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Homogeneous production processes and approachesheir management

Dusan MalindzaR, Dominik Zimon?, Lucia Bednarov& and Martin Pitosak®

The logistics as one of the levels of company nemagt deals with managing and securing flows irinshand networks. Typical
chain in production enterprises of extracting amdgessing raw materials are production processks,dhain of production operations.
Production processes in the industry that belontheoclass are homogeneous production processésatftitle discusses the methodology
of creating management systems in terms of thetifips.

The basic characteristic of homogeneous produgtimtesses (HPP) is manufacturing one product, retsgely narrow assortment
of products. HPP has specific characteristics aedttires, such as continuous material flow, discietel continuity operations and
facilities, notably in terms of heating equipméanyg life and high investment costs for the cortdton, big inertia in terms of management,
etc. This group also includes the processes andeghares of raw materials extraction processes, ggsmg of raw materials, metallurgical
processes, petrochemical manufacturing, buildingemials processes, etc. Continuously discrete psses, before modelling, are necessary
to be transformed into discrete form, because thera lot of tools for their modelling in the ared discrete processes. This requires
specific approaches for their modelling, managenat logistics. The basic management principle iappto such processes is a Feed
forward, which can provide theoretical invariancitioe controlled process.
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Introduction

The production process is a system of producticamsport, handling and storage operations which are
involved at a certain production cell in the proiilue of certain goods. Dynamic changes in the petida
process can be carried out at the time:

e Continuous operations (e.g. work crusher, ball,rsiib heating in the pusher furnace, etc.).
< Discrete operation (transport cars, wagons, etc.).
e« Combined with a production continuous and discopatrations (MalindZzak et al., 2015; Anisimov, 1978;

wild, 1991).

The extraction and processing of raw materialscagracterised from the point of continuity as coumg-
discrete production processes in terms of matfidals as well as character work machinery, equipnaar
aggregates. The most common system of performieg pttoduction process is the production line. The
production line is a system of machines, machiaggregates, arranged in sequence according tpritauction
method, the binding of which provide the meansafigport, storage and management. From the stanidpio
assortment of production process outputs produgtionesses are one of the following (Malindzakakt 2015;
MalindZzak, 1998; Waters, 1991; Zimmermann and 8myan, 1974):

« homogenous in which the output is one or a narreadyct assortment. These types of production
processes are typical for production processesawof materials mining and treating, metallurgical
production, production of constructive materialstrpchemistry, etc. (Kardas,Skuza 2017, Vilamowsat
al. 2012, Newman et al. 2013).

e non - homogeneous in which the output is a widgeaof products typical for automotive, engineerarg
electrotechnical production.

Differentiation of the present production processesl their maximum specialisation considerably
increased their productivity. This led to the fahat product acquirement is realised at severdereift
interconnected objects, every single one of whickpecified for execution of concrete productioeragions,
managed in chains, and are the object of produdtigistics (Malindzak 1998, Wild 1991, Daughtedtyal.
2009).

Specific characteristics of homogeneous productionrpcesses

Homogeneous production processes contain a greageraof peculiarities which enable their
characterisation as a separate class of manageiiects. Their characteristics are as follows:
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1. Their output is one or a narraagsortment of products.g. plates, oils, or coal of different quality.

2. High performance and production productiviiggregates usually working in uninterrupted reginate
time is not allowed. The productivity increaseshwiticreasing the performance of individual aggregat
because participation of operating personnel irgeanore slowly than production volumes. It is efiene
practical to construct highest performance equignpassible. Savings of relatively small percentafie
energy or raw materials costs results, in absolatae, in savings of several million. Efforts to mage
them towards the global optimum point are therefongortant.

3. The high price of construction-investmehligh investment costs are required to construgiaat furnace,
plate cold mill or to open a mine. Therefore, wipeojecting and constructing, the technological d¢tods
are projected at the borderline of an optimum pbetdause this equipment will operate for dozengeafs.
During the time utilisation of technology, the mauieation that is connected with new scientific and

technical knowledge that appears after construdtide place. Even the elements themselves (machines
equipment and aggregates) become outdated andp#réirmance, products quality parameters, times of

treatment and reliability change (Stojang\a013).

