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Abstrakt: Prezentovand prdca sa zaoberd aplikaciou kritérii rozvrhovania a urcenia
sekvencii pre tvorbu heuristického modelu rozvrhovania vyroby pre lisoviiu v spolocnosti
Slovmag, a.s. Lubenik. Pri rieseni bola pouZita heuristicka ,,metoda postupného
uplatiiovania kritérii “. Diagram vzajomnych vztahov urcuje sekvenciu kritérii.
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Abstract: Presented thesis deals with application criteria of scheduling and specification

sequence for creation of the heuristic model of the scheduling of the production for

pressroom in company SLOVMAG, a. s. Lubenik. The heuristic method ,, Method of
consistend apply criterions“ was applicated in solving. The Interrelationship diagram |
defines sequence criteria. o ' -
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UvVOD 1. INTRODUCTION

Pri rieSeni konkrétnych uloh tvorby It is difficult and sometimes even

vyrobného rozvrhovania, najmid ak ma
tloha velky rozmer (velky pocet strojov,
vyrobkov, ¢asovych jednotiek), a st na nu
kladené matematicky tazko definovatelné
obmedzenia, je tazké, a nickedy aj
nemozné zostrojit” matematicky model.

impossible to create mathematical model in
case of solving concrete tasks for
scheduling of a production especially in
the case of large size of tasks (large
number of facilities, products and time
units) and in the case of mathematically
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Heuristické metody predpokladaju
modelovanie principov procesu
spracovania  informacii  realizovanych
¢lovekom na réznych stupnoch jeho

¢innosti a pri rieSeni roznych tloh. Na

tomto principe sa vytvori heuristicky
model (HM).

V heuristickych algoritmoch sa pouziva
princip ,.presnych vyvodov®, tj. po
heuristickom  vytvoreni rozhodovacieho
pravidla nasleduje jeho presné — analytické
uplatnenie.  Tento  postup  nazyvame

,heuristické rozhodovanie*.

Pre tvorbu modelu rozvrhovania vyroby
pre lisovitu v spolo¢nosti Slovmag, a.s.
Lubenik je zvolend heuristickd metdda,

metoda ciest, ,,postupné uplatiiovanie
kritérii*.

Viomto ¢lanku si rozobraté  kritéria
rozvrhovania, ktoré v najvidcSej miere
ovplyviuju vyrobné rozvrhovanie,
planovanie.

Slovmag, a.s. Lubenik je najvicsim
vyrobcom ziaruvzdornych -

magnezitovych tehal na Slovensku a jeho
vyrobna kapacita ho radi k jednym z
najvacsich v Europe. Vznikol po
privatizacii byvalého podniku Slovenské
magnezitové zavody, §. p. KoSice v aprili
1994,

2. KRITERIA ROZVRHOVANIA

Problém rozvrhovania vyroby
vSLOVMAG-u je velmi obsiahly.
Vstupuje tu  mnoZstvo  parametrov,
predpisov,  faktorov ~a  zauZivanych

postupov. VSetky ovplyviiuji vyrobu, ako
Jjej smer, tak aj jej ekonomiku. Pre rieseny
problém je vyhodné aplikovanie metody
postupného uplatiiovania kritérii, ktord je
zalozena na myslienke pretransformovania
viackriteridlnej optimalizacie na
Jednokriteridlnu podl'a hlavného kritéria
optimality (HKO), a ostatné kritéria sa
stanu pravidlami  pri konStrukeii
heuristického modelu [1]. Postup vyroby
staviv je zobrazeny v schéme ¢.1.

limitations.  Heuristic
methods  supposes modelling  of the
principles of processing information
realised by men in different levels of their
activities and of solving different tasks.
Heuristic model (HM) is created of this
principle.

The principle of “accurate outputs” is used
in heuristic algorithms i.e. accurate —
analytical application is followed after
heuristic created decision rule. This
procedure is called “heuristic decision-
making*.

It is chosen heuristic method — “method of
gradual criterion application” for creation
of a model for production scheduling tasks
for pressroom in company Slovmag a.s.
Lubenik.

In this article the criteria of scheduling are

hardly definable

described, which in the grates deal
influence the production scheduling and
planning.

