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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.
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V pFispévku je prezentovan model operativniho rozvrhovani vyroby na zarizeni plynulého odlévani oceli. Model je
kompatibilni s konceptem INDUSTRY 4.0, kdy vyuziva znalostniho rizeni pro stanoveni planu taveb. Model je zaloZen
na principu opotrebeni krystalizdtoru vyuZivajicim analytickou diagnostiku. VyuZiti modelu spocivd v podpoie
planovani taveb v sekvencich, resp. kampanich. Navrhované reSeni umozZiuje po zaddni zbytkové Zivotnosti
krystalizatoru ve formé zbytkové zmeny konicity generovat kombinace kumulativnich pocti taveb v jednotlivych
shlucich. Tyto tavby je poté mozné odlévat do zadaného mezniho stavu krystalizatoru uzivatelem bez viivu na kvalitu
produkce z hlediska opotiebeni krystalizatoru. Systém nabizi uzivateli moZné a efektivni varianty rozvrzeni vyroby
v dalsim obdobi, tzn. mozny pocet taveb v jednotlivych shlucich znacek oceli. Ndsledné uzivatel zvoli vhodnou variantu
z generovanych reseni. Vrdmci 7eseni je pouZit planovaci expertni systém. Vychodiskem ke zvysSovani efektivnosti
sloZitych rozhodovacich procesii je prechod k rozhodovani, které je zaloZeno na exaktnich, védeckych zakladech. Zvysit
exaktnost znamend pouZivat modelovdni a moderni metody Feseni problénni. Modelovani je zakladnim metodologickym
vychodiskem FeSeni sloZitych problémii, aplikace modernich metod pri realizaci jednotlivych fazi modelu je pak
zdkladni podminkou jeho uspésné realizace. Primysl a celd ekonomika prochdzi zasadnimi zménami zpisobenymi
zavddénim informacnich technologii, kyberneticko-fyzickych systémui a systémui umélé inteligence do vyroby, sluzeb
a vSech odvétvi hospodarstvi. Dopad téchto zmén je tak zdsadni, Ze se o nich mluvi jako o 4. prumyslové revoluci
(Industry 4.0). V jadru této revoluce stoji spojeni virtudlniho kybernetického svéta se svétem fyzické reality. To sebou
prindsi vyznamné interakce téchto systémi s celou spolecnosti, tedy se svétem socialnim. Z pohledu moderni teorie
systémui se v souvislosti se 4. primyslovou revoluci hovori o revoluci kyberneticko-fyzicko-socialni, kterd zpiisobuje
vzdjemné propojeni téchto systémi. Nejde jen o zdleZitost technologii a technickych prostredkii. Vyraznou zménou je
PFistup k soucasnému pojeti priumyslové automatizace. Oc¢ekdvané prinosy vychazeji z novych moznosti tvorby pridané
hodnoty umozZnéné zejména vyuzitim dat z propojenych systémii a zvysené schopnosti automatizovanych rozhodovacich
mechanizmi v priimyslové praxi. Z pohledu firem Ize ocekdvat ndriist produktivity a vyrobni efektivity, ale také snizeni
energetické a surovinové ndrocnosti vyroby.

Kli¢ovd 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, ie. 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 ¢e 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]:

¢ stability of production during casting

e 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.

ue
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Fig. 1
Obr. 1

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

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

Bi-fit B fotBs-fotBu-futBs-fs+Bofot By fr = Aky (1)
where

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

B to f; 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 - f, — 0.000998 - f; +

@

—0.064704 -f, — 0.008246 -f;+0.018815-£,+0.005276-f,=Ak,

where

Akgis a change of the bottom relative conicity,



Recenzované vyzkumné ¢lanky
Peer-reviewed Research Papers

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

fi to £, 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:

Aky = kq(0) —ky(¢=1) 3
where

k4 () is bottom average relative conicity in the time ¢,
kq(t-1) is bottom average relative conicity in the time 1,

Akgqis a change of the bottom relative conicity in the time
interval (¢, 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.
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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  Ukézka vysledki 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 Ukézka vysledk 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. mezindrodni veletrh technologii zpracovani plechu EuroBLECH 2018 se
kond ve dnech 23. az 26. fijna 2018 na vystaviSti v némeckém Hannoveru.
JiZ nyni, Sest mésict pted zahdjenim akce, md prostory pro svoje stanky na
celosvétoveé vedoucim veletrhu pro primysl zpracovani plechu zajiSténo zhruba
1400 vystavovatelit z 38 zemi, nejvice z Némecka, Itdlie, Turecka, Ciny,
Nizozemska, Spanglska, Svycarska, Rakouska a USA. V sou¢asné dobg jiz maji

EUHD vystavujici spolecnosti zajiStén témér cely vystavni prostor z predchoziho
ro¢niku, ktery se konal pfed dvéma roky. Veletrh EuroBLECH 2016 dosahl
BLEC H rekordu: &isty vystavni prostor ¢inil 87 800 metri ¢tvereénich.

Kazdé dva roky se EuroBLECH stdvd akci, kterou navstévuji konstrukéni
inZenyfi, manazefi vyroby, manazefi kvality, ndkup¢i, vyrobci, techni¢ti feditelé a odbornici z asociaci ¢i vyzkumu
avyvoje, aby zde objevili nejnovéjsi trendy a strojni zafizeni v oblasti zpracovéni plechu. Névstévnici leto$niho
veletrhu mohou ocekavat celé spektrum inteligentnich feSeni a novatorskych strojnich zafizeni pro moderni vyrobu
v oblasti zpracovani plechu, které jsou piedstaveny v podob& mnoha Zivych ptredvddéni na vystavnich stdncich.
V soucasné dob¢ hraje digitdlni transformace v primyslu hlavni roli, coZ zajiStuje vy3si d¢innost, a tim i vy3$i droveil
automatizace a prediktivni ddrzby. Tento vyvoj se také odrdzi v mottu letodniho veletrhu EuroBLECH , Vstupte do
digitdlni reality“, protoZe Primysl 4.0 a souvisejici Chytrd tovdrna se staly hlavnimi tématy v oblasti zpracovani plechu.
Zejména malé a stiedni podniky cht&ji do téchto technologii v blizké budoucnosti investovat, aby ziskaly konkuren¢ni
vyhodu na svych trzich.

,Digitalni transformace je momentdlng dilezitym tématem v oboru. To vyZaduje tizkou spolupréci v celém hodnotovém
fetézci od f{zeni vyroby az po udrzbu®, ¥ikd Evelyn Warwickovd, feditelka vystavy EuroBLECH jménem potadatele
Mack Brooks Exhibitions. ,Pro spole¢nosti v odvétvi zpracovani plechu je nejvétsi vyzvou vytvoreni inteligentniho
vyrobniho prostiedi, které je zaloZeno na bezpe¢né vymeéné dat a sitovém propojeni stroji a procesti. EuroBLECH 2018
svym navstévniktim nabizi moZnost najit feSeni t&chto vyzev a navézat kontakt s obchodnimi partnery, aby jim pomohli
s integraci t&chto procesd, stroji a systému do jejich vyroby®, pokracuje Evelyn Warwickova.

EuroBLECH je celosvétové nejvétsim veletrhem pro odvétvi zpracovéni plechu, a pro nadvstévniky je trzistém, kde
objevi a ziskaji nejnov&jsi novatorska vyrobni feSeni. Cetnd Ziva predvadéni na vystavnich stdncich nabizeji obchodnim
navstévniktim prileZitost zazit v akci stroje a systémy ze vSech oblasti zpracovani plechu.
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