4. They are processes with a changing structidrem the standpoint of system theory, they astesys that
consist of a framework through which a flow of puots and materials which creates links moves.
However, this framework is not necessarily fixedr Example, some vehicles or wagons can be anisther
the same structure of the mining production pracéle system has different characteristics witlnelets
in a different position (for example when a vehiddy the excavator or by the container, as inufédL).
This makes their modelling and search for the optmoperation regime complicated.
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Fig. 1. Example of continuously -discrete homogesegroduction process (Malindzak et al., 2015).

5. Continuous and discrete equipmefnother difference resides in the fact that equipimehich carries out
individual production operations can operate camtirsly or discretely. Figure 1 shows a continuous -
discrete production process. Shovel loader at ganuining is a discrete element of equipment,atks
with a certain batch of material respectively @mg or cubic meters). Vehicles and wagons are etiscr
elements of equipment which have their own beacaggcity - batch. However, these batches of theetho

loader, vehicle and wagon are different. When mangathese processes, it is hecessary to know how to

model them. They must, therefore, be transformedhfthe continuous - discrete form into a discrete
dynamic event system (Strakos, 2012; Rosova €2@l4).

6. Continuous and discrete material flow&aterial flow changes from the continuous onedfsite a converter
or a crystallizer container of equipment for contins steel casting respectively) to the discree amd
vice versa. (Vehicles transport raw materials ® ¢husher container which operates continuously§ It
therefore inevitable to define the unit of mateflalw, e.g. 1 cubic meter or 1 ton respectively dad
calculate the performance of continuous and discegfuipment into this material flow unit. This also
unifies the batch of material (Strakos, 2012; Rasetval., 2014).
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7.

The tree structure of production processes fronsrtmmaplesHomogeneous production processes are of
typical tree structure from roots through trunk dnanches up to the leaves. For example:
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Fig. 2. Tree structure of a homogeneous produgtimtess (Malindzak1998)

Iron is produced from iron ore, pellets, coke aaftite. Then, steel is made from it by adding isznap,
from steel slabs are made metal coils of a blaakeplvhich are branched through separation linescaltd
mill into numerous kinds of plates of differenteszand quality, but they always remain plates (E)g.
Similarly in petrochemistry, different kinds of fueils or asphalt's are produced from petroleum. A
opposite structure has assembly production in nrécabengineering and electrical industry.

The waste product is not necessarily a waste pto®Results of production processes, i.e. products, ar
often not in accordance with the planned paramépgate is of different consistency, structurelackness,
the ore is of different composition, coal contaimsre sulphur, etc.) but are not really waste pritgluthey
can be sold at lower prices in a different clasgudlity, size, etc. If an engineering company piass a
foul gear toothed wheel it definitely is a wastedict.

Approaches to modelling, logistics and management

These characteristics make modelling and manageofigrtmogeneous production processes complicated.

They need to be transformed into discrete procelsseause there does not exist any management tfaory
such processes presently (MalindZzak 1998, Anisit®%8).

Note: Homogenous production processes and discrete meyistems have plenty in common (fronts or

stochastic characteristics), but there are alsoenowns dissimilarities and it is therefore not pblssito
mechanically apply approaches from discrete quewsiystems, operation analysis, simulation and discre
systems management.

a)

b)

<)

d)

Application of input - output standpointf an individual equipment and operations in ampduction

process are viewed from the input - output stanatpdiis possible to consider every productiongess as
discrete one, i.e. equipment is to be imagined"#azk box". External parameters, i.e. operatioret the

start of operation, finish of operation, etc. areiesting for the logistic.

Discretization of continuously operating equipmédperation of continuously operating equipment sagh
crushers, blast furnaces, transport conveyor betts is made discrete by operational time in Whitey
treat material flow unit, e.g. 1 ton.

For example, The performance of a jaw crusher i#hB0d.e. it treats 1 ton in 120 seconds. This viag
performance of all continuously operating equipmarhe production process has to be calculated.

Production processes with changing, dynamic straate transformed into processes with fixed strectur
by considering the moving elements (vehicles, wagett.) as a static structure. Transport time adréain
number of material flow units which are transporteg these elements is then the time of operation
duration. (Time is calculated from the means ofgport speed, transport distance and bearing dgpaci
This way a continuous - discrete production proseisis changing structure is transformed into a dite
production process with a fixed structure.