Slovmag, a.s. Lubenik 1is the biggest

producer of the heat-resistant magnesite
bricks in Slovakia and its production
capacity classified it to one of the biggest
in Europe. It was established after the
privatisation of former company Slovenské
magnezitové zavody §. p. KoSice 1in April
1994.

2. THE CRITERIA OF
SCHEDULING
The problem of  production

scheduling in SLOVMAG is very wide. It
is influenced by many parameters, rules,
factors and used approaches. All these
influence the production, such as the
direction and economics. Thus method of
gradual criterion application is suitable for
solution of this problem, which is based on
the idea of transformation of multi-criteria
optimalization to single-criterion
optimalization — in accordance with main
optimality (MOC) and other criteria will

become the rules for heuristic model
construction  [l1]. The progress of
production of building materials s

described in the diagram 1.
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Zvolené kriténa:

e KI — UrCenic hlavnej a vedlajse
technologie
e K2 — Splnenic terminu ukoncenia

vyroby zakazky (Due date)

e K3 — Vyuzitic vyrobenych lisovacich
foriem

e K4 - Vytazenost tunelovych peci

e K5 — Plynuld zmena vypalovace;
teploty v tunelovych peciach

e K6 - Minimalizacia nakladov

Determined criteria;

e KI — Determination of the main and
secondary technology

e K2 - Keeping Due date term of order

e K3 — Using the already existed press
moulds

o K4 — Making the most usc of tunnel
furnaces

e K5 — Ability of changing the
temperature in tunnel furnaces smooth-
flowingly

e KO- Costs mmimizing

PRIPRAVNA

FORMOVNA

PLECHOVA LINKA

Miesanie masy

Vyroba foriem

Vyroba plechov

LISOVNA

Lisovanic vyliskov

TUNELOVE PECE

Vypalovanic

v

TUNELOVE PECE

Suscnie, vytvrdzovanie

v v

EXPEDICIA

Triedenie, balenie

Obr. 1 Postup vvroby staviv
Fig. I The progress of production of building materials

K1 - Hlavnd a vedl'ajsia technologia.

Pre  podporu  rozvrhovania  vyroby
(vyhotovenie  vyrobku) je nevyhnutné
priradit kazdému sortimentu (chemické
zlozenie) a pozicii (tvar) jeden hlavny a
jeden, resp. dva vedlajsic technologické
postupy. Tieto postupy popistji postupné
spracovanic  vyrobku na jednotlivych

%]

K1 - Main and Secondary Technology

It 1s important to assign to each assortment
(chemical consistency) and to position
(shape) one main and one secondary
approach to support production scheduling
(production of a  product). These
approaches  describe processinz of a
product 1 each facility, beginning in
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zariadeniach, pripraviiou pocinajic a
expediciou konciac. Hlavnym podkladom
st vykonové normy pre lisoviiu. V nich si
zapracovan¢ vSetky pozicie a sortimenty,
doposial’ vyrabané pre jednotlivé lisy.

Norma obsahuje:

e sortiment a poziciu

e lisovanie na lisoch

e popis prace lisiara (ov)

e normativ (dizka vylisovania jedného
tvarového prvku v minatach)

e norma vyliskov (ks/smenu)

Pre vSetky vyrobky je navrhnuta
.Priradovacia  tabulka™, v ktorej ku
kazdému sortimentu s danou poziciou je
vypracovany jeden hlavny technologicky
postup (lis s najvacsim poctom vyliskov za
smenu), a druhy vedlajsi technologicky
postup.

Daldim dolezitym faktorom pri vybere
hlavne; a  vedlajSej  technologie je
situovanie lisov a tunelovych peci v hale
na vyrobu bazickych staviv.

K2 - Splnenie terminu ukoncenia vyroby
zakazky (Due date)

Vyrobok objednany na objednavke ma svoj
vyrobny postup, ktory urcuje aj vyrobny
cyklus, tj. minimdlny c¢as od zaciatku
vyrobného procesu po jeho ukoncenie. Pri
zaradovani  zakazky do  lisovacieho
programu, je potrebné dany vyrobok
zaradit' v predstihu do vyrobného procesu
tak, aby bol dodrzany jeho termin dodania
zakaznikovi.

Uplatiovanim tohto postupu pre vsetky
zdkazky sa objednané vyrobky rozdelia do
prislusného lisovaciecho programu bez
zohladnenia kapacit, podla poziadaviek
zdkaznika. Vytvorenie postupnosti podla
terminu ukoncenia vyroby.

