Gzemni odborné
pracovisté v Ostravé v roce 2014. Neni to sice ,,éteni na
dobrou noc*, na druhé strané ani odborny text, ktery by
nezasvécené c&tenafe odrazoval mnozstvim technickych
pojmu, kterym bez vykladového slovniku nelze porozu-
mét.

A zcela na zavér: Stejné jako Kulturni dedictvi Vitkovic-
kych Zelezaren jsou peclive a dukladné zpracované i dalSi
knizni publikace, které o historii ostravsko-karvinské
pramyslové aglomerace pripravil Narodni pamatkovy
Ustav v Ostravé, napi. Kulturni paméatky Severni drahy
cisa/e Ferdinanda (2012) nebo Kulturni pamétky
ostravsko-karvinského reviru (2009). Podobnou péci
historika jako Vitkovické Zelezarny by si zaslouzily i jiné
slavné znacky hutniho a strojirenského pramyslu nasi mi-
nulosti, jako je Skodovka v Plzni, prazska Ceskomorav-
ské&-Kolben-Danék nebo Poldina hut na Kladné. Od
zdroje — zadavatele této recenze, redakce Hutnickych
listd, jsou jiz znamy informace o vyhledové piipravé
nékterych takovych publikaci.
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