The great inertia of homogeneous procesBesign of the basic structure of management systemsture
has to respect great inertia of a homogemwoduction process. Inertia is great in two ways:
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e Large production time, for example, in metallurdgigaoduction from sinter production, through the
manufacture of iron to the production of an autaweosheet is 3-4 weeks,).
e Inertia -response to management action will takecebn output products for a few days, week (

The philosophy of feedback management as the balsiosophy is therefore not appropriate for
homogeneous production processes. Feedback manatgeameot capable of ensuring the invariability af
homogenous production process output.

Feedback management with negative feedback hasgusmwthe global sensibility, i.e. if a breakdown
occurs in any element of production process managesystem or in the production process itseghitws at
the output end at all times and management works gounter-direction.

Let us investigate the second basic way of managemdeed-forward management (compensation
management).

MSM - management system model y - vector of outputs

MPP - model of production process 7, - transmission time of the break time to output
PP - production process 7,7, - decision-making time

PM - operative planning model 7o - time for comparison

P - comparator 1, - decision realisation

z - vector of breakdown, inputs in PP m - Simulation time of the outputs y

w, - the objectives of the PP from PM e - aberration

u - vector of decision making

<>
%
NI

Fig. 3. Principle of feed forward management (Meliak, 1998)

Figure 3 shows a block diagram of the principlehef feed-forward management as the main principle o
logistic and management. For successful implemientatf the management and logistic system, oneked f
forward principle, is need to create three typesioflels:

« PM - planning models to define the goals and behavof PP as models for the preparation of the Annual
Implementation Plan for production and trade, caparoduction scheduling recurring over a periddio
year, month, week, scheduling the production lineschines, workstations, operating distributiompla

< MPP - management model of production and logigticecesses on which simulation is carried out by
changes in input variables (cancellation of ordeegection of contracts, change in volume ordeesyn
customers in the distribution system, new machingsroduction), network models for expressing caii
path in project management, simulated plan of petidn and distribution through the queuing systems,
simulation models, Gantt charts showing the pragoéshe process and so on.

e MSM - models for decision support (such as the euo¥ a product life, the S-curve of dispatching
management, forecasting models in the strategimpig and annual planning etc.).

Selections of the most important breakdowns whigacathe production process are at the same time
input to the model of production process MPP. Valtias a result of the breakdown effect on the model
MPP is an image of how the breakdown shows at theutytpfter z, time.

The value ofy* is compared to the planned valuedd¥and an aberratioais calculated, based on which
the management system develops tlife Hecision which affects to the production processounter-direction
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to the breakdown effect(Malindzak et al.2015, Md&iak 1998). In this management diagram, a prinogble
double channelling is fulfilled, which is a necagsaondition of accomplishing a complete invariéil This
system of management is very speedy in many c&awipal possibility of developing an invariantsggm
resides in the fact that the inertia of a canalhich the breakdown occuwrs - PP -y, can be significantly
higher than of the canal

Z-MPP -y* P e -MSM -u PP Ly,
i.e. the following formula must be valid:
LSTy+ T+ I, + T,

The basic problem is the development of a spedBf? model. Great attention is therefore dedicated to
the discretization of homogeneous production preeebecause well - designed methods for discretiuption
processes modelling such as the following are fmetheir modelling:

« theory of discrete queuing system,

e simulation principles,

« theory of graphs,

e heuristic approaches,

e linear and dynamic programming,

+  statistical methods,

e and other methods of the system analysis and syis{Malindzak et al. 2013, Lenort et al. 2012, Neaam

et al. 2013).

A disadvantage of feed-forward management residéssilocal sensibility, i.e. the management system
designed by the feed-forward principle of feed-fardv management is sensible only of breakdowns ddcat
through the M model. Logically, the global sensipilof the feed-forward management system and doubl
channelling of the feed-forward management systémmwa single management system is offered fdisation
(Malindzak 1998). One of the ways to design thigcttire is in Figure 4.

z

y*

M <

MS > PP

Fig. 4. Combined management system (MalindZak, et 5).

e) Logistics triads and cascade principléhe system approach is one of the basic principlel®gistics.
The logistic chain has to be created from at ldaste elements. Generally, logistic chains aretecefiom
more than three elements. A great number of elesngait the bigger chance to find better optimum and
effect from overall optimisation is higher. Fronettivision of work in the chain, on design, redlisaand
management of the flows in the chain, we can decsmphe chain to logistic triads, relatively indival
researching.