Bezne vyrabané vyrobky st rozdelené do
troch kategérii, pre ktoré je urceny
spolocny ¢as dizky vyrobného cyklu.
Tento cas vyjadruje prechod prvej davky
vyrobku  (reprezentovanej  vel'kostou
tunelového voza, resp. visutého voziKa)
celym vyrobnym cyklom. Najdlhsic sa

T&L - 6/04
preparatory room and finishing in
shipping room. Production norms of

Pressroom are the main basements. There
are listed all positions and assortments,
which have been made for each pressroom.

Norm includes:

e Assortment and position

e Pressing by press facilities

e  Work description of (a) worker(s)

e Regulation (how much the pressing of
one shaped item takes in minutes)

e Norm of pressed products (number pre
ship)

It is proposed for all products the “Co-
ordination tablet”, in which is developed
one main technological progress (press-
machine with the largest number of
products per shift) and secondary
technological progress to each assortment
with its position.

Next important factor while choosing the
main and secondary technology is layout
of press-machines and tunnel furnaces in
hall for production of basic building
materials.

K2 - Keeping Due Date Term of Order
The ordered product has its own
production progress, which is determined
by production cycle, i.e. minimal time
from the beginning of the production
process to its finishing. While putting on
an order to pressing programme, it is
necessary to put on a product in advance to
production process to keep due date.

All orders will be sorted to certain pressing
programme by application of this progress
without respect to capacities, according to
customer’s requirements. That is creation
of consecutiveness according to Due date.
Commonly  produced  products  are
classified to three categories, for which is
determined time of taking the production

cycle. This time represents passing
through, the first dose of a product

(represented by the length of tunnel vehicle
or suspended vehicle), all the production
cycle. The longest period of production is
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zdrzi vyrobok v tunclovej pect (az 172
cel¢ho trvania vyroby tj. 5 = 7 dni).
Radenic tunelovych vozov pred tunelovou
pecou a nasledné vychladenie po prejdent
tunelovej pece trva priblizne 2 — 3 dni. Na
triedenie a balenie moézeme pocitat’ 1 - 2
dni. Nezohladinujeme tu Cas vyroby novej
formy, ktory sa pohybuje od 2 do 6
tyzdnov.

Tabulka | Dizka vvrobného cvklu
Table I Time of production cyele

/

tunnel furnace (up to 1/2 of all production
cycle e, 5 = 7 days). Setting of tunnel
vehicles in front of tunnel furnace and
consceutively  cooling-oft” alter
through the tunnel furnace takes about 2 —
3 days. Sorting and packing can take about
I - 2 days. There is no respect to time for
creating of new form, which takes between
2 and 6 weeks.

passing

Vysokopilené staviva

10— 12 dni

Nizkopalené staviva

8 -~ 10 dni

Nepalend staviva

S 6dni

K3 -
Soriem
Formovna

Vyulitie vyrobenych lisovacich
nadvizuje bezprostredne na
potreby lisovne. Tu sa vyhotovuji formy
pre vSetky lisy vSetkych vyrdbanych
pozicii. Pre rozne typy lisov je potrebné

vyrobitt  rozne  modifikacie  foriem
rovnakych tvarov.
V katalogu pozicii  (Katalég vyrobnych

prikazov) su uvedené vsetky vyrabané
pozicic od jednoduchych pravouhlych
tvarov az po zlozité (rézne zaoblené prvky,
kliny,...). Doba vyrobenia pre jednotlivé
lisy nie je rovnaka a rozne su aj naklady na
ich vyhotovenie. Najrychlejsie a
najlacnejsie sa vyrobia jednoduché formy —

K3 - Using the already existed press
moulds

Moulding room is directly connected to
requirements of pressroom. There are
produced moulds for all types of produced
positions. It is necessary to make different
modifications of moulds with the equal
shape  for different  types of  press-
machines.

There are listed all produced positions,
from simple rectangular  shapes  to
complicated (many oval items, wedges) in
catalog of positions (Catalog of production
commands). Period of production ot each
press-machine 1s not equal and also there
are different costs of operation. Production

pravouhlé tvary. Formy podla tvaru of simple forms — rectangular shapes is the
vyrobku je mozné rozdelit do troch fastest and the cheapest. It is possible to
zakladnych  kategorii  anasledne  urcit divide forms to three basic categories
dlZku vyroby formy. according to their shape and consequently
it is possible to determine production time.
Tabulka 2 Dizka wroby foriem
Table 2 Time of production of forms
DLZKA VYROBY V
FORMA TYZDNOCH
1 -SL
2-SL
+1 -SL: 2
2G6 -~ SMAG
P201 - SL
202C - SL.: 4
uo4s - SL
D7N -SL
KKWH - SL: )
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Dizka vymeny formy na lise trva priblizne
4 hodiny, vymena celej pozicie 8 hodin.
Zivotnost’ tormy je zhruba odlisovanie
15000 kusov vyliskov.

Stavy foriem:
I. Vyrobena forma, pripravena na
lisovanie: (FN — forma nova)
2. Vyrobenda forma, pripravend na
lisovanie: (FP — pouzita forma)
3. Vyrobena forma, nainstalovana na lise:
(FI — forma inStalovana)
4. Objednana forma na vyrobenie: (FO -
forma objednana)
K4 - Vyt’aZenost’ tunelovych peci
Aj ked’ su tunelové pece ¢. 1 =2 ac¢. 3 -4
z technického vyhotovenia rozne,
z technologického hl'adiska st rovnocenné.
V stcasnosti su v prevadzke TP ¢. 2 a TP
¢. 3. Spravidla je v prevadzke len jedna
pec z dvojice (podla zakazkovej naplne).
Pre kontinualne vypalovanie  surovych
vyliskov v peciach je potrebné v lisovni
zabezpecit  sGstavny  prisun  surovych
vyliskov  nalozenych na  tunelovych
vozoch. Je neekonomické a po technickej
stranke vel'mi Skodlivé vyhasinanie a
nasledné zapalovanie prevadzky tunelovej
pece. Pri nedostatku tunelovych vozov,
neefektivne stipa spotreba zemného plynu
(nizky vykon), pri opidtovnom zapalovani,
resp. zvySovani teploty musime pockat,
kym sa cela pec nahreje na pozadovanu
teplotu — nizsie tlacenie tunclovych vozov,
nizsi vykon.
Nadmerny prisun tunelovych vozov pred
tunclovou pecou spdsobuje  obtiazne
zorad’ovania tunelovych vozov do suprav,
k dispozicii su len obmedzené priestory,
kol'aje. Prevadzka lisovne je v 3 zmenéch
po celych 5 pracovnych dni, pri vd¢Som
mnozstve  zakaziek sa  zabezpecuje
lisovanie aj cez soboty, resp. nedele.
Tunelové pece su v prevadzke nepretrzite 7
dni v tyzdni.
Podla rychlosti vypalovania v tunelovych
peciach (pocet vypalenych vozov za den)
vieme ur¢it’ pocet vozov, ktoré by mali byt
pripraven¢ na vypalenie, resp. zasobu
tunelovych vozov na dni, kedy sa nelisuje.

16

The period of replacing the forms in press-
machine takes approximately 4 hours,
replacing  of  whale  position  —
approximately 8 hours. The lifetime of a
form 1s approx. 15,000 pieces of pressed
products.

States of forms:
1. Made form, ready for pressing: (FN  —
form new)

2. Made form, ready for pressing: (FP-
form used)
3. Made form, installed in press-machine:

(FI — form installed)
4. Ordered form to be prepared:
form ordered)

(FO -

K4 — Making the use of tunnel furnaces
However, the tunnel furnaces (TF) No. 1 —
2 and No. 3 — 4 are technically different,
they are technologically the same.
Nowadays TF No. 2 and TF No. 3 are
running. Ususally only one furnace from
the couple is running (it depends on
orders).

It is necessary to provide uninterrupted
supply of raw press products, which are
loaded in the tunnel wvehicles for
continental burning of raw press products.
It is not economical and also technically
very harmful repeated turning off and on
the performance of the tunnel furnace.
When there is lack of tunnel vehicles the
consumption of natural gas non-effectively
rises (low power), when the TF starts its
performance or when it need to be more

heated we have to wait until whole
furnaces is heated enough - lower
frequency of entered vehicles, lower

power.