Logistic chain is created from the triad on thecea® principle, i.e., that output QPactivity (element)
from triad N-1 is input element in triadJPand output element from triad N is input elemarttiad N+1.
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Fig. 5. The cascade principle for design of lagishain system (Malindzék et al., 2015).

f)  The hierarchic management system - principle ofdaioation and overall coordination

GC

Coordinatior

LC 1 LC 2 m LC N
‘ Process ‘H Pracess Pracess }‘ % Praocec N —>

Fig. 6. The principle of coordination of logistitbain (MalindZak et al., 2015).

The principle of hierarchic management of logistiain:

1. The chain is created by realisation flow througlk thdividual element. This coordination has some
criterion:

e minimum realisation time,

e minimum cost,

e minimum storing products, goods, information, finan etc.,, it is performed as a plan
(production, maintenance, transport, etc.).

The executive capacity plan is prepared on thel lefehain (chain of company, chain of distribution
companies, chain of activities, chain of operatjo@perative plan and schedule are prepared ofotad
element and to fulfil the plans of the coordinatierel (Shim, Siegel 2009, Zimon 2015, Malindzakn@n
2014, Straka et al. 2014, Newman et al. 2013)

2. The scheme principle is that local optimality aide of processesECN have to respect (support)

the overall- criteria of optimalittsC.

g) The overall optimisationThe overall optimisation of the chain is the maanse, targets of logistic and
results from its substance. The overall optimisai®obased on the idea, that local optimisatioalements-
activities are chains which have to be subordinadethe main overall criterion of the chains. Frems
point, the system of overall optimisation is hietdc optimisation task. The overall criterion ise.i
minimal cost, profit maximisation, and the suboedéd criterion is, e.g. maximum utilisation of maeh
capacity, optimal product sequence, minimal pradadime, etc.

Very often, overall optimisation task is solved Ioyulti-criteria optimisation (Straka et al. 2014,
Mohammadi 2015).

Discussion of results

Production processes in the acquisition and praugssf raw materials belong to the group of
homogeneous production and from continuity of makeflow and production activities of devices has
continuous, discrete character. These types of faaturing processes have in terms of management and
logistics the following characteristics:

e assortment- one or a narrow range of products,
«  high performance and productivity,

e high price of construction-investment,

« they are processes with a changing structure,
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e continuous and discrete equipment,

e continuous and discrete material flows,

e tree structure of production processes from rantadples,
e waste product is not necessarily a waste product.

Production processes of this type are charactersedigh inertia in terms of production but also
management. Establishing an effective managemete¢rsyrequires a fundamental principle applied aéod
management system. As is apparent from Fig. 3ethineges of models need to be designed for its cgumin;
The MPP-model production process, MP-planning moidel the appropriate level of management and
management and decision support model- MSM. Butpitierity is on the fast MPP model, without which
the forward management system will not work. Thstfstep in the creation of the production progasslel is
discretisation-transformation of a continuous-diserprocess to discrete process, which would berets
model. The paper describes procedures of disciietisarhe following should be applied for the desiof
logistics system and management:

- feed forward or combined management system,

e decomposition of modelling process in decisiondsia

e application of the cascades principle of cascades,

e hierarchic management system, based on coordination

e a heuristic approach is of the most common for ibgieg planning models and the management,
« for modelling production processes, operationaly@immodels and simulation approach,

» the overall chain optimisation, by applying multiteria optimisation.

Conclusion

The article describes the specifics of homogenegmuasluction processes in terms of logistics and
management, which are typical for processing of raaterials. The priority is aimed to the approached
principles for solving problems such as big inertt@ntinuously -discrete equipment and materiaivélp
the management of large chain.

The article has a theoretical and methodologicalmnea The paper describes the specifics of homamen
production processes and procedures for such atwéissir modelling and management. Production ggeds
understood as a chain of production, transportag® and management operations, e.g. logisticschaiin
addition to the basic principles of cybernetics andnagement, it is necessary to apply the pringiple
logistics, such as the principle of elementary iinfation processes, decision making triads prieciphscade
principle, coordination and overall optimizatiorhél' basis for the management of these processesyvhows
feed forward management system application thatires) models of manufacturing processes -MPP. €ater
these models, it needs that continuous -discretdyation processes transform to discrete form. atele
describes the approach to discretisation. This ogetlogy has been proven in dozens of projectsridustrial
enterprises in Slovakia (Siderit N. Slana s.lUSS KosSice s.r.o., SMZ JelSava a.s., Rosembergi®e.r.o.,
Chemosvit folie a.s., Svit, etc.).
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