Excessive movement of tunnel vehicles in
front of tunnel furnace causes difficult
setting tunnel vehicles to sets, there is
limited places — railways. The performance
of pressroom is in three shifts during 5
working days, when there is bigger number
of orders performance is provided also
during the Saturdays or even Sundays.
Tunnel furnaces run uninterruptedly 7 days
per week.
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Rychlost” palenia v peciach je zavisla od
vySky vypalovacej teploty (vysoko palené
staviva sa vypaluju dlhSie) a mnoZstva
pripravenych vyliskov pre vypalovanie.
Slabé pokrytie objednavok — znizenie
rychlosti  posunu  tunelovych  vozov
v tunelovej peci, resp. vysoké pokrytie
objednavok — zvysenie.

K5 - Plynuld zmena vypalovacej teploty
v tunelovych peciach

Vyska teploty vypalu a dizka vypalovania
v tunelovych peciach sa riadi pokynom
technologa.

Plynulou zmenou vypalovacej teploty

v tunelovych peciach dosiahneme:

- vySSiu priechodnost’ poctu tunelovych
VOZOV pecou,

- nizSie naklady na vykurovanie (zemny
plyn),

- vySSiu kvalitu vyrobkov,

- dlhSiu trvanlivost’ tunelovej pece -
vymurovky,

- menSie naroky na regulaciu, riadenie

Plynuli zmenu vypalovacej teploty je

mozné zabezpedit’:

- Pri rozvrhovani jednotlivych zakaziek
na lisy (lisovanie tvarovych prvkov
v nizSou vypalovacou teplotou ako
prvé a postupne lisovat’ tvarové prvky,
ktoré¢ je potrebné vypalovat’ pri vyssich
teplotach, resp. lisovanie
vysokopalenych tvarovych prvkov na
zaciatku obdobia a postupne lisovanie
nizkopélenych tvarovych prvkov).

- Zorad'ovanie tunelovych vozov pred
tunelovymi pecami do suprav, ktoré sa
vypaluju pri rovnakej teplote.

K6 — Minimalizdcia ndkladov

Hlavné kritérium, ktoré jednoznacne uréuje
sposob vyroby je minimalizacia nakladov.
Jedna sa o ekonomické Kkritérium, ktoré
bude implicitne splnené, ked postupne
aplikujeme  vSetky kritéria v zvolenom
poradi. Ked budt vsetky zvolené kritéria
parcialne optimalizované, vysledok
vietkych speje ku globalnej minimalizacii.

It is possible to determine number of
vehicles, which should be ready for
burning i.e. a kind of storage for days
where pressing is not provided, from the
speed of burning in tunnel furnaces
(number of vehicles per day). Speed of
burning in furnaces depends of the burning
temperature  (high-burnt  materials  are
purining tonger) and of the number of
prepared pressed products for burning.
Low coverage of orders — decreasing of
movement speed of tunnel vehicles in
tunnel furnace, or vice-versa, high
coverage of orders — increasing of
movement.

K35 - Ability of changing the temperature
in tunnel furnaces smooth-flowingly
Temperature of burning and period of
burning is directed by the commands of a
technologist.

Smooth-flowing  change of  burning

temperature in  tunnel furnace can be

achieved:

- Higher movement of the number of
tunnel vehicles,

- Lower costs for burning (amount of
natural gas),

- Higher quality of products,

- Higher lifetime of tunnel furnaces -

masonry,
- Lower requirements for regulation,
control.

Smooth-flowing  change of

temperature can be obtained by:

- Scheduling of certain orders to press-
machines (pressing of items, which
will be burnt with low temperature as
the first and then pressing items, which
will be burnt with higher temperature,
or vice-versa pressing the high-burnt
materials at the beginning and then
pressing low-burnt materials).

- Ordering of tunnel vehicles to sets,
which  are  burnt in the same
temperature.

burning
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Toto kritérium nevystupuje v kriteridlne;
funkcii.

3. ZOSTROJENIE SIETE KRITERII
POMOCOU ZADEFINOVANYCH
VAZIEB MEDZI KRITERIAMI

Pre zostrojenie siete kritérii, v tomto
pripade zvolené kritéria, je potrebné
zadefinovat’ jednotlivé viazby medzi nimi
(body znazornuju kritéria, hrany vizby).
Tie st nasledovné:

- A <— Antagonisticka vizba

} _— g N N
N Technologicky nadviizna
vizba

- P —— Podporna viizba
Popis vizieb medzi kritériami:

KI «— K6

K2 K6

K3 K6

K4 K6
K5 K6

g
 —

-

Kritérium K6 ,minimalizacia nakladov*
podporuje vsetky zvolené kritéria. Ich
aplikdcia na mnozZinu zdakaziek rozvrhuje
vyrobky do  vyrobného cyklu za
minimalnych  nakladov. Kazdé jedno
kritérium optimalizuje rozvrhovanie pri
minimalizacii nakladov na vyrobu.

Kl —K2
Kritérium ,,Due date* podporuje kritérium
,urcenie hlavnej a vedlajSej technologie™.

Pre  urCenie  najneskorSicho  datumu
zaCiatku vyroby danej zakazky urcujeme
hlavn, resp. vedlajSiu  technologiu
vyroby.

K6 — Costs minimizing

The main criterion, which certainly
determines the way ol production 1s the
costs minimizing. It is the economical
criterion, which will be implicitly fulfilled,
when all criteria will be applied in chosen
order. When all chosen criteria will be
partially optimised, result of all will reach
the global minimizing. This criterion is not
represented in criterion function.

3. DESIGNING OF CRITERION
NETWORK BY DEFINED BONDS
AMONG THE CRITERIA

It is necessary to define all bonds among

the criteria (points are the criteria and

edges are the bonds) to design criterion

network for our chosen criteria. These are

as follows:

- A <— Antagonistic bond

- N ——— Technologically
consequential bond

- P — > Supporting bond
Description of bonds among criteria:
Kl «— K6
K2 K6
K3 K6
K4 K6
K5 K6

‘____.......—
4,_—.
4

-

The criterion K6 ‘‘costs minimizing”
supports  all  chosen criteria.  Their
application to group of orders schedules
products into production cycle while costs
minimizing. Each criterion optimises
scheduling and keeping minimal costs.

Kl «——K2

The criterion “Due Date™ supports criterion
“Determining of the main and secondary
technology™. It determines the main or
secondary technology of production for
defining the latest term of beginning of
production of certain order.
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Obr. 2 Siet kritérii
Fig. 2 Criterion network

Kl «<—K3

Kritérium urcenie hlavnej a vedlajse)
technologie™ technologicky navizuje na
kritdrium  vyuzitic vyrobnych foriem™.
Jednothivé  lisy  sa  obsadzuja  tymi
zakazkami  ako prvymi, na  ktoré je
pripravena forma. Ked™ nie je vyrobena
lisovacia forma na danu zakazku pre
hlavnG technoldgiu, ale je pripravena pre
lis, ktory je ur¢eny ako vedlajsia
technoldgia, uréime pre vyrobu tento lis.

Kl €«<——K4

Kritérium ,urcenic hlavne) a vedlajsej
technologie™ technologicky navizuje na
kritérium ,vytazenost tunelovych peci®.
Pri  nedostatoénom vytazeni niektore;
tunelovej pece musime preniest’ vyrobu na
ten typ lisu, ktory vytazuje tato pec, bez
ohladu na hlavnu technoldgiu. To plati len
pre palené staviva. Pri nepéalenych vézba
medzi tymito kritériami neexistuje.

Kl «<—K35

Kritérium ,uréenie hlavne) a vedlajsej
technoldgie™ technologicky navdzuje na
kritérium  plynula  zmena vypalovace]
teploty™. Podobne ako v predchadzajucom
bode.

K A3
Kritérium . vyuzitie lisovacich foriem™

Kl €<—K3

The criterion “Determining of the main
and secondary technology* 1S
technologically linked with the criterion
“usage the press moulds™. Each press-
machine is loaded by such an order (as the
first) to which mould is prepared. If a
mould is not prepared to certain order for
the main technology and it is prepared for
press-machine  which  is  defined  as
secondary technology, the production will
be performed by the press machine.

Kl €«<—K4

The criterton “Determining ot the main
and secondary technology* is
technologically linked with the criterion
“making use of tunnel furnaces®. If there is
not enough usage of a tunnel furnace, the
production have to be continued by this
press-machine, which can supply loads for
this tunnel furnace without reflection to
technology. It is valid for burning material
only.  When there are non-burning
materials the bond, between this criteria,
does not exists.

Kl &———= K5

The criterion “Determining of the main
and secondary technology*™ IS
technologically linked with the criterion
“Smooth - flowing change of burning
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podporuje kritérium ,,Due date™. Duc date
nam urcuje najneskor§i termin zacatia
vyroby, ale pre lepSie vyuzitie formy,
vys§Siu  racionalizaciu vyroby, sa moze
zacat s vyrobou aj skor, tj. ked je
nainStalovana forma, mozeme vylisovat
zakazku, ktord sta¢i lisovat’ neskor. Pred
datumom dodania zdkazka pocka na
expedovanie v sklade.

K2 ¢—» K4

Kritéria ,,Due date™ a ,vytazenost
tunelovych peci st v rozpore. Pri dodrzani
jedného by sa nemohlo splnit’ druhé.
Rozvrhnutim zakaziek podla Due date by
sa mohla  spOsobit  nevytaZenost
tunelovych peci v obdobi, kedy nemame
rozvrhnutt ziadnu, alebo len minimalnu
vyrobu. Problém sarieSi pridelenim
priority. To plati len pre palené staviva. Pri
nepalenych vidzba medzi tymito kritériami
neexistuje.

K2 —» K5

Kritéria ,,Due date™ a ,,plynuld zmena...” st
v rozpore. Rozvrhnutim vyroby podla Due
date by sa len velmi taZzko dosiahla
plynuld  zmenu vypalovace] teploty
v tunelovych peciach. Problém  sariesi
pridelenim priority. Plati len pre palené
staviva. Pri nepalenych vidzba medzi
tymito kritériami neexistuje.

K3 ——> K4

Kritérium ,,vyuzitie vyrobenych lisovacich
foriem™ (FN, FI, FP) podporuje kritérium
»vytazenost tunelovych peci. Mnozstvo a
typ tychto foriem urcuje mnozstvo rieSeni
pre zabezpecenie vytazenosti tunelovych
peci.

K3— K5

Kritérium ,,vyuzitie vyrobenych lisovacich
foriem™ podporuje kritérium ,plynula
zmena vypalovacej teploty*. Podobne ako
v predchadzajicom bode.

K4 —> KS
Kritérium ,,vytazenost tunelovych peci*
technologicky ~ podporuje  kritérium

temperature...” It is similar as in previous
case.

K2 ¢——— K3

The criterion “usage of the press moulds™
supports the criterion “Due date™. Due date
determines the latest term of beginning of
the production, but for better usage of the
mould, production can start even sooner,
i.e. when it is installed the mould, in which
can be pressed an order, which should be
done later. Before the date of delivery it
will wait in storage.

K2 ¢— K4

The criteria “Due date™ and “making the
use of tunnel furnaces™ are in discrepancy.
If the first is fulfilled, the second is not.
Scheduling of orders according to due date
can causes losses in performance of tunnel
furnaces, when there is not scheduled
many or any minimal production. The
problem is solved by assignment of the
priority. It is valid for burnt materials.
When there are non-burning materials the
bond, between this criteria, does not exists.

K2 — K5

The criteria “Due date™ and ‘“‘Smooth-
flowing change... are in discrepancy. It
can be hard to achieve smooth-flowing
change of burning temperature while
scheduling of orders according to due date.
The problem is solved by assignment of
the priority. It is valid for burnt materials.
When there are non-burning materials the
bond, between this criteria, does not exists.

K3 — K4

The criterion “Using the already existed
press mould“ (FN, Fl, FU) supports the
criterion “making the usage of tunnel
furnaces. Amount and type of these
moulds determine the number of solutions
for making the most usage of the tunnel
furnaces.

K3 — K5
The criterion “usage of already press

moulds® supports the criterion smooth-
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.plynula zmena vypalovacej teploty®. Az
po dosiahnuti dostato¢ného mnozstva
vyrobkov na vypalovanie mozeme zacal
rozmys$lat o spdsobe regulacie zmeny
" vypalovania v tunelovych peciach.

4. URCENIE SEKVENCIE KRITERII
PRE POTREBY DALSEJ
APLIKACIE

Sekvenciu  kritérii  ur¢ime  pomocou
Interrelationship diagramu — vzajomnych
vizieb. Vystup z kritéria ovplyvnuje iné,
ma preto vyssiu vahu.

Tabulka 3 Interrelationship diagram.
Table 3 Interrelationship diagram

flowing change of burning temperature™. It
is the similar as in previous case.

K4 —>KS5
The criterion “making the use of tunnel

furnaces * technologically supports the
criterion  “smooth-flowing change of
burning temperature”. Only if it is

achieved enough amount of products to he
burnt it is possible to start thinking about
the way of temperature regulation in tunnel
furnaces.

4. SPECIFICATION OF SEQUENCE
OF THE CRITERIA FOR NEEDS
OF THE OTHER APPLICATION

Sequence of the criteria is specified by
Interrelationship diagram. Output from the
criterion influences others, that i1s why, it
has bigger weight.

Kritéria | Vystup z kritérii Vstup do Vypocet Poradie
kritéria
K() O  viha(lnechi=2 | [ vaha(j). nechj-1 K()*O(i)+
K1)*1()

K1 0 5 5 V.
K2 1 2 4 VI
K3 4 1 g I1.
K4 2 2 6 [11.
K5 1 3 5 V.
K6 5 0 10 .

Vyhodnotenie tabulky a celého rieSenia

podla  navrhnutych  kritérii  urcilo
nasledovné  poradie — sekvenciu —
uplatiovania  kritérii  pre  rozvrhnutie

vyroby v lisovni:

1. Hlavné  kritérium  ,Minimalizacia
nakladov® — implicitne dodrzané pri
aplikacit ostatnych
Kritérium . Vyuzitie
lisovacich foriem*

o

vyrobenych

Results from the tablet and all resolution
by proposed criteria show the following
order — sequence — assertion of the criteria
for  scheduling the production in
pressroom:

1. The main criteria “Minimizing the
costs® — implicitly fulfil at application
of others

The criteria “Usage of already prepared
existed press moulds™

[\
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3. Kritérium
peci®

4. Kritérium ,,Plynula zmena vypalovacej
teploty v tunelovych peciach*

5. Kritérium ,,Uréenie hlavnej a vedlajsej
technologie*

6. Kritérium ,,Splnenie terminu ukoncenia
vyroby zakazky — Due date*

wVytazenost tunclovych

5. ZAVER

Efektivnost’ vyroby je v podstatnej miere
zavisla od jej riadenia. Jedna zciest
skvalitnenia, objektivizacie a kvalifikacie
riadiacich ¢innosti, medzi ktoré patri aj
planovanie vyroby, je ich automatizacia,
ktora ~sa  zatial najmd  z dovodu
neexistencie vhodnych metdéd a modelov
uplatituje v nich vel'mi malo.

Vychodiskom pre tvorbu metod
aplikovanych pri automatizicii riadiacich
¢mnosti je heuristika. Pre rozvrhovanie
vyroby v lisovni spolo¢nosti Slovmag, a.s.
Lubenik sa vyuzila metéda ,,postupného
uplatiovania kritérii™. Zvolené kritéria sa
v sti¢asnom obdobi javia ako
najdolezitejsie. Proces ich rozSirovania je

otvoreny, t.J. je mozné navrhovat a
popisovat’ iné kritéria. Rozhodujucim
faktorom  rozvrhovania je  zvolenie

sekvencie (postupnosti) kritérii, ktoré sa
v d'alSom kroku aplikuji na technologické

zariadenia za ucelom vytvorenia
vyrobného planu pre wurcitd  periodu
planovania.

8]
[§S]

The criteria “Making the use of tunnel

furnaces™

3. The criteria “Smooth-flowing change
of burning temperature in tunnel
furnaces™

4. The criteria “Determination of main
and secondary technology*

5. The criteria “Keeping Due date term of
order”

5. CONCLUSION

Effectiveness of production is in great deal
dependent of its management. One of the
way of improvements, objectiveness and
qualifications of managing activities,
planning is also included, is its automation,
which is used inside it very rarely due to
lack of proper methods and models.

The starting point for creation of methods

applied in automation of managing
activities is heuristics. The method of

“oradual criterion application” was used
for creation of production scheduling tasks
for pressroom in company Slovmag a.s.
Lubenik. Chosen criteria seem to be the
most important at present. The process of
their expanding 1s open, i.e. it is possible to
propose and describe other criteria. Critical
factor of scheduling 1s choosing the
sequence (order) of the criteria, which are
applied in technological facilities within
next step to create production plan for
certain period of planning